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< Specifications R .
‘ - & & -
2. Specifications
Mode! | | YSM8-R YSM8-Y YSM12-R YSM12-Y
Type [ f Horizontal 4-cycle water-cooled diese! engine
Combustion chamber ! j Precombustion type
Number of cylinders l ! 1
Bore x stroke | mm | 7575 | 85%90
Displacement f ! f 0.331 [ 0.510
Continuous rated |_Outputicrankshaftspeed | HP/rpm| 7/3200 | 10/3000
output \ { Mean piston speed [ mis | 8.0 ’ 9.0
(DINS2TON o pelier speed | rom [ 1638 | 1083 | 1638 | 103 | 1518 | 90 | 1518 | o0
A Output/crankshaft speed I HP/rp f 8/3200 ) 12/3000
(%?Zgg%é‘?mg LMeanpistonspeed I m/s ‘ 8.0 f 9.0
| Propeller speed | rom | 1633 | 1093 | 1639 | 1093 ] 1518 | @0 | 1518 ES
Compression ratio , ’ 23:1 ’ 21:1
Fuel injection timing p deg | bTDC 25
Fuel injection préssure ’ kg/cmzf 180 +10
Engine weight (dry) | ka | 102 | 92 { 130 120
Power takeoff position l , Flywheel side
Direction LCrankshaft ' f Counterclockwise (viewed from clutch side)
of rotation [ Propeller shaft ; ’Counterclockwise(viewed from clutch side)
Cooling system { } Sea water forced cooling (rubber impeller water pump)
Lubrication system ’ 1 Closed forced lubrication
Starting system , i witEtlerrC];rri)ial Manual ’ witEh’i;w:g:\?Jal I Manual
Reduction gear system ‘ ’Spur gear constant-mesh system
Clutch ! ’ Wet single-disc mechanical type
| Ahead | | 195 [ 293 | 195 | 28 | 198 [ 306 | 19 | 306
Reduction ratio
Astern | | 195 | 203 | 195 | 2e | 198 [ 506 | 18 | so08
| Overall length | mm | 808 598 | 638 } 628
Engine size | Overalf width | mm | 602 | 576 | 673 | 647
| Overall height | mm ( 436 [ 544 ] 485 ) 591
Lubricating | Crankcase Total/Effective | 2 | 1.9/0.8 | 3.0/1.0
oil capacity -
(rake angle 8°) [ Clutch Total/Effective [ ? , 0.7/0.2 j 0.710.2
No-load | Maximum | pm | 3400 | 3400 | 3150 | 3150
enginespeed [ pinimum | rpm ] 650 | 600 | 650 | 600
Printed in Japan
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3. Principal Construction ey SM/ YSM

Construction

3. Principal

Group

Part

Construction

Engine block

Cylinder block

integrally-cast water jacket and crankcase

Cylinder liner

Wet type coated with anticorrosion paint

Main bearing

Metal housing type

Intake and exhaust systems
and valve mechanism

Cylinder head

Gasket separate valve guide

Intake and exhaust valves

Poppet type, seat angle 80°

intake pipe

Intake inertia type steel pipe

Exhaust silencer

Water-cooled mixing elbow type (optional)

Valve mechanism

Overhead valve push rod, rocker arm system

Round polyurethane sound absorbing type

intake silencer
Crankshaft Stamped forging
Flywheel Attached to crankshaft by tapered
Main moving elements Piston Oval type
Piston pin Floating type
Piston rings 3 compression rings, 1 oil ring
Oil pump Trochoid pump
Lubrication system Oil filter Full-flow type, steel plate element
Qil level gauge Dipstick
) Water pump Rubber impeller type
Cooling system
Thermostat Wax pellet type
Bilge system Bilge pump g%?;;ir;npp‘(eége{iét:;c)iem type) combined with
Fuel injection pump Bosch PFR type
Fuel system Fuel injection valve Semi-throttle valve
Fuel strainer Paper efement
Governor Governor Centrifugal all-speed mechanical type
) Electric Pinion ring gear type starter motor
Starting system
Manual Over-driven chain starting
Electrical system Charger Alternator (with built-in IC regulator)
Reduction reversing Reduction gear Spur gear constant-mesh system
Clutch Wet single disc mechanical type

Clutch system

Printed in Jupan
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4. Performance Curves
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- - Chapter 7 Genera/‘_'

5. Features o "

SM/ YSAM

5; ‘Feaz‘mm@

1. Superior combustion performance

The unique Yanmar swirl precombustion chamber combus-
tion system and new cooling system display superior com-
bustion performance in all types of operation. Low-speed,
low-load combustion performance, especially demanded
for marine applications, is also superb, and stable perfor-
mance is maintained over a wide range of speeds. Since
starting characteristics ara also excellent and warm-up is
fast, full engine performance can be obtained within a

short time.

2. Low operating costs
Excellent combustion and low friction reduce fuel costs,
while the optimized piston shape and ring configuration
and improved cooling system reduce oijl consumption.
Continuous Operating time has been extended and
Operating costs reduced through improved durability.

3. Reduced weight and size
Reduction of the overall length and weight of the engine
has been achieved. by forging the clutch case and
mounting of an aluminum alloy, and by adopting a new-
type, small-size reduction and reversing gear, which is
coupled direction to the flywheel. Moreover, since this is a
horizontal type engine, its height has been significantly
reduced, leaving much more Space for cargo, etc.

4. Hundreds of hours of operation without an overhaul

The main moving parts, valve mechanism and combustion
chamber have adopted designs and engineering materials
which are ideally suited for high-speed engines. And since
the cooling water is always kept at a constant high
temperature by the thermostat, lineriring wear is limited
and the heat load around the combustion chamber is low,
thereby ensuring lasting quality and increased durability.

5. Quiet operation
All. the machine parts which produce reciprocating

motions and are the source of vibrations in the engine,
have been reduced in weight and perfectly balanced,
cutting vibrations to a minimum. Also, because of the
adoption of an intake silencer and mixing exhaust, noise
has been greatly reduced without sacrificing engine speed.

Printed in Jupan

F023A9078
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6. Easy handling and simplified operation

(1) The slope of the breather has been increased to
withstand violent roflings, even up to 30°, thereby
eliminating lubricating oil worries.

(2) A bracket has been Mmounted on the clutch so that
speed-clutch control can be performed with Morss
remote control device.

(3) By taking account of cabin electric power con-
sumption, the capacity of the alternator has been
increased.

(4) Because of the adoption of alarm lamps which light up
when there is a rise in the temperature of the cooling
water or a drop in the pressure of the lubricating oil,
engine troubles are prevented. )

7. Easy installation

(1) The four-point support type engine installing leg has
greatly facilitated engine installation.

(2) Since the instrument panel can be installed separately
it can be placed anywhere on board for easy mon-
itoring.

(3) Rubber hoses are employed for the easy installation of
on-board piping.

(4) Electrical wiring can be connected quickly and easily
with connectors, '
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8-4 Electrical system
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8.7 Remote-control system ' ‘
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9.

S 7 O Standard accessories packed with engine
CC@SS ﬁ@@ L] Standard accessories mounted on engine
A Optional accessories packed with engine

A

Optional accessories mounted on engine

Part namse ' R-type ’ Y-type 4} Remarks
1 Dry type exhaust silencer ! — | s, !
2 Exhaust pipe [ - | o) ’
3 Water mixing elbow J[ & ] — | U-type
4 Thermostat for cooling water | @ f - j
5 Fuel oil tank with rubber hose [ A ! A } 2-meter fuel hose
6 Fuel oil feed pump (mechanical type) ) @ f & f
7 Fuel oil strainer [ @ f @ [
8 Chain starting device (stern side) ’ A f A f with stern side decomp. lever
9 Lube ol evacuation pump f A ( A |
10 Bilge pump (mechanical type) f A f A f
11 Bilge hose and strainer ’ A ’ Jay f
12 Kingston cock with cooling water hose ’ A f O ’
13 Remote control cable for decompression f @) l — ! 3-meter
14 Cable for engine stop device | A | - ’ 3-meter
15 Speed control lever with cable } —_ ( @ f 1.5-meter
16 Single lever control (Morse MT-type) 1 A f — ‘ with two 4-meter cables
17 Bracket for clutch remote control cable ’ @ ‘ — l
18 Bracket for speed remote control cable J ® J — f
19 Flywheel ring gear ' e ’ — ‘
20 Starting motor ’ @ f — }
21 A.C. generator } @ ' — )
22 Wireharness ! ) f — ’
23 Dash board (with 3-meter wireharness) f O ’ — l
24 Fuse box f [ ] ' — ]
25 Lube oil pressure sender ‘ @ f — [
26 Lubeoilindicator | — | ® |
27 Coovling water temperature sender ’ @ f — {
28 Battery switch f A f — ‘ with screws
29 Tachometer sender ’ Pay ’ — }
30 Tachometer f A ! — f
31 Flexible mountings (fixed type) [ A ‘ — } 4pcs/unit
32 Flexible mountings (adjustable type) } A [ — ’ 4pcs/unit
33 Flexible coupling [ A f — ‘ with nuts
34 Exhaust flange and elbow I A f — !
35 Propeller shaft half coupling (solid, taper bored) [ A ‘ O } with bolts and nuts
36 Propeller shaft half coupling (slit type) f A { — [ with bolts and nuts
37 Wireharness coupler for open board ! A f —_ (
38 Foundation bolts ! —_ ] O , 4pcs/unit
39 On board spare parts kit f A f O f
40 Packings kit J A j A f
41 Tools ! O f O )
42 Special overhauling tools f A ] A ‘
43 Starting handle ’ O f O f
44 Operation manual ’ O , @) ’
45 Wireharness extension ! A ]7 — 3-meter or 8-meter
46 Intake silencer | Py } — ‘L
Printed in Japun
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: . e - . . : . e ’ SM/YSM
gE -
1. Cylinder Block
110 ion of cylinder block Kg-em (o)
- ovstruchono cylinder bioc ‘ Py Vo2
The cylinder, crank case and gear case are housed in a - -
Stud bolt tightening torque 450 (32.55) 450 (32.55)

monoblock type cylinder block cast of high-grade cast iron.
On the basis of stress analysis tests, the shape and
thickness of each part have been optimized, and special 1-2.4 Oil and water passages )
ribs have been effectively arranged for increased rigidity Check the oil and water passages for clogging and build-up
and strength. of foreign matter.
g 1.2.5 Cylinder bore and ledge
=2 Perform a color check on the ledge at the top of the

Cylinder head bolt (&7 7555~ cylinder head bore, and replace the cylinder if any cracks

are detected.
°N
ﬂ\m 1

n\m\

‘
!

|
q\\\)\\’ \J{]

o U

1-2 Cylinder block inspection

1-2.1 Inspecting each part for cracks

if the engine has been frozen or dropped, visually inspect it
for cracks and other abnormalities before disassembling. If
there are any abnormalities or the danger of any
abnormalities occurring, make a color check.

1.2.2 Inspecting the water jacket of the cylinder

for corrosion
Inspect the cooling water passages and cylinder liner
contact parts for sea water corrosion, scale, and rust.
Replace the cylinder body if corrosion, scale or rust is

severe. 1.2.6 Inspection of oil hole and cooling water hole
Cylinder body jacket corrosion depth limit: 1.5mm Check each oil hole and cooling water hole for continuity.
When disassembling, also check each fitting surface for

1-2.3 Cylinder head bolts impressions, etc.

Check for loose cylinder head bolts and for cracking
caused by abnormal tightening, either by visual inspection

or by a color check.
Replace the cylinder block if cracked.

1-2.7 Color check flaw detection procedure
(1) Clean the inspection point thoroughly.
(2) Procure the dye penetration flaw detection agent. This
agent comes in spray cans, and consists of a cleaner,
penetrant, and developer in one set.

~Leaned -

e
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(3) Pretreat the-inspection surface with the cleaner, Spray
the cleaner directly onto the inspection surface, or
wipe the inspection surface with a cloth moistened
with the cleaner.

(4) Spray the red penetration liquid onto the inspection

surface. After cleaning the inspection surface, spray
the red penetrant {dye penetration flaw detection
agent) onto it and allow the liquid to penetrate for 5-10
minutes.
If the penetrant fails to penetrate the inspection
surface because of the ambient temperature or other
conditions, allow it to dry and respray the inspection
surface.

(5) Spray the developer onto the inspection surface. After
penetration processing, remove the residual penetrant
from the inspection surface with the cleaner, and then
spray the developer onto the inspection surface. If the
inspection surface is flawed, red dots or lines will
appear on the surface within several minutes. When
spraying the developer onto the inspection surface,
hold the can about 30—d40cm from the surface and
sweep the can slowly back and forth to obtain a
uniform film,

{6) Reclean the inspection surface with the cleaner.

NOTE: Before using the dye penetration flaw detection
agent, read its usage instructions thoroughly.

Printed in Japan
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2. Cylinder Liner

2-1 Construction of cylinder liner

The cylinder liner is made of a special, highly wear-resistant p
cast iron. lts inner surfaces are finished by precision hon- Cylinder finer

ing, thereby holding lubricating oil properly and greatly im-
proving the wear-resistant properties of the piston rings
and the cylinder liner itself. Two grooves for O-rings are cut
into the outer surface of the cylinder liner. The two O-rings
prevent the deformation and distortion of the cylinder liner,
and at the same time, maintain maximum water tightness
between the cylinder block and the cooling water jacket.

Cylinder liner rubber packing

2-2Inspection - -
Since the piston and piston rings constantly slide against ’W

the cylinder liner while the engine is in operation, and side )

pressure is applied to the cylinder liner by the movement of /

the crankshaft, eccentric wear occurs easily. C O D ,
Moreover, if lubrication and cooling are insufficient, the \\

inner surface will be damaged or rusted. inspect the inner

I ‘| ; x
! r B N T

surface and replace the cylinder liner if the surface is 8
noticeably damaged or rusted. < *«««.-‘(‘«(. e
R o 5
i-i— Cylinder gauge
)
/\.

2.3 Cylinder liner bore diameter measurement
Measure the bore diameter of the cylinder liner with a
cylinder gauge at the positions shown in the figure.

Replace the cylinder liner when the measured value
exceeds the wear limit.

Inside diameter
measurement points

mm {in.)
Maintenance standard Maximum allowable clearance Wear limit
Cvinger lmer &75 ‘8 03 27517
ylinder liner diameter (2.9528 *30013) 03 (2.9584)
0.0118
YSM8 | Piston outside diameter 253 eore
Cylinder liner circularity (0%8(%8) - (©. 80139)
s e 285 *30% 0.3 285.19
ylinder finer diameter (3.3465 +8_oo137) (0.0118) (3.3539)
) : ) @85 —_
YSM12 | Piston outside diameter (3.3465)
Cylinder liner circularity (0%8(%8) - (. 80139)
Printed in Japun
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2.4 Cylinder liner replacement

(1} Pull the cylinder liner to the top of the cylinder block as
shown in the figure, using the special cylinder liner
pullertool.

{2) Remove the rust from the area where the cylin_ rliner

contacts the cylinder biock,
(@) Install new O-rings in the two Q-ring grooves of the

cylinder liner.

{4) Coat the outside of the cylinder liner with waterproof

paintor grease.

Painting

Printed in Japun
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(5) Push the cylinder liner into the cylinder liner hole of
the cylinder block.

(6) After inserting the liner, measure its bore diameter,
(7) Measure the amount of liner projection.

Notes: 1. Determine whether or not the cylinder liner can
be lightly inserted in the cylinder block in the
absence of the rubber packing for cylinder
liner.

2. Do not force the cylinder liner into the cylinder
block. If there is some resistance when the
liner is inserted, the cylinder block has not
been derusted properly.

3. Always use a brand new rubber packing for the
cylinder liner.

2-5 Measuring cylinder liner projection

2-4
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If the cylinder liner projects too far- from the block, the
torque reactance will increase, causing the compression
ratio to drop and the gasket packing to be damaged.

Excessive cylinder liner projection is frequently caused by
incomplete removal of the rust at the ledge (part A of figure)

of the cylinder block.

Projection

mm (in.)
Cylinder liner projection 0.06 ~ 0.14
(YSMB/YSM12) (0.0024 ~ 0.0055)
Printed in Japan
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3. Cylinder
3-1 Construction
The cylinder head is of the gasket packing type and is in-
dependent of the valve guide. It is strong and rigid, and is
fastened to the cylinder block with four bolts.
The unigue Yanmar swirl type precombustion chamber is at
an angle in the cylinder head, and form the combustion
chamber, together with the intake and exhaust valves.
Large diameter intake valves and smoothly shaped intake
and exhaust ports provide high intake efficiency and
superior combustion performance.

Injection nozzle

/ Precombustion chamber {rear)

Heat Snéuiaior

Exhaust valve guide
AN

Decompression
shaft

Bushing

Valve rocker arm

Valve rocker arm support

Mounting nut Rockerarm chamber

N

Printed in Japan
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Precombustion chamber {front)

Cotter /‘@
Valve top retainer @

Bl <

Special consideration has also been given to the shape of
the cooling water passages so that the combustion surface
and precombustion chamber are uniformly cooled by an
ample water flow.,

In addition, lubrication of the exhaust and intake valves is
done through the forced-circulation completely-sealed
method.

Exhaust valve

Cooling water drain cock

\\ Support pin

* Valve ciearance adjust screw

Cylinder head and component parts
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3-2 Cylinder head inspection and measurement

3.2.1 Measurement of carbon build-up at combustion
surface and intake and exhaust poris

Visually check for carbon build-up around the combustion
surface and the port near the intake and exhaust valve
seats, and remove any build-up.

When a large amount of carbon has_been built up, check
the top of the chamber combustion for oil flow at the intake
and exhaust valve guides, and take suitable corrective

action.

3-2.2 Deposit build-up at water passages
Check for build-up of deposit at the water passages, and
remove any deposit with a deposit remover. When a large
amount of deposit has been built up, check each part of the
cooling system.

3-2.3 Inspection of corrosion at water passages

Inspect the state of corrosion of the water passages, and

replace the cylinder head when corrosion is severe.
Corrosion pitting limit: 2mm (0.0787in.)

3-2.4 Cracking of combustion surface

The combustion surface is exposed to high temperature
high pressure gas and low pressure air, and is repeatedly
flexed during operation. Moreover, it is used unde
extremely severe conditions, such as high temperature
gradient of the combustion surface and cooling watel
passages.

Inspect the combustion surface for cracking by the color
check, and replace the cylinder head if any cracking is
detected. At the same time, check for signs of overloading
and check the cooling water flow.

3-2.5 Cylinder head valve seat

The valve seats become wider with use. If the seats
become wider than the maintenance standard, carbon
build-up at the seats will cause compression leakage. On
the other hand, if the seats are too narrow, they will wear
quickly and heat transmission efficiency will deteriorate.
Clean the carbon and other foreign matter from the valve
seats, and check that the seats are not scored or dented.
Measure the seat width with a vernier calipers, and repair or
replace the seat when the wear limit is exceeded.

When the valves have been lapped and/or ground, measure
the amount of valve recess, and replace the valve when the
wear limit is exceeded.

Seat width

mm (in.)
YSM8 YSM12
Maintenance standard Wear fimit Maintenance standard Wear limit
Seat width 1.41 (0.0555) 2.1 (0.0827) 2.12 (0.0835) 2.5 (0.0984)
Seat angle g0° — 90° -

NOTE: Before adjusting the valve seat part be sure to
check the intake and exhaust valve guides for wear;
replace them if they are worn out.

Printed in Japan
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(1) Lapping the valve seat.
When scoring and pitting of the valve seat is slight,
coat the seat with valve compound mixed oil, and lap
the seat with a lapping tool,
At this time, be sure that the compound does not flow

to the valve stem and valve guide.

Lapping tool

(2) Correcting valve seat width.

When the valve seat is heavily pitted and when the seat
width must be corrected, repair with a seat grinder.

1) After correcting the contact area of the valve seat
using a valve refacer, etc., note the spot where it
comes into contact with the seat section for reference
when applying seat cutters.

2) Apply the seat cutters according to the sequence
shown in the diagram. First use a 45°-cutter, then a
18°-cutter; apply a 75°-cutter lightly to correct the con-
tact surface.

3) The position at which the intake and exhaust valve
comes into contact with the seat section should be at
the center of the contact surface of the valve.
Therefore, when applying a 15°- or 75°%-cutter, take
carefully note the spot at which the valve comes into
contact with the seat.

Printed in Japun
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4) Mix the compound with oil, and lap the valve.
5) Finally, lap with oil.

ified seat width
Seat width Specified seat wi

Before correction After correction

(A) Grind with a 45° grinder

(B) Grind with a 15° grinder
(C) Grind with a 65° ~ 75° grinder

NOTE: (1) When the valve seat has been corrected with a
seat grinder, insert an adjusting shim between
the valve spring and cylinder head.

{2) When the lower part of the valve comes into
contact with the seat, correct the contact posi-
tion with a 45°- and 75°-cutter. When the upper
part of the valve is in contact with the seat, cor-
rect the contact position using a 156°- and 45°-

cutter.

{Upper part): close

to inner circumference o .
Valve position in contact with seat

(Lower part): close
to outer circumference

2-8
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3-2.6 Measuring valve recess

When the valve has been lapped many times, the valve will
be recessed and will adversely affect the combustion
performance. Therefore, measure the valve recess, and
replace the valve and cylinder head when the wear limit is

exceeded.

Depth gauge

Valve seat
mm (in.)
YSM8 YSM12
Maintenance ... | Maintenance s
standard Wear limit standard Wear limit
Valve 1.25 1.55 1.15 1.45
recess {0.0492) {0.0610) (0.0453) (0.0570)

3-2.7 Other inspections

(1) Check the fitting hole of the precombustion chamber
for corrosion, cracks, efc.

(2) Check the valve rocker arm fitting bolt, injection nozzle
holder fitting bolt, and other bolts for bending,
looseness, stc.

(3) Check the valve rocker arm chamber cover and valve
rocker arm support pin for damage, etc.

{(4) Check the cylinder head drain plug for water leakage,
etc.

3-3 Dismounting and remounting the cylinder head
When dismounting and remounting the cylinder head, the
mounting bolts must be removed and installed gradually
and in the prescribed sequence to prevent damaging the
gasket packing and to prevent distortion of the cylinder
head. Since the tightening torque and tightening sequence
of the mounting bolts when remounting the cylinder head
are especially important from the standpdint of engine
performance, the following items must be strictly
observed.

Printed in Jupan
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3-3.1 Cylinder head stud bolt assembly sequence
(1) Check for loose cylinder head stud bolts, and lock any
loose bolts with two nuts and then tighten to the
prescribed torque.
Cylinder head stud bolt tightening torque: 4.5kg-m

(32.55ft-b)

(2) Checking the gasket packing mounting face.
Confirm correct alignment of the front and rear of the
gasket packing, and install the packing by coating both
sides with Three Bond 50.

(3) Installing the cylinder head ass'y.
Position the cylinder head ass'y parallel to the top of
the cylinder block, and install the ass’y to the block,
being careful that the cylinder head ass'y does not
touch the threads of the cylinder head bolts.

3-3.2 Tightening the cylinder head tightening nuts

(1) Cylinder head nut tightening sequence kg-m (ft-1b)
YSM8 YSM12
9.7 (70.16) 13.6 (98.37)

1) Coat the threads of the cylinder head bolts with
lubricating oil, and screw the cylinder head nuts

onto the bolts.
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2) First, tighten the nuts sequentially to 1/3 of the
prescribed torgue.

3) Second, tighten the nuts sequentially to 2/3 of
the prescribed torque.

4) Third, tighten the nuts to the prescribed torque.

5) Recheck that all the nuts have been properly
tightened.

3-3.3 Cylinder head nut loosening sequence
When loosening the cylinder head nuts, reverse the

tightening sequence.

Exhaust valve Intake valve

Exhaust Intake
valve guide valve guide

3’\/alve
iguide alve stem

Valve stem
diamater

diameter inside
diameter

Ay
}as cut

Valve seat

width

Valve thickness Valve seat width

3-4 Intake and exhaust valves, valve guide and valve f ,! / |
spring Valve diameter W
Valve top retainer Seat angle Seat angle
ntake and exhaust valve cotter f
mm (in.)
ﬁi ) ntake and exhaust vawe spring retainer I YSM8 ! YSM12
Maintenance i | Maintenance P
i ntake and exhaust valve standard Wear limit standarg | Wear limit
/ Valve 139
; seat 2.8 (0.1102) — 3.4 (0.1339) -
Valve spring width
Valve guide Valve
seat a0° —_ 90° —
angle
Valve
thickness/ 1.0 {0.03%4) | 05 (0.0197) } 1.1 (0.0433) | 0.5 (0.0197)

3-4.1 Inspecting and measuring the intake and exhaust
valves
(1) Valve seat wear and contact width.
Inspect valve seats for carbon build-up and heavy
wear.
Also check if each valve seat contact width is suitable,
If the valve seat contact width is narrower than the
valve seat width, the seat angle must be checked and

corrected.

Printed in Jupan
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(2) Valve stem bending and wear.
Check for valve stem wear and staining, and repair
when such damage is light. Measure the outside
diameter and bend, and replace the valve when the
wear limit is exceeded. .

mm (in.)

] YSM8 | vsmi2
Valve stem bend fimit [ 0.03 (0.00118) ]o.os (0.00118)

(3) Valve seat hairline cracks.
Inspect the valve seat by the color check, and replace

the seat if cracked.

3-4.2 Inspecting and measuring valve guides

The valve guide is different for the intake valve and exhaust

valve in that the inner face of the exhaust valve has a gas

cut.

Be sure that the correct guide is used when replacing the

guides.

(1) Floating of the intake and exhaust valve guides.

Check for intake and exhaust valve guide looseness
and floating with a test hammer, and replace loose or
floating guides with guides having an oversize outside
diameter.

2-10
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Valve guide protrusion

mm {in.)
YSM8 YSM12
Valve guide protrusion 7 (0.2756) 10 (0.3937)

(2) Measuring the valve guide inside diameter.
Measure the valve guide inside diameter anag
clearance, and replace the guide when wear exceeds

the wear limit.

Exhaust valve guide Intake valve guide

Valve guide inside diameter

Gas cut mm (in)
Maintenance Clearance Maximum o
standard at assembly allowable clearance Wear limit

Valve guide inside @7 *901 @7.08

Intake diameter (after assembly) (0.2756 ~ 0.2762) 0.040 ~ 0.065 0.15 (0.2787)
s ) i &7 :ggg (0.0016 ~ 0.0026) (0.0059) 26.90

Vs tem outside diameter (0.2736 ~ '0_2740) 0.2717)
Valve guide inside o7 1592 27.08

Exhaust diameter (after assembly) (0.2758 ~ 0.2764) 0,045 ~ 0.075 0.15 {0.2787)
st de di &7 :ggg (0.0018 ~ 0.003) (0.0059) 26.90

em outside diameter (0.2736 ~ 0'2740) (0.2717)
Valve guide inside ' 28 1092 28.08

Intake diameter (after assembly) (0.3154 ~ 0.3155) 0.040 ~ 0.065 0.15 (0.3181)
. ' 28 _8'83 (0.0016 ~ 0.0026) (0.0059) 57.90

Stem outside diameter (0.3134 ~ 0.3138) (0.3110)

YSM12 -

Valve guide inside 28 19930 28.08

Exhaust diameter (after assembly) (0.3156 ~ 0.3161) 0.045 ~ 0.070 0.15 (0.3181)
st rside di 8 :8-83 (0.0018 ~ 0.0028) {0.0059) #7.90

em outside diameter (0.3134 ~ '0.313& (0.3110)

Printed in Japan
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(3) Replacing-the intake/exhaust valve guide

{1) Using a special tool for extracting and inserting

the valve guide, extract the valve guide.

{2) Using the above tool, drive the valve guide into
position by starting from the valve spring side and
finish the inside diameter with a reamer.

J/ Too!

Valve guide

Cylinder head

mm (in.)

3-4.3 Valve spring

(1) Valve spring inclination.
Since inclination of the valve spring is a direct cause of
eccentric contact of the valve stem, always check it at
disassembly.
Stand the valve upright on a stool, and check if the
entire spring contacts the gauge when a square gauge
is placed against the outside diameter of the valve
spring.
If there is a gap between the gauge and spring,
measure the gap with a feeler gauge.
When the valve spring inclination exceeds the wear
limit, replace the spring.

Square gauge

N
ST
S

Stoot
mm (in.)

Inclination limit (gap B) [ 1.4 (0.0551)

] YSM8 YSM12

Amount of interference of valve guide 0.015 = 0.014

{0.00004 ~ 0.00114)

NOTE: Insert the valve guide until the groove on its outer

surface reaches the cylinder head surface.

Printed in Jupan
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(2) Valve spring free length.
Measure the free length of the valve spring, and
replace the spring when the wear limit is exceeded.
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Also, measure the tension of the spring with a spring '
tester. If the tension is below the prescribed limit, replace

the spring.

mm (in.)
YSM8 YSM12

Mzitr;tnedn;gce Wear limit M:ir;tne;;gce Wear limit
Valve
spring 41mm 38.5mm 40mm 38.5mm
free (1.6141) (1.5551) (1.5748) (1.5157)
length
L‘vi%gnth 30.8mm N 33.3mm _
attached (1.2125) (1.3110)
Load
applied 16.4kg _ 15.3kg _
when (36.15 Ib) (33.73 Ib)
attached

3-4.4 Spring refainer and spring cotter pin

Inspect the inside face of the spring retainer and the
outside surface of the spring cotter pin, and the contact
area of the spring cotter pin inside surface and the notch in
the head of the valve stem. Replace the spring retainer and
spring cotter pin when the contact area is less than 70% or
when the spring cotter pin has been recessed because of

wear.

=NoO recess

3-4.5 Valve top retainer
Make sure the valve top retainer surface is in contact with
the valve rocker arm. If it is worn out, replace it with a new

one.

Printed in Japan
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3-5 Precombustion chamber and top clearance

3-5.1 Precombustion chamber
Remove the packing and insulation packing at the
precombustion chamber’s front and rear chambers, anc

inspect.
Check for burning at the front end of the precombustion

chamber front chamber, acid corrosion at the pre-
combustion chamber rear chamber, and for burned
packing.
Replace if faulty.

Heat insulator

Precombustion chamber
(rear)

Packing

@
K

|

3-5.2 Insulation packing
The insulation packing prevents transmission of heat from

the precombustion chamber to the nozzle valve and serves

to improve the nozzle's durability.
Always put in a new insulation packing when it has been

disassembled.

Precombustion chamber
(front)

Pin

3-5.3 Top clearance

Top clearance is the size of the gap between the cylinder
head combustion surface and the top of the piston at top
dead center.

Since top clearance has considerable effect on the
combustion performance and the starting characteristic of
the engine, it must be checked periodically.

Cylinder head
Precombustion chamber
Gasket packing
Piston
/

Top clearanc;,
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(1) Top clearance measurement

1) Check the cylinder head mounting bolts and
tightening torque.

2) Remove the fuel injection valve and pre-
combustion chamber.

3) Lower the piston.

4) Insert quality fuse wire through the nozzle holder
hole. (Be careful that the wire does not enter the
intake and exhaust valve and the groove in the
combustion surface.)

5) Crush the fuse wire by moving the piston to top
dead center by slowly cranking the engine by
hand.

8) Lower the piston by hand cranking the engine and
remove the crushed fuse wire, being careful not to
drop it.

7} Measure the thickness of the crushed part of the
fuse wire with vernier calipers ora micrometer,

Fuse wire

{2) Top clearance value. mm (in.)
| YSM8 | YSM12
0.6 ~ 093 1.10 ~ 1.50
Top clearance , (0.0236 ~ 0.0366) ! 0.0433 ~ 0,0551)
puse lo { 210 (0.039) } 1.5 (0.059)

Printed in Jupan
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When the top clearance value is not within the above
range, check for damaged gasket packing, distortion
of the cylinder head combustion surface, or other
abnormal conditions.
(3) How to deal with too-large top clearance
When the top clearance is too large, check for the
following:
1) The cylinder head is clamped wrong.
2) The bearing metal for the crankpin, journal, and
piston pin sections is worn.
3) Check the connecting rod for bending, etc., and if
any malfunctioning part is found, replace the con-

necting rod.

3-8 Intake and exhaust valve rocker arm

Since the intake and exhaust valve Tocker arm shaft and
bushing clearance and valve head and push rod contact
wear are directly related to the valve timing, and have an
effect on engine performance, they must be carefully

serviced.

Valve rocker arm
/

Valve rocker arm support
s

. Valve rocker arm
7/

Valve clearance
adjust screw

Bushing /

3-8.1Measuring the valve rocker arm shaft and bushing
clearance

Measure the outside diameter of the valve rocker arm shaft
and the inside diameter of the bushing, and replace the
rocker arm or bushing if the measured value exceeds the
wear limit. .

Replace a loose valve rocker arm shaft bushing with a new
bushing. However, when there is no tightening allowance,
replace the valve rocker arm.
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Valve rocker arm shaft
/s
Valve rocker arm
L il
| L
Y g
o ©
mm (in.)
Maintenance standard | Clearance at assembly Ma’“’;‘égﬁgwab!e Wear limit
Intake and exhaust valve rocker A Z12 -—8,018 211.9
vSMB arm shaft outside diameter (0.4717 ~ 0.4724) 0.016 ~ 0.052 0.15 (0.4685)
Intake and exhaust valve rocker arm 212 Zg:g?g (0.00063 ~~ 0.00205) (0.0059) z12.1
bushing inside diameter {assembled) (0.4731 ~ 0.4738) (0.4764)
Intake and exhaust valve rocker A 216 3018 215.9
vSM12 arm shaft outside diameter (0.6292 ~ 0.6299) 0.016 ~ 0.052 0.15 (0.6260
Intake and exhaust valve rocker arm @16 1993 (0.00063 ~ 0.00205) (0.0059) 2186.1
bushing inside diameter (assembled) (0.6306 ~ 0.6313) (0.6339)

3-6.2 Valve rocker arm and valve head contact and wear

Check the valve rocker arm and valve head contact, and

replace when there is any abnormal wear or peeling.

NOTE: Correct a trifle stepped wear in the contact surface
of the stem and vaive rocker arm by using an oil
stone, etc.

3-6.3 Valve clearance adjusting screw
Inspect the valve clearance adjusting screw and push rod
contact, and replace when there is any abnormal wear or

peeling.

3.7 Adjusting intake and exhaust valve head

clearance

Adjustment of the intake and exhaust valve head clearance
governs the performance of the engine, and must be
performed accurately. The intake and exhaust valve head
clearance must always be checked and readjusted, as re-
quired, when the engine is disassembled and reassembled,
and after every 300 hours of operation. Adjust the valve
head clearance as described below.

Printed in Japun
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3-7.1 Adjustment
Make this adjustment when the engine is cold.
(1) Remove the valve rocker arm cover,
(2) Crank the engine and set the piston to top dead center
(TDC) on the compression stroke.

NOTE: Set to the position at which the valve rocker arm
shaft does not move even when the crankshaft is
turned to the left and right, centered around the TD

mark.
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(3) Loosen the valve clearance adjusting screw lock nut,
adjust the clearance to the maintenance standard with
afeeler gauge, and retighten the lock nut.

*-—U-‘*CIearance

Adjusting screw

Lock nut
mm (in.}
Intake and exhaust 0.20
valve head clearance {cold engine) (0.00787)

3-7.2 Adjusting without a feeler gauge
Set the head clearance to zero by tightening the adjusting
screw, being careful not to tighten the screw too tight.
Then adjust the valve clearance to the maintenance stan-
dard by backing off the adjusting screw by the angle given

below.

For 0.2mm

Lock nut

mm (in.)

Valve clearance adjusting screw } M8 x 1.25
Adjusting screw backoff angle ] Approx 58° ~ 60°

NOTE: Calculating the backoff angle.
Calculate the 0.2mm advance angle from 1.25mm
advance at one turn = 360°,
0.2/1.25x360° = 57.6° =580,

One side (60°) of the hexagonal nut should be used
to measure.

3-8 Decompression mechanism

The decompression mechanism is used when the starter
motor fails to rotate sufficiently because the battery is
weak, and to facilitate starting in cold weather.

When the decompression lever is operated, the valve js
pushed down, the engine is decompressed, the engine
turns over easily and the flywheel inertia increases, thus
making starting gasy.
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With this engine, there is no need to

decompression lift,

Decompression lever

]
Decomp. ift

Decompression lever

Decompression shaft

SM/YSM

Valve

adjust  the
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4. Piston
The piston is cast of an Lo-Ex aluminum alloy with a small
thermal expansion coefficient and excellent cooling pro-
perties. Its ellipsoid shape makes for better contact on the
cylinder surface and reduces oil consumption. In addition
the lowly constructed land area between the third ring and
the oil ring allows the lubricating oil to stay longer, thereby
providing better lubrication of the piston and cylinder and
reducing oil comsumption. A total of four piston rings are
installed, three compression rings and one oil ring, to en-
sure good compression and lubrication. To improve the
rigidity of the piston skirt no ring is installed on the skirt
itself so that the piston seldom becomes deformed and re-
tains stable contact.
The piston pin is of the floating type. Both its ends are
fastened with a circlips.

Circlip
(2) Measure the clearance between the piston ring or oi

ring and the ring groove with a thickness gauge.

Piston pin

~

Third compression ring Circlip
ircli

First compression ring

Oil ring

Second compression ring

4-2 Piston
4-2.1 Inspection
(1) Measuring important dimensions
Measure each important dimension, and replace the
piston when the wear limit is exceeded.

First compression ring groove width

Second compression
ring groove width

//Third compression

" rihg groove width

= ‘IOH ring groove width

oA

T piston pin hole inside diameter

‘—— Piston outside diameter
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mm {in.)
) YSM12
Maintenance P Maintenance L
standard standard Wear Jimit

Piston outside diameter 275 20128 274.8 285 “3113 284.8
(axial direction) (2.9487 ~ 2.9478) (2.9448) (3.3407 ~ 3.341g) (3.3386)
Piston pin hole inside
diameater / P23 (0.8055) — @28 —
First compression piston 0.050 ~ 0.080 0.2 0.050 ~ 0.085 0.2
ring-to-groove clearance (0.00196 ~ 0.00314) (0.00787) (0.00187 ~ 0.00374) (0.00787)
Second and third

h : 0.020 ~0.055 0.020 ~ 0.055 0.2
compression piston
ring-to-groove clearance (0.00078 ~ 0.00218) {0.00078 ~ 0.00218) (0.00787)
Oil ring-to-groove 0.020 ~0.055 0.15 0.020 ~0.055 0.15 .
Clearance (0.00078 ~ 0.00218) (0.0059) (0.00078 ~ 0.00216) (0.0059)

{3) Piston pin outside contact and ring groove carbon
build-up.
Check if the piston ring grooves are clogged with car-
bon, if the rngs move freely, and for abnormal contact
around the outside of the piston. Repair or replace the
piston if faulty.

4-2.2 Replacing a piston
If the dimension of any part is worn past the wear limit or
outside of the piston is scored, replace the piston.
{1) Replacement
1. Install the piston pin circlip at one side only.
2. Immerse the piston in 80°C oil for 10 ~ 15
minutes.

3. .Remove the piston from the hot ol and place it on
abench with the piston head at the bottom.

4. Insert the small end of the connecting rod into the
piston, insert the piston pin with a rotating mo-
tion, and instali the other piston pin circlip.

Use wooden hammer if necessary.

Printed in Japan
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(2) Precautions

1. Before inserting, check whether
inthe connecting rod.
Coat the piston pin with oil to facilitate insertion.
Check that the connecting rod and piston move
freely.
4. Insert the pin quickly, before the piston cools.

the piston pin is

(S

4-3 Piston pin and piston pin bushing
4-3.1 Piston pin .
Measure the dimensions of the piston pin, and replace the

pinifitis worn past the wear limit or severely scored.
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o . mm (in.) SR
YSM8 YSM12
Maintenance ... | Maintenance L
standard Wear limit standard Wear limit
Sgiton 223 8000 | gpoos | PB-0os | z27.98
outside {0.9052 ~ (0.9047) (1.1020 ~ (1.1016)
mm (in.)
YSM8 YSM12

Piston pin hole inside diameter

22.995 ~ 23.008 (0.8053 ~ 0.8058)

@27.995 ~ 28.008 (1.1022 ~ 1.1027)

Piston pin outside diameter

222,991 ~ 23.000 (0.9052 ~ 0.8055)

©27.991 ~ 28.000 (1.1020 ~ 1.1024)

Pin and pin hole tightening allowance

~0.005 ~ 0.017 (—0.0002 ~ 0.0007)

~0.005 ~ 0.017 (~0.0002 ~ 0.0007)

Pin fitting temperature

50° ~ 60°

50° ~ 60°

4-3.2 Piston pin bushing
A copper alloy wound bushing is pressed onto the piston

pin.

Since a metallic sound will be produced if the piston pin
and piston pin bushing wear is excessive, replace the
bushing when the wear limit is exceeded.
The piston pin bushing can be easily removed and installed
with a press. However, when instaliing the bushing, be

careful that

Cylinder gauge

it is not tilted.

mm (in.)
YSM8 YSM12
Maintenance | Wear | Maintenance | Wear
standard limit standard limit
Piston pin
S 223 2231 @28 @28.1
g;snf'er;g r”‘s'de (0.9055) 0.8094) | (11023 | {1.1063)

NOTE: “Piston pin bushing inside diameter” is the dimen-

sion after pressing onto the connecting rod.
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4.4 Pistonrings
4.4.1 Piston ring configuration

(1} The first compression ring is a barrel face ring that et
fectively prevents abnormal wear caused by engin
loading and combustion gas blowby at initial run-in.

/

——

First compression rin
(Barrel tace)

Second compression
(Taper ring}

= [ Third compression rr

(Bevel*undercut ring)

Oil ring
(Coil expander ring)

(2) The second compression ring is a taper ring having :
sliding face taper of 30' ~ 1°30'. Since the cylinde
liner is straight, and the contact area at initial operatior
is small, it is easily seated to the cylinder liner.
Moreover, the bottom of the sliding face is sharp, anc
oil splash is excellent and air-tightness is superb.
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(3) Since the third compression ring has a cross-section
that combines the shape of a bevel ring and undercut
ring, oil splash is superb and ol upflow control is ex-
cellent,

The land (A in figure) between the third compression

ring and the oil ring has a smail 1.0mm outside
diameter that effectively improves oil collection and
reduces ol consumption.

(4)

The oil ring is a chrome-plated coil expander having a
small contacting face, and exerts high pressure
against the cylinder liner wall. Oil splash at the bottom
of the sliding face is excellent, and its oil control effect

is high.

4-4.2 Inspection

(1) Pistonring contact
Inspect the piston ring contact, and replace the ring
when contact is faulty. Since the oil ring side contact
is closely related to oil consumption, it must be check.

ed with particular care.

Connecting rod

@

Measuring the piston ring gap
Insert the piston into the cylinder liner by pushing the

piston ring at the head of the piston as shown in the
figure, and measurs the piston ring gap with a feeler
gauge. Measure the gap at a poirit about 120mm from
the top of the cylinder liner. ’

ylinder liner
£
E
< Piston Width
! q/Piston ring
IS Gap Thickness
Ring gap
mm (in.)
J YSM8 YSM12
: ‘ Maintenance standard l Wear limit Maintenance standard [ Wear limit
; 3.3=0.1 3.6 0.1
Pistorring | | CKNess { (0.1259 ~ 0.1338) ! - (0.1378 ~ 0.1457) [ -
(1,2,3) o 22001 1.90 25756} 240
(0.0775 ~ 0.0783) (0.0748) {0.0972 ~ 0.0980) (0.0945)
: 26=02 2902
o Thickness ! (0.0945 ~0.1102) f - ’ (0.1063 ~ 0.1220) [ -
ilring
Width 402301 3.90 4020 3.90
{0.1562 ~ 0.1570) (0.1535) (0.1562 ~ 0.1570) (0.1535)
; : 02~04 1.5 03~05 1.5
Pistonring gap (1, 2, 3 (0.00787 ~ 0.01574) l (0.0591) } (0.0118 ~ 0.0197) 1 (0.0591)
P 02~04 1.5 02~04 15
Oilring gap (0.00787 ~ 0.01574) T (0.0581) r (0.00787 ~ 0.01574) ’ (0.0591)

(3) Piston ring replacement precautions 4} The rings must be installed so that the gaps are
When attaching the piston rings to the piston, make 180° apart. At this time, be careful that the ring
sure they are in the correct Sequence and face the pro- gap is not lined up with the piston side pressure
perdirection. . o part, 4ih ring 15t ring

1) Clean the ring grooves carefully when replacing
the rings.
2) When installing the rings, assemble the rings so Siston pin
that the manufacturer’'s mark near the gap is fac-
ing the top of the piston.
3) After assembly, check that the rings move freely in
the grooves.
2nd ring 3rd ring
Printed in Japan
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5) Since the oil ring is equipped with a coil expander,
attach it to the piston so that the joint of the ring is
shifted 180° from that of the coil expander.

Joint of

//—\ ist compression ring
S
P R 2nd compression ring
: N 3rd compression ring
G ==
W Oil ring

Direction of piston pin

Printed in Jupan
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5. Connecting Rod

5-1 Connecting rod ass’y construction

The connecting rod connects the piston pin and crank pin
and transmits the explosive force of the piston to the
crankshaft. It is a stamp forging designed for extreme
lightness and ample strength against bending. A kelmet
bushing split at right angles is installed to the big end of
therod, and a round copperalloy is pressed onto cap.

Small end
Connecting rod
<&
Big end ;‘

.

! i Connecting rod bolt
5-2 Inspection

5-2.1 Large and small end twist and parallelity

Piston pin bushing

Crank pin
bushing

Parallelity
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Pass a test bar through the large end and small end holes
of the connecting rod, place the bars on a V-block on a
stool and center the large end test bar. Then set the sensor
of a dial indicator against the small end test bar and
Measure twist and parallelity. When the measured value ex-
ceeds the wear limit, replace the connacting rod. Twisting
and poor parallelity will cause uneven contact of the piston
and bushing and shifting of the piston rings, resulting in
compression leakage and excessive oil consumption.

Measuring twist and parallelity

Connecting rod twist and parallelity mm (in)

0.03/100 or less
{0.00118/3.937)

0.08/100 or less
(0.00315/3.937)

Maintenance standard

Limit

5-3 Crank pin bushing
Since the crank pin bushing slides while receiving the load

from the piston, an easy-to-replace kelmet bushing with a
wear-resistant overlay is used.

Kelmet bushing

Backing metal

5-3.1 Crank pin bushing inside diameter
Tighten the large end of the connecting rod to the prescrib-
ed torque with the connecting rod bolts, and measure the
inside diameter of the crank pin bushing. Replace the
bushing if the inside diameter exceeds the wear limit or
the clearance at the crank pin part exceeds the wear limit.
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Cyl

inder gauge

mm (in.)
YSM8 YSM12
Maintenance | Wear | Maintenance | Wear
standard limit standard limit
. @42.000 ~ @46.000 ~
Srank pin e 42042 | w421 46042 | 246.1
diametgr (16535 ~ | (1.6574) | (1.8110 ~ | (1.8149)
1.6551) 1.81286)
: 20.028 ~ @0.027 ~ .
Srank pin and 0086 20.14 0.090 20.17
C,earangce (0.0011 ~ | (0.0055) | (0.0010 ~ | (0.0066)
0.0033) 0.0035)
Connecting rod
bolt tightening 4kg-m (28.9 ft-1b) 5.5kg-m (39.8 ft-Ib)
torque

NOTE: The crank pin bushing inside diameter must always
be measured with the connecting rod bolts tighten-
ed to the prescribed torque.

5-3.2 Crank pin and bushing clearance (oil clearance)
Since the oil clearance affects both the durability of the
bushing and lubricating oil pressure, it must always be the
prescribed value. Replace the bushing when the oil
clearance exceeds the wear limit.
(1) Measurement
1) Thoroughly clean the inside surface and crank pin
section of the crank pin bushing.
2) Install the connecting rod on the crank pin section
of the crankshaft and simultaneously fit a Plasti
gauge on the inside surface of the crank pin bear-

ing.
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3) Tighten the connecting rod bolt to the prescribe
tightening torque.

kgem (ft-It
YSM8 YSM12
Connecting rod tightening torque 4 (28.9) 5.5 (39.8)

4y lLoosen

the connecting rod bolt and slowly

remove the connecting rod big end cap, then
measure the crushed Plasti gauge with a gauge.

NOTE: Never adjust by shims or machine the crank pin
bushing. Always replace the crank pin bushing with

anewone.

5) The crank pin and bushing clearance

(oil

clearance) may also be measured with a
micrometer, in addition to measurement with a

Plasti gauge. With this method,

the outside

diameter of the crankshaft crank pin section and
the inside diameter of the connecting rod's big
end bushing, when the connecting rod bolt has
been tightened to the prescribed torque, are
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measuréd, and the difference between the large
end bushing inside diameter and crank pin out-
side diameter is set as the oil clearance.
(2) Measurement precautions

1) Be careful that the Plasti gauge does not enter the
crank pin oil hole.

2) Be sure that the crankshaft does not turn when
tightening the connecting rod boit.

5-3.3 Crank pin bushing replacement precautions

(1) Thoroughly clean the crank pin bushing and the rear of
the crank pin bushing.

(2) Also clean the big end ¢ap, and install the crank pin
bushing and check if the bushing contacts the big end
cap closely.

{(3) When assembling the connecting rod, match the
number of the big end section and the big end cap,
coat the bolts with engine oil, and alternately tighten
the bolts gradually to the prescribed tightening torque.
lfatorque wrench is not available, put matching marks
(torque indication lines) on the bolt head and big end
cap before disassembly and tighten the bolts until
these two lines are aligned.

Align mark

\ K \ ) Matching mark

{4) Check that there is no sand or metal particles in the
lubricating oil and that the crankshaft is not pitted.
Clean the oil holes with particular care.
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5-4 Connecting rod side clearance

After installing the connecting rod on the crankshaft, push
the rod to one side and measure the side clearance by in-
serting a feeler gauge into the gap produced at the other
side.

The connecting rod bolts must also be tightened to the
prescribed tightening torque in this case.

Feeler gauge
mm (in.)

. . 0.25 £0.1
Connecting rod side clearance I (0.0059 ~ 0.0137)

5-5 Piston bushing and piston pin

The piston bushing is a round copper alloy bushing driven
onto the small end of the connecting rod. During use, the
piston pin bushing and piston pin will wear. If this wear
becomes excessive, a metallic sound will be produced and
the engine will become noisy.

5-5.1
Measure the oil clearance between the piston pin and the

piston pin bushing. f it exceeds the prescribed limit,
replace the piston pin and its bushing.

Piston pin bushing Piston pin outside diameter

Piston pin

Piston pin bushing
inside diameter
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5. Connecting Rod . - S : S - o
il — — g e SMUYSM
) mm (in)
YSM8 YSM12
Maintenance | Wear | Maintenance | Wear
standard limit standard limit
. . 223.025 ~ 228.025 ~
Piston Bif e 23038 | 22312 28038 | 228.12
diametgr 0.9065 ~ | (0.9102) | (11033~ | (1.1071)
0.8070) 1.1038)
bushing y - p :
clearance (0.00098 ~ |{0.00394) | (0.00088 ~ |(0.00394)
0.00185) 0.00189)

5.5.2 Replacing the piston pin bushing
(1) When the bushing for the connecting rod piston pin is
either worn out or damaged, replace it by using the
“piston pin extracting tool” installed on a press.
NOTE: Force the piston pin bushing into position so that
its oil hole coincides with the hole on the small end
of the connecting rod.

(2) After forcing the piston pin bushing into position,
finish the inner surface of the bushing by using a pin
honing machine or reamer so that it fits the piston pin
to be used.

NOTE: Attach the bushing to the piston pin so that a pin,
coated with engine oil can be pushed into position
with your thumb.
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6. Crankshaft

6-1 Crankshaft ass’y and bearing construction

The crankshaft is stamp-forged,and the crank pin and jour-
nal sections are high-frequency induction hardened and
ground and polished to a high precision finish. Therefore,
the contact surface with the bushing is excellent and
durability is superb.

The crankshaft is supported by two types of main bearing,
namely, the main bearing for the cylinder body and the
main bearing for the mounting flange. On one end the

Flywheel
/

end nut

Printed in Jupun
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Balancing weight mounting bolt
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flywheel is mounted and on the otherend is the crankshaft
gear. In order to effect the proper balance, a balancing
weight is mounted on each crank arm by serration mat-
ching.

The oil passage for-the crankshaft journal and pin is shaped
(see the diagram) so that the crankshaft can withstand low
and high-speed operations.

Mounting flange

)

Thrust metal

Crank bearing

¢

7,

/} %*p.
P N

Balancing weight

48 '?"/"//l

/ Crank shaft gear
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6-2 Inspection
6-2.1 Crank journal and crank pin
(1) Cracking
If cracking of the crank journal or crank pin is ment.
suspected, thoroughly clean the crankshaft and When the difference between the maximum wear anc

perform a color check on the shaft, or run a candle minimum wear of each bearing section exceeds the
flame over the crankshaft and look for oil seepage from wear limit, replace the crankshaft. Also check eact

cracks. If any cracks are detected, replace the bearing section for scoring. If the scoring is light
repair it with emery cloth.

(2) Crank pin and crank journal outside diameter measure

crankshaft.
IL 5
\ T A A
B B B
YSM8 YSM12

Maintenance standard Wear limit Maintenance standard Wear limit

. } 243.950 ~ 43.965 243.85 251,952 ~ 51.973 251.85

Crankshaftjournalwear A A (1.7303 ~ 1.7309) (1.7264) (2.0454 ~ 2.0462) (2.0413)

. } 241956 ~ 41.972 @41.87 345,952 ~ 45.973 54487

Crank pin wear B B (1.6518 ~ 1.6524) (1.6484) (1.8091 ~ 1.8100) (1.7665)
Gear side 0.035 ~ 0.105 0.17 0.027 ~ 0.088 018 -

Crank journal and (0.0014 ~ 0.0041) (0.0067) (0.0011 ~ 0.0035) (0.0071)

bushing oil clearance . 0.045 ~ 0.095 0.17 0.037 ~ 0.092 0.18
Flywheel side (0.0018 ~ 0.0037) (0.0067) (0.0015 ~ 0.0036) (0.0071)
Crank pin and crank pin bushing oil clearance (O%(%? :: 88824) (O.%agS) (0%833 :: 8:%%5) (0%857)

6-3 Crankshaft side gap

6-3.1 Side gap

The clearance in the axial direction after the crankshaft has
been assembled is called the side gap.

If the side gap is too large, contact with pistons will be
uneven, the clutch disengagement position will change,
and other troubles will occur. {f it is too small, the
crankshaft sliding resistance will increase and cranking will

become stiff.

6-3.2 Measuring side gap

Move the crankshaft to one side, attach dial gauge to the
crankshaft tip, and measure the clearance between the
crankshaft and the thrust bearing metal. Or, using a
thickness gauge, measure the clearance between the
thrust bearing metal on the housing side of the main shaft
and the crankshaft. If the clearance exceeds the specified
limit, replace the thrust bearing metal.

' Dial gauge

Printed in Japan
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6-3.3 Side gap maintenance standard and wear limit mm (in) 6-4 Main bearing
6-4.1 Construction

[ YSM8 [ YSM12 The main shaft bearing metal is round, made of a copper-

Mii’;tn?;gce }Wea, limit Miifa‘;edfﬁgce Wear limit lead series sintered alloy, and s highly wear resistant. As

for the gear side main shaft bearing metal, the crank bear-

Crank shaft O‘E’S&%’iﬁ 0.45 0.80161&%?4 ing metal and the thrust bearing metal are installed
side gap 0.0124) (0.0177) | Separately. With the flywheel side main shaft bearing

metal, the above two bearing metals are installed together,

6-4.2 Inspecting the crank bearing

(1) Check the crank bearing metal for scaling, deposited
metal and seizure. Also check the condition of the con-
tact surface. If defects are found, replace.
If the bearing metal contact is too unsymmetrical,
carefully check all related component parts which
might be responsible, and take proper measures.

(2) Determine the oil clearance by measuring the inside
diameter of the crankshaft bearing and the outside
diameter of the crankshaft,

NOTE: Measure the crank bearing at the four points shown
in the figure and replace the bearing if the wear limit
is exceeded at any of these points.

A B Y
A B X mm (in.) mm (in.)

L YSM8 } YSM12

, Maintenance standard f Wear limit Maintenance standard } Wear limit
Main bearing inside diameter ﬁ{’%%éo: 14?3%‘3? I (?%71 g) 2554%160N’V25g4%§()) { (?50221 g)
Flywheelside |  Grankshaft journal outside diameter ﬁé%%%ow’“ 14?3%%? / (?‘ggg { ((52558%4572325(1)4%72? ] (?%111833
Offlearance (0%8?2 ~ giggg?)‘l (O%(TJELL (0%8% ~ 8:83%5) } (0%10871 )
Main bearing inside diameter ﬁ4§3%%0r\,w 14}4393? (’15’%71 éi) ?25024%%me25§4%%? I (%2‘1;‘:13; 51)
8%%0\,3;}58:”% Crankshaft journal ouside diameter ﬁ?ﬁ%&”ﬁ?ﬁ%ﬁ (?‘;%68‘% ?25018%572:2584%2? } (g‘% 11%3)
Ot elearance (0-8313 4? ~ 8882? 1) (0.%81217 ~ g.gggs) { (o%g)%
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6-4.3 lnspectfng the thrust metal
Measure the thickness of the thrust metal and replace the
metal when wear exceeds the wear limit.

Thrust metal

mm (in.)
Maintenance standard Wear limit
. 25 2.30
Thrust metal thickness (0.098) (0.090)

6-4.4 Replacing the crank bearing
Since the crank bearings at both ends of the crankshaft are
pressed to the cylinder block and bearing housing with a
press, a force of approximately 1.0 ~ 1.5 tons (2200 ~ 3300
Ibs)is required to remove them.
Moreover, since the crankshaft will not rotate smoothly and
other trouble may occur if the bearing is distorted, it must
always be installed with the special tool.
(1) Removal
Assemble the spacer and plate A as shown in the
figure, place the pullerlextractor against the bearing
from the opposite end and pull the bearing by tighten-
ing the nut of the special tool. Remove the oil seal
before pulling the bearing pressed to the bearing hous-

' I

Inserﬁf)n/
extraction bolt

s / % \ Insertion guide
late A Crank bearing

pacer

(2) Installation
Coat the outside of the bearing with oil and align the
positions of the bearing oil holes. Then press in plate B
until it contacts the cylinder block or bearing housing,
using the puller/extractor as a guide, as shown in the

figure.
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After inserting the bearing, measure its outside
diameter. If the bearing is distorted, remove it again
and replace it with a new bearing.

rlate { ) ’ 7 . Plate B
Spacer Crank bearing

Insertion guide

(3) Crank bearing installation precautions

1) Pay careful attention to the crank bearing in-
sertion direction. Insert the bearing so that the
side with the outside fillet is at the outside.

2) Align the oil hole of the crank bearing with the oil
holes of the cylinder block and bearing housing.

3) After inserting the crank bearing, check that the
crankshaft rotates easily with the thrust metal and
bearing housing installed.

4) Be careful that the bearing is not tilted during in-
sertion.

6-5 Crankshaft oil seal

6-5.1 Oil seal type and size

T-type oil seal is employed at the flywheel end of the
crankshaft.

Lip

Lip end

3 s
NN
AANNN N SN
mm
Size Part No.
YSM8 44 <860 9 104211-02220
YSM12 52709 104511-02220

6-5.2 Oil seal insertion precautions
(1) Clean the inside of the housing hole, ascertaining that
the hole was not dented when the seal was removed.
(2) Be sure that the insertion direction of the oil seal is
correct. Insert so that the main lip mounting the spring
is on the inside (oil side).

——=)

} Assembly

direction
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(3) Insert the oil seal with a press. However, when
unavoidable, the seal may be installed by tapping the
entire periphery of the seal with a hammer, using a
block. In this case, be careful that the oil seal is not
tilted.

Never tap the oil seal directly.

GOOD

Block

& © _;E

‘7\Housing
BAD

Housing
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7.Camshaft

7-1Construction
The camshaft is made of carbon steel. The bearings on the
ear case side are ball bearings and its clutch side is direct-
ly borne by the block. The camshaft end is provided with a
slit for inserting the lubricating oil pump. Its gear side is
constructed so that the cam for driving the fuel injection
pump can be mounted on it. The cam and its bearings have
been treated with induction hardening to give them high
hardness, better wear resistance and toughness.

Exhaust cam
!

| Intake cam

Tappet

7-2 Valve curve

Intake valve open

Exhaust valve close

20% 209,

)

Y00 7300

Intake valve close Exhaust valve open

BDC
7-3 Inspection
Since the cam surface is tempered and ground, there is
almost no wear. However, measure the height of the intake
and exhaust cams, and replace the camshaft when the
measured value exceeds the wear limit.

N
1

HO" mark

Lift

Cam height
Cam height

Fuel cam

Intake and exhaustcam

Printed in Japan
F023A9078

Since the intake and exhaust cam profile is a parabolic ac-
celeration cam with a buffering curve, movement of the
valve at high speed is smooth, improving the durability of
the intake and exhaust valve seats.

Bali bearing

Cam shaft gear Fuel cam

End nut
Intake and exhaust valve head clearance (0%%2?7?1.)
Intake valve open b. TDC 20°
Intake valve close a. BDC 40°
Exhaust valve open b. BDC 50°
Exhaust valve close a. TDC 20°
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‘ YSM12
Maintenance
Standarg

7-4 Camshaf bal] bearing
The Camshaft baar

grow deep groove bajj bear.
'Ng. The constr

rial of this ball bean‘ng Such
ial load, thryst loads in

ion of both these loads.
Replace the majn Camshaft bean’ng if thejr COMponents

have the foHowing defects: balls, inner or Outer race, cage,
etc, have flaws, irnpressions, ete.; Components that wij
not rotate smoothly; COmponents that produce noise; com.
Ponents that Ioose; COmponents that have discolored due

to Seizure; etc.

mm (in,)
YSM12

i ot
29.980~ g 995

Maintenan € standarg Wear Jimj;
9.95 210.980 ~ 10.995 10.95
{0.39291 ~. 0.39350) (0.391 73) (0.43228 ., 0.43287) {0.4311p)
- Inside diameter of tappet Guide 210.000 ~ 10.027 Z11.000 A 11.027
{cylinder block) (0.3937 ~ 0.394 76) (0.43307 ~, 0.43413)
i 20.005 ~ 0.047
Qil Clearance / (0.00013 ~, 0.00785)

Outside diameter of tappet stem

0.1
(0.00393)

0.1 20.005 ~. 0,047
(0.00393 00

(0.00019 ~ 0.00185)
2-32
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7-7 Fuel cam assembly precautions

Install the fuel cam by aligning it with the key of the can
shaft. I the installation direction is not correct, the fuel ir
jection timing will be considerably off and the engine wi

7.5.3 Tappet and cam contact surface

Since the tappet and cam are offset, the tappet rotates in
an up and down movement during operation, so there is no
uneven contact.

Since eccentric wear will occur if cam tappet contact is not start.

poor, replace the tappet if there is any uneven contact or When assembling the fuel cam, be sure that the “0" mar
deformation. side of the cam is opposite the camshaft gear.

“O"mark
Abnormal contact Normal contact
NOTE: {f the sliding surface of the tappet and the cam is .
damaged, check the camshatft also. Cam shaft gear
Fuel cam g
7-6 Push rods
The push rods are sufficiently rigid and strong to prevent Starting gear (driven)

bending.

Place the push rod on a stoo! or flat surface and measure
the clearance between the center of the push rod and the
flat surface, and replace the push rod if the wear limit is ex-

ceeded.

Feeler gauge

o
Check both ends for wear and peeling, and replace the
ush rod if faulty.
P autty mm(in.)
Maintenance standard Wear limit
Push rod bend 0.030r less 0.3
{0.00118 or less) (0.0118)
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8. Timing Gear

8-1 Timing gear train construction
The gear case is cast with the cylinder body in a
monoblock casting and is formed by the cylinder side
cover. It is mounted along with the lubricating oil pump,
lubricating oil filter, fuel control device and P.T.O. shaft
(which drives the fuel feed pump), the cooling water pump
and alternator. The camshaft gear is a steel forging with a
hardened tooth face that has been precision, ground and
finished. it is driven by the crank gear which is mounted on
the crankshaft.

Crankshaft gear

Camshaft gear

Starting gear (driven)

Starting shaft gear N , Crankshaft gear

Camshaft gear
P.T.O. shaft gear

Starting gear

gear (driven)

...50 (1.9685)

| { j YSM8 | YSM12
Number . Center-to-center Number : Center-to-center
Module of testh Tooth width ! distance Module of testh Tooth width 1 distance
Shifgear | 25 f 23 / 10.5 (0.4134) ’ 25 [ 23 J 10.5 (0.413¢)

Crankshart P.T.0. shaft gefar P.T.O. shaft gear
ranksha ~ Crankshaft gear ~ Crankshaft gear
gear 25 / 23 ] 11 {0.4331) 1 .58 (2.0835) 25 ! 27 J 11 (0.4331) ...62.5 (2.4606)

Camshaft Crankshaft gear Crankshaft gear
car 25 / 46 } 10 (0.3937)1 ~ Camshaft gear 25 } 54 11 {0.4331) ~ Camshaft gear
g ...86.75 (3.4154) ...101.25 (3.9862)
Startin Starting gear Starting gear
g 25 ) 15 ; 100.3937) | ™ X starting shaft gear l 20 10 (0.3937) | o Stga,%ng shaft gear

. . -..43.225 (1.7018)
tarting , 25 I 20 9.7 (OA3819)‘]'

shaft gear
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.8-2 Disassembly and reassembly
Timing mark C .'
A timing mark is provided on the crankshaft gear and
camshaft gear to adjust the timing between opening
and closing of the intake and exhaust valves and fuel
injection when the piston is operated.
Always check that these timing marks are aligned
when disassembling and reassembling the timing

gear.

Timing mark Crankshaft

Camshaft/ \
Retaining boit

8-3 Inspection

8-3.1 Backlash

Unsuitable backlash will cause excessive wear or damage
at the tooth top and abnormal noise during operation.
Moreover, in extreme cases, the valve and fuel injection
timing will deviate and the engine will not run smoothly.

When the backlash exceeds the wear limit, repair or replace
the gears as a sel.

Dial gauge
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k Crankshaft gear and

mm {i
‘Maintenance standard J Wear 1ir

0.08 ~ 0.16 0.3

camshaft gear backlash .
{0.0031 ~ 0.0062) 0.0118

Crankshaft gear and
P.T.O.shaft gear backlash

Measuring backlash

(1) Lock one of the two gears to be measured ar
measure the amount of movement of the other geart
placing a dial gauge on the tooth surface.

(2) Insert a piece of quality solder between the gearsto t
measured and turn the gears. The backlash can t
measured by measuring the thickness of the crushe
part of the solder.

/
Solder wire

8-3.2 Inspecting the gear tooth surface

Check the tooth surface for damage caused by pitching
and check tooth contact. Repair if the damage is light. Alsc
inspect the gears for cracking and corrosion.

When gear noise becomes high because of wear o

‘damage, replace the gears as a set.
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1. Construction
The fuel system consists mainly of an injection pump,
injection pipe, and an injection nozzle, plus a fuel tank, feed
pump, fuel filter and other associated parts. The injection
pump is driven by a fuel cam mounted on one end of the
camshaft and is controlled by a governor. Fuel stored in the
fueltank is fed to the fuel filter through the feed pump. (The
feed pump is indispensable when the fuel tank is installed
lower than the injection pump.)
Dirt and other impurities in the fuel are removed by the
filter and the clean fuel is sent to the injection pump, which
applies the necessary pressure for injection to the fuel and
atomizes the fuel by passing it through the injection nozzle.
The injection pump also controls the amount of fuel in-
jected and the injection timing depending on the engine
load and speed by means of a governor.
The injection pump feeds the fuel to the injection nozzle
through a high pressure pipe. The pressurized fuel is
atomized and injected by the injection nozzle into the
precombustion chamber.

1-1 Fuel system diagram

YSM8-R YSM12-R

Fuel return pipe

sFuel high pressure pipe

sFuel injection pump

to Fuel tank

YSM8.Y YSM12.Y
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F023A9078

31

L SM/YSM

Euel that overflows the injection nozzle is returned to the
fuel filter through the fuel return pipe. The quality of the
equipment and parts comprising the fuel injection system
directly affects combustion performance and has a
considerabie effect on engine performance. Therefore, this
system must be inspected and serviced regularly to ensure

top performance.

Fuel tank (20 ()}~
(option)

Rubber fuel hose

Fuel feed pump

from Fuel tank

}
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2. Injection Pump |

The injection pump is the most important part of the fusl
system. This pump feeds the proper amount of fuel to the
engine at the proper time in accordance with the engine
load.

This engine uses a Bosch type injection pump. It is design-
ed and manufactured by Yanmar, and is ideal for the fuel
system of this engine.

Since the injection pump is subjected to extremely high
pressures and must be accurate as well as deformation and
wear-free, stringently selected materials are used and
precision-finished after undergoing heat treatment.

2-1 Construction

Fuet control pinion

. &
Plunger barrel packing
Delivery valve hoﬁder

Delivery v\aive

\\

\ Plunger barrel stopper
Plgnger barrel

\ Delivery.valve packing

Delivery valve spring

,\_\

O-ring

Delivery valve spring holder
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The injection pump must be handied carefully. Since the
delivery valve and delivery valve holder and the plunger and
plunger barrel are lapped, they must be changed as a pair.

Plunger guide roller (outer).

Plunger guide

Plunger spring lower retainer \\

Plunger spring

! Plunger guide

roller {inner)
@>
\

Plunger guide
rotter pin

Plunger spring retainer

Injection timing adjust shim
%Fuel control rack

Plunger guide stopper
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2-2 Specifications

Ui

15
16

19

1 Body

2 Delivery valve spring holder
3 Delivery valve spring

4 Delivery valve

5 Delivery valve holder

& Delivery valve packing

7 O-ring

8 Plunger barre!

9 Plunger barrel packing

10 Plunger barrel stopper
11 Plunger

12 Fuel control pinion

13 Fuel control rack

14 Plunger spring

15 Plunger spring retainer

16 Plunger spring lower retainer
17 Plunger guide stopper

18 Clip

19 Plunger guide
20 Piunger guide roller pin
21 Plunger guide roller {inner)
22 Plunger guide roller (outer) -

SM/YSM

mm (in.

YSMB-R(Y) YSM12-R(Y)

Fuel cam lift

7 (0.2756)

Plunger

Diamater x stroke

26 x 7 {0.2362 x 0.2756)

Configuration

{Injection amount increases at starting)

Fuel adjusting rack sliding resistance (pump standstill)

less than 60 (0.132)

Plunger upper clearance (mounting dimension 76.0 =0.05mm)

1.0 (0.0394)

Plunger position shim

0.1, 0.2, 0.3 (0.0394, 0.0787, 0.1181) (3 kinds)

35.0 (1.3780)

Free length

Plunger spring Mounted length 27.0 (1.0630)
Mounting load 10.4 kg (22.9280ib.)
Free length 31.0 (1.2205)

Delivery valve spring

Mounted length

23.96 (0.9433)

Mounting load

2.885 kg (6.3603 Ib)
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2-3 Fuel Injection pump

The fuel injection pump force-feeds the fuel by means of
the plunger (1) which operates at a constant stroke. Since
the plunger is lap fitted into the plunger barrel (2) for super
precison, it can be replaced only as a set. The cylindrical
surface of the plunger has an obliquely cut lsad (3) and a
groove which connects the lead to the plunger head. The
plunger has an intake hole {4) through which the fuel
passes and is force-fad by the plunger. Then the fuel opens
the delivery valve (5), goes through the fuel injection tube,
and is injected into the spiral-vortex type pre-combustion
chamber from the injection valve. The plunger is fitted with
the fuel control gear (6), and its flange (7) fits into the
groove which is longitudinally cut into the inner surface of
the lower end of the control gear. The fuel control gear is in
mesh with the fuel control rack, the motion of which
rotates the plungerto constantly vary the amount of fuel in-
jected from zero to maximum.

2-3.1 Fuel control

When the plunger (1) is at bottom dead center, the oil,
which comes in through the oil hole, fills the delivery
chamber (3) to above the plunger; the oil pressure then
builds up as the plunger rises and closes the oil hole, and
by opening the delivery valve, is force-fed toward the fuel
injection tube. As the plunger, pushed by the plunger
guide, rises further, the pressure of the oil between the
delivery chamber and the nozzie also increases. When this
oil pressure builds Up to 155 to 165 kg/cm?, the nozzle
opens, and the fuel ol is injected into the spiral vortex type
combustion chamber, However, if the plunger keeps rising
and the lead groove (4) lines up with the oil hole (2), the oil
under high pressure in the delivery chamber passes the
lead from the longitudinal groove up the lead and is driven
back into the suction chamber from the oil hole. At the
same force feeding of the fuel is suspended.

Printed in Jupun
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Noinjection

Effective stroke

Half injection

Effective stroke

Full injection

As aresult of the above action, the plunger is rotated by the
fuel control rack and the angle of this rotation changes the
effective stroke of the plunger and controls the discharge
of the pump. Also, when the fuel control rack lines up the
longitudinal groove on the plunger with the oil hole, the oil
hole does not close, despite the rise of the plunger, but
rather the fuel is driven back to the suction chamber. As a
result the fuel is not force-fed but the amount of injection
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is reduced to zero. At this time the fuel control rack is at the
cylinder side en'd; when it reaches the opposite side end
the maximum amount of fuel is injected. Before the maxi-
mum injection level is reached, the fuel injection control
shaft regulates the amount of fuel injected to the normal

operation level.

2.3.2 Action of the delivery valve and the sucking-back of
fuel

The delivery valve on top of the plunger prevents the fuel
within the injection tube from flowing backward toward the
plunger side and also serves to suck back the fuel to pre-
vent the backward dripping of the nozzle valve. When the
notch (lead) of the plunger comes up to the oli hole of the
plunger barrel, the feeding pressure acting on the fuel oil
drops, and the delivery valve falls due to the force of the
spring. After the sucking-back collar (1) has first shut off
the fuel injection tube and the delivery chamber the
delivery valve drops further until it comes into contact with
the seat surface. (2) corresponding to the amount of fall
(i.e., increase in volume), the fuel oil pressure within the in-
jection tube drops, speeding up theclosure of the nozzle
valve, and sucking up the fuel before it drips back, This
enhances the durability of the nozzle and improves fuel oil

combustion.

Action of the delivery valve

Increase in volume -

7

NN

-
=

i iilan

Sucking-back of fuel

Function of the delivery valve
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2-4 Disassembly
2-4.1 Removal of Fuel Injection Pump
(1) Remove the parts in the follming order.
1) Fuel injection pipe and fuel pipe
2) Oil port
3) Fuel limiter end nut

NOTE: After removing the fuel oil pipe, screw in the pipe-
connecting bolt so that no dust gets into the pump.

(2) Loosen the fuel limiter lock nut, and pull out the fuel

limiter about 10 mm.
(3) Loosen the four fuel injection pump lock nuts evenly

and remove the pump.

NOTE: During removal be careful not to bump the fuel in-
jection rack and the full injection timing plate

against the cylinder biock.

Pump removal

2-4.2 Disassembly of fuel injection pump

NOTE: 1) Before disassembly wash the pump in clean oil,
and after assembly arrange all parts carefully.
2) Make sure the work area is exceptionally clean.
(1) Remove the plunger guide stopper pin with needle
nose pliers.
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{2) Remove the plunger guide stopper.
The stopper can be removed by pushing the plunger
guide down with the palm of your hand.
(3) Remove the plunger guide.
NOTE: Be careful not to lose the plunger adjusting shim
which is located inside the plunger guide.

Plunger position shim

(4) Remove the piunger and plunger spring lower retainer
be careful not to damage the plunger.

(5) Remove the plunger spring, fuel control pinion and
plunger spring upper retainer, using your fingers or
tweezers.

(6) Remove the fuel control rack.

(7) Remove the delivery valve holder: be careful not to
damage the O-ring.

(8) Remove the delivery valve spring.

{8) Remove the delivery valve.
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(10) Remove the plunger barrel by pushing it toward the
delivery valve side.

NOTE: 1. Line up the plunger valve and the plunger, and
put themin order.
2. Immerse the delivery valve, plunger, etc. in clean
oil.
3. Do not loosen or remove the injection control
plate, etc.

2-5 Inspecting injection pump parts

2-5.1 Rinse each component part in clean light oil before in-
specting it.

NOTE: Do not touch the sliding surface of the plunger and
the delivery valve with your fingers during handling.

2-5.2 Control rack and pinion
(1) Check control rack teeth and sliding surface for
damage and abnormalities. If found, replace.

NOTE: When replacing control rack, adjust fuel discharge
amount with a fuel injection pump fester and stamp
arack mark.

{2) Replace pinion if teeth are damaged or worn unevenly.
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2-5.3 Plunger i
(1) Inspect the plunger for wear, scoring and discoloration
around the lead. If any problems are found, conduct a
pressure test and replace the plunger and plunger

barrel assembly.

Relief groove

(2) Inspect the outside sliding surface of the plunger with
a magnifying glass. Lap or replace the plunger and
plunger barrel assembly when corrosion, hairline
cracks, staining and/or scoring are detected.

(3) Check the clearance between the plunger collar and
control pinion groove. Replace these parts when wear
exceeds the specified limit.

(4) After cleaning the plunger, tilt it approximately 60°, as
shown in the figure, and slowly slide it down. Repeat
this several times while rotating the plunger. The
plunger should slide slowly and smoothly. If it slides
too quickly, or binds along the way, repair or replace it.

2-5.4 Delivery valve
(1) Replace the delivery valve if the return collar and seat

are scored, dented or worn.

Seat
—

‘ Return collor
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(2) Raise the delivery valve and put a finger over the hole

on the valve seat bottom. Let go of the delivery valve. If
it sinks quickly and stops at the position where the
suck-back collar closes the valve seat hole, the
delivery valve may be considered normal. If this is not
the case, replace the delivery valve as a set.

(3) Place your finger over the hole in the bottom of the
valve seat and insert the valve into the valve body. if
the valve returns to its original position when you
remove your finger, the valve is okay. If some defect is
found, replace with a new valve.

(4) If the valve closes completely by its own weight when
you remove your finger from the hole on the bottom of
the valve seat, the valve is okay. If it doesn’t close’
perfectly replace with a new valve.

When using a brand-new set, wash off the rust-
proof oil with clean oil or gasoline. Then, wash once
more with clean oil, and follow the steps outlined

above.

NOTE:
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2:5.5 Plunger spring and delivery valve spring 2-6 Assembling the fuel injection pump

Inspect the plunger spring and delivery valve spring for

fractured CO”S,‘ rust, inclination and permanent strain. NOTE: 1. Afterinspection, divide the components into two
Replace the spring when faulty. (See 2-2) groups, i.e. the components to be replaced, and

those that are reusable. Rinse the components
and store the two groups separately.
2. Replace the packing with a new one.

{1) While lining up the plunger barrel positioning groove
with the dowel of the main unit, attach the plunger bar-
rel to the main unit.

(e

N

,(0
«‘

17 :?;/

0

(@

( {

(4

N,

({

(

(

Attaching the piunger barrel to the main unit

(2) Attach the delivery valve seat and the delivery valve to
the main unit.

2-5.6 Plunger guide

Check the tappet roller {inside and outside) and roller pin
fordamage and uneven wear, and replace if required.
Measure the clearance between the plunger and plunger
guide. If the clearance exceeds the limit, replace.

=Y

— @[

Attaching the delivery vaive to the main unit

NOTE: If the delivery valve tip projects noticeably above
the top of the main unit of the pump, the plunger

barrel has been installed incorrectly, and must be
Clearance limit 0.3(0.011g) re-attached.

mm (in.)

Printed in Japan

F023A9078 3-8




 Chapter 3 Fuel Systen,
2. Injection Pump

CSM/YSM

A4

(3) Attach the delivery valve packing and the delivery valve
spring fo the main unit and carefully tighten the
delivery valve holder.

NOTE: Tighten the dslivery valve holder with a torque
wrench after attaching the plunger and while check-
ing the fuel control rack for sliding motion.

kg-cm (Ib-11)
400 to 450 (28.92 ~ 32.54)

Tightening torque ’

(4) With the matching mark of the fuel control rack
directed towards the lower part of the main unit of the
pump, attach the fuel control rack to the main unit.

NOTE: Make sure the fuel control rack moves smoothly
along its entire stroke.

(5) By aligning the matching mark on the fuel control
pinion with that on the fuel control rack, attach the
fuel control pinion to the main unit.

NOTE: After attaching the fuel control pinion to the main
unit, check its meshing by moving the fuel control
rack.

Matching marks

Matching marks on the fuel control pinion and fuel control rack

(6) Insert the plunger spring retainer and attach the
plunger spring to the main unit.

Pilunger spring

\ Plunger spring retainer

Attaching the plunger spring to the main unit

NOTE: The plunger spring retainer should face the under-
side of the pump.
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7) After'{alighin:g'théhmatchi'n'g mark on the plunger ‘ﬂéngev
with that on the fuel control pinion, attach the plunger
to the main unit.

Matching marks

Attaching the plunger to the main unit

NOTE: By inverting and standing the main unit of the pump
upright attach the plunger to it carefully.

{8) Mount the plunger lower retainer onto the plunger.

Socket for the lower part of the plunger spring

(9) Insert the plunger adjusting shims.

NOTE: 1. Insert the same number of shims with the same
thickness as those inserted before disassembl-
ing the pump. After re-assembling the pump,
measure and adjust the top clearance of the
plunger.
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(10) While adjusting the direction of the detent (stopper)
hole for the plunger guide, insert the plunger guide

carefully.
When the detent hole is lined up with the plunger

guide, insert the detent. Then mount the retaining ring
(clip).

Attaching the plunger guide
to the main unit

(11) After attaching tighten the delivery valve holder with a

torque wrench,
kg-cm (ib-ft)

Tightening torque 550 to 600 (38.77 ~ 43.38)

Tighting the delivery valve holder
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2-7 Inspection after reassemnbly

When the engine doesn’t run smoothly and the injection
pump is suspected as being the cause, or when the pump
has been disassembled and parts replaced, always con-
duct the following tests.

2-7.1 Control rack resistance test

After reassembling the pump, wash it in clean fuel, move
the rack and check resistance as follows:

(1) This test is performed to determine the resistance of
the control rack. When the resistance is large, the
engine will run irregularly or race suddenly.

(2) Place the pump on its side, hold the control rack up
and allow it to slide down by its own weight. The rack
should slide smoothly over its entire stroke. Place the
pump on end and perform the above test again; check
for any abnormalities.[Resistance below 60g (0.132 Ibs)]

(3) Since a high sliding resistance is probably a result of
the following, disassemble the pump and wash or

repair it.

{a) Resistance of the rotating and sliding parts of the
plunger assembly is too high.

(b) Delivery valve holder is too tight (plunger barrel
distorted).

() Control rack or control pinion teeth and control rack
outside circumference are dirty or damaged.

(d) Injection pump body control rack hole is damaged.

(e) Plunger barrel packing is not installed correctly and
the barrel is distorted. (Since in this case fuel will
leak into the crankcase and-dilute the lubricating
oil, special care must be taken).

Pump removal
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2-7.2 Fuel injection timing
Fuel injection timing is adjusted by timing shims inserted
between the pump body and gear case pump mounting
seat.
Adjusting the injection timing

(1) Remove the injection pipe from the pump.

(2) Install a measuring pipe.

(3) Bleed the air from the injection pump.

injection timiné shim

Alir bleeding bolt

Measuring pipe

{4) Set the control rack to the middle fuel injection
position. :

(Pull the lever when setting the accelerator lever.)

(5) Turn the crankshaft slowly by hand, and read the tim-
ing mark (TD) on the flywheel the instant fuel appears
at the measuring pipe.

(FiD + Fuel injection from delivery valve.)
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(6) If the injection timing is off, add adjusting shims whe
the timing is fast, and remove shims when the timin
is slow.

Fuel injection timing b. TDC 25° =1°

Thickness 0.1 mm (0.004 in.),
0.3 mm (0.012 in.)

Injection timing change

19 (crankshaft) per 0.1 mm

Injection timing shim

(8) Finally, turn the crankshaft slowly and confirm that
turns easily. If it is stiff or does not rotate, the plunge

head gap is too small.

2-8 Injection pump adjustment
The injection pump is adjusted with an injection pum

tester after reassembly.

-

2-8.1 Setting pump on tester
(1) After the injection pump has been disassembled anc

reassembled, install it on a pump tester (cam lift
7mm (0.276in.).

(2) Confirm that the control rack slides smoothly. If it doe:
not, inspect the injection pump and repair it so that the

rack does slide smoothly.
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(3) Run the pump tester at low speed, loosen the air
bleeder screw, and bleed the air from the injection
pump.

Dial gauge

2-8.2
Measuring the sliding resistance of the fuel control rack
Measure the sliding resistance of the fuel control rack with

less than 60 g.

Q ;hMeasuringjig“!
|
i L

Fuel injection pump body

a spring scale (balance). -
1. Number of pump rotations/sliding resistance: Orpm/ % f
{ [

| (]

]
=
==

i Plunger barrel
\ lunger

Measuring the sliding resistance of the fuel control rack

2-8.3 Adjusting the plunger head gap

(1) Set the pump installation dimension (end of plunger
barrel when the roller is on the cam base cycle) at
83mm (3.268in.), remove the delivery valve holder and
delivery valve, and set the plunger to top dead center
by tuming the Ccamshaft. Measure the difference in
height (head gap) between the end of the plunger and
the end of the plunger barre| using a dial gauge.

iding resistance is unsati : e T —(—
NOTE: If the sliding resistance is unsatisfactory, disassem- =y
ble, inspect and repair the fuel control rack.

mm{in.)
Plunger head gap 115 ~ 1.25(0.0453 ~ 0.0492)
(2) Using the plunger head gap measuring jig
1) Installadial gauge on the measuring jig. :
2) Stand the measuring jig on a stool and set the dial (3) When the plunger head gap is larger than the
‘gauge pointerto Q. ' prescribed value, remove the plunger guide and insert
3) Remove the pump delivery valve and install the plunger shims between the plunger spring lower
measuring jig. retainer and the plunger guide. Adjust both pumps in
4) Turn the camshaft to set the plunger to top dead the same manner,
center and read the dial gauge. The value given is Plunger shim thickness: 0.1mm (0.004in.),
the plunger head gap. ‘ 0.2mm (0.008in.)

Printed in Jupan
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(2) Fix the fuel control rack at the discharge stop position.
By developing an engine speed of 200 rpm, shift the
control rack. When the built-up pressure exceeds 300
kg/cm?® in the vicinity of the matching mark, there
should be no sudden pressure drops.

(3) When the pressure has reached 300 kg/cm?, set the
rack to the discharge reducing position and stop the
tester. (4.266 Ib/in?

NOTE: The delivery valve must be of high quality.

Pressure gauge AVT 1/2x 150 x 1,000 kg/cm?

2-8.5 Testing the delivery valve for oil tightness

(1) Follow procedures similar to those used for the
plunger test. When the pressure gauge indication ex-
ceeds 120 kg/cm?, stop the rotation and set the fuel

(4) After rechecking adjustment, install the delivery valve. control rack to the 0 mm position. (1707 1b/in%)
Delivery valve holder tightening torque: 4.0 ~ 4.5kg-m (2) Measure the time required for the pressure gauge
(29. ~ 32.6 Ib-ft) indication to drop from 100 kglem? to 90 kg/em?® at

10 kg/em?™.

Plunger position shim

2.8.4 Plunger pressure test ‘ Time required at 10 kgfem* less than 5 sec.
4 (142.2 Ibfin?)

(3) If both the plunger and the delivery valve fail the test,
replace them.

(1) Install a 1,000kg/cm? (14,223 Ib/in.?) pressure gauge to
the delivery valve holder.

2.8. 6 Adjusting the amount of injection

Performance of pump
YSM8 YSM12

Pump speed 1600 rpm 1500 rpm
Plunger diameter x stroke @6 x 7 mm (0.2362 x 0.2756 in.) @6 x 7 mm (0.2362 x 0.2756 in)
Injection nozzle type YDN-0SDYD1 YDN-0SDYD1
Pressure for fuel injection 160 kg/ecm? (2276 Ib/in.?) 160 kglom? (2276 1b/in%)
Amount of injection at rack mark position 27 0.5 cc 42 =0.5 cc
Stroke 1000 1000

NOTE: Maintain the pressure for feeding oil to the injection

pump at 0.5 kg/em?,
Printed in Jupan
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Measuring the degree
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3. Injection Nozzle
‘3.1 Construction
The injection nozzie atomizes the fuel sent from the
injection pump and injects it into the precombustion

chamber in the prescribed injection pattern to obtain good
combustion through optimum fuel/air mixing.

The main parts of the injection nozzle are the nozzle holder
and nozzle body. Since both these parts are exposed to hot
combustion gas, they must be exiremely durable.

&

Nozzle spring nut

a>

Packing

Nozzle spring adjustment shim

Nozzle spring

@———————— Nozzle spring seat
Ej————— Inter spindie
=

&>

Nozzle holder body

Nozzle valve

Nozzie body

Nozzle nut

=

3-2 Specifications for nozzle valve

Moreover, since their operation is extremely sensitive to
the pressure of the fuel, high precision is required. Both are
made of quality alloy steel that has been specially heat
treated and lapped, so they must always be handled as a

pair.

. Nozzle spring nut
. Nozzle spring adjestment shim

. Packing

. Nozzle spring
Nozzle holder body
Nozzle spring seat
Inter spindle

. Nozzle valve

. Nozzle body

. Nozzle nut

Otooo_\tgag_nbmmg

Y

Model

YDN-OSDYD1

Type of nozzle valve

Throttle

Valve opening pressure 160 =5

kglom? (2205 ~ 2347 Ibfin.?)

Nozzle
Diameter of injection nozzle

21 mm (0.03%4 in.)

Angle of injection

5° ~ 10°

30.0 mm (1.1811 in.)

Free length
Nozzle spring Mounted length 28.7 mm (1.1299 in.)
Mounted load 14.14 kg

Nozzle spring adjusting piate (for adjusting nozzle
opening pressure)

0.1, 0.2, 0.3, 0.4 mm (4 kinds}

Nozzle valve

Printed in Japan

F023A9078 315




Chapter 3 Fuel .Sivsrem :
3. Injection Nozzle ‘ .

SM/YSM

3-3 Yanmar throttle nozzle -

The semi-throttle nozzies used in this engine are designed
and manufactured by Yanmar. A semi-throttle nozzle
resembles a pintle nozzle, except that with the former the
nozzle hole at the end of nozzle and nozzle body are longer
and the end of the nozzle is tapered. This nozzle features a
“throttling effect”: relatively less fuel is injected into the
precombustion chamber at the initial stage of injection,
and the volume is increased as the nozzle rises. This type
of throttle nozzle ideal for small, high-speed engines.

1 s
e

Pintle nozzle Yanmar semi-throttle nozzle

3-4 Nozzle operation

The nozzie is pushed down to its lowest position by the
pressure-adjusting nozzie spring and contacts the valve
seat of the nozzle body.

Under high pressure, fuel from the fuel pump passes
through the hole drilled in the nozzle holder, enters the
circular groove at the end of the nozzie body and then
enters the pressure chamber at the bottom of the nozzle
body.

When the force acting in the axial direction on the
differential area of the nozzle at the pressure chamber
overcomes the force of the spring, the nozzle is pushed up
and the fuel is injected into the precombustion chamber
through the throttle hole,

The nozzle is closed again when the pressure in the nozzle
body’s pressure chamber drops below the force of the
spring.

This cycle is repeated at each opening and closing of the
injection pump delivery valve.

Printed in Jupan
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3-5 Disassembly and reassembly
3-5.1 Disassembly sequence

(1) Remove the carbon from the nozzle end.

(2) Loosen the nozzle spring holder.
(3) Remove the nozzle holder body from the nozzle

mounting nut.
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(4 Remove the nozzle body and nozzle ass’y from the
nozzle mounting nut.

(5) Remove the nozzle spring retainer from the nozzle
holder body, and remove the nozzle spring retainer,
inter-spindle etc.

Reassemble in the reverse order of disassembly, paying
special attention to the following items.

3-5.2 Disassembly and reassembly precautions .

(1) The disassembled parts must be washed in fuel oil,
and carbon must be completely removed from the end
of the nozzle body, the nozzle body and the nozzle
mounting nut fitting section.

If reassembled with any carbon remaining, the nozle

will not tighten evenly, causing faulty injection. kg-cm (Ib-ft
Nozzle nut 1000 (72.36)
© Nozzle tightening torque
; 700 ~ 800
g ;——\ Nozzle spring nut (5065 ~ 57.89)
@@ @ ® = 4 D
(4) When installing the injection nozzle on the cylindet

head, tighten the nozzle holder nuts alternately, being

careful to tighten them evenly. Tightening torque:

. . - 2kg-m (14.5ft-1b)

@) E{fsiaf;:;r;srsth?;euigﬁ igigen?rfdri'st—preventive oil, Moreovgr, the nozzle holdgr must be instalied with the
and then seal it on the outside with seal peel. After noteh side on the nozzle side.
removing the seal peel, immerse the nozzle in diesel
oil and remove the rust-preventive oil from both the in-
side and outside of the nozzle.
Stand the nozzle holder upright, lift the nozzle about
1/3 of its length: it should drop smoothly by it own
weight when released.

Nozzle holder

(3) The nozzle must be assembled to the nozzle holder
with the nozzle spring retainer loosened.
If the nozzle is installed with the nozzle spring tighten-
ed, the nozzle mounting nut will be tightened unevenly
and oil will leak from between the end of the nozzle
holder body and the end of the nozzle mounting nut,
causing faulty injection.

Notch

Injection nozzle

Printed in Japun
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3-6 Injection nozzle inspection and adjustment

3-6.1 Carbon and corrosion on the nozzle body

Inspect the end and sides of the nozzle body for carbon
build-up and corrosion. If there is considerable carbon
build-up, check the properties of the fuel used, etc.
Replace the body if heavily corroded.

3-6.2 Checking nozzle action

Wash the nozzle in clean fuel oil and hold the nozzle body
upright, then lift the nozzie about 1/3 of its length with one
hand. The nozzle is in good condition if it drops smoothly
by its own weight when released. If the nozzle slides stiffly,
repair or replace it.

3-6.3 Adjusting the nozzle injection pressure

Install the injection nozzle to the high pressure pipe of a
nozzle tester and slowly operate the lever of the tester.
Read the pressure the instant injection from the nozzle
begins.

If the injection pressure is fower than the prescribed
pressure, remove the nozzle spring holder and adjust the
pressure by adding nozzle spring shims.

The injection pressure increases about 10 kg/cm? (142.2
Ib/in.?y when a 0.1 mm (0.004in.) shim is added.

Nozzle tester

kglem? (Ib/inY

160 =5
(2204 ~ 2346)

Injection pressure ;
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3-6.4 Nozzle seat oil tightness check

After injecting fuel several times by operating the lever of
the nozzle tester, wipe the ail off the injection port. Then
raise the pressure to 20 kg/cm? (284.5 1bfin.?) (140kg/cm?
(1991 Ib/in.? ) lower than the prescribed injection pressure.
The nozzle is faulty if oil drips from the nozzle. In this case,
clean, repair or replace the nozzle.

3-6.5 Checking the spray condition

Adjust the nozzie injection pressure to the prescribed value
and check the condition of the spray while operating the
tester at 4—6 times/sec. Judge the condition of the spray
by referring to the below figure.

Normal
¢ Injection pressure low
Stream * Nozzle seized
¢ Nozzle spring broken
¢ Dirt on valve seat
Spike ¢ Injection port damaged or dirty
e Carbon build-up
¢ Nozzle end abnormally worn
Spray ¢ Injection port worn
¢ Carbon buiid-up
Slanted * Uneven seat contact

e Injection port damaged or worn
» Carbon build-up
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3.6.6 Inspecting the nozzle spring
Inspect the nozzle spring for fractured coils, corrosion, and

permanent strain, and replace the spring when faulty.

3-6.7 Inspecting the nozzle spring retainer and inter-spindle
Inspect the nozzle spring retainer and inter-spindle for wear
and peeling of the contact face, and repair or replace the
spring if faulty.

Printed in Japan
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4. Fuel Filter

4-1 Construction
The fuel filter is installed between the feed pump and

injection pump, and serves to remove dirt and impurities
from the oil fed from the fuel tank through the feed pump.
The fuel filter incorporates a replaceable filter paper
element. Fuel from the fuel tank enters the outside of the
element and passes through the element under its own
pressure. As it passes through, the dirt and impurities in
the fuel are filtered out, allowing only clean fuel to enter the
interior of the element. The fuel exits from the outlet at the
top center of the filter and is sent to the injection pump.
An hexagonal head bolt for air bleeding and a threaded hole
for fuel return are provided in the fuel filter body. The
surplus fuel at the injection nozzle is returned to the fuel
filter and then to the injection pump.

From injection nozzle

Air bleeding bo!t\@

Fuel filter body =
1 —=To injection pump

-\ 12

Packin ( ‘ ) From feed pump

@—\Eemem
-
%\uel filter cover
E%Qﬁ*f%tammg ring

|
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4-2 Inspection

The fuel filter must be periodically inspected. if there is
water and sediment in the filter, remove all dirt, rust, eic. by
washing the filter with clean fuel.

The normal replacement interval for the element is 100
hours, but the element should be replaced whenever it is
dirty or damaged, even if the 100-hour replacement period

has not elapsed.

! Every 50 hours
’ Every 100 hours
| 10480055710

Filter cleaning
Filter element replacement
Part No.
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5. Fuel Feed Pump
5-1 Construction

The fuel pump feeds the fuel from the fuel tank to the
injection pump through the fuel filter. When the fuel tank is P.T.O. — I

installed at a higher position than the fuel filter and Sha“gea\ﬁ
injection pump, the fuel will be fed by its head pressure, L
but if the fuel tank is lower than the filter and injection geoqpump Cam\gi
pump, a fuel pump is required. f
The fuel pump of this engine is a diaphragm type and is in- PT.O. shaft ;
stalled on the gear case side of the cylinder body. The T f
diaphragm is operated by the movement of a lever by the
fuel feed pump cam at the P.T.0. shaft.

To fuel filter

1 . I 1
L 1
C }

To fuel filter

From fuel t

=™
-

From fuel tank

O —

o)

5.2 Disassembly and Reassembly

5-2.1 Disassembly

Clean the outside of the pump, scribe a matching mark on
the upper body and lower body of the pump, disassemble
and put the components in order. ’

Component parts of fuet feed pump =4
@

Fuel feed pump

Printed in Jupan
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5.2.2 Reassembly
Assemble the pump by reversing the disassembling pro-
cedures. Pay close attention to the following:

1. Clean the components, blow compressed air against
them, and inspects. Replace any defective com-
ponents.

Replace the packings, etc. with new ones.
3. When mounting the valves, be careful not to mix up
the inlet and outlet valves. Also, don’t forget the valve

packing.

™

utlet valve

4. Make sure the diaphragm mounting hole is in the cor-
rect position and gently aitach the diaphragm to the
pump body.

5. Line up the matching marks on the pump body, and
clamp on the pump body evenly.

5-3 Inspecting and adjusting the fuel feed pump

5-3.1 Checking the pump for fuel oil leaks

Aftar removal, immerse the pump in kerosene, stop its
outlet port with a finger and, by operating the rocker arm,

check for bubbles.
If any bubbles are present, this indicates a defective point

which should be replaced.

Printed in Jupan
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5.3.2 Checking the pump for engine oil leaks
Check pump mounting boits for looseness and the pump
packing for breaks. Retighten any loose bolts and replace

defective packing.

5.3.3 Measuring the sucking power

Attach a piece of vinyl hose to the inlet port, keep the pump
at a specified height (head) above the fuel oil level, and
operate the rocker arm by hand. if the fuel oil spurts out
from the outlet port, the pump is all right. A simpler method
of testing pump power is as follows: cover the inlet port
with a finger and, by operating the rocker arm by hand,
estimate the pump’s sucking power by judging the suction
on the finger, Although this is not an exact method, it can
at least confirm that the diaphragm, valves, etc. are

operating.

Limit of suction head

Fuel oil
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5-3.4 Aging, breakdown and cracking of the diaphragm

Since the diaphragm constantly in motion, the cloth on its
flexible parts becomes thin, cracked, and sometimes
breaks down after long periods of use. A broken diaphragm
causes fuel oil leakage and often fragments of the
diaphragm get into the engine oil, either seriously hamper-

ing fuel oil discharge or biocking it altogether.

Diaphragm

5.3.5 The contact area and mounting condition of valve

Test the valve seat as follows: Remove the valve and blow
into the valve seat from the direction in which the valve spr-
ing is mounted. If air leaks, replace the seat with anew one.
1f fuel oil leaks as a result of dust, foreign objects, etc.
caught in the valve seat, rinse it and clean it by blowing air

intoit.

5.3.6 Diaphragm spring and rocker arm spring

Check the diaphragm spring and rocker arm spring for per-
manent deformation, and the rocker arm and rocker pin for
wear. If any of these components are defective, replace

them with new ones.

NOTE: When it becomes necessary to replace any of these
parts, the entire fuel feed pump assembly should be

replaced.
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6. Fuel Tank (Option) >
Oil fil >
it fi Ier\
N
Return connection /\ Fuel tank bo
; % ;
XA/ Q
S~
\ =~
Pipe joint
Clamp
Rubber hose\ &/M
Cilam q
p\ % Cock !"-'ﬂ Drain cock
/@ Level gauge
Material Steel plate
Capacity
Thread of outlet cock
Size of rubber hose @7/213 x 2000 mm
(0.2756/0.5118 x 78.74in.)
mm

105 . 95 25 ;

Draining the tuel oil tank

In order to keep the injection system from developing
repeated troubles, drain the fuel oil tank at intervals of
every 100 hours and after servicing the fuel injection valve
and fuel injection pump.

Printed in Jupan
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When mounting the fuel oil tank, be careful not to mix u
its pipe joints and bolts with those of other component:
and after attaching the fuel oil tank, test it for oil leakage.
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1. Governor

The governor serves to keep engine speed constant by
automatically adjusting the amount of fuel supplied to the
engine according to changes in the load. This protects the
engine against sudden changes in the load, such as
sudden disengagement of the clutch, the propeller
leaving the water in rough weather, or other cases where
the engine is suddenly accelerated.

1-1 Construction

Regulator spring

Regulator lever

Crankshaft gear

Governor weight

Fuel injection pump

Printed in Japan
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Governor support

This engine employs an all-speed governor in which the
centrifugal force of the governor weight, produced by
rotation of the crankshaft, and the load of the regulator

spring are balanced.
The governor is remotely controlled by a wire. Refer to the

“Control System" chapter for detalls.

Governor lever 2

Governor lever

Fuel injection limiter
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7 1 Regulator tever
2 Regulator spring
3 Spring hook

( 4 Governor lever 2
5 Governor weight

1.2 Operation

The position of the two governor weights (open and closed)
is regulated by the speed of the engine. The centrifugal
force of the governor weights pivots around the governor
weight pin and is changed to axial force that acts on the
spindle. This force is transmitted to governor lever 2
through governor lever 1, and lever 1 shifts the fuel control
rack to increase or decrease the fuel supply. The governor
lever is stabilized at the point at which the force produced
by the governor weight is balanced with the load of the
regulator spring connecting the regulator lever and gover-
nor lever 2.

When the speed is reduced by application of a load, the
force of the regulator spring pushes the governor spindle in
the “fuel increase direction, stabilizing the engine speed
by changing the position of the regulator lever.

No-load maximum No-load minimum
speed limiter speed limiter

Decrease  Fuel control rack

g Governor lever 27
@

.\\M.
4 . .

Governor lever 1

AN

Fuel injection pump Pivot point

7
Fuel injection limiter

Printed in Japan
F023A5078

Regulator spring Governor gear

Pivot point

6 Governor spindle
7 Governor lever 1
8 Fuel injection pump
9 Fuel control rack
10 Fue! injection timiter

1-3 Performance

YSM8 | YSM12

No-load maximum speed 3400 rpm , 3150 rpm

No-load minimum speed 650 tg" rpm

1-4 Parts inspection and replacement
1-4.1 Regulator spring
(1) Inspect the spring for coil damage, corrosion and
hook deformation, and replace if faulty.
(2) Measure the spring’s dimensions.

o s Spu——

a
[ YSM8 J YSM12
Froe lonatn L1 | 25mm (0.9843in) | 25mm (0.9843in))
ree lengt Lo | 93mm(3.6614in,) | 141mm (5.5512in.)

1-4.2 Governor spindle
{1) Check the governor spindle for smoothness of move-

ment through the hole in the governor weight support.
(2) Check the governor spindle flange where it comes into
contact with the governor weight for contact margin
and wear.,
(3) Check the governor spindle tip where it comes into
contact with the governor lever for contact margin and

wear.

4-2
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(4) Measure-the clearance bétweén the Qovemor spindle

and the governor weight support.

L

et

i
| /ovemor spindle
3
|l

\Govemor weight

‘ Governor lever i

/

Governor weight support

mm {in.)
Standard Clearance when N
dimension assembled Wear limit
Qutside
diameter of
governor 7(0.2756)
spindle 0.068 ~0.113
Diamator (00027 ~0.0044 | 00250008
of hole in
governor 7(0:2756)
weight support
Length (L)
of governor 17 (0.6693) — 16 (0.6299)
spindle

1-4.3 Governor weight
(1) Check the governor weight for smoothness of move-

ment.
(2) Check the surface when it comes into contact with the

governor spindle for contact margin and wear. If wear
is excessive, replace it as a unit.

Governor weight pin

Governor weight support

Surface in contact with spindle

Governor weight
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1-4.4 Governor lever shaft
(1) Replace the governor lever shaft if there is play
between the shaft and needle bearing, play when the
lever is moved, or if the shaft does not move smoothly.
(2) Repair or replace the shaft if there is play between
lever 1 or lever 2 and the shaft, or if the taper pin is

loose.
(3) Inspect the contact and wear of the end of lever 1.

Regulator spring

7 ! Taper pin
r‘ﬁ@ h\ /

Reguiator lever

Governor lever shaf

Ca

P
Spacer-———E(bj Needle bearing
[@5)

Contact with

DI governor spindie

7

Q\Taper pin

r¥

Governor lever 1

\
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2. Injection Limiter

2-1 Construction
Since surpius power is required from the standpoints of

sudden overioads and durability, the engine is equipped
with an injection control shaft that limits the amount of fuel
injected into the precombustion chamber to a fixed
amount. Moreover, since the injection control spring
{torque spring) affects engine performance by adjusting
engine torque, care must be exercised in its handling and
adjustment, and governor adjustment must be performed

accurately.

AN
\ i
/@ Lock nut

Seal washer

ap nut

2-2 Inspection

(1) Hold the end of the spindle, and check it for smooth

movement,

(2) Replace the spring if it is damaged, corroded or

permanently strained.
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F023A9078

[ & ?ﬂjectoﬂ control shaft

Spindle

Spring

Washer

Seal washer

4-4

SM/¥SM




'Chapter 4 Governor o
© 3. Adjusting the Gmemor Link
I3

SM/YSM -

3. Adjusting the Governor Link

Note: Adjust the governor link carefully after disassembl-
ing and reassembling the engine.
Adjusting procedures
(1) Remove the oiler port cap.
(2) Push the governor lever 2 toward the left until it resists
slightly to make sure of the rack mark.

Movement of governor lever 2

\)\))m)))i"-\ >

"-
=

Governor lever 2

Engine stop lever

Fuel injection limiter

1. Do not push the governor lever too far.

2.Make sure the control rack mark from the oiler
port is in the correct position. If it does not line
up with the reference surface adjust it as

follows:

Note:

Control rack
Reference surface
Pump reference surface

and cotrol rack

Reference surface of fuel pump

N

Control rack

4

g

|

i

Reference surface
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(3).Remove the cap nut of the fuel injection limiter and

loosen its lock nut.

(4) While pushing the governor lever toward the left, move
the fuel injection limiter so that it lines up the control
rack mark with the reference surface.

Note: Be sure to correctly align the rack mark with the

reference surface.
(5) While holding the fuel injection limiter steady, tighten

the lock nut and mount the cap nut.

Note; Do not tighten the lock nut excessively.
(6) Attach the lid of the ciler port.
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4. Adjusting the No-Load Speed
4-1 Adjusting the no-load maximum speed

The maximum speed is set with the adjusting bolt on the
regulator handle. When re-adjusting, provide the speed
values listed below.

Regulator lever

Regulator spring

Setting of no-load maximum speed of PTO shaft

{ YSM8 ] YSM12

No-foad maximum speed f 3400 rpm ’ 3150 rpm
Maximum speed of PTO shaft end ] 3400 rpm ' 3700 rpm

4-2 Adjusting the idling speed
(for YSM8R and YSM12R only)

Adjust the idling speed with the adjusting bolt on the
regulator handle so that jt provides the speed values listed
below.

0
Sy

Regulator lever

Setting of idling speed of PTO shaft

Regulator spring

?\ \ Governor lever 2
—

~

O/
} YSM8R J YSM12R
Idling speed / 700 rpm } 700 rpm
Idling speed of PTO shaft end | 700rpm } 820 rpm
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5. Engme Smp Lever

With this device, governorlever 2 is moved by the engine
stop lever, regardless of the position of the regulator lever,
s0 as to adjust the fuel control rack and reduce the supply

of fuel.
This device can be remote-controlled.

P
“““‘»_J\ \

TR
@

—&0

//—~,’ NI
PR

Governoriever 2

Envygine stop fever

N Fuel injection limiter

Pulled by remoto conirol device

Cylinder
/

/\

AN Cylinder side cover

Engine stop lever
Levers come in contact with each other, g P
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1. Intake and Exhaust System

1'1 YSM8. R’ YSMTQ- R

Mixing eltbow

Exhaust pipe

= intake silencer

Intake pipe

1-2 YSM8-Y, YSM12:Y

0

Exhaust silencer

Exhaust pipe

} { % intake pipe cover

7 @}
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7 Intake pipe
) :/
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2. Intake Silencer

2-1 Construction

A round polyurethane sound absorbing type intake silencer
is" employed to silence the intake air sucked into the
cylinder head from the intake port.

Besides providing a silencing effect, the silencer also acts

as an aircleaner.

2-2 Inspection
When the intake silencer is disassembled, remove the

internal poiyurethane element and inspect it for clogging.

2-3 Element replacement

Replace the element as follows:
Every 300 hours of operation in dusty places

Every 500 hours of Operation in ordinary places

After one year of Operation even through the specified
number of Operating hours has not been reached.
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3. Exhaust System

3-1 Mixing elbow (R-type)

The high temperature, high pressure exhaust gas emitted
intermittently from the cylinder at the speed of sound

enters the mixing elbow. It is then mixed with the cooling
water to lower its temperature and muffle it, and is

discharged.

3-2 Mixing elbow inspection (R-type)

Check for carbon build-up and for corrosion inside the

pipe, and repair or replace the pipe if faulty.
Moreover, inspect the mixing elbow mounting threads for

cracking and corrosion.
This section is affected by exhaust gas and vibration.

3-3 Exhaust silencer (Y-type)
The exhaust silencer employed is the expansion type.

3-4 Checking the exhaust silencer (Y-type)

Check the threaded parts at both ends of the exhaust
silencer for corrosion, cracking, etc.
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Engine parts are lubricated by a trochoid pump forced
lubrication system. To keep the engine exterior unclutfered
and to eliminate vibration damage to piping, exterior piping
has been minimized by transporting the lubricating oil
through passages drilled in the cylinder and cylinder head.

il pressure
sender

ém rocker arms

Lubricating oil suction pipe

Lubricating oif pump
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The lubricating oil is drawn back up through the lubricating
oil suction pipe by the trochoid pump and fed to the oil
filter, where impurities are filtered out. Then it is adjusted
to the prescribed pressure by the oil pressure regulating
valve.

One portion of the lubricating oil under regulated pressure
is sent to the gear-side main bearing through the holes drill-
ed in the cylinder side cover and the cylinder body. The
other portion is sent to the mounting side main bearing and
rocker arm through the lubricating oil pipe.

The lubricating oil, after lubricating the gear-side main bear-
ing, splash-lubricates the PTO shaft bearing metal and
various other gears.

The fubricating oil which is sent to the main bearing on the
mounting flange side goes through the crankshaft and

lubricates the crankpin bearing metal. It then splash-
lubricates the piston, cylinder and piston pin.

From the rocker arm shaft, the lubricating oil flows through
the small hole in the rocker arm to lubricate the push rods
and part of the valve head.

The oil that has dropped to the push rod chamber from the
rocker arm chamber lubricates the tappets, cam and cam
bearing, and returns to the oil pan.

Moreover, an oil pressure switch is provided in the
lubricating system to monitor normal circulation and
pressure of the {fubricating oil. When the lubricating ol
pressure drops 0.1 kg/cm?® (1.428 Ib/in.?), the oil pressure
switch illuminates the oil pressure lamp on the instrument
panel to notify the operator.

Oil pressure sender

!

Lubricating oil suction pipe

Mountingﬂange side Vv
Valve arm shaft main bearing Oll pressure regulatorvalve  Gear case side main bearing
A H
v
Splash
Valve stem Crank pin bearing Oil filter g'T'O' shaft bearing
ears

{' A Fuel pump
| i
! i
V/ Splash :

Piston s .

Toppet Piston ring Lubricating oil pump :
f Cylinder :
| | :
v . v

Printed in Japun
F023A9078

6-2




. Chapter 6 Lubrication System
2Ol Pump R

2. Oil Pump

2-1 Construction

The oil pumpis 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,

The oil pump is installed on the cylinder side cover and is
dﬂvenbyarokxshaﬁﬁﬁedtothesﬁtMtheendcﬂthecan%

shaft,

Cylinder side cover

Outer rotor

Rotor shaft

Inner rotor

Cover

Rotor shaft

. / Cam shaft

2-2 Specifications

] YSM8 l YSM12
Lubricating oil feed volurme I 200 #/hr (at 3200 rpm) I 220 #/hr {at 3000 pmy
Lubricating oil pressure 25kglem?~ 35 kglem? (3556 ~ 49,78 Ib/in.3)
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2.3 Inspection -
When the discharge pressure of the oll pump is extremely
low, check the oil level. If it is within the prescribed range,

the oil pump must be inspected.

L.ubricating oil pump

The lubricating oil pump is constructed integrally with the
cylinder side cover and can be checked easily by removing
T its lid.

(1) Outer rotorand 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 outer rotor and pump body as a set.

I
t\ S
&Y
N4
Feeler gauge
/ " Body
Outeryrotor
mm {in.)
) 0.050 ~ 0.105
Maintenance stahdard 0.00197 ~ 0.00413)
L 0.15
Wear limit (0.00591)
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" Quterrotor and inner rotor 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

i
f\lj\k \ L_Clearance
VA 7 hY N/
\/ /
)\ Inner rotor
OQuter rotor,
mm (in.)
. 0.050 ~ 0.105
Maintenance standa'rd (0.00197 ~ 0.00413)
o 0.15
Wear limit (0.00591)

Pump body and inner rotor, outer rotor 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.
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(5) Rotor shaft and body clearance
Measure the outside diameter of the rotor shaft an

the inside diameter of the body shaft hole, and replac

the rotor shaft and body as an ass'y if the clearanc:
exceeds the wear limit.

mm (in
Maintenance |Clearance Z;laéxviggl[‘
standard when assembled| ciaaranc
Rotor shaft outside 29 :8j8§8
| diameter (114016 ~ 1.14094)/0.12 ~ 0.161 0.35
Feeler gaugs Rotor shaft hole 29,1 9% (0.0047 ~~ 0.0063) (0.0138)
inside diameter  |(1,14566 ~ 1.14649)

mm (in.)
. 0.06 ~ 0.10
Maintenance standard (0.00236 ~ 0.00393)
o 0.13
Wear limit (0.00511)

(4) Flatness of lubricating oil pump lid surface
Check the lubricating oil pump lid surface for flatness.

If it Is bent, replace the lid.
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3. Oil Filter

3-1 Construction of lubricating oil filter 3-3 Checking the lubricating oil filter

The lubricating oil filter is the auto-clean type, which (1) Cleaning the lubricating oil filter

features high efficiency and ease of maintenance. The Since the filter element can be cleaned simply by turn-
lubricating oil from the periphery of the element is filtered ing the handle, make sure it is turned periodically.
through the 150-mesh openings and is sent from the center (2) Rinsing the lubricating oil filter

to the various parts through the hole in the gearcase, Periodically remove the filter andrinse its element in a

clean cleansing oil while turning the handle.

Cylinder side cover

! - LI

E!.-”q .,%- .
o J/

)
Q 4T
_/ ' -?{JA
j .q @)”
Fuel oit pipe & : ’ A é @

Cylinder side cover Lubricating oil filter

3-2 Specifications for lubricating oil filter

Filtering opening ] 150 meshes

Filtering capacity 300 ¢/H
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4. Oil Pressure Regulator Valve

4.1 Construction

L SM/YSM

Lubricating oil pressure regulator valve

Steel ball

Pt

Pressure regulating
spring

Cylinder
side cover

Lubricating oil pressure regulator valve

to bearing

to bearing

T Regulator valve T

| - Cylinder side cover

to oil pan T

from fitter from filter

The lubricating oil pressure regulator valve is installed
between the drilled holes for connecting the oil filter to the
bearing inside the cylinder side cover. It adjusts the oil
pressure to a specified value during engine operation. If the
pressure of the oil sent from the oit filter is greater than the
spring force, the steel ball is pushed out of the valve seat
through the gap thus produced and sends the oil toward

the oil pan.

2.5 ~ 35 kglem?
Standard Pressure (35.56 ~ 49.78 Ib/in?)
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1. Cooling System
1. YSM8-R, YSM12-R

Mixing elbow

Cooling water
temperature sender
{option)

2. YSM8-Y, YSM12-Y

Cooling water pump

»Kingston cc
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1-1 Composition

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

(2) A themostat is installed on the water-outlet of cylinder

jacket and a bypass circuit is provided to keep the
cooling water temperature constant at all times.
This not only prevents overcooling at initial operation,
but also improves the combustion performance and
increases the durablility of moving parts by keeping the
temperature constant. (R-type)

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

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

(5) A tandem type bilge pump for bilge pumping is also
available,

6) A scoop strainer is provided at the water intake
kingston cock to remove dirt and vinyl from the water.

(7) Rubber hoses are used for all interior piping. This
eliminates pipe brazing damage due to engine vi-
bration and simplifies the engine's mounting.

1-2 Cooling water route (R-type)

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 head and the other bypasses the mixing elbow.
The water that enters the cylinder head cools the cylinder
head and then rises to the cylinder through the passage
and cools the cylinder liner jacket. From the cylinder liner,
the water enters the mixing elbow through the thermostat
mounting. At the mixing elbow, this water is mixed with the
- exhaust gas andis discharged out of the vessel.
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The temperature of the seawater which is sucked up by the
cooling water pump to be used as cooling water is kept
constant by the thermostat installed on the upper lid of the
cylinder. If the temperature should rise abnormally, it is
detected by the temperature sender installed on the
upper lid of the cylinder and warning device.

,{ Anticorrosive zinc

| e T tat 77T
/ - Thermosta \;
: , |
; : .
! :
. re—3m= Cylinder head g Cylinder liner } H
H 1
-~ :'
1
1
i
- ] i
i Cooling water pump | '
L. o] H
t
!
i
t
Kingston vaive cock € v'

77 /

indicates the path of seawaler with a temperature below the proper value.
indicates the path of seawater with a temperature above the proper value,

Seawater
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2. Water Pump

2-1 Construction and operation

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

Cam

/

Cooling water pump body

g,

Impeller

5

2-2 Cooling water pump (without bilge pump)

Packing

Cooling water pump body

Pipe connection

Cooling water pump cover
Cil seal
Impelier

e
Pipe connection
Spacer

Water seal ring /

l Bearing cover

Collar

Cooling water pump shaft

3 Ball bearing
2. Circfip/
1.
V-pulley
Specifications m (in.)
1 Nut 8 Water seal ring P
2 Washer 10 Qil seal Rated speed 2000 rpm
3 Cooling water pump shaft 11 Pipe connection (intet) -
4 V-pulley 12 Cam Suction head 1(39.37)
5 Circlip 13 Set screw
6 Spacer 14 Impeller Total head 3(78.74)
i i i [ ) X
7 Ball bearing 15 Pipe connection (outlet) Delivery Capacity 550 1/hr.

8 Bearing cover

Printed in Japan
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2-3 Disassembly

(1) Loosen the water pump mounting bolts, remove the
V-belt and remove the water pump ass'y from the
cylinder,

Cooling
water pump

(2) Remove the V-pulley mounting bolt and V-pulley.

(3} Remove the snap ring for fastening the bearing.

{4) Remove the lid for the pump chamber.

{5) Pull out the drive shaft by tapping it with a copper ham-
mer from the impelier side toward the pulley side,

{6) Remove the rubber impeller.

(7) Extract the seal from the pump.

(8) From the drive shaft remove the two bearings, one
nylon packing and one rubber seal. '

O

Disassemb“ng the cooling water pump

Printed in Jupan
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P.T.O. pulley

2-4 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.

Impeller

Coat these parts with grease

(2) Be sure that the direction of curving of the impelier is

correct.
The impeller is curved in the direction opposite the
direction of rotation.

(3) Adjust the V-belt tension,
If the V-belt tension is slack, the discharge of the
cooling water wiH'dimim'sh; if it is too tight, the play of
the pump bearings and the wear of the wear plate will
be accelerated. Adust the tension to the specified
value. Check the defiection of the V-belt by pressing it
in the center with your fingers. mm (in)

5107 (0.1968 ~ 0.2755)

V-Belt deflection

Cooling water pump puliey

NOTE: Mount the belt in the direction of pump rotation
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2. Water Pump T

{4y If the sliding surface of the V-belt is cracked or worn or
is stained with oil, etc., replace it with a new one.

V-belt for driving size ’ 9

cooling water pump 104511 ~ 78780

code No.

(5) Check after assembly
After assembly, attach the belt and run the engine to

ascertain whether or not it provides the specified
discharge.

2.5 Handling precautions
{1) Never operate the water pump dry as this will damage

the rubberimpelier.
(2) Always turn the engine in the correct direction of

rotation as turning the engine in the opposite direction

will damage the rubberimpeller.
(3) Inspect the pump after every 1,500 hours of operation

and replace if faulty.

2-6 Inspection
(1) Inspect the rubber impeller for fractures, cracks and
other damage, and replace if faulty.

Impelier

Printed in Japan
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(2] Check the pump chamber lid and the impeller sliding.
surface of the main unit for wear. If they are defective
replace them.

~ mm {in.
Maintenance |Clearance Maximum Wear
allowable | .
standard at assembly fimit
clearance
Impeller| 19+0.1
width |(0.744 ~ 0.752)
18.8 (0.7441)
Housing| (without packing)
Water | width 19:2 (0.755_9) 0.2 04
pump (with packing) (0.0079) | (0.0157)
Wear 0.2
plate (0.0079)
wear

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

mm{in.
Maintenance .
standard Wear limit
. . . 10.0 98
Oil seal section shaft diameter (0.3937) (0.3898)

1f water leaking from the scupper increases while the

engine is running, or if the components are found to bt

defective when disassembled, replace them.

(4) Inspect the bearing for play and check for seizing at
the impeller shaft fitting section. Replace the bearing il
there is any play.:
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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 thermostat opens and the cooling water flows through
the main circuit of the cylinder and cylinder head. The
thermostat serves to prevent overcooling and improve
combustion performance by maintaining the cooling water
temperature at a specified level. The thermostat of this
engine is installed at the cooling water outlet on the
cylinder body:. ,

Cooling water outiet connection

Opening temperature 42+2°C
Full open temperature | 52+2°0

Thermostat
operating temperature

Lift Fully opened Iift checking temperature

/ Cooling water temperature (°C)

Valve opening temperature

Characteristic of Th ermostat

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
thermostat valve ig 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. for damage and
corrosion.

Printed in Japan
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Cooling water.outiet connection

Thermostat

(2) Testing the thermostat

Place the thermostat in a container filled with water.
Heat the container with an electric heater. If the
thermostat 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
itis found to be broken, replace i,

N Y
A

,q.:/-\

3

/

(3) In general, inspect the thermostat after every 300
hours of operation. However, always inspect it when
the cooling 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, or after every 2000 hours of operation.

Part No. code of thermostat J 105582 ~ 49200
(5) Attaching the thermostat to the colling water system

Before attaching the thermostat to the system, be sure
to check its packing and make sure there are no leaks.

7-6
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4. Anﬁmrmsvién Zinc

4.1 Principles

Anticorrosion zinc is installed to prevent electrolytic
corrosion by sea water.

When different metals, i.e., iron and copper, are placed in
an highly conductive liguid, such as sea water, the iron
gradually rusts. The anticorrosion zing provides protection
against corrosion by corroding in place of the cylinder,
cylinderliners and other iron parts.

Anticorrosion zinc is provided at the cylinder water jacket.

Anticorrosion
zinc

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.

Printed in Japan
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Replace the anticorrosion zinc after 50% corrosion.

r‘ "‘”'ﬁ/}/zmc mounting plug

L ]

/H/Packing
| ,
Anticorrosion zinc ( =
=}
@
£
£
<
o«
_ y
(0.7874in.)

Part no. 27210-200300

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. Scale Removing : L
5. Deposit Removi

. Deposit Removing
If deposit formed on the cooling water passageways the
flow of the cooling water will be hampered, giving rise to

engine trouble. So it is necessary to remove deposit from
the passageways by running fresh water through them.

SM/YSM
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6. Kingston Cock

8-1 Construction

The Kingston cock, installed on the bottom of the hull,
controls the intake of cooling water into the boat. The
Kingston cock serves to filter the raw water so that mud,
sand, and other foreign matter in the waler does not
enter the water pump.

Numerous holes are drilled in the raw water side of the
Kingston cock, and a scoop strainer is installed to prevent
sucking in of vinyl, etc.

Sunction pipe

Clam
/ p

-Washer

Nut

- Cotter pin

-—- - -Kingston cock cover

. — Screw

6-2 Handling precautions

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

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

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

Hull

Printed in Jupan
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6-3 Inspection

When the cooling water volume has dropped and the pumg
is normal, remove the vessel from the water and check fo
clogging of the Kingston cock.

Moreover, when water leaks from the cock, disassemble
the cock and inspect it for wear, and repair or replace it.
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_2 Pump
. wonstruction of bilge pump
The construction of the bilge pump is similar to that of
rotary rubber impeller type cooling water pump. It is
mounted on the lid side of the cooling water pump. By
inserting the impeller shaft into the siit of the impeller shaft

of the cooling water pump, it is driven by the PTO V pulley
simultaneously with the cooling water pump.

Pipe connection

~
‘//C 0/@ /
)
%2% //0 ilge pump shaft
12 / /]mpe”er
Bilge pump body S %\ {

/,Wear plate

Cooling water pump body
Cam 7

/ Pipe connection

R

Packing .
/ Oil seal

Impeller /

Cooling water pump shaft /

(G
Pipe connection %‘% %\
Water seal ring / ! %

Bearing cover

Ball bearing

Cooling water

Cooling water

Printed in Jupun
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1 Impelier
2 Bilge pump shaft
3 Impelier
Cam

5 Wear plate

6 Packing

7 Cam

8 Oil seal

9 Water seal ring
10 Bearing cover
11 Ball bearing
12 Spacer
13 Circlip
14 V-pulley
15 Cooling water pump shaft



Chapter 7. Cooling Sysk_tem -

Lol 70 Bilge Pump , RS R
. bitg np.: . = SM/ ¥SMh
7.2 Specifications ' R m (in)
Rated speed 2000 rpm
Suction head (39.13”
2
Total head (78.74)
Delivery capacity 150 ¢/hr.
7-3 Disassembling the bilge pump
(1) By removing the fitting bolt for the bilge pump, remove
the bilge pump as a unit.
(2) Remove the packing and the wear plate.
(3) Pull out the impeller and impeller shaft from the pump.
(4) By removing the setscrew remove the impeller from
the impeller shaft. :
(5) Remove the cam from the bilge pump.
7-4 Inspection
(1) Inspect the rubber impeller for fractures, cracks and
other damage, and replace if faulty.
(2) Rubber impeller side wear and wear plate clearance. mm (in)
Maintenance standard ;Iiirsae”rgily g;?gig:;:aiig;%w- Wear limit
Impelier width 19 +0.1(0.744 ~ 0.752)
. : : 18.9(0.7441) (without packing)
Bilge pump Housing width 19.2 (0.7559) {with packing) 0.2 (0.0079) 0.4 (0.0157)
Wear plate wear 0.2 (0.0079)

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

there is any play.
(4) Bilge pump impeller shaft and bushing clearance

measurement. mm (in.)
Maintenance standard Clearance at assembly Maximum allowable clearance
Impeller shaft 9.5
Wear plate outside diameter (0.3740) 0.005 ~ 0.045 0.2
P Bushing Inside 95 (0.0002 ~ 0.0018) (0.0079)
diameter (0.3740)
impeller shaft (%-%740
. outside diameter .3740} 0.005 ~ 0.045 0.2
Bilge pump body g orm inside 95 (0.002 ~ 0.0018) (0.0079)
diameter (0.3740)

Printed in Japan
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8. Bilge Strainer

8-1 Construction

Water collected in the bilge is sucked up and discharged to
the outside of the vessel by the bilge pump. The bilge
strainer serves to fifter slagged oll, iron particles and other
dirt mixed in the bilge. If the bilge strainer becomes
clogged, the bilge pump will operate dry, reducing the
durability of the impeller,

8-2 Inspection
Since the bilge strainer moves around the bilge and

frequently becomes clogged with dirt and other foreign
matter, periodically pull it from the bilge and wash it with

clean water,

YSM&Y, YSM12y
YSM&-R, YSMi2.R * OPTION

Bilge pipe (Vinyl hose)

Cap

Straner

Printed in Japan
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1. Stas‘tmg System C@nstructl@n

Model

YSM8-R
YSM12-R

YSM8-Y
YSM12-Y

Standard specifications

Overdrive hand-operated starting
system and electric starting system
installed side by side

special specifications

Chain-overdrive hand-operated
starting system

Overdrive hand-operated starting system

Printed in Japan
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Chain-overdrive hand-operated
starting system
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In the electric Starting system the pinion of the starting
motor installed on the flywheel housing meshes with the
ring gear to rotate the crankshaft, The generator for charg-
ing battery is driven by the PTO shaft V-pulley.

Flywheel

Ring gear

Bracket

Starting 'shaft

Printed in Jupan
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P.T.0. shaft V-pully

for detai

Alternator

SM/ YShs

Is see Chapter 11, “Electrical Equipment”)

Starting motor

V-belt adjuster
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3. Overdrive Hand-Operated System

3-1 Overdrive hand-operated system construction

Starting shaft gear

Bracket

Camshaft gear’ Circlip

Starting gear (driven)
/
" Rotler clutch

,Starting hant
/ .
/

Paralie! pin

Qil seal

Cylinder side cover

in the overdrive hand-operated starting system the hand-
operated starting shaft mounted on the cylinder side cover
is rotated by the starting handle. The turning force is them
transmitted to the driven gear mounted on the camshaft
which rotates the crankshaft. Between the starting shaft
and the starting shaft gear the roller clutch is installed. As
for cranking during start up, the starting shaft rotates the
starting shaft gear. But once the engine starts running the
starting shaft is freed and will not rotate despite the rota-

tion of the starting shaft gear.

Printed in Jupan
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3. Overdrive Hand-Operated System .

3-2 Specifications for overdrive hand-operated starting system
| vsmg | vsmiz

rotation of crankshaft
rotation of starting shaft

2.67 2.0

Overdrive ratio =

Direction of starting handle rotation ‘Clockwise (bow side)

3-3 Disassembling the overdrive hand-operated

starting unit
1. Remove the cylinder side cover.

2. Extract the parallel pin.

3. Remove the bracket mounting and the starting unit as
a unit from the cylinder side cover.

4. Remove the circlip and pull out the starting shaft, gear
and roller clutch from the bracket.

3-4 Inspection of each component

1. Inspection of roller clutch

2. Inspection of gears
Check all teeth surfaces. if any cracks, etc. are de-
tected, replace the gear.

3. Inspection of starting shaft
Check the roller clutch section and bearing section for
burning, wear, etc. If any noticeable defects are de-

tected, replace.
If the parallel pin is bent or loose, repair or replace.

4.
5. Check the oil seal. If there are any surface scratches,
replace.
Printed in Japan ‘
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4. Chain-Overdrive Hand-Operated System

SM/YSM

4. Chain-Overdrive Hand-Operated System

4-1 Construction of chain-overdrive hand-operated system

in the chain-overdrive hand-operated system the sprocket
wheel, which is mounted on the starting shaft in an over-
drive hand-operated system, is connected by a chain to the
sprocket whee! of a separate starting shaft, mounted on
the upper part of the engine, so it can be started by the
starting handle.

Since the speedup ratio between the chain overdrive hand-
operated system and the overdrive hand-operated system

@@Retaner

Printed in Japun

F023A9078

is 1:1, the force required for the rotation of the former is
equal to that required for rotation of the latter. Despite this
fact the chain-overdrive hand-operated system has been
adopted for increased ease of operation of the starting han-
dle, by elevating the handle rotating position, and for in-
creased range of operation, by making cranking possible
from both the bow and the stern.

Circrip

Bracket

Bearing bracket

Bearing bracket
Retainer .
Spring pin
@/ Sprocket (d
v

% O / ‘~—® Chai

Starting shaft

Sprocket (driver)
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v

4.2 Specificafions for chain-overdrive hand-operated

system
| _vsm8 | vsmiz
Overdrive ratio f 267 ’ 2.00
. . ) Bow side start ] Clockwise
Direction of rotation -
Stern side start J Counterclockwise
Nominal No. of roller chain f 43

Pitch of roller chain | 127 mm (112)
Length of standard roller chain | 42links | 42 links

4-3 Adjusting the tension on the chain

Adjust the tension on the chain by raising or lowering the
position of the bearing box.

Adjusting the range using

a long hole in the bearing box +3.5 mm

Install the chain so that

fension adjustment values ] the sprockat rotates easily.

If the chain has stretched to the point that its tension can
not be adjusted by raising or lowering the bearing box,
shorten the chain.

When shortening the chain, use coupling links or offset
links.

Printed in Jupan
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1. Construction =" : UL

__SM/YSM

1. Construction

1.1 Specifications

Engine model

YSM8B YSM12

Reduction system

Two-stage reduction, spur gear

Reversing system

Constant mesh gear

Wet type single-disc, mechanically operated.

Ciutch
) ) Forward 1.95,2.93 1.98, 3.06
Reduction ratio

Reverse 1.95,2.93 1.98,3.06

Input shaft Counter clockwise as viewed from stern

Direction of rotation Forward Counter clockwise as viewed from stern

Output shaft : -
Reverse Clockwise as viewed from stern

Lubricating oil

SAE 20/30

[Lubricating oil capacity

0.7¢ (0.185 U.S. Gal) {total)/0.2¢ (0.053 U.S. Gal)) (effective)

1 23.5kg (51.7 1bs.)

Dry weight 21.5kg (47.3 1bs))
1-2 Construction
. . Housing (A)
(1) Cross-section ' g.( -
;Disc. friction
Ring gear e ——

Flywheel \Lﬁ_—‘

’\/k Housing (B)

Disc, friction

— \ /Shaft_ ahead
—bt m /

/
l L L b L 4 $

Screw. neutral

_—Bush, shifter

Mounting flange

Push rod (w/roiler comp.)

/—9\
- Shifter

Gear, forward

Gear reverse

——————ghaft. idle gear

/idle gear, ahead

V-Lever

ldle gear, reverse

—

Shaft, idle gear

|

N

Printed in Japan
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Chapter 9 Reduction g

‘ﬁleeverSing‘Géar‘ .
1. Construction '

P

, _ - ‘ ‘ : SM/ YSM
~» (2) Drawing : '

sFriction disc steel disc assembly

SN
Reverse idie
gear shaft

Ball bearing &

Reverse idle gear

Rear cover

Neutral retainer
% pin

Fo\'rk shaft.

. Control lever

/
Output shaft

Printed in Jupun
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- _ SM/YSM

1. Construction
’ ¥
1-3 Power transmission system
Reverse gear
/ Forward gear
Reverse idle gear / Forward idle gear
Output shaft gear
Input shaft

Reverse idle gear

Reverse gear

Forward gear

Forward idle ¢

OQutput shaf

Output shaft

Forward

Model Forward gear Forward idle gear Large gear Reduction ratio
YSMS Z=20 Z =3526 Z=28 35/20% 29/26 = 1.952
Z=19 Z = 36,22 Z=234 36/19x 34/22 = 2.928
Z = 42, 31 Z=235 4 /31 = 1.976
YSM12 z=24 ’ 42124 %35
Z = 42,24 Z =42 42124 % 42124 = 3.063
Reverse
Model Reverse gear Reverse idle gear Forward idle gear Large gear Reduction ratio
Z=20—24 Z = 352 = 29/26 = 1.952
YSM8 7 = 24 6 Z=29 24/24 x 35120 x 29/26
Z=19—-24 Z = 36-22 Z=34 24124 x 36/19 x 34/22 = 2.928
Z=24-—28 Z = 4231 = 4 x35/31 = 1.976
YSM12 7 = 28 2 =235 28/28 x 42124 x 35/3
Z=24—-28 Z = 4224 Z =42 28/28 x 42124 x 42124 = 3.063
Printed in Jupan
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1. Construction ) . ’
: : SM/ YSM

1-4 Clutch transmission mechanism (2) When moving astern:
The power is transiitted to the right friction disc, and

in turn to gear A, gear E (Eo & Ei), gear C (G, & C,), and
gear D to drive the propelier shaft.

The reduction and reversing gears of this engine include a
forward gear, reverse gear, output shaft gear and two idle
gears (a forward idle gear and a reverse idle gear). In the
idle gear, the gear wheel and pinion are constructed in-
tegrally with each other, i

These gears are always in mesh and rotate both forward
and backward.

(1) When moving forward:
There are two friction discs. The power is transmitted

to the left friction disc, then from gearBtogearC(C, &
C,)and gear D to drive the propeller shaft.

Fiywheel

C, . Engine side
Reverse idle gear 3 ’/‘\

(o] ) [}
Engine ] TTH ‘U‘ 0

Reverse gear A

Engine side Forward idle gear

kForward gear

Forward idle gear

Qutput shaft

Output shaft gear

Thus, by operating a gear lever, the right and left friction
discs are used as appropriate, depending upon the
transmission mode of ahead or astern. All gears are con-
stant meshed type, and the friction discs are normally turn-
ing in opposite directions except in their neutral position.

Qutput shaft

Printed in Japan
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S frConstruction ST

(3) When inneutral position:

The two friction discs are free from the friction plate,
and gears A, B, C and D are all stationary even when
the engine is running. A neutral positioning piece is
furnished so as not to transmit power to between the
friction plate and the friction discs. Therefore, “accom-
paniment” does not occur with the propeller shaft
while the mechanism is in its neutral position.

Forward

Reverse

Reverse gear

Forward gear

Printed in Jupan
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" Chapter 9 Reduction and Reversing Gear ...

S a N ' )
2. Installation
2-1 Clutch Case Alignment —
When replacing parts of the fly-wheel housing or cluteh 230

case, carry out the following procedures for the clutch case
alignment, which should also be applied in case of devia-
tions in the alignment at the time of mechanical repair and

servicing.
— qi ~Clutch case

Hf Pick gauge
. = attached
Crank shaft . >==F i (:% with magnet

|

L0

o (2) Configuration of Operating lever for YSM8-Y and

Flywheel housing i ]
= YSM12-Y

(1) Fix the clutch case temporarily to the fly-wheel hous-
ing.

(2) Attach the pick dial with a magnet to the end of the
crank shaft and set the gauge.

(3) Rotate the crankshaft to read deflection of the gauge.

{4) Set the position of the clutch case so that the deflec-
tion of the gauge less than orequal to 0.2 mm.

(5) Set the knock pin to fix the position.

2-2 Operating lever

The reduction and reversing gears of this engine require lit-
tle operating force, but can easily switch back and forth
between forward and reverse.

Machine types YSM8-R and YSM12-R are constructed so
that push-pull one-hand remote control can be employed,
while machine types YSM8-Y and YSM12.Y can be equip-
ped with a machine side operating unit and a simple link-
type remote control unit,

(1) Configuration of Operating lever for YSMS-R and

YSM12-R

B @-

4

®

Printed in Japan
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3. Handlmg the Rea’ucnon and Rz’xersmg Gears - S

SM/ YS/V

3 Handlmg the Reductam and Reversmg Gears

3-1 Adjusiments
3-1.1 Adjusting the adjusting screw for clutch neutral posi-

1

tion

Remove the cap nut on the upper inclined surface of
the clutch forward shaft gear box and loosen the
clamp nut.

Operate the engine, and with the controlling lever in
the neutral position, turn the neutral position adjusting
screw clockwise or counterclockwise until the output
shaft coupling stops rotating (about 1/2 or 1 full).

After making sure the output shaft coupling will not
rotate forward or backward, tighten the ¢clamp nut.
After tightening the clamp nut, securely tighten the
cap nut.

Too much tightening may break the inside spring. Be

very careful.

Packing

Rear cover

Printed in Jupan
F023A9078
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4. Inspection and Servicing SN

SM/IYSM

4. ’lnspegtim and SeWﬁicEng

4-1 Condition of clutch housing
1. Check the clutch case for cracks using a test hammer
and, if necessary, inspect by color-check. If cracks
are noted, replace it with new one.
2. Check each bearing housing for burning damage. If
any damage is detected, measure the inside diameter.
If the inside diameter has reached the wear limit,

replace the housing.

4-2 Condition of each bearing
1. Check each bearing for damage and rust, If a bearing is
rusty orits balls, retainer, etc. are damaged, replace.

2. Smooth rotation
If the rotation of a bearing is uneven or produces noise,

replace it with a new one.

4-3 Condition of each gear

1. Damaged tooth surface
Check the tooth surface of each gear for cracks, scrat-
ches and pitching. Replace when serious damage is
found.

2. Bearing of tooth surface

Check the tooth surface of each gear for bearing.
If the bearing is less than 70% of the face width, find
out why this has happened, and, if necessary, replace
the gear. Neither the tooth top nor the tooth flank
should have any bearing.

3. Check the fitted part of shafts or a key grooves for
cracks and burning damage and replace, when need-

ed.

4. Backlash of gear mm (in.)
| vsmMs [ vysmi2
} Standard value
Forward gear and idler gear ] 0.12 ~ 0.2
(0.0047 ~ 0.0079)

Reverse gear and idler gear 7
Idler gear and large gear 7
Replace the gear when gear noise becomes too loud.

4-4 Friction disk
1. Check the friction disk for cracks, burning damage and
fracture, and repair any damage. Replace all discolored
or seriously damaged friction disks.
2. Check the friction disk for wear,
It its thickness is less than the values listed below.
replace.

Friction disk
L
Thickness
mm (in.)
I YSM8 YSM12
Standard value ’ Wear limit value l Standard va!ueJ Wear limit value
. L 693 45 693 45
T ff 0 0
hickness of friction disk (0.2362~ 0.2480) / ©.1772) (0.2362 ~ 0.2480) 0.1772)

Printed in Japun
F023A2078
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4 Inspection and Servicing - sl s

. SMUYSM

3. Replkacbikng‘the friction disk
1) Remove the clutch and take out the friction disk.
2y Afterremoving the binding wire, remove the bolt.

3) After replacing the friction disk, tighten the boit.
kg-m (ft-ib)

Tightening torque 2.0 to 2.5 (14.26 ~ 18.07)

4) By using a binding wire, bind the bolt in the direc-
tion in which the bolt is tightened.

4.5 Friction disk and neutral position holding pawl.

1. Check the friction disk and neutral position holding -0
paw! for damage and burning damage. If they are i
seriously damaged, replace. _ f B

2. Friction disk wear. .

mm (in.)
YSM8 YSM12
Standard Limit Standard Limit
dimensions | dimensions | dimensions | dimensions
width of 18 17.8 18 17.8
friction disk (0.7087) (0.7008) (0.7087) {0.7008) Width
H
3. Neutral position holding pawl. T T
-
A
A
il
I
|
\Spring
B
)\Neutral position holding paw! mm (in.)
YSM8/YSM12 Standard dimensions Clearance at assembly Wear limit of component part
Outside diameter of pawl A 6 2992 (0.2303 ~ 0.2343)
Outside diameter of pawl B 9 7592 (0.3484 ~ 0.3524) (0.0020 ~ 0.0098) (0.0187)
Diameter of hole of disk 9 *3" (0.3543 ~ 0.3583)

Check the pawl! tip for wear

Printed in Japan
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SM/ YSM

and wear,

4. Inspection and;;?ervicing“
4. Spring for neutral position holding paw! (for both YSM8
and YSM12)
Check the spring for breaks, corrosjon, and permanent
deformation. mm (in.)
I Standard dimensions I Limit dimension
Free length of spring ’ 23 mm (0.9055) } 21 mm (0.8268)
4-6 Clutch housing A and clutch housing B
1. Check the friction surface of the clutch housing for
cracks, damage, seizure, etc. Repair any damage. If the
housing is cracked or seriously damaged, replace.
2. Wear of friction surface
After bolting clutch housing A and clutch housing B
together, as shown in the diagram below, measure the
wear and width of the friction surface.
mm (in.)
| YSM8 } YSM12
f Standard dimension ] Wear limit dimension ] Standard dimension ] Wear limit dimension
Friction surface and 334 mm 35 384mm 35
friction surface width (1.3150) (1.3780) (1.3150) (1.3780)
4-7 V-lever and spectacle link
1. Wear of V-lever underside
Check the V-lever's surface, where it comes into con-
tact with the roller of the hold-down clamp, for damage ,  Lever mounting fixture side Clutch housing A side

Surface in contact with roller

Note: R specifications differ from Y specifications in V-
lever shape, but the two specifications are the same
in shaft diameter.

2. Shaft diameter and clearance of V-lever

mm (in.)

. . Maximum allowable
] Standard dimensions Clearance at assembly Clearance limit
250
Shaft diamet -
meter A (0.4685 ~ 0.4697) 0.07 ~0.118 03
; : -0.018 0.0028 ~ 0.0046) (0.0018)
Diameter of hole in lever 12 7301 {
mounting fixiure (0.4724 ~ 0.4731)
253
Shaft diameter B (0.4685 ~ 0.4697) 0,07 ~0.118 03
; ; -0.018 (0.0028 ~ 0.0048) (0.0018)
Diameter of hole in 127,
clutch housing A (0.4724 ~ 0.4731)

Printed in Jupan
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— SM/YSM

3. Spectacile link

Steel disk side pin

/

g A/——V-!ever side pin

N V-lever

V-lever side pin hole

Friction disk side pin hole

&g — g

mm {in.)

Standard dimensions

Diameter of hole in V-lever

8 12920 (0.3152 ~ 0.3157)

Diameter of pin hole in V-lever

side (spectacle link)

8 19:152(0.3195 ~ 0.3208)

Diameter of hole in friction disk

side (spectacle link)

g *3-915(0.3150 ~ 0.3156)

Diameter of pin

8 -0.015 (03152 ~ 0.3156)

4.8 Hold-down clamp

YSM8-R, YSM12-R

{‘ :l\RoHer
A

Hold-down clamp

Printed in Japan
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e SM/YSM

1. Hold-down clamp Roller
Check the roller surface for damage and wear. If it is
seriously damaged or worn out, replace the roller.
Make sure that the roller rotates smoothly. mm (in)
YSM8-R  YSM8Y
YSM12-R  YSMi12Y
I— Standard dimensions f Wear limit dimension
Qutside diameter of roller 15 (0.5906) [ 14.5 (0.5709)
2. Clearance between roller and hold-down clamp case, mm (in.)
Standard dimensions i Cfssrg”mctﬁft f Wear timit
Shaft diameter of hold-down clamp A ’ 18 (0.7087) 0.016 ~ 0.052 0.15
Diameter of hole in hold-down Clamp case A f 18 (0.7087) (0.0006 ~ 0.0020) (0.0059)
Shaft diameter of hold-down clamp B ' 8{0.3150) 0.013 ~ 0.043 0.15
Diameter of hole in hold-down clamp case B ' 8 (0.3150 (0.0005 ~ 0.0017) (0.0059)
3. Spring for hold-down clamp
Check the spring for breaks, corrosion, permanent
deformations, etc. mm (in.)
} YSM&-R, YSM12-R ] YSM8-Y, YSM12-Y
] Standard dimensions ‘ Limit dimensions f Standard dimensions f Limit dimensions
Free length of spring
for hold-down clamp 19(0.7480) 17.5(0.6890) 31(1.2205) 29(1.1417)
4-9 Forward shaft and sliding shaft (for both YSM8 and YSM12)
1. Clearance between forward shaft and sliding shaft
Bush Forward shaft Bush
/ Reverse shaft
/'j
N _L I___;’_! ﬁ,:i :
a - - —a -
e E—— — =1
m—
mm (in.)
~ : : Clearance at Maximum allowable
} Standard dimensions assembly r clearance
IRy
Outside diameter of sliding shaft D1 (0.5846 ~ 0.5866) 040~ 017 03
) 45 +0.02 (0.0038 ~ 0.0067) (0.0118)
. ; 0
Inside diameter of bush (0.5906 ~ 0.5313)
152332
Qutside diameter of sliding shaft D2 (0.5846 ~ 0.5866) 010~ 017 03
15 +0.02 (0.0038 ~ 0.0067) (0.0118)
0

Inside diameter of bush (0.5906 ~ 0.5913)

Printed in Japun

F023A9078 9.12




. Chapter 9 Reduction and Reversinig Gear -
“ 4. Inspection and Servicing

 SM/YSM

4-10 Lever fork

mm {(in.)
Standard dimension C‘;ig;gglit Ciear%?ii:t limit
Diameter of lever fork shaft 20 vgoso
(0.7854 ~ 0.7874) 0.020 ~ 0.091 0.25
‘ ‘ _ 20 18:838 (0.0009 ~ 0.0038) (0.0098)
Diameter of hole in rear lid (0.7882 ~'0.7890)

4-11 Shifter bush and shifter driving plate

mm (in.)

Standard dimension

Clearance at
assembly

Clearance at limit
of use

Width of shifter bush

-0.032
16 -0.050

(0.6280 ~ 0.6287)

Width of groove in
shifterdriving plate

16 +0-018
0
(0.6298 ~ 0.6306)

0.032 ~ 0.068
(0.0013 ~ 0.0027)

0.3
(0.0018)

4-12 ldle gear shaft (forward side and reverse side)

1.

2.

Check bearings for burning damage. If the damage is

serious, replace the idle gear shaft.
Check the O ring for damage. If it is seriously damag-

ed, replace the idle gear shaft.

4.13 Qutput shaft.

1.

2.

3.

4.

Check the key groove for cracking. If it is defective,
replace the output shaft.

Check the bearing for burning damage and wear. If it is
considerably damaged or worn, replace the bearing.
Check the oil seal section for wear. If it is considerably
worn, replace the oil seal.

Check the oil seal. If it is defective, replace it.

Printed in Japuan
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5. Disassembling the Reduction and Reversing Gears

5. Disassembiéng the Reduction
and Reversing Gears

5-1 Disassembling the clutch

1. Remove split pin, slotted nut and shifter.

L SM/YSM

3. Extract the bearing

si'll[ﬂlll] Iy
\ \ ——

Lock nut

Printed in Japan
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5. Disassembling ‘the Reduction and Rev e T e
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ersing Gears

embling

g. Component parts after disass

5. Remove clutch housing B.
This can be removed easil
hetween A and B.

The positioning pawl and spring can |

careful. Each 4 pieces.

y by prying open the gap

ump out. Be

connecting spectacle link and

6. Remove the pin of the
housing A, and sliding shaft.

the V-lever, pin, fixtures,

7. Remove the forward gear, its feather key and circlip.
8. Remove the forward shaft and holding friction plate.

Pull out the ball pbearing at the same time.

Printed in Japun
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S Disassembling the Réducfz'on‘ahd?i?e'versing Gears

5-2 Diséssembling the idle gear angd output shaft

1 Remove the idle shaft (1) for the forward shaf and nut,

(@) The O ring (3) bearing (4) retaining ring (5) collar,
forwarg gear (6) and bearing (4) should be removed in
the order named.

2 Remove the idle shaft (1) for the reverse shaft ang nut,
(2 The O ring (3), bearing (7), retaining ring (8), collar,
reverse gear (9) ang bearing (7) should be removed in
the order named,

3 Extract the output shaft (10) by straightening its
washer ang loosening its clamp nyt.

The rear lid (11), bearing (12) ang output gear (13)
should be "éemoved in the order named,

rinted in Jupan
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6. Reassemblmg the Reduction ard Reversmg Gears

SM/ ¥Sh

6. Reaséemblmg the Redmmn

and Reversing Gears

Note: Rinse the component parts and reassemble them in
the correct seguence.

6-1 Reassembling the idle gear and output shaft

1. Aftach the output shaft.
Be careful not to damage the oil seal.

Output shaft

2. Attach the idle shaft for the reverse shaft along with its

component parts.
Reassemble the component parts by reversing the
reassembly procedures. kg-m (ft-Ib)

8 to 10 (57.8 ~ 72.3)

Tightening torque ’

Reverse idle gear shaft

Printed in Japan
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3. Attach the idle shaft for the forward shaft along with

its component parts.
Reassemble the component parts by reversing the

disassembly procedures.

Forward idle gear shaft

oY

6-2 Reassembling the clutch

1. Reassemble the forward shaft and the friction plate
(reverse) with the holding friction plate placed in-
between.

2. Insert the ball bearing and fit the circlip.

The bearing No. should be visible from outside.

3. Put the sliding shaft and housing A back together, and
attach them to the forward shaft.

Do not fail to attach the neutral position holding
spring.

4. Attach the V-lever, pin, fixture and connecting spec
tacle link pin.

Arrange them so that the V-lever No. coincides with
the friction plate housing No.

Align mark



o Chapz‘e)‘ 9 Reduction and ‘R:e}"ersing Gedﬁ N
6. Reassembling the Reduction and Reversing Gears

5. Fit the clutch housing B into place and tighten the
clamp bol,

Align the mark on housing B with that on the V-lever.
kg-m (ft-1b)

ightening torque f 231027({16.63 ~ 19.52)

Align mark

6. Assemble the feather key, forward gear, ball bearing
and bent washer, and tighten the lock nut.

Place them inside the forward gear face with the
longer flange.

7.
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"I.. Composition Ty

o SM/ YSM

" 1. Composition

Speed control

Clutch control

YSM8-R YSM8-Y
YSM12-R YSM12-Y
(Standard) Yanmar made

. Morse one-handie MT
(Option)
Bracket: Standard

Decompression control

(Standard) Yanmar made

Engine stop control

(Option)  Yanmar made

Printed in Jupun
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,‘C/’Vzapter 10 Remote Control S ystem
2. Construction ™ :

¢

2. Construction
2-1 YSM8-R, YSM-12R Remote conirol
@,

SM/YSM

Remote control

stand
Morse one-handle MT

{option)

Engine stop remote control cable {option)
Cable (option)

\ T

Bracket (option)

Bracket (standard)
Clamp (option)

Engine stop lever
=

(standard)

Cable (option)

Clevis (option)

Ball joint or clevis {option)

Printed in Jupan
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2.2 YSM8-Y, YSM-12Y Remote control

Accelerator lever (standard)

/

2.3 Action of the lever
1. Morse one-handle Remote Control Lever 2. Regulator lever

(1) YSM8-R, YSM12-R
mm {in.) mm {in.}

Full throttle

102 (4.016)

203 (7.992)

Printed in Japan
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2. Construétion g
(2) YSM8-Y, YSM12.Y

mm (in.)

f o

idl i
| ﬂg‘f\j,#*m (0.512)
™ PP ——
Full throttle 50772 Stop
3. Clutceh lever
mm {in.}
230 240
6 (0.236)

forward

Printed in Japan
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1. Composition .. o R R R T e T T R T e e
Compn RN - SM/YSM

1. Composition

1-1. Composition

Wire harness extension (option)

Tachometer £

sender \
{option)

Charge lamp
Water
temperature
lamp

Cooling water g
temperature sender s
(option) ﬁ

Alarm buzzer
Oil pressure lamp

Starting button
Main switch

&

Lubricating

oil pressur
sender

N

Battery (option}

Battery switch (option}

Blind cover

‘/ Oil pressure lamp
Water temperature lamp

Charge lamp

~ Starting button
\\ ~

s ’\ i
Tachometer\g AN
{option)  x /&, N
y V5
Light switch G

.

Alarm bL;zzer

Main switch

Printed in Jupun
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1. Composition -

SM/ YSM

1.2 Cdnnecﬁon diégram for electric equipment

broadly
, Such as the starter,

ices, such as the alternator and

larms, the connections of whi

The electric equipment of the YSM models s
shown in the diagram below.

divided into 1) the starting devices
etc., and 2) charging dev

3) the various a

ch are as
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2. Battery

Battery case

CRAPTEE 14 [LIECLH UL SEateii o o

el wSM/ YSM-

attery

2.1 Construction

Filler cap

Terminal

/

D) Glass mat
B -~
I
{

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 reguired. After use, the battery can be
recharged and used again.

As shown in the figure, a nonconductive container is filied
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.

Minimum battery capacity 12V 70AH

1,260

Fully charged specific gravity

2.2.2 Battery cable

Wiring must be performed with the specified electric wire.
Thick, short wiring should be used to connect the battery
1o the starter, (soft automotive low-voltage wire [AV wire] ).
Using wire other than that specified may cause the
following troubles:

Printed in Jupun
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Negative plate

Separzte plate

113

rWire thinner than specifie 1 r Single conductor wire

o

Wire longer than specified

A
High wiring resistance v
Open circuit caused
by vibrations

v
Low current

L il

k4
Faulty charging

éau!ty starting J [—7 B

—

Battery switch

Battery {

v/

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

Key switch

1
jﬁ__

Starter
ok

Allowable Conductor a+b+¢C
Voltage wiring Cross- allowable
system voltage section length
drop area
20mm? Upto25m
2\ or less! {0.031in.%p (98.43in.)
12V 0.2V or less/100A o Upto5m
{0.062in.% (196.86in.)

2.3 Inspection
The quality of the battery governs the starting performance

of the engine. Therefore the battery must be routinely
inspected to assure that it functions perfectly at all times.

2-3.1 Visual 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
check the cables for damage.

(4) Inspect the caps for cracking, electrolyté leakage and
clogged vent holes.
Correct any abnormal conditions found. Clean off
rusted terminals with a wire brush before reconnecting

the battery cable.

and corrosion, and
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2. Barréry_

SM/YSM

2:3.2 Checking the electrolyte
{1) Electrolyte level

Good Low

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

electrolyte must always
of the plates.

NOTES: o The “LEVEL" line on a transparent plastic
battery case indicates the height of the
electrolyte.

* Always use distilied water
the electrolyte level.

* When the electrolyte has leaked out, add
dilute sulfuric acid with the same specific
gravity as the electrolyte.

to bring up

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

Hydrometer

2) Take the specific gravity
scale of 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

Printed in Jupun
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(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 ths
temperature, 20°C is used as the reference
temperature.
Reading the specific gravity at 20°C
Sw = St+0.0007 (t—20)
Sw: Specific gravity at the standard emperature
of 20°C
St: Specific gravity of the electrolyte at toC
0.0007: Specific gravity change per 1°C
t: Temperature of 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 tester to the battery.
12V battery tester
Adjust the current (A). )

(2) Connect the (+) lead of the tester to the (+) battery
terminal, and the (=) tester tead 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 the vent holes of the caps and clean 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 129 )
2-4.1 Charging methods — f
There are two methods of charging a battery: normal-and 1.28 1
rapid. T~
Rapid charging should only be used in emergencies. Specific 1.27 RSN
e Normal charging...Should be conducted at a current of gravity 1.0§ AN

1/10 or less of the indicated battery f f =

capacity (10A or less for a 100AH 1.25 ~

" battery). 194
¢ Rapid charging...Rapid charging is done over a short {\ - ™~

period of time at a current of 1/5 ~ 7.23 { =<

—10 0 10 20 30 40 50

1/2 the indicated battery capacity
(20A ~ 50A 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
1. Check the specific gravily 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.

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 durin
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.
2. While charging, ventilate the
smoking, welding, etc.
3. The electrolyte temperature should not exceed 45°C
during charging.
4. 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].)

room and prohibit
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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
charge even after recharging. 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 or2times a

month when it is being stored.

6 :
; |
|
) ‘;\506
Self-discharge/ ;
day (%) 3 > B
| s 40°C
| |
IR
; e
~—_[20°C/
2

3 4 5 6
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).

Before putting the battery in storage for long

periods, charge it for about 8 hours to prevent rapid

aging.

Simple charger
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3. Starter Motor

€

SM/ YSM g

3. Starter M

otor

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 pi
its initial position when the

nion automatically returns to
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.

Model S5114-194
Rating (sec) 30
Qutput (kw) 1.0

Clutch system

Overrunning

Engagement system

Magnetic shift

Pinion flyout voltage (V) 8 or less
Terrninal 12
voitage (V)

No-load
Current (A) 60 or less
Speed {rpm) 7000 or greater

3-2 Construction

Gear case \

=950 ." e

e
N

Printed in Jupan
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5114~194 Performance curves

Performance at ~10°C,
and fully charged battery.

3 Speed (rpm)
4 Terminal voltage (V)

1.0 1.0F 100001 10 \

0.8 [ 0.8 8000

)
T
N

N

0.6 0.6 6000

0.4r 04} 4000F 4 vl
/ ><\<3 \

0.2 0.2F 2000

N
[

0 100 200 300 400
Current (A)

Magnetic switch\

Dust cover\

y

1

."Field coil ass’y

—

Armature

. Rear cover
Brush spring
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o Starter Motor ‘

a SV L2V

Shunt and series coil

Ball core

Yoke

Field coil

Brush spring

Brush

Thrust washer ~

Dust cover
E-rin

Rear cover
bearing
(Grease)

Rear cover

Armature
Center bearing

Qil seal

3-3 Operation

Starting switch closes

|

|

Current flows in series coil and shunt coil

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

4
Pinion enages ring gear

ged

Pinion and ring gear not enga

Torsion spring contracted
and plunger shifted

Contacts of main contact close

and current flows

Contacts of main contact closed
and current flows

Armature turns

Armature rotates

Pinion and ring gear separate,
pinion engages ring gear,
and ring gear rotates

A4
Ring gear turns

Printed in Japan
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- Qver-running clutchr .

Clutch outer

Roller

~Cover Roller spri

roller | ‘

(Clutch inner

Shift tever

Gear Case

Over-running clutch

\_?/ Pinion gear

After engine starts, starting switch opens

netic switch is released

Mag

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

Motor (armature) stops rotating

3.4 Disassembly

3-4.1 Magnetic switch
1. Disconnect magnetic switch wiring.
2 Remove through bolt mounting magnetic switch.

3. Remove magnetic switch.




I Stwarter Motor

SM/ YShi

34.2 Rear cover 344 Yoks :
1. Remove dust cover, 1. Remove yoke. Pull it out slowly so that jt does not
Strike against other parts.

Dust cover

3-4.5 Armature
1. Slide pinion stopper to pinion side.

2. Remove E-ring, and 'emove thrust washer (be carefyl @
not to lose the washer and shimy.

3. Remove the two through boits holding the rear Cover
and the two screws holding the brush holder.

4. Remove rear cover. Gﬂ

i
m&!««m«w

2. Remove the pinion stopper clip.

3-4.6 Pinion
1. Slide the pinion stopper to the pinion sids.
@ 2. Remove the pinion stopper clip.
%) 3. Remove the pinion from the armature,

3-4.3 Brush holder
1. Float (—)brush from the commutator.

2. Remove {(+)brush from the brush holder,
3. Remove brush holder,

rinted in Japan
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3-5 Inspection
3-5.1 Armature

{1) Commutator
Inspect the surface of the commutator. If corroded or

pitted, sand with #500 ~ #8600 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

irrepairable.

(2) Mica undercut
Check the mica undercut, correct with a hacksaw

blade when the undercut is too shallow.
Bad Good

—— Y —

N

Ha&saw blade

Commutator

Facing
Commutator Segment mica W

Hacksaw blade

Bad Good
mm (in.)
Maintenance .
standard Repair limit
| 02 05~ 08
Mica undercut (0.0079) (0.0197 ~ 0.0315)

Printed in Jupan
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(3) Armature coil ground test ' i
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.

{4) Armature shaft
Check the bend of the shaft; replace the armature if

the bend exceeds 0.08mm (0.0031in.).

3-5.2 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.

(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.
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{3) Cleaning the inside of the yoke
If any carbon powder or rust has collected on
inside of the yoke, blow the yoke out with
compressed ajr.
*Do not remove the field coil from the yoke.

3-5.3 Brush
The brushes are quickly worn down by the motor. When the
ltdrop.

brushes are defective, the output of the motor wi

(1) Brush dimensions
Replace brushes which have been worn
specified wear limit.

beyond th

Replace the brush if it is
worn up to the bottom of
the Hitachi trademark

(approximately one-hal
original length)

the

dry Spring balance

Brush spring

(Measuring brush spring force)

Standard spring load [ 1.6kg (3.527 Ib)

(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.

e

fits

3-5.4 Magnetic switch

(1) Shunt coif continuity test

Check for continuity between the S terminal and the

Standard
height
Wear limit
mm (in.)
I S114-194
Brush standard height ’ 16 (0.6299)
Wear limit [ 4 (0.1575)

(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.

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
Mmeasured value exceads +0.2kg.

&
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magnetic switch body (metal part). Continuity

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

(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.

3-5.5 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 clutch if it slips or seizes.

3-6 Reassembly precautions

Lubrication

Lubricate each bearing and spline (points indicated
GREASE in the construction drawing) with high quality
“Hitachi Electrical Equipment Grease A",

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

Printed in Japan
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Magnetic switch plunger | Shell | Aeroshell No. 7
Bearing and spline Shell | Albania Grease No. 2

3-7 Adjusting the starting motor

When the pinion is pushed out by the magnetic switch,
the distance from the pinion stopper to the pinion is
termed the £ dimension, the standard for which is as

listed below. L
mm (in.,

S5114-185
0.3 ~ 1.5 (0.0118 ~ 0.0550)

Dimension

Pressing the pinion

Measuring of { dimension

£ dimension

Before measuring the £ dimension, connect the @ battery
cable to terminal S and the @ battery cable to the motor
body. By attracting the plunger and by causing the shift
lever to push out the pinion, measure the £ dimension by
pressing the pinion in the direction of the arow to
eliminate play, as shown in the diagram.

If the ? dimension is outside the standard value, adjust it
with an adjusting plate inserted in the section where the
magnet switch is installed. The adjusting plate comes in
two types; one is 0.5 mm (0.019 in.) thick and the other
0.8 mm (0.031 in.)

Adjusting plate
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3-8 Handling the starting motor

3-8.1 Fitting the starting motor into place

The normal size of the gap between the pinion and the
ring gear is 3t0 5 mm (0.118 ~ 0.197in.).

Be sure to tighten the wiring securely.

3-8.2 Precautions for starting the motor

(1) Pay attention to the charge condition of the battery.
Undercharging makes it difficult to start the engine.

(2) After the motor has been started, immediately turn
off the starting switch.

{3) If the engine will not start even though the starting
switch has been turned on, turn it off and on for
about 10 seconds.

(4) When re-turning on the starting switch, wait until the
starting motor stops.

(8) During engine operation never turn on the starting
switch.

3-9 Testing
3:9.1 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.

I
J

Tachometer

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

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

(4) Attach the tachometer.

{8) 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.

¢ Afully charged battery must be used.

¢ Since alarge current flows when the starter is operated,
close the protection circuit switch before initial
operation, then open the switch and measure the
current after the starter reaches a constant speed.
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3.10 Standards for servicing the starting motor mm (it
S114-194
Brush Standard strength of spring 1.6kg (3.52 Ib.)
tandard height/limit of reduction in dimension 16/4 (0.63/0.157)
0.324/0.884 Q

Magnetic switch resistance at 20°C

Series coii/shunt coll

Qutside diameter

Standard outside diameter/
limit of reduction in size

33/2 (1.288/0.078)

Commutator

Difference between maximum
and minimum diameters

Limit of correction/
Accuracy of correction

0.4/0.05 (0.015/0.002)

Limit of correction/

0.210.5 ~ 0.8 {0.008/0.019 ~ 0.037)

_SM/YSM

Mica undercut

Accuracy of correction

Brush side

bearing Shaft diamer/Hole diameter

20.492 239937 20.492 T

+0.0011

Intermediate bearing

Shaft diamer/Hole diameter

20.687 ~33%%8 20.693 g

+0.001

Standard dimensions

Pinion slide way

Shaft diamer/Hole diameter

-0.0013 0,492 +0,0011

Pinion side bearing

Shaft diamer/Hole diameter

20.492 5%° 20.492 75

+.0011

3-11 Various problems and there remedies

(1) Pinion fails to advance when the starting switch is closed

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

Probiem

Cause

Corrective action

Starting motor

Overrunning clutch faulty

Replace

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

Corrective action

Problem

Cause

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

Starter motor

Pinion and ring gear engagement faulty
Motor mounting faulty

Brush worn or contacting brush spring faulty
Commutator dirty

Armature, field coil faulty

Field coil and brush connection loose

Replace
Remount
Replace

Repair

Repalr or replace
Retighten

Magnetic switch

Contactor contact faulty
Contactor contacts pitted

Replace
Replace

(5) Motor fails to stop when starting switch is opened after engine starts

Problem

Cause

Corrective action

Starting switch

Switch faulty

Replace

Magnetic switch

Switch faulty

Replace

Printed in Jupan
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4. Alternator

The alternator serves to keep the battery constantly charg-
ed. It is installed on the cylinder block by a bracket, and is
driven from the V-pulley at the end of the crankshaft by aVv-
belt,

The type of alternator used in this engine is ideal for high
speed engines having a wide range of engine speeds. |t
contains diodes that convert ACtoDC, and an IC regulator
that keep the generated voltage constant even when the
engine speed changes.

4-1 Specifications
Alternator

T LR135-31
ype
TR1Z-28

Battery voltage 12v
Output current 35A/5000rpm

CW as viewed from pulley side
14.3 £0.3V
1000rpm or less
3.8kg (8.37761b)

CW: Clockwise

Direction of rotation

Regulated voltage
Speed at 13V

Bearing retainer
Ball bearing

4.3 Construction
Front cover

Spacer

Faq

Spacer

Brush hold

Field control

SA holder

Printed in Japan
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4-2 Characteristics
LR135.31

Standard speed characteristic of 12V-35A Alternator with
IC regulator.

—Cold
-.Warm ("Warm" is the state of the engine reached after a temperature

rise testis conducted at a constant 5000 rpm maximum output.)

Terminal Outpat
voltage (V)

| |
egulated vf,oltage
i

13

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Alternator speed (rpmy)

Stator

Rotor

y

Cover

IC regulator

Rear cover
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transistor that passes the
transistor that controls Tr,,
R, R, R, and Ry which pass on t
tery voltage reaches the regu
mistor, as shown in the above figure.

ne current when the
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pase current to Try, a Tr, control
a zener diode ZD. and resistors

bat-

lated voltage, and a ther
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4 Alternator - v
1 L R135-31
1.4
2\ 7 4
/
8 — AN Lo/
\ BT
I ==y 18
___} il l =
: g 8 AN
e
. = B
=
=
I 6
MRl
AN =
— =) Ill 7
1
: : 15
\
vE
1 Front cover assembly 7 Field control unit 13 Pulley spacer
2 Cover 8 Spacer 14 Fan
3 Pin (nylon resin) g Ball bearing 15 Screw
4 Ball bearing 10 Bearing retainer 16 Stator assembly
5 CR assembly 11 Puliey nut 17 Rotor assembly
g IC regulator 12 Pulley 18 Through bolt
19 Screw
4.4 Operation (LR135-31)
4-4.1 Circuit diagram 4-4.2 Description of operation
- — (1) initial excitation
ectifier
proTTTTTSTTT T —==TTTTTTTTTTT T Migattery switeh
%R‘ 8 Charge ; i ! N
Do~ D L lam i 5
o P | ':
k2 E ' :
]coil E ]/ % %
: b Field . ) Rotorcoil= i
~Rotor coil D. dicdes 0 "(rerrmstor |
N— ! | External 1 T Bat!
L E:‘_ c L load ‘: A
| ; :
1 I I
] ot H
! I
! '
____________ ; !
______ 1 |
Alternator Regulator = ! i ‘e
~—  Battery [ Alternalon .o Transistor regulator
8- Generator output terminal D: Transistor protection diode i K .
L: Charge lamp terminal ZD: Zener diode When the battery switch is closed, current flows inte
‘E: Ground (battery (-) ) terminal Tr,and Tr,, and the charge lamp lights up. At this time
1. ~ Tr,: Transistor D, ~ Ds: Output rectification diodes the voltage at point P is lower than the zener vqltag
R, ~ R.: Resistor and current does not flow through the ZD (zener diode
D. ~ D.:ONJOFF operation of charge lamp and rotor coil current Theremr?’ the base current does not flow through T
field supply diodes C: Condenser and Try is turned OFF. )
Basically, this circuit ¢ ‘ate of tput T t st The resistor R, is inserted in series with the charg
that turré ihe alter:;tor():cilj;scg‘i sgr;‘ffg r‘d rafrfxsxsTor jamp to prevent interruption of the rotor coil current
‘ n and off, a 1z the charge lamp blows out, and to reduce the rise

speed (speed automatically adjusted) caused by thel
crease in the initial exciting current.
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(2) Initial rotation

The alternator Consists of field diodes (D7~ Dgy.
When the alternator is Operated, generation begins.
When the Speed of the alternator rises until its output

voltage exceeds the battery terminal voltage, battery
charging beings.

Alternator Transistor regulator

At this stage, the voltages at terminal B and terminal L_
are equal, and the charge lamp goes out to indicate
that charging has begun. When charging begins, the
Tr, base current, Tr, base Current, and Tr, collector cur-
rent (rotor coil current) are supplied from the alternator
through D7 ~ pg (field diodes). Since R. and R, are
selected so that the voltage across P-E turns the Zp
(zener diode) ON when the voltage across B-E
€XCeeds the regulated voltage of the regulator, when
the ZD (zener diode) s conducting, current flows
through the path indicated above.

(3) Operation

| Charge lamp
.
Rotor c:oiii"
i
Do T Battery
| <
{
!
i
!
t
!
! i
i O
| | E
N L_-____________J
Alternator Transistor regulator
A Tr, collector-emitter voltage of at least 0.6V is

necessary to allow the base current to flow through Tr,
and Tr,. But since the Tr, collector-emitter voltage is
about 0.3V when Tryis conducting, the Tr, and Try base
Current js interrupted, Tr: and T, are turned OFF, and
current does not flow through the rotor coil.

When the rotor coil current is stopped, the alternator
output voltage drops, the voltage across p-g applied to
the ZD (zener diode) drops below the zener voltage, the
zener diode is turned OFF, and the Tr: base current is
interrupted.

As a resuft, Tr,
rises, and basa
This causes Tr,

is turned OFF, the base voltage of Tr,
current begins to flow through Tr,.
to conduct and the rotor coil current to

Printed in Japan
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begins to flow again.

AS can be seen from the above description, when the
output voltage of the generator is lower than the
regulated voltage the Tr, output transistor conducts
and rotor coil current flows. When the alternator out-
put voltage is higher than the regulated voltage, con-
trol transistor Tr, conducts, output transistor Tr, is
turned OFF, and the rotor coil current is interrupted.
The battery charging voltage is kept constant by turn-
ing the output transistor ON and OFF repeatedly in
this manner.

4-5 Wiring (LR135.31)

(1) Wiring diagram Battery switch

e e
+

iteYe)ls!

(2) Terminal connections

The alternator has the following terminals. Connect
these terminals ag indicated below.

A
Alternator Starter motor = Battery
(built-in transistor -

regulator)

SR

Connection to
external wiring

To battery (+) side
To battery {-) side

Lamp (charge) To charge lamp
terminal terminal

The IC regulator terminals are as follows:

B (black)

4-6 Alternator handling precautions

polarity of the battery: be carefyl
not to connect it in reverse polarity. If the battery is
connected in reverse polarity, the battery will be
shorted by the dicde of the alternator, an overcurrrent
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 megger.

(1) Pay attention to the
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4-7 Alternator disassembly k (4) Next, remove the bearing attached to the front cover.
) " Loosen the bearing protector mounting bolts and pull
Disassemble the alterriator as follows. the bearing by applying pressure to the bearing from
The major points of disassembly are the removal of the the front cover.

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

detailed disassembly.
(1) Remove the cover attached to the rear cover, remove
the through bolts, and disassemble into front and rear

sides.

(5) Disassemble the rear side. .
First, disconnect the resistor and IC regulator from the

terminals.

(2) Then when disassembling the front side pulley and
fan, front cover and rotor, clamp the rotor in a vice
through the copper plates and loosen the pulley nut,
as shown in the figure.

(6) Remove: the bolts holding the SR holder and brush
holder, remove the B.E.L. terminal nuts, and
disassemble into the rear cover and stator (with SR

holder).

(3) When the fan and pulley have been removed, the rotor
can be pulled from the front cover by hand.

Printed in Jupun
F023A9078 11-17




Chapter T Electrical System

4. Alternator R ‘ ' S el S :
. - : - S S SM/ YSM

(7) Melt the solder connecting the stator and the diode, A set of 6 diodes and a set of 3 moulded diodes {field

and break it down to the stator, SR holder and auxiliary diodes) are used. The (+) diodes and (—) diodes of the

diode. six diode set conduct in opposite directions. (See the

Higure below.) Replace the diodes that conduct in both

directions and the diodes that do not conduct in both

directions.

Test for the continuity of each diode.

(8) Pull out the pin (nylon resin) inserted into the brush
cover mounting section of the rear cover, and
disassemble the rear cover.

CAUTION: If a high voltage megger 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 megger, etc.

(2) Replacement

1) Remove the cover.
2) Unsolder the diode assembly wiring. (CAUTION:

Hold the diode with needle nose pliers so that the
heat of the soldering iron is not transmitted to the
diode.)

3} Remove the diode assembly mounting nut and
bolt, and remove the diode ass'y.

(9) When (1)—(8) above are completed, the alternator is Remove the nut and bolt holding the d.;ode
completely disassembled. assembly in place, and then remove the diode

assembly.

Pin (nylon resin)

4.8 Inspection and adjustment

4-8.1 Diodes .
(1) Diode short test

Dicde assembly

Diode

(-) electrode

{+) electrode\ [oux z
P 1

£ ¥
R

Direction of conduction

Printed in Japan
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4-8.3 Stator coil
(1) Stator coil short test
Check the continuity between the terminals of the
stator coil. Measure the resistance between the output

4-82 Rotor k
(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 terminals with a tester. The resistance should be near
the prescribed value.

the maintenance standard by 1 mm. '
mm (in,) If the stator coil is open, indicated by infinite
nce, it must be replaced.

Maintenance resisis

standard

Wear limit

Stip ring outside
diameter

(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
acloth dipped in alcohol.

Rotor coil short test
Check the continuity between the rotor coil and slip

ring with a tester. The resistance should be near the
prescribed value.

If the resistance is extemely low, there is a layer short
at the rotor coil; if the resistance is infinite, the coil is
open. In either case, replace the rotor.

&

St f
s S 0l
e

(V4

Resistance value | Approx 0.128Q (at 20°C) 2-phase resistance

(2) Stator coil ground test
Check the continuity between one of the stator coll

leads and the stator core.
The stator coil is good if the resistance is infinite. {fthe
stator core is grounded, indicated by continuity, it

must be replaced.

Resistance value: Approx 3.83 +0.15Q (at 20°C)

(4) Rotor coll ground test
Check the rotor coll for grounding with 2 tester, or by

checking the continuity between one slip ring and the
rotor core or shaft. e

4-8.4 Brush
(1) Brush wear
Check the brush length.
The brush wears very little, but replace the prush if
worn over the wear limitline printed on the brush.

Wear limit line {prush)

Prityd in/Japun
F023A9078 1119




nupier 11 Llectrical System
4. Alternator i

mm(in.)
Wear limit
7.0 (0.2756)

aintenance standard

Brush length 145 (0.5709)

(2) Brush spring pressure measurement
Measure the pressure with the brush protruding 2 mm
from the brush holder, as shown in the figure. The
spring is normal if the Mmeasured value is aver 150 ar.
Confirm that the brush moves smoothly in the holder.

Brush spring strength|300 2453 (0.562 ~ 0.761 Ib.) (New brushj

4-9 Reassembly precautions

After inspection and servicing, reassemble the parts in the

reverse order of disassembly, Paying carefuyl attention to

the following items:

(1) When soldering the stator coil leads and diodes, hold
them with needie nose pliers and solder quickly.

(2) Be sure that the insulation bushings, etc. are installed
correctly when installing the terminal bolts ang SR
holder mounting screw.

4-10 Alternator performance test ,
4-10.1 Test equipment

Test equipment m Specifications
Battery - 12v
DC voltmeter 1 l 0 ~ 50V Range 05
DC ammeter 1 0 ~ 50A Range 1.0
Variable resistor 0~ 1R Capacity:1 kW

Switch n Switch capacity: 40 A

4-10.2 Performance test circuit

{5\ Tachometer
[y
%/’ __N_ Voltmeter

Ammeter
Lme sw,

/
! /‘ "
[ Variable
R resistor !
N T l
~, i
R
Battery] =

4-10.3 Performance test
{1) Speed measurement at 13 v (26 V rise speed)

{(a) Start the alternator slowly after opening SW1 and
closing SW2.

(b) After the alternator has reached a speed of
approximately 500 Pm, open switch SW2.

(c) Gradually increase the alternator Speed while
watching the voltmeter, and read the speed on the
tachometer when the voltage reaches 13 V.

{d) The speed at this time is 1,000 rpm or less, and is
the 13V rise Speed.

Printed iy Japan
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(2) Output current measurement

(a) Set the resistance of the variable resistor in the
circuit in the figure to maximum, and drive the
alternator after closing SW1 and Swa. .

{b) Increase the alternator speed to 5,000rpm by
adjusting the variable resistor, maintaining the
voltage at 13 v,

(¢) Measure the deflection of the ammeter at this
time.

(d) An output current of 31 Ais normal.

(3) Performance test precautions

(a8} Connect the alternator A terminal and battery (+
terminal, ang the E termina) and battery (=)
terminal with 2.5m orless of wiring having a cross.
Sectional area of 8 mm: Oor more.

(b) Check the wires for correct or loose connection,

s
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4-11 Alternator troub!eshooting and repair

(1) Failure to charge

Problem

Cause

Corrective action

Open, shorted, or disconnected

Repair or replace

Wiring, current
Open, grounded, or shorted coil Replace
Alternator Terminal insulator missing Repair
Diode faulty Replace
Replace regulator

Transistor regulator

Transistor reguiator faulty

(2) Battery charge insufficient and

discharge occurs easily

Corrective action

Problem Cause

Wiring Wiring shorted or loose. wiring thickness or length unsuitable g:gﬁ;gr replace
Rotor coil layer short Replace
Stator coil layer short; One phase of stator coil open Replace

Generator Slip ring dirty Clean or polish
V-belt loose Retighten
Brush contact faulty Repair
Diode faulty Replace

(3) Battery overcharged

Corrective action

Problem

Cause

Battery

Electrolyte low or unsuitable

Add distilled water
Adjust specific weight
Replace

Transistor regulator

Regulator transistor shorted

Replace regulator.

{(4) Current charge unstable.

Corrective action

Problem Cause
Wiri Wiring shorted at a break in the covering due to hull Repair lace
ng vibration or intermittent contact at break epair or replac
Layer short Replace
Balance spring damaged Replace
Alternator Slip ring dirty Replace
Coil open Repair or replace

Printed in Japan
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5. Alarm

Main switch

Water temperature lamp

Fuse

Battery switch (option)

A\

Oil pressure lamp

Water temperature switch

Oil pressure

e

On

——

Battery 12V-70H (MIN.}

Alternator ]

Charge lamp

Cil pressure switch

Alarm buzzer

Connection diagram of alarm circuit

In order to indicate whether or not the lubricating oil is
being fed to each engine section properly during engine
operation, and whether or not the temperature of cooling
water is normal, alarm lamps have been provided in the
operating room and their switches have been arranged
on the engine side of the room. If any abnormal con-
dition is noted, the proper lamp will come on and also a
buzzer will sound to give warning.

5-10il pressure alarm

If the engine oil pressure is below 0.2 +0.1 kglcm?, 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 normal, the
switch contacts are opened by the lubricating oil
pressure and the lamp remains off.

Pilot lamp @

Fuse  Main switch

Alarm buzzer
Oil pressure switch

T

{Oil pressure alarm circuit)

Oil pressure

Printed in Jupan
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Contacts

~gmmn Qi pressure

Oil pressure unit
Part No.: 124060-39451

Oil pressure unit specifications

Rated voltage f 12V

Operating pressure ‘ 0.2 +0.1 kglcm?® (1,422 ~ 4.266 1b/in.%)

Lamp capacity: ! 3W

SM/ YSM
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Inspection

Problem Inspéction item

Inspection method Corrective action

1. Fuse blown out

Visual inspection Replace fuse (204)

2. Oil pressure lamp
blown out

Lamp not illuminated when
main switch set to ON

(1) Visual inspection Replace lamp
(2) Lamp not illuminated

even when main switch set to
ON position and terminals of oil
pressure switch grounded

3. Operation of oil pressure
switch

Lamp illuminates Replace oil pressure switch

when checked as described
n (2) above

1. Oil level low

Stop engine and check oil Add oil

level with dipstick

2. Oil pressure low
Lamp not extinguished

Repair bearing wear and

Measure oil pressure
adjust regulator valve

while engine running 3. Oil pressure faulty

Switch faulty if abnormal at (1) Replace oil pressure switch

and (2) above

pressure switch faulty

4. Wiring between lamp and oil

Cut the wiring between the Repair wiring harness

lamp and_ switch and wire with
separate wire

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
temperature reaches a specified high temperature, the
contacts are closed, and an alarm lamp and buzzer

are activated at the instrument panel.
Pilot [amp

Fuse Mam switch

8 Alarm buzzer ]

)
@@g Water temperature unit

-—— Battery

Operating temperature
ON OFF

Current capacity

60 =27 56 =2° DC12V. 7A

Water temperature unit

Piiot lamp: 12 V, 3 W
Part No.: 46150-004530

Alarm buzzer: 12 V. 1 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 the cord—the pilot lamp is normal if the pilot
lamp illuminates. Moreover, be sure to check the
operating temperature of the unit after replacing.
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5-3 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
appropriate alarm lamp simultaneously with the sounding

of the buzzer.

Type Wi1-02
Voltage 10 ~ 15V
Current drain 100mmA
Sound level 75dB(A) at 1m
Weight 0.2kg
Part No.: 124271-9135(C
—
-
=
L——)

-12v

Sensor
%-— Sensor
. G
8]
Generator (L) u
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Normal operétion is as follows:

; Alarm buzzer l Charge lamp [ Oil pressure { Water temperature
lamp lamp

Main switch ON, engine stopped [ Alarm 2 Huminated { Hluminated ' Extinguished

Main switch ON, engine running f No alarm ! Extinguished ! Extinguished ;’ Extinguished

Key switch OFF, engine stopped f No alarm f Extinguished ! Extinguished ! Extinguished

5-4 Charge lamp

If the voltage generated by the alternator exceeds that of
the battery terminal during engine operation, charging of
battery takes place and the charge lamp goes out. If any
abnormal condition develops in the charging circuit
during engine operation, the lamp will go on and an
alarm buzzer will sound.

Inspection

Problem l Inspection item

l Inspection method ) Remedy

LL Fuse is blown,

, Visual inspection (20A fuse) { Replace 20A fuse.

2. Charge famp is burnt out.

Lamp not illuminated when
main switch set to ON

1. Visual inspection Replace lamp.

2. Turn ON key switch, remove
L terminal cord of alternator,
and ground the cord.

Lamp will not come on.

3. Regulator operation.

Replace regulator within

Inspection according to
alternator.

procedures given in (2)
causes lamp to come on.

1. Alternator operation.

Lamp not extinguished while
engine running.

When the voltage is 0,
check for fuse and battery
capacity.

(1) By turning ON the key switch
. make sure of the battery

voltage across the F terminal

cord of the alternator and

earthing conductor.

(2) The no-load voltage developed

by the alternator is low.

(same procedures as those for

measuring 13V, [see page ).

Refer to the sections on the
inspection and servicing of the
alternator.
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6. Other Electric Equipment
6-1 Fuse
The fuse is installed in order to protect the circuit of
each electric device from overloading. If it is blown 5
during engine operation, install a new fuse with a rated racket
capacity after thoroughly checking each circuit for T LAV
abnormal signs. Alternator ‘ B "E's S \ \‘4\_
' - =t -——:/_, ;
Tubular fuse for motorcars / /{__[ ; \11 | Fuse b
Outside Diameter of socket 26.5 73, —h—._—__%] ’—s ==
dimensions ' AN \
(mm) Length 30 =8 (\\ ,}‘ ‘f =
Capacity 20A & ’ h?\-'-'—?llz‘ a‘l.’ﬂ’;"\\
i\ N

6-2 Instrument panel

Charge lamp

179 (7.05)

Iy

‘.-
-J1)

Starter

Note: Be sure to use 20A fuses.

mm (in.}

Alarm lamp for lubricating oil pressure

-

a7/
0,0_39/

YANMAR

Alarm tamp for cooling
water temperature

L, WATER

OFF

Y
\_J/

13 (0.51)

63 (2.48)

A\ Main switch

10 (0.39

o)
4 162 (6.38)

Alarm buzzer

Printed in Japan
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.~~hometer .
A'tachometer that monitors ring gear speed and converts it
to frequency to operate the meter is optional.
(1) Operating circuit Switch

M18 % 1.5 ~

Ring gear -,'r Battery 12V
£
Sender unit T
Tachometer
Send it L Tachometer
ender uni
[ YSM8-R { YSM12-R
Yanmar No. { 124070-91160 [ 124070-91100 f 104571-91100
VDO _
(West Germany) 340.804/007/007 430.230/019/001 430.230/019/002
Part No.

(2) Senderunit sensitivity limits

2
Ring gear speed ) 7
(misec) 05 1.0 15 2.0 2.5
Sender unit and ring gear clearance C (mm)

YSM8-R  YSM12-R
No. of ring gear teeth 114 126
Module 254 2.54
Tachometer frequency 8,650 Hz 7,350 Hz
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{2) Option (for all model)

ot

80 (3.14) S

3(0.11) <

o

°

o

™ >

- &

s BT e e

s |2 ‘ g

o = &

2 é L/

= T

.1 Propeller Ana]’ﬁzern;A,.rr‘a‘rz’g‘emg,n[:.‘ e e L S e i N
1. Propeller and Stern Arrangement
1-1 Propeller and shaft diameter 1.2 Propeller shaft coupling
Model Re?;théion (Sg}Eut Prgﬁ;‘ger P‘rop‘eller* 3-‘blad4e (1) Standard (for YSM8-Y, YSM12-Y)
PIrpm)y 1oy | Dia(in) | Pitch(in)
52200 | 1127 14 9 3(0.11) —= P 2 (0.07)
YSM8 1.95 62600 | 1332 13 8-1/2 11 (0.43) —— j
7/3200 | 1639 12 7-12 g l _ ‘
Taper 1/
5/2200] 751 18 12 | 1 |
YSM8G 2.93 /2600 | 888 | 16-12 11 g & L
7/3200 | 1093 15 10 =N < 18
8/2200 | 1113 15 10 i&?l 3,8 =
YSM12 198 9/2600 | 1316 14 9 ol ; E( &
1013000 | 1518 13 8112 o % ls
82200 718 19 15 4-211(0.43) —LL ] 3
YSM12G | 3.06 9/2600 | 849 18 13 7(0.27) Lo
10/3000| 980 | 17 12 mm (in.
Model| YSM8 | YSM8G | YSM12 | YSM12G
°D | 22(0.86) | 25(0.98) | 25(0.98) | 28(1.10)
U 143(1.69) | 34(1.33) | 34(1.33) | 34(1.33)

1-3 Propeller shaft and stern tube.

P

Brass shaft or stainless steel shaft

High stength brass castings
F

=N o } f
- - R . )
H 8 iy
i [ - 1 - i
%—* | i | — |
e 3] s | © } B A
i Length
mm
MODEL | Dia|Length (Stansdard) alslciplel FlGIH|I[J[K L M-Q N{O|P
YSM8 22 | 1800 400 32152]65]57 1541 88]35]48]35/46] 90|60 | 2-140 Holes, 1/2° Coach screw | 90160/54
YSMBG YSM12 | 25 | 2000 500 321521751761731100138|50138|50|100 |65 | 2-14¢ Holes, 1/2" Coach screw 1006562
YSM12G 28 | 2400 600 40160180175]73|110]41156141156 {11075 | 2-182 Holes, 5/8" Coach screw 110]75|70
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2. Engine Installation
2-1 Engine room
The overall layout of the engine room is planned for easy
inspection, servicing and handling of the engine, front
power take-off and auxiliary machinery.
Do not overlook the position and space of the fuel tank,
battery and Kingston cock and their related piping, wiring
and remote control cables in the engine room layout,
Thoroughly study all the equipment and apparatuses to be
installed, and consult the shipyard and make a paper plan
to provide optimum engine room space.
The engine room conditions required to handle the engine
will be covered below.
(1) Ventilation inside engine room
Since an increase in the engine room temperature
causes a reduction in the intake air volume and thus a
.drop in engine output, ventilation inside the engine
room must be ample.
(2) Space must be sufficient to move the propeller shaft
flange face toward the stern when disassembling the
clutch, changing the gear, etc.

2-2 Engine bed

(1) Although the installation angle of the engine differs
with the hull shape and engine installation position, it
must be 8° or less when the vessel js cruising. If the tilt
exceeds 8°, the output will decrease, the exhaust gas
will color without the speed rising, vessel speed will
fall or the parts will wear abnormally, and oil consump-
tion will increase.

Propelier diameter; D or greater
Within 8°

{2) Engine bed shall be designed so that there is no con-
tact between the bottom of the engine and the hull.

| .
*YSM8 ) mm {in.)
f T
| 3
(=]
o0 o 0 ;I
9]
o o o_o r-{
-
o3
| ; 1
I
150 (5.90) }

eYSM12 j

| :

166 (6.53) |
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(3) Sufficient space must be available for easy setting of
the wrench to the reamer bolt on the propeller shaft
3 joint.

(4) The bed must be constructed so that a wrench can be
set at the bottom of the engine base to retighten the

engine mounting bolts.
(5) Make the bed such that the propeller shaft and engine

drive shaftareina straight line.

12-2
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2.3 Engine installation angle

il
fanaa™

]

Propeller shaft center

Degree
Degree Inclination under operation Allowable installation
Constant Peak angle (max.)
25 35 —
B 20 35 15
Y 10 15 5

Printed in Japan
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] Enﬂme Installaiion
2:4 Dimensions
(1) YSM8-R » {65°2) 99
(8571} 028
U /
: (01°9} g5i f‘_f’;
i

| !7
< ‘ I~ = i
£ ) - ;
€ | e
£ © W -~ [
: g1 8 5 |
o 5 o ’
a. < ht
/s 5|
N sl R
9 2 .8
| o
Bl
It :
< & ;
i~
T
o
o
|
1 1
& r—%*——x*f
R = {vloLloty !
(g6°1)| 00L® = ALm)ogg <
AWFT N LSLLOOE s
1 o
R i =
L, ;
i
e
%2
P
&
[s]
3
= b g 150} €L g
A l T 2 (£50) 51 <
=0 -t S 2
Hf &3 S
22y oziy ..h_r g
@
—_—
Plesgier| =
i 5
vl ol 53
| 3o
2 g
5 N =
T ~ 5 __
N 8 ?\J)
o A oy
! . A &
& . !
I =
: = I
b3 !s;;' ‘%D/
e%
T N\g)
| ;
{ o im
T,
Printed in Japan =
12-4

F023A5078



" Chapter 13 Operating Instructions - =
1. Fuel Oil and Lubricating Oil "~

SM/ YSK

1. Fuel Qéé andi% ‘Lubricaiéng QEE*

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

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

is necessary.

1-1 Fuel
1-1.1 Properties of fuel
Numerous kinds of fuels are used with diesel engines, and

the properties and composition of each differ somewhat
according to the manufacturer.
Morecover, the various national standards are introduced

here for reference purposes.

1-1.2 Recommended fuels

Manufacturer Brand name

Caltex Caltex Diesel Oil

Shell Shell Diesoline or local equivalent
Mobil Mobil Diesel Oil

Esso Esso Diesel Oil

British Petroleum| BP Diesel Oil

1-1.3 Fuel selection precautions
Pay careful attention to the following when selecting the
fuel.
(1) Must have a suitable specific gravity
Fuel having a specific gravity of 0.88 ~ 0.94 at 15°C is
suitable as diesel engine fuel. Specific gravity has no
relation to spontaneous combustibility, but does give
an idea of viscosity and combustibility or mixing of im-
purities.
Generally, the higher the specific gravity, the higher
the viscosity and the poorer the combustibility.
Must have a suitable viscosity .
When the viscosity is too high, the fuel flow will be
poor, cperation of the pump and nozzle will be inferior,
atomization will be faulty and fuel combustion will be
incomplete.
If the viscosity is too low, the plunger, nozzle, etc. will
wear rapidly because of insufficient lubrication.
Generally, however, the higher the viscosity, the lower
the quality of the fuel.
(3) Cetane value must be high.
The most important indicator of fuel's combustibility
is its cetane value (also represented by cetane index or
diesel index), The cetane value is particularly im-
portant for fuels used in high-speed engines. The rela-
tionship between the cetane value, startability and fir-

)
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ing delay is shown in the below figure. Firing dela
becomes smaller and starting characteristics better a
the cetane value becomes higher.
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Intake air temperature 19°C
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Relationship between cetane value and firing delay
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40 50 60
Cetane vaiue
Cetane vaiue and starting characteristic

The use of a fuel with an unsuitable cetane value will caus:
the following troubles:
1) Difficult starting.

y Poor operation.
) High combustion pressure and diesel knock.

) Lower output and engine damage because Of
overheating caused by knocking.
5) Sticking of nozzles and exhaust valves.
6) Severe smoking, carbon build-up
engine, and oil contamination.
7) Deterioriation of the oil and excessive wear in the
piston rings, ring grooves, and cylinder liner.
(4) The level of impurities must be low
1} Sulfur
With proper combustion sulfur in the fuel turns tc
nitrous acid gas (SO,) and sulfuric anhydride (SOs).
When combustion is imperfect, it becomes
sulfuric acid containing water that corrodes and
wears the cylinder liners, pistons, exhaust valve
and exhaust pipe.

P wWwN

=
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Properties and compositions of fuel of various national standards

National standard

Japan JIS-K-2204-1965

U.S.A.ASTM-D975.74

U.K. BS-2689-70

Properties {
Class No.1 Class No.2 No.2D
and components light oil light oil f Diesel oil Class A1 Class A2
Specific gravity 15/4°C — _ — — -
30°C cst 2.7 or more 2.5 or more (~ 5.2 (~7.5) / (~75)
Kinetic viscosity |
gZ'FOC (100°F) (2.3 or more) (2.2 or more) 2.0rv4.3 16~ 6.0 j 16 ~ 80
Reaction ) Neutral Neutral — — / —
i
|
Flash point ; °C 50 or more 50 or more 51.7 or more 55 or more l 55 or more
Flow point °C =5 or less =10 or less —~12 or less - -
(10% residual | (10% residual
Residual carbon Weight % oil) oil) 0.35 or less 0.2 or less 0.2 or less
0.15 or less 0.15 or less
Moisture “ }; Volume % — — — / 0.05 or less } 0.05 or less
Ash Weight % — — 0.01 or less : / 0.01 or less / 0.01 or less
Sulfur Weight % 12 or less 1.2 or less } 0.5 or less / 0.5 or less j 1.0 or less
|
Cetane valve 50 or more 45 or more 'I 40 or more 50 or more 45 or more
;’
Sludge o
or sedimentation o - — 0.05 or less 0.01 or less 0.01 or less
|
Distillation I
properties, °C 350 or below | 350 or below | 28221 ~ 338 357 or below | 357 or below

temperatures at
90% distillation

|
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2 Water content
A high water content causes sludge, resu!tmg in
lower output, imperfect combustion and trouble in
the fuel injection system.

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

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

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

impurities will appear when fuel and sulfuric acid ar
mixed in equal parts.

(8) Discoloration of litmus test paper indicates th
presence of acids.

1.1.5 Troubles caused by bad fuel

(1) Clogging of exhaust valve
In addition to faulty compression, incomplete combus
tion, and high fusl consumption, a clogged exhaus
valve will cause fuel to be mixed in the exhaus’
leading to corrosion of the exhaust valve seat.
Clogging of piston ring grooves
Clogged piston ring grooves will cause acceleratet
cylinder liner and piston wear due to sticking rings
fuel gas blowback, faulty lubrication, incomplete com
bustion, high fuel consumption, contaminatec
lubricating oil, and combustion gas blowback.
Clogged or corroded injection valve hole
This will cause incomplete combustion and piston ant
liner wear, fuel injection mechanism wear, corrosion
and groove wear and corrosion.

©

&

paper and ignited contains a high water content.
(4) If a transparent film of diesel oil is squeezed between
two pieces of glass, the water content and impurities

can be determined.
(5) If the fuel contains resin or carbon black particles and

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

1-1.6 Relationship between fuel properties and engine performance

Fuel Clogging of
Fuel Starting Lubrication Smoke Exhaust Output consump- | combustion
property characteristic characteristic generation ocdor tion chamber
Directly
Directly related— | Directly related— | Closely related — related — Related —
Firing Starting charac- Lubrication Smoke increases | Decreased Decreased by
Cetane teristic improves | improves as as cetane value by increas- Irrelevant Related reducing cetane
value as cetane value cetane value decreases ing cetane value
increases rises value
Volatility Related— Directly related— Related—
No clear Becomes poor Increases as No direct N Increases as
90% end | rejationship when volatility volatility relationship Irrelevant Irrelevant | ojatility
point is poor decreases decreases
Some relation-
No clear ship— ﬁ\ec!ra;:;jes as No Related —
Viscosity ; . Becomes poor : : independent | Irrelevant Irrelevant Increases with
relationship when viscosit viscosity relationshi viscosit
; Y increases P Y
increases
Related — No ?e!!':t%gy Related— | Related—
Specific Increases as K " Associated | Depends on
gravity Irrelevant Irrelevant specific gravity m;jeipendhgnt @istshogﬁ:ﬁgic with calo- | properties of
increases relationsnip rific value | engine
value
Related — Related —
10% No
. . ses as
residual Irrelevant irrelevant !mproves as independent | lrrelevant irrelevant Decrea B
carbon residual carbon relationshi residual carbon
decreases P decreases
I
No
Sulfur independent
relationship
I —
No
Fiﬁi? independent
P relationshipJ
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1-1.7 Fuel handling precautions
(1) Fill the fuel tank after work to prevent condensation of
waterin the tank.
(2) Always use a tank inlet strainer, Water mixed in the
fuel can be removed by removing the strainer quickly.
(3) Remove the plug at the bottom of the fuel tank and
drain out the water and sediment afier gvery 100 hours
of operation, and when servicing the pump and nozzle.
(4) Do not use fuel in the bottom of the fuel tank because
it contains large amounts of dirt and water.

1-2 Lubricating oil

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

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

Various additives are added to the lubricating oil to assure

that adequate performance is assured under the high-

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

(2) Viscosity index improvement additive

(3) Oxidation prevention additive

(4) Cleaning dispersent

(5) Lubrication additive

(6) Anticorrosion additive

(7) Bubbie elimination additive
(8) Alkali neutralizer

1-2.3 Classification by viscosity

1-2.2 Required lubricating oil conditions
(1) Must be of suitable viscosity
If the viscosity is toc low, the oil film will be too thin
and the lubricating action insufficient. If the viscosity
is too high, the friction resistance will be increased
and starting will become especially difficult.

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

Must have good lubricating capability

That is, it must coat metal surfaces as a thin film. In

other words, the lubricating oil must coat the metal

surfaces so that metal-to-metal contact caused by

breaking of the oil film at the top dead center and bot-

tom dead center piston position does not occur, or

that the oil film is not broken by collision, even at the

bearings.

Mixability with water must be low

Since water can mix with the oil because of the

presence of cooling water in the engine, the

emulsification of water and oil, which causes the oil to

lose its lubricating properties, must be prevented.

Must be neutral and difficult to oxidize

Since acids and alkalis corrode metal, the lubricating

oil must be neutral. Moreover, since even a neutral oil

will be oxidized easily by contact with the combustion

gas, the oil must be stable with few oxidizing

elements.

Must withstand high heat and must evaporate or com-

bust with difficuity

Oil must have a high flash point. If it is evaporated by

heat or is not burned completely, carbon will be pro-

duced. This carbon is toxic.

(7) Must not contain any water or dirt and must have a low
sulfur and coke content

&

®

Rl

J Applicable temperature range

—17.8°C (6°F) ! 98.8°C (210°F)
SAE No. Saybolt universal | Dynamic viscosity | Saybolt universal Dynamic viscosity | (outside temperature)
viscosity (sec) (cst) viscosity (sec) (cst) l
5W Under 4,000 Under 869 } — -
0w 6,000 ~ 12,000 1,303 ~ 2,808 — —_ 20°C or less
20w 12,000 ~ 48,000 2,606 ~ 10.423 ’ — —_—
S
20 —_ — 45 ~ 58 i 5.73~962
30 — / g } 58~ 70 ] 9.62~12.93 I 20°C~35°C
40 — — I 70~85 12.93 ~ 16.77 1 3550 .
50 — — |  85~110 16.77 ~ 22,63 | orgreater
Printed in Jupan
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Since only the 98.9°C viscosity is stipulated for S.A.E. No.
20 ~ 50 oil in the table, and only the —17.8°C viscosity is
stipulated for S.A.E. No. BW ~ 20W oil, they are not
guaranteed at other temperatures. On the other hand.
S.A.E. No.10W viscosity is stipulated and oil having the
viscosity equal to that of S.A.E. No.30 even at 88.9°C is
called S.A.E. No.10W~-30, or multigrade oil. Multigrade oil
comprises S.A.E. No. 5BW—20, 10W—30, and 20W~—40. In
arctic regions, oil from S.A.E. No. 20W to 10W-—30 can be

used.

1-2.4 SAE service classification and API service classifica-

tion
SAE new classification API service classification
(1970) (1880)
CA DG
CB-CC DM
CcD DS

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

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

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

Classification Engine service (API)

Light duty diesel engine service: Miid, moderate operation diesel engine service with high-performance fuel, and

CA mild gasoline engine service. The oil designed for this service was mainly used in the 1940s and 50s. This oil is
for high performance fuel use and has bearing corrosion and high temperature deposit prevention

characteristics.

Moderate duty diese! engine service: Mild, moderate operation diese! engine service using low performance fuel

CB requiring bearing corrosion and high temperature deposit prevention characteristics. Includes mild gasoline
engine service. Oil designed for this service was introduced in 1949. The oil is used with high sulfur fuels and

has bearing corrosion and high temperature deposit prevention characteristics.
Moderate duty diesel engine service and gasoline engine service: Applicable to low supercharged diesel

' engines for moderate to severe duty.
The oil designed for this service was introduced in 1961 and is widely used in trucks and agricuitural equipment,

cC construction machinery, farm tractors, etc. The oil features high deposit prevention characteristics in low super-
charged diesel engines, and rust, corrosion and low temperature sludge prevention characteristics in gasoline
engines.

Severe duty diesel engine service: Applicable to high-speed, high-output high supercharged diesel engines

CD which are subjected to considerable wear and deposits. This oil was introduced in 1955, and is used as a wide
property-range fuel in high supercharged engines. It also has bearing corrosion and high temperature deposit

prevention characteristics. .

1-2.5 Fuel oil

SAE new classification CB grade or CC grade fuel having
suitable viscosity for the atmospheric temperature must be
used in this engine.

Printed in Jupan
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1-2.6 Reéommended lubricating oils
| SAE No
Supplier Brand Name / Below 10°C , 10~20°C ( 20~35°C / Over 35°C
/ Shell Rotella Oil } 10W, 20/20W i 20/20W [ fg [ 50
SHELL L Shell Talona Oil ’ 10w ’ 20 f 2’8 ; 50
| 30
/ Shell Rimuia Oil { 20/20W 201200 ! D -
|
! RPM Delo Marine Ol / 10W l 20 } fg [ 50
CALTEX
| RPMDelo Multi-Service Off | 020w t0w | 20 | w0 | 50
LDelvac Special { 10w | 2 | 30 | —
L Delvac 20W—40 { 20W—40 | 20Ww—40 | — | —
MOBIL LDelvac 1100 Series [ 10W, 20/20W { 20/20W I 28 [ 50
/ Delvac 1200 Series ; 10W, 20/20W / 20/20W 1 28 / 50
320
L Estor HD f 10w ! 20 ’ 0 [ —
0|
ESSO / Esso Lube HD { — ; 20 I o | 50
| 30
( Standard Diesel Oil 10W 20 0 50
B.P. B.P. Energol ICMB
(g:ttrl;!;um) B.P. Energol DS-3 20w 20W 40 50

1-2.8 Feeding the lubricating oil ,
Although the crank chamber is not connected with the
clutch case, the same lubricating oil is employed for both.

1-2.7 Engine oil replacement and handling
{1) Necessity of replacement
Since the engine oil is exposed to high temperatures

during use and is mixed with air at high tempera-
tures, it will oxidize and its properties will gradually
change. In addition, its lubricating capabilities will be
fost through contamination and dilution by water,
impurities, and the fuel. Emulsification and sludge
are produced by heat and mixing when the lubricat-
Ing oil contains water and impurities, causing its vis-
cosity to increase. Moreover, if the carbon in the cyl-
inders enters the crankcase, the oil will turn pure
black and the change in its properties can be seen
at a glance. The continued use of deteriorated oil

will not only cause wear and corrosion of moving -

parts, but will ultimately cause the bearings and cyl-
inders to seize. Therefore, deteriorated oil must be
replaced.
(2) Replacement period

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

CAUTION: Never mix different brands of lubricating oil.

ed in Jupan
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(1) Remove the oilers on the clutch case and the head
cover. Be sure to add lubricating oil to the upper mark
on the dipstick, the amount of oil should not be below
the lower mark on the dipstick, nor should too much ol

be added.
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Clutch

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

1-2.9 Qil capacity

Lubricating oil capacity at an engine mounting angle (rake)
of 8° is given below.

liter
, YSM8 [ YSM12
Crankcase total/effective ] 1.9/0.8 I 3.0/1.0
Cluteh case totallefiective | 0702 | 07102

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

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

Printed in Japan
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2. Engine
2-1 Preparations before starting
2-1.1 Fueling up

(1) Check the fuel level in the fuel tank and add fuel if

erating Inst

necessary.
Fuel consumption for 10 hour/day operation is given
below.

YSM8 ) 7HP/3200 rpm Approx. 181
YSM12 j 10HP/3000 rpm Approx. 261

(2) Remove water and dirt collected in the bottom of the
tank using the fuel tank drain cock.

(3) Add clean fuel to the tank.
Since dirt and water sink to the bottom of the fuel
drum, do not turn the drum upside down and do not
pump the fuel from the bottom of the drum.

2-1.2 Adding lubricating oil

(1) Check the oil level with the dipstick, and add oil, if
necessary, to bring the level up to the to mark of the
dipstick.
The level must neither be too low nor too high.

(2) The crankcase and clutch case are separated.
Check both and add oil separately.

(8) Since the crankcase oil flows into the crankcase
through the camshaft and valve chambers, wait 2 ~ 3
minutes before checking its level.

2-1.3 Lubricating each part
(1) Lubricate each pin of the remote control lever.

2-1.4 Checking fuel priming and injection

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

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

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

the fuel system.

2-1.5 Bleeding the fuel system

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

Bleeding the fuel system

(1) Open the fuel tank cock.

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

Printed in Jupun
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(3) Bleeding the air from the fuel pump
By loosening the pipe joint bolt on the fuel pump side,

bleed the air from the fuel pump. —
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(4) Bleed the air from the fuel return pipe.

Loosen the connector bolt of the fuel return pipe in-
stalled on the fuel injection valve, and bleed the air by
operating the priming lever.

Bleed the air from the fuel injection pipe.

Loosen the nipple on the fuel injection valve side, set
the regulator handle to the operating position and the
decompression lever to the decompression position,
and crank the engine. When no more bubbles appear
in the fuel flowing from the end of the injection pipe,

retighten the nipple.

Check injection.

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

G
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chamber with fuel, and faulty combUstion will occur at

starting.

2.1.6 Checking for abnormal sounds by cranking
(1) Set the regulator handle to the STOP position, release
the compression of the engine by setting the decom-
pression lever, and crank the engine about 10 times to
check for abnormal sounds.
(2) Crank the engine with the starting handle or starter

motor.
(Always turn the engine in the proper direction of rota-

tion.)

2.1.7 Checking the cooling system
(1) Open the Kingston cock.
(2) Check for bending and cross-sectional deformation of

the cooling water inlet pipe.
(3) Set all water drain cocks to the CLOSED position.

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

2-1.9 Checking the electrical system

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

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

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

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

2-2 Starting and warm-up

2.2.1 Electric Starting

(1) Starting procedure
Pull the neutral knob and set the control lever to the

MEDIUM SPEED position.
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(2) Set the main switch to the ON position.

The alarm buzzer will sound.
(3) Push the starting button to start the engine.

Release the start button after the engine has started.
(4) When the engine has started, the alarm lamps and

buzzer will go off.
If the lamps or buzzer stay on, immediately stop the

engine and check for trouble.

Charge lamp

Water temperature lamp

Alarm buzzer

Qil pressure famp

Starting button

|
Main switch

=

Alternator (L)




‘Chapter 13 Operating Instruction
20 Engine Operating Instruction

SM/Y¥YSp -

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

High speed

2) Set the decompression handie to the DECOM-
PRESSION position.

3) Set the main switch to the ON position and start
the engine by pushing the starting button. After
the engine has started, return the control lever to
the MEDIUM SPEED position.

“When the control laver is set to the HIGH SPEED
position, injection timing is automatically delayed to
facilitate starting.

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

Ifthe starting button is not released, the starter
motor will overrun, causing it to be damaged or
burnt out.

2-2.2 Manual starting (for YSM8.Y and YSM 12.Y)

To start the engine manually, turn the starting handle by
hand so that the crankshaft rotates about 10 turns. When
the crankshaft has gathered momentum, set the de-
compression handle to the operation position.

Although the starting handle momentarily offers some
resistance, keep going. The engine will ignite and you will
hear if rotate,

2-2.3 After starting
(1) Warm-up operation
The engine must not be suddenly operated at full load
immediately after starting. Warm up the engine for
about § minutes after starting by running the engine at
about half speed, and begin full load operation only
after the temperature of each part has risen to a
uniform value. Neglecting to warm up the engine will
result in:
1) Seizing of the piston and liner due to sudden neat
expansion of the piston.
2) Burning of piston rings and seizing of bear-
ings/bushings because of insufficient lubrication.
3) Faulty intake and exhaust valve seat contact and
shortening of the life of each part due to sudden
heating.
Warm-up time (no-load operation)
1,000 ~ 1,200 rpm 3 minutes
1,600 ~ 1,800 rpm 2 minutes
CAUTION: Do not run the engine at fult speed for 50 hours
afterinstallation to assure proper break-in,
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(2) Checking after starting
Check the following with the clutch in the NEUTRAL
position:
1) Meters and lamps on the instrument panel
¢ Check that all alarm lamps are off
(1,000 rpm or highen).
¢ Alarm buzzer must be off.
2) Cooling water discharge state
(Check that the cooling water temperature
reaches 45 ~ 55°C before beginning operation.)
3) Check for abnormal sounds and heating.
4) Check for oil and water leakage from piping.

2-3 Operation

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

ifthere are any abnormalities.

2-3.1 Checks during operation
(1) Oil pressure
Check that the lubricating oil pressure and operating
oil pressure lamps are off.
Lubricating oil pressure during operation: 25~ 35
kglem?
Cooling water
Periodically check whether water is being discharged
from the cooling water outlet pipe.
If the cooling water is being discharged intermittently
or if only a small-amount of water is being discharged
during high speed Operation, immediately stop the
engine and check if airis being sucked into the cooling
system, the impeller of the water pump is abnormal, or
the water pipes and Kingston cock are clogged.
Cooling water temperature during operation: 45 ~
55¢°C. »
Check that the water temperature alagm lamp is off.
(3) Fuel
Check the fuel level in the fuel tank and add fuel before
the tank becomes too low. If the fuel level is low, air
will enter the fuel injection system and the engine will
stop.
(4) Charging
Check that the charge lamp is off.
If the charge lamp is still on even when the engine is
run at 1,000 rpm or above, the charging system is faulty
and the battery is not being charged.
{8) Temperature of each part
At full power Operation, the surface temperature of
each engine part is about 50 ~ 60°C and hot to the
touch. If engine temperature is too high, the oil will be
used up, the propeller shaft will not be centered, or
other troubles may occur.
(6) Leakage and abnormalities
Check for water leakage, oil leakage, gas leakage,
loose bolts, abnormal sounds, abnormal heating, and

vibration.

(7) Exhaust color
Black exhaust smoke indicates that the engine is be-

ing overloaded and that the lives of the intake and ex-

D
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haust valves, piston rings, cylinder liners, and injéction

nozzle will be shortened. Do not run the engine for
long periods when it is overlouded.

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

2-3.2 Operating precautions

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

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

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

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

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

2-4 Stopping

2-4.1 Stopping procedure
(1) Before stopping, put the clutch in NEUTRAL and run

the engine at approximately 1,000 rpm for about 5
minutes.

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

2-4.2 Stopping precautions

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

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

2-4.3 Inspection and procedures after stopping

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

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

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

required.
{4) Check for loose bolts and nuts, and repair as required.

2-5 Storage when moored for an extended period
(1) Securely close engine room windows and doors so
that rain and snow cannot enter.
Also plug the exhaust outlet since water that enters
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the cylinder from the exhaust pipe will be compressed
when the engine is started, causing serious trouble.

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

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

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

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

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

cylinder liners.

2-6 Emergency stop
(1) Loosen the fuel valve high-pressure pipe to release the

fuel.

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

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

combustion chamber.
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3. Troubleshooting and Repair

If trouble occurs in the engine, the engine must be im-

mediately stopped or run at low speed until the cause of
the trouble is located.

If even extremely small troubles are not detected and cor-

3-1 Troubles and corrective action at starting

SM/YSM

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

Trouble f Cause

{ Corrective action

(1) Battery not charged

(2) Starter motor faulty

(3) Moving parts seized

(4) Lubricating oil viscosity
too high

Engine fails to start

1) Recharge battery

2) Disassemble and repair starter motor

3) Inspect and repair

4) Replace with lubricating oil of suitable
viscosity

(1) Fuel not injected, or
injection faulty

1) Prime and bleed air from fuel lines

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

3} Clean fuel filter

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

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

6) Adjust fuel limitter

(2) Fuel injection timing

Starter motor rotates, .
incorrect

but engine fails to start

1) Check if alignment mark of timing gear
is aligned

(3) Compression pressure low

1) Lap valves when air tightness of intake and
exhaust valve is poor
2) Replace cylinder head packing if gas is leaking
3) Clean or replace piston rings when
sticking occurs
4) Replace cylinder liner if worn

5) Readjust the valve timing

{4) Drop in compression ratio

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

Printed in Jupan
F023A9078 13-12




L Chapter 13 U[Jeratmg INSTUCTON. . B R : SR : B
‘3 Troubles) hooting ana €PH”‘ RN Ve TG e S BT B SM/YSM.

32 Trbdbble's an‘d' corre’c’tiv‘é éctidh during operation

Corrective action

Trouble Cause
(1) Overload 1) Lighten the load
(2) Fuel tank empty ’ 2) Add fuel
Engine stops suddenly (3) No fuel injection due to air 3) Bleed air
in fuel system Inspect fuel system
i i her
4 sztgn, bearing, .Or othe 4) Inspect and repair or replace the paris
moving parts seized
(1) Governor maladjusted 1) Adjust
(2) Overload 2) Lighten the load (Check propeller system and
power take-off system)
(3) Piston seized 3) Stop the engine, and repalr or replace
(4) Bearing seized 4) Stop the enging, and repair or replace
Speed decreases (5) Fuel filter clogged 5) Clean the fuel filter
unexpectedly (6) Fuel injection pump or
injection valve sticking . .
Dirt in fuel pump delivery 6) Stop the engine, and repair or replace
valve
(7) Air in fuel system 7) Prime” and bleed air
. 8) Drain the fuel tank and fuel filter
(8) Water in fuel Add fuel if insufficient
j t
(1) Load is unsuitable 1) Adjust the load (Check propeller system and
power take-off system)
(2) Fuel injection timing is off 2) Adjust injection timing
(3) Fuel is unsuitable. 3) Change the fuel type
(4) Injection valve faulty 4) Test injection and replace valve if required
. |
Exhaust color is bad (5) Intake and exhaust valve 5) Adjust valve head clearance

adjustment faulty

(6) Intake and exhaust valves
leaking.

(7) Injection limitter maladjusted 7) Adjust

8) Set injection pressure to 160 kg/cm? with

6) Lap or grind valves

(8) Injection pressure too low

shims
(9) Precombustion chamber 9) Replace the precombustion chamber...Perform
melted item (1) above
Full load operation (1) Fuel filter clogged 1) Check ana replace filter element
impossible (2) Fuel pump plunger worn 2) Replace plunger and barrel as a set
(1) Bearing clearance too large 1) Inspect, and repair or replace parts
(2) Connecting rod bolt loose 2} Check and retighten
(3) Flywhee! bolt, coupling bolt 3) Check and retighten or replace bolt
Engine knocks loose as required
(4) Injection timing faulty 4) Check and adjust
fuel inj T
(5) Too much fuel injected 5) Check fuel injection pump and injection valve
because of faulty fuel pump ; .
and replace if required

or injection valve
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3-2 Troubles and corrective action during operation

Trouble

(1) Lubricating oil leakage

(2) Bearing, crankpin bearing
clearance too large

(3) Oil filter clogged

(4) Oil pump rotor clearance
too large

Engine oil pressure low

water flow insufficient

(7) Excessive gas leaking into
crankcase

(1) Cooling water flow

Lubricating oil f”SUfﬁ'C’ieﬂi o
temperature too high (2) Excessive gas leaking in to
. crankcase

(3) Overload

(1) Air sucked in with cooling
water

{2) Cooling water flow
insufficient

(3) Cooling system dirty

(4) Thermostat faulty

Cooling water temperature
high

(5) Oll temperature high; cooling

(6) Lubricating oil viscosity low

Corrective action

1) Check engine interior and exterior piping,
replenish oil

2) Check clearance, and replace bearing
if necessary

3) Check and replace filter element

4) Check and replace if necessary

5) Check ol pump, and replace if necessary

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

1) Check water pump

2) Check piston rings and cylinder liners

3) Lighten the load

1) Check water pbump inlet side pipe connections

2) Check water pump

3) Flush cooling system with cleaner
4) Replace thermostat

Propeller shaft rotates
even when clutch is in
neutral position

faulty
{2) Friction plate seized

(1) Neutral position adjustment

1) Reset neutral position adjusting bolt

2) Check and repair

(1) Clutch face sejzed

(2) Moving parts, lever system
malfunctioning

(3) Remote control system

malfunctioning

Ahead, Neutral, astern
switching faulty

1) Replace
2) Readjust

3) Repair or replace.

(1) Clutch slipping because of
overload operation

(2) Bearing damaged

(8) Excessive oil

(4) Oil deteriorated

Abnormal heating

1) Reduce load

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

4) Replace oil

(1) Gear backlash excessive

Abnormal sound
or too small

1) Replace

Note: As for electrical equipment refer to chapter 11 “Electricaj System”.
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Supplementary packing agent Type Use

“Three Bond 3B8-005" | White. Since “Three Bond 3B8-005" is a nonorganic
solvent, is does not penetrate asbestos sheets made prin-
cipally of or completely of asbestos. Always use it with
grey asbestos sheet packing for complete oiitight-
ness. When “Three Bond 3B8-005" is difficult to obtain,
use silicone nonsolvent type “Three Bond No. 50."
“Three Bond No. 507 Grey. Silicone nonsolvent type liquid packing. Semidry

type packing agent coated on mating faces to prevent oil
and gas leakage. Does not penetrate asbestos sheet and
assures complete oiltightness.

“Three Bond No. 1” Reddish brown. Paste type wet viscous liquid packing.
Ideal for mating faces which are removed but reinstalled.
Particularly used to prevent water leakage and to prevent

seizing of bolts and nuts.

SM/YSH

The surface to be coated must be thoroughly cleaned Products of Three Bond Co.. Ltc
with thinner -or benzene and completely dry. Moreover, ’
coating must be thin and uniform.

Paint Paint
Type
/ Color s
@ olor spray White paint
Mi il pai
Metallic Ecole Silver is used (Mixed oil paint)
entirely on this engine.
Usage point
Cylinder liner
insertion hote
Wipe off the surface to be painted with thinner or Use .
benzene, shake the spray can well, push the button at Paint parts that contact the cylinder body when
. inserting the cylinder finer to prevent rusting and
the top of the can and spray the paint onto the surface water leakage.

from a distance of 30 ~ 40 cm.

Yanmar cleaner NEJI LOCK SUPER 203M: a locking agent for screws

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

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

one hour.
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disassembly

NOTE: When disassembling this machine, ascertain the
cause of trouble; neither remove nor disassemble
parts when it is unneccessary.

1. Remove the wiring from each part taking note of its
color coding.

2. Remove the alternator.

Remove the bracket.

4. Remove the starter.

1

Bracket

Fuse box

Altemato_k

L/ “'.—,v
=

\ i

\
i

{ i—% /l{/ ’L l
B fee

(

=

Starter

5. Remove the blow-by pipe from the intake silencer side
only. .

8. Remove the intake silencer paying close attention to
the packing.

Intake silencen

Fuel injection pipe
Biow-by pipe

7. Remove the cooling water pipe which is installed
between the mixing elbow and the block.
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8. Remove the mixing elbow. Stainless steel bolt,

Cooling water pipe

Mixing elbow

S. Remove the fuel injection pipe.
10. Remove the fuel return pipe.
11. By removing the fuel injection valve clamp remove the
fuelinjection valve.
= Note the face and back side of the clamp.

12. Remove the rocker chamber.

Fuel return pipe

Rocker chamber

Fuel injection pipe

13. Remove the support for the intake and exhaust valve
arm.

Rermove the cap for the intake and exhaust valve. Be
careful not to lose'it.

Remove the push rod.

Remove the coupling bolt of the lubricating oil pipe for
the cylinder head.

Remove the cooling water pipe from the head side
only.

14.

15.
16.

7.
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18, Remove the cylinder head.

Cylinder head

Valve cap

Rocker arm
~

Support

Cooling
water pipe

Push rod

Coupling boit

19. Remove the gasket packing.
» Note the face and back side of the packing.

20. Remove the cooling water pump along with the cool-
ing water pipe.

21. Remove the fuel oil pipe from the pump side only.

22. Extract the engine oil.

23. Remove the side cover along with the oil gauge rod.

~ B
i

' ot
=y, i}
1
{1

i
-y,
Y

1 =

He

Qil filter

Cylinder side cover

24. Remove the fuel oil pump. Be careful not to injure the
regulator plate.
25. Remove the No.1 and No.2 levers for the governor.
» They can be removed by extracting the taper pin.
* Also remove the regulator spring.
¢ Be careful not to lose the dust-proof cap.
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' 26, Remove the governor spi'hvdl:e support.

Governor lever 2
Governor weight suppo.

Governor lever 1

Fuet oil
pump

27. Remove fuel oil pipe (B), (which is installed between
the filter and the feed pump).

28. Remove the feed pump. Be careful not to damage the
packing.

29. Remove the fuel filter bracket.

30. Remove the cylinder rear cover along with the biow-by

pipe.
31. Remove the lubricating oil pipe.

Fuel filter bracket

Lubricating
oil pipe

Cylinder rear cover

32. Remove the neutral adjusting screw.
33. Remove the forward shaft rear box lid.
34. Remove the engine leg.
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3. Extract the piston.
° Remove the carbon sticking to the upper part of
the cylinder liner. The piston can be pulled out

Neutral adjusting screw without difficuity.

35. Remove the clutch case,

Cluten case 38. Remove the end nut.
39. Remove the flywheel.
Lubricating
P C [ oil pipe
? e — Flywheel
o N
3 A
\ \ =)\
Engine leg

Forward shaft
rear box lid

40. Remove the flywheel key.
41. Remove the flywheel housing. Be careful not to lose

'“ the clutch breather.

Flywheel housing

, Clutch

37. Remove the piston.
1. Remove the connecting rod bolt.
2. Align the TD mark on the flywheel with the flywheel

housing mark,

Crankshaft

42. Remove the crankshaft.
* Place the balancing weight at the cylinder block ex-

tracting position.
* Be careful not to damage the thrust bearing metal.

° Along with the crankshaft gear.
43. Extract the camshaft bearing retaining bolt.
44. Extract the camshaft.
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- 45. Extract the tappet.

Timing mark

Camshaft ~
Ball bearing stopper

Printed in Jupan
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Mount the flywheel key. Don't forget the clutch

1. Insert the tappet. 8.
2. Attach the camshaft. breather.
3. Attach the clamp bolt for camshaft bearings. 9. Attach the flywheel.
4, Attach the thrust bearing for camshaft (the oil groove 10. Tighten the end nut.
of the bearing is directed toward the camshaft side).
Thrust bearing
Flywheel
End nut
kg-m
5 Attach th K YSM8 YSM12
. ac e cran shaft. Be careful not to drop or Tightening forque e 5
damage the bearing.
6. Attach the flywheel housing.
11. Secure the piston in place:

Filywheel housing
Flywheel key

Crankshaft

Spanner 13 [ Spanner 17
2.5 | 47

Tightening torgue

7. Check the crankshaft side gap.
Be sure that the bearing barrel packing is of standard

type and brand new.
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1. Position— the piston ring end.

1st compression ring

Tightening torque for
connecting rod clamp
bolt

12. Attach the clutch.

Clutch
kg-rr
YSM8, 12
Tightening torque 441050
13. Attach the clutch case. kg-m
YSM8, 12
23to27

Tightening torque

14. Attach the engine leg.

15. Attach the lid of the forward shaft rear box.

3.Insert the piston and secure it in place.
¢ | ubricate the outer surface of the piston and the
crank pin bearing metal.
e Turn up the No. on the big end of the connecting

rod assemble No. together.
e Apply turve paste to the threads of the con-

necting rod clamp bolt and tighten the clamp bolt
uniformly.
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" 16. Attach the neutral adjusting screw.
¢ Do not tighten the screw.
° Lock the adjusting screw in the position where the
propeller shaft will not rotate when the handle is set
in the neutral position during operation.

Neutral adjusting screw

Forward shaft
rear box lid

Engine leg

17. Attach the lubricating oil pipe.

Neutral adjusting screw
Clutch case

Lubricating
' oil pipe

Forward sHaft
rear box lid

18. Attach therear lid of the cylinder.
19. Attach the fuel oil filter bracket.
20. Attzch the feed pump.

* Note how the packing is placed.

21. Attach the fuel oil pipe (B).

Fue!l filter bracket

Lubricating
oil pipe

Cylinder rear cover

22. Fit the crank gear in position.
Align the matching mark of the camshaft gear.
23. Attach the governor support spindle.
24. Attach the No.1 and No.2 levers for governor,
 Don't forget the dustproof cap.
e Install the shorter hook of the regulator spring on the
right side.

Governor lever 2
Governor lever 1 / Governor weight support

Fuel oil
pump

Crankshaft gear
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25. Attachthe fuel'oil pump.
 Becareful not to injure the regulator plate.
° Align the rack with the No.2 lever for the governor,

Fuel oil pump

26. Attach the side cover.
e Along with the oil gauge rod.
27. Attach the fuel oil pipe.
¢ On the pump side only.
28. Attach the cooling water pump.
¢ Drive-belt deflection: 5t0 7 mm
* The brand name indicated on the belt should rotate in
the direction of pulley rotation.
29. Attach the gasket packing.
* Note the face and back side of the packing.
30. Attach the cylinder head. kg-m

[ YSM8 [ YSM12

Tightening torque ' 9.7 ! 136

31. Attach the cooling water pipe.
¢ On the head side only.

32. Attach the coupling bolt of the lubricating oil pipe for
the cylinder head.

33. Attach the push rod.

34. Attach the intake and exhaust valve cap.

35. Attach the rocker arm and support for the intake and
exhaust valve.
* Be careful not to drop the cap and push rod.
* Be sure that the rocker arm is in proper contact with

the valve head.
Valve cap

DED\

Cylinder head

Rockerarm

Support

Cooling
water pipe

Push rod

Coupling bolt
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36. Adjust the top clearance of the intake and exhat
valve.

* Top clearance when intake and exhaust valve head i

cold: 0.2 mm
° Adjust the clearance by means of compression TD.

kg-n

Tightening torque 1 2

37. Attach the bonnet
38. Attach the fuel injection valve,
* Note the face and back side of the valve holder:
39. Attach the fuel return pipe.
40. Attach the fuel injection pipe.

Fuel injection valve holder

Fuel return pipe

\

Fuel injection pipe

Rocker chamber
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41. Attach the silencer.
e Use specially treated SCM bolts.

42, Attach the cooling water pipe.
s For the section between the silencer and the block.

43. Attach the intake silencer.
s« Pay attention to the packing.
44. Attach the blow-by pipe.

Mixing elbow

Intake silencer
Cooling water pipe

Fuel injectior pipe T

Blow-by pipe

» On the silencer side.
45. Attach the starter.
46. Attach the bracket.
47 Attach the alternator.
¢ Deflection of the drive-belt
48. Install the wiring for each section.

Bracket
17
Al’temator_k il ‘m_ﬁﬂw
A
/ .5-'&) T Fuse box
]
e 0\ =
| 47 AR
C \ == ﬁgglr;'ﬂi‘lli 9
i e -
(T |[ 4/{'!{
(&4
&
Starter
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6. Tightening Torque
The bolts and nuts used in this engine employ 1SO general

metric threads stipulated in JIS (Japanese Industrial
Standards). Pay careful attention to the thread dimensions

when replacing bolts and nuts.
Tighten the bolts and nuts to the tightening torque given ir

the table below.

6-1 Main bolt and nut tightening torque.

Bottinut - Engine name Thread Width across Tightening torque/
YSM diameter flats (kg-cm) .-
Flywheel housing mounting boit. 8.12 M8 13 250 a7
Flywheel housing mounting bolt. 8.12 M10 17 470 -
Connecting rod bolt. 8 400 Y
Connecting rod bolt. 12 550 o
Cylinder head tightening nut. 8 970 I,
Cylinder head tightening nut. 12 1360  °
End nut. 8 2,700
End nut. 12 3,500
Case cover assembly mounting nut. 8.12 M6 10 80 ~ 100
Intakelexhaust valve rocker arm assembly mounting nut. 8.12 M10 17 360~ 380
intakefexhaust valve clearance adjusting screw fixing nut. 8.12 M8 13 200
Cylinder rear cover mounting bolt. 8.12 M6 10 80~ 100
Reversing device assembly mounting bolt. 8.12 M10 17 440~500
Reversing device friction disk housing bolt. 8.12 M8 13 230~270
Clutch case mounting bolt and nut. 8.12 M8 13 230~270
Forwarding shaft rear box assembly mounting bolt. 8.12 M8 13 230270
Valve rocker arm assembly mounting bolt. 8.12 M8 13 190~ 210
6-2 General bolt and nut tightening torque
(1) Hex bolts
Tightening torque, kg-m [ . . -
Jhread Width 8Cross | 47 poits 7T bolts LTz Ca
M5 x 0.2 9 02~03 03~05 ,
M6 x 1.0 10 04 ~ 07 08~12 I
M8 x 1.25 13 10~ 16 20~30 R >
M10 x 15 17 18~ 30 37 ~52 \ _
M12 x 1.25 19 35~55 7.5~100 i
(2) Pipe joint bolts iy
Thread diameter Widtf}?a?gross Tightening torque, kg-m R
M8 x 1.25 13 12~17 s ) L e
Mi2x125 17 25~ 30 oo Y
M2 15 19 40 ~ 50 Yoo : o
M16 x'1.5 22 50 ~ 6.0 ST
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7 Paéking Suppﬁe ent and dhéswe »
Application Points

The packing used in this engine is ashestos sheet sealed at

both mating faces.
Be sure to use the correct supplement in accordance with

the below table.

Be sure to remove the grease, and the adhesive, before
applying new packing agents or adhesives.

Location applied Name of packing agent and adhesive

The circumference of cylinder liner, inserted portion, White oil paint
O-ring portion

Cylinder head fixing bolt

Three Bond No.1

Neji Lock Super 203M
Paste

Neji Lock Super 203M
Neji Lock Super 203M
Neji Lock Super 203M
Neji Lock Super 203M

Feed pump bolt
Screw and washer for connecting rod bolt

Drain pipe
Cooling water pipe joint (head side)
Clutch case bolt (stud bolt)

Engine foot bolt

Printed in Japan
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"1 Periodic Inspection and Servicing:. .
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Periodic inspection and servicing is necessary to keep the
engine in top condition at all times.

The routine inspection period depends on engine applica-
tion and usage conditions, fuel and lubricating oil quality,
engine handling, etc., and cannot be definitely stated.
However, a general guideline will be given here. The rela-
tionship between inspection and malntenance activities

eriodic Inspection and Servicin;

and operating time is given below.
Refer to pertinent inspection sections of this manual fo

details.
1. Perform inspection at the operating times given below
and quickly correct any defects found.
2. Before reusing disassembled parts, check that the

are in good condition.

1-1 Routine inspection O Inspection © Parts replacement
Operating time Every | Every | Every | Every | Every
ltem Daily 50 100 300 500 | 1,000
Description hours | hours | hours | hours | hours
Fuel tank level check and filling O
Fuel filter cleaning @)
Fuel filter element replacement ©
Fuel system
Injection valve |injection timing check O
Injection pump Injection spray inspection O
Main part disassembly and inspection O
Fuel feed pumpiDisassembly and inspection O
Oii pan oil level check and replenishment O
Engine side Oil change O
Lubrication system Turn filter handle O
Clutch side Oit level check and replenishment O
Qil change O tist time) QOitrom 2nd time)
Lubrication {starting chain, etc.) O
Thermostat inspection O
Cooling water discharge condition O
Cooling system Anticorrosion zinc inspection O
Water pump drive belt tension )
; O (1st time) O
Water pump adjustment
Water pump disassembly and inspection O
Bolt retightening After operation or 50 hours after restarting
Intake and exhaust valve head clearance adjustment O
. Combustion chamber cleaning O
Engine proper
Intake and exhaust valve lapping O
Piston disassembly and piston ring inspection O
Bearing and rod bolt inspection O
Remote control Cable inspection and adjustment O
Intake and Intake silencer element cleaning O?Séémon (O tnormal condition)
exhaust system — -
Mixing elbow interior inspection O
Alarm lamps and alarm buzzer O
. Battery electrolyte level check and replenishment O
Electrical system
Alternator drive belt tension adjustment Quist time) O
Main switch and starting button inspection O
Piping Rubber pipe inspection and replacement Should be replaced every 4 years
Others Flexible mount and flexible coupling Should be replaced every 4 years
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1. Periodic Inspection and Servicing

e SM/VSM

o .
1-2 Routine maintenance and inspection procedures
Only the most common maintenance items wiil be describ-
ed here. Refer to the pertinent chapters of this manual for
details on various parts and workshop service.

1-2.1 Daily maintenance
(1) Oillevel check
Check the engine and clutch oil levels with the
dipsticks, and add oil up to the top mark. Oil level must
not be allowed to fall below the bottom mark.

* Filler

Dipstick

Distick (Fiiler)

l Crankcase ‘ Clutch case

N Top of clutch case
Dipstick

,lp © Cylinder side cover (filling plug with
Filler dipstick)

CAUTION: Use same lubricating oils for the engine and
clutch.

Printed in Japan
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(2) Draining the cooling water
The cooling water will freeze in cold weather, causing
faulty operation and cracking of the cylinders, cylinder
head, and exhaust manifold. Therefore, always drain
the water from the engine after use if the engine must
sitin freezing weather.

Cooling water drain cock

1-2.2 Maintenance every 50 engine hours
(1) Clean the fuel filter
Close the fuel tank cock and remove the bow! of the
fuel filter, then clean the inside of the bow! and the
filter element. After reinstalling the bow! and element,
open the fuel tank cock and bleed the air from the fuel

system.

Fuel filter

CAUTION: Change the element every 100 hours.
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(2) V-belt tension ad}ustmeht (e\F/e'ryVSOVO hours after 2nd

adjustment)

Check the tension of the water pump drive V-belt and

alternator drive V-belt, and adjust as required.

P.T.0. Pulley

Cooling water pump pulley

Alternator

V-belt tension
(Pushed with a force of 10 kg (22 Ib} )

mm (in.)

5~ 7(0.197 ~ 0.275)
5 ~ 10 (0.197 ~ 0.394)

Water pump

Alternator

(3) Tightening bolts
Check the engine mounting bolts, cylinder head bolts,
gear case bolts, and the bolts of other main parts and
tighten as required.
(Refer to the bolt tightening torque table.)
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"4.2.3 Maintenance eve'ry10'0'éhé’iﬁe hours

(1) Fuelfilter element replacement
Ciose the fuel tank cock, remove the fuel filter bowl
and replace the element and clean the inside of the
bowl. After reinstalling the element and bowl, open the
fuel tank cock and bleed the air from the fuel system.

(2) Oilchange
While the engine is still warm, pump the lubricating oil
" from the crank case and clutch case with a waste oil
pump and refill both cases with new oil up to the top
mark on the dipstick.
If the drain plug can be used, drain the oil by removing
the drain plug.

Qil evacuation pump (option)

Code No. 104264-39700

R e
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- L Periodic Inspection and Servicing

o~ evacua“én pum.p S : : . *1-2.4 Maintenance every 300 engine hours
~ (1) Thermostat inspection
Remove the cooling water outlet flange on the top of

the cylinder body and remove and inspect the ther-
mostat.

Thermostat

; (2) Intake and exhaust valve adjustment

K . Remove the rocker arm chamber and check the intake
= q' { T and exhaust valve head clearance with a feeler gauge.
5 Adjust if not within the prescribed limit.
(Refer to the cylinder head chapter of this manual for a
description of the adjustment method.)
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1.2.5 Maintenance every 500 engine hours
(1) Anticorrosion zinc replacement
Replace the anticorrosion zinc at the top of cylinder

head.

Anticorrosion zinc

(2) Inspect the fuel injection system
e Injection timing check and adjustment
e Delivery valve inspection
s [njection spray inspection
s Injection pressure check and adjustment
» Nozzie valve disassembly and cleaning
Refer to the FUEL SYSTEM chapter of this manual for
a detailed description of inspection and adjustment
methods.
(3) Inspect the rocker arm and valve guide.
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