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FOREWORD

This service manual has been complied for engineers engaged in sales,
service, inspection ang maintenance. Accordingly, descriptions of the
construction and functions of the engine are emphasized in this manual
while items which should already be common knowledge are omitted.
One characteristic of a marine diesel engine is that its performance in a
vessel is governed by the applicability of the vessel’s huli construction
and its steering system.

Engine installation, fitting out and propelier selection have a substantial
effect on the performance of the engine and the vessel. Moreover, when
the engine runs unevenly or when trouble occurs, it is essential to check
a wide range of operating conditions — such as installation to the hull
and suitability of the ship’s piping and propeliler — and not just the engine
itself. To get maximum performance from this engine, you shouid com-
pletely understand its functions, construction and capabilities, as well
as proper use and sernvicing.

Use this manual as a handy reference in daily inspection and mainte-
nance, and as a text for engineering guidance.

[ METRIC
ALL DIMENSIONS IN MILLIMETERS
! UNLESS OTHERWISE SPECIFIED

1

The contens of this service manual may not be copied or
reproduced without permission.
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Chapter 1 General
1. Exterior Views 6LYA-UTE,STE

1. Exterior Views
Lube oil filter

[Operating side] Turbo charger Fresh water tank Breather pipe
! Filler cap

Stop solenoid

Mixing slbow

Air intake silencer

[Non-operating side] Filler cap

Fresh water tank

Fuel oil filter Yurbo charger

Dip stick

Mixing glbow

S

-
S0
>

Fresh water pump

Fresh water cooler

Alternator

0O)
SPEED OF PI:SP e
{This illustration shows Ynmar KMHBA marine gear) SHAFT ' pm
WAL QUTPUT ¥ rpm
ENG.NO.

A name plate such as the one
shown above is attached to
each engine showing the autput,
rpm, and anging number.
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Chapter 1 General
2. Specifications

2. Specifications

6LYA-UTESTE

Engine
Model BLYA-UTE 6LYA-STE
Type Vertical 4-cycle water coaled diesel engine
Gombustion system Direct injection
Aspiration Exhaust gas Turbocharger
Number of cylinders 6
Bore X stroke mm 100%110
Disptacement ¢ 5184 )
T ——— s e
?S:ﬂ%‘zma} Brake mean eftective MPa 1.62 1.81
fiywhee! output pressure tkgt/cm?) {16.6) {18.4)
Piston speed mysec.(ft./sec.) 121
Continuous raing | Ovputcranksnaispeed | (o, (250/3100) {2603100)
output -
Oltezron | Sake mean e | g i &
flywheel output : -
Pistan speed m/sec. 114
“Compression ratio 15.20 (Effective : 14.0)
“Max rpm at no lead rpm 3720425
Min rpm at no lead rpm 70025
Fire order ] i 13_0' ?PD > 1??;;_@?9 3 12_E’° 512_?. 1
Fuel injection pump In-line type YPES BAL T n-ling type YPES 8ALT
Fuel injection timing(b.T.D.C}) degree 1341
Fuel injection pressure MPalkg/em?) 2548 +0.48 (260410}
Fuel injection noz2le Hole type (YOLLA-PL) 5 X 0.24 X 140°
Direction of rotation E Crankshatt Counter clockwise viewed from stern )
Power take oft At flywheel side
Constant hugh {emperature fresh water colling
Cooling system Fresh water : Centrifugal pump
Sea water : Rubber impeller pump
Lubrication system Forced lubrication with trocoid pump
Starting systern | Starting motor DC12V, 2. 5kw
AC generator DC12V B50A
Turbacharger Type RHC7W({IHI}
Couoling system Water cooling
] Sea water cooled plate fin type
Air cooler system | Type (Sea water : 1 pass, Air; 2 pass)
Model ! KMHGA {YANMAR) HSWB00AZ (HURTH) MGEO50ATWINDISC) Clutch less
Type 10°down angle with hydraulic B"down angle with hydraulic 10" down anghe with hycraulic —
Mhult-wed plate typs mifli-wel phate type multi-wet pfate type
Reduction ratic (Ahead/Astern) Pl p1.581.58(1 919212262261 12 |14 116 |20 | 25 (112 |15 ]| 18 |2041 25 -
g Propseller rotational speed, S type pm P 2087 1718 1457 | 2750 | 2357 | 2063 | 2650 | 1320 | 2946 | 22001 1833 | 1618{1320 —
1 Standard propeller {dia Xpilch Xno. ofbiades) | mm — —- L —
£ | Propelier shaft dia. X Countershaft dia. | mm e — —
g Lubrication system mm Forced lubrication with gear pump —
Lube o Total £ 4.0 - —
Ettective 2 0.3 ——— —
Cooling system Seawater cocling Seawater cooling Seawater cooling -—
Waeight N (kg) 1000 {102} i64t {80 —
Engine dimensions | {L)X(WIX(H) | mm [1316X721X708] 1318X721X7089 1316 X707 X708 1316 X707 X709 1013X707 X708
Flywheel dimensions mm #392X65.9
*§ Engine dry weight (Cltch typefCatalog) [N {kg) BR00(512) ] 56301574) | 5780i580] 5000(519
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Chapter I General
3. Performance Curves 6LYA-UTESTE

3. Performance Curves

(6LYA-UTE)
o - g/hp+h
glkW Specific Fuel Consumption 190
250
240 J‘{ 180
230 170
2207 160
Nm Torque kg-m
10004 100
900+ 90
800 80
-1\
ggg” ~Max. output w/o marine gear.:""w— 70
‘—l—‘*‘r 60
500- 50
Qutput
280 e Qe.?f‘
2404 \ﬂmﬁ\%‘\ 120
200 N Foapeoh 280
o A y
S L eal 240
1604 ‘\N-a o maf\i\e’ QG 4 200
120 e i 160
k- o e e o 120
404 40
1600 1800 2000 2200 2400 2600 2800 3000 3200
Speed of Crankshaft: rpm 3300
Note : 1. Above data are measured at crankshaft and show the
averaged performance as tested at our laboratory.
2. Power loss of the marine gear KMHBA is 3%.
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Chapter 1 General

3. Performance Curves 6LYA-UTE,STE
(6LYA-STE]
g/kW Specific Fuel Consumption %gp-h
2501
240 180
230 S 170
2201 ""'-\r__.—r.,_r— 160
Torgque
Nm d kg m
1000+ 100
900 111 90
8001 Max. output w/o marine gear 80
700~ 70
600+ 60
500 50
Qutput
kW hp
. e 02
280 - 0 W [0 mﬁ“ﬂ 360
240+ aan OO rgwieh —320
200- — @ 280
S PR L 240
i a‘,‘\ \NE
- el !
80 80
404 40

1600 1800 2000 2200 2400 2600 2800 3000 3200
Speed of Crankshaft: rpm 3300

Note : 1. Above data are measured at crankshaft and show the
averaged performance as tested at our laboratory.
2. Power loss of the marine gear KMHBA is 3%.
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Chapter 1 General
4. Dimensions

4. Dimensions

(6LYA-UTE, STE]

NOTICE _
THE MCUNTINGFLANGE WIOTH
OF TRANSMISSION SHOULD BE 445,

445 -

12-MIQDEPTHIG

b
2
o3

PARALLEL PIN HOLE
TOH7 DEPTHIZ

8-M10DEPTH15

[

#409.58 7
#3572 40+03
#314
o~
Lan)

MIXING ELBOW
RUBBER HOSE
INNER DIA. 5INCH

(®]
&
[52) Lat] T
= 3 ? 3
m
T o
B g+ o
|
112
]
252
07 | om7

6-M10DEPTHZ0

f=M1ODEFTH14

DETAIL OF FRONT COUPLING {1/5)

BE CONNECTED TO THE QILCOOLER
OF MARIN GEAR.

WATER PASSAGE AREA IS, &
OVER_ 12 .50

MiXING ELBOW
'V-BAND TYPE AT EXHAUST INLET,

- ALLOWABLE INSTALLATION ANGLE
SETWEEN " TO 80° DEGREE.

WATER $39_,

INLET

740.5

LUB, OiL FILTER

Faut
T

MOUNTING BRACKE TS (REAR SIDE)
SHOULD BE LISED ONLY FCOR
TRANSPORTATION.

NOTE

DWG. SHOWS MOUNTING BILOCKS
AT COMPRESSED HEIGHT.
(COMPRESSED BY APPROX X3mm)

#18.5

MOUNTING BLOCK

740.5

#8/#16 FUELHOSE

FUEL FILTER

FUEL INLET
#8/#16 FUELHOSE

39

MIN. 80
MAX. 100

10125

12749

6LYA-UTESTE



Chapter 1 General
4. Dimensions

(6LYA-UTE, STE] With KMHBA marine gear

£=M10 DEFTHZD

& - h=M10 DEPTH14

MIXING ELBOW

V-BAND TYPE AT EXHAUST INLET.

CALLOWABLE INSTALLATION ANGLE

'.l..r'. "

|
- o
- oG a0
h | 9 @]~
— ¥+ | = \
i 2ils g 1|28
@ o
1_‘; B
k¥
ot
105
625
DETAIL OF FRONT COUPLING (1__/51
{708)
321
MIXING ELBOW
RUBBER HOSE
INNER DiA, SINCH
5 i
gl o <\l
> = WP !
T r
olby  jEge
WEE  o|zx
28| 2%
Zx ==
z3 |
112
[
252
287
1
wy
sl & ]
=2 2
ir o i aa
o H
4 14

DETAIL OF FRONT COUPLING (1/5)

BETWEEN 0* TO 90" DEGREE.

ODWG, SHOWS MOUNTING BLOCKS

(805, 2085 §

or

AT COMPRESSED HEIGHT.

{COMPRESSED BY APPROX *x3mm}

53
WATER  #45 . 5
INLET
n 1 I 1!
— & .-
! I 172 Wil
| o
% 2
P
N 1 #18.5
1 w !
e = td Nl
U1
i
170 MOUNTING BLOCK.
210
LUB, QiL FILTER
FUEL QUTLET
/ . e #9/#16 FUELHOSE
f | FUEL FILTER
X
0 a -
— ) ) a FUEL INLET
X = #9/#16 FUELHOSE
- 1
L H &z
E 3 [
A m =t
I o
n €
=
—
==
2145 8755 2065
1012.5
1316
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Chapter 1 General
5. Wiring Diagrams

5. Wiring Diagrams

(1) New B-type Instrument panel

{Color coding)
R Red
B Black
w White
Y Yellow
L Blue
G Green
0 QOrange
Lg { Light green
Ly Lighl blue
Br Brown
P Pink
Gr Gray
Pu Purple

[ 1]
Details of
coupler

Buzzer
Buzzer stop fMum

Tacho with
Hour meter r[ﬁl_l

5:—]‘ A= 42 3 I._B
858 P |

L]
Ston swilch L‘_g______ —— e m =1

: Procured by customer

1+2+3<2.5m - 20mm2

142+3< 5m-40mms
(Cross sectional area)

L T e - ___t_ ]
Relay Batiery switch @ :
- L]

|[|IF .\—I Eng. stop solenald oot e e e -
1
] : i
WEr RB sL ! 1
1 Sar '
| ]
]
Growplug L L '
a DPTION) Starter Starer. = '
I3 relay '
3R :

e &8

WL
e
D‘g ’ j{] L6
1|
— . - = ——
CW_Level switch CW T_m Eng. ol pressure —
5 ﬁitzh & switch Allernaar Earth baoit
B
0
M L]
: ol ]
E = = Tache sensor
Boosl swilch CW. Lavel switch
i wa
Yo~

e Rl

[r:]

GA
B -
-
Banstsender

Fuel filter switch

VY

CW. Temp. sender
Eng.ml pressure

sangder

|
Defails of | S'larlerswitl:h: | ] |
0 )
coupler x]@ i
=i
R6
1
Charge Lg! ]
Eng. oil p I!J
C.W_Temp WL |
Exhaust WG [
Boost bl
Fuel filter :g GR : l_--T_h_____J|
1 ' ire harmess I’__A
i
1 Optian H
Instrument pan
Starter swilch panei
wlac]i7]6r Te2[ e Jr2[aR
GLOW | o o o =
OFF o > o
L] oo ola
START | o Q ota

6LYA-UTESTE



Chapter 1 General
5. Wiring Diagrams

(2) New C-type Instrument panel

{Color, coding) E_ 12V j.
[Mr Red " Procured by customar !
B Hiack 1+2+3<2 5m— 20mmz Ballery l
W | While | | 142+3< Sm- + 40mmz :
¥ ;Tum e L L L b L E L L e e LR R e e b e : o b _(Cmss_s?cllonaf grea} - . o
L ue
5 treen : Relay : felay Baltery switch ® !
Buzzer = =y
4 drange ' . Buzzer stL::p Memi C : |m}} _\‘ Eng.stop solenoid o R P .
Lg | Light gresn \ Eng. oil G Teap Lacho """Im ] ) ' !
L I
Lt | Ught bie ( pmeter meter aur meler o S b 5L ' !
Br- | Brown : W r 1 : L__f8 | SorC |
=] Pink 1 - LY 1 ] . L 1 or 1
| o8 | | !
or Gray ' M IJ Slop swilch 9 : { 2 :
Pu | Purple 1 @w whr = (J | ( Grawplug = — % .
I ! ! i | L = = (OPTION) Relay Slarter Starter — '
: 1 Starter swilch l | | | : KINPE T relay :
| T i ® 5 I
Fm—---- . ¥a 1 Yw L
: === = T
1 — RG ! . 1 : -] =)
' | = I
! 1
: Lo ][[%:][[ ¥ iy (ATt A
1 Eng. il p @)_ ] | = - - L -
[ o : 8. Flow CW.Temp,  Cn9-Oll pressure Earth bolt
_ | C.W. Temp Wl ! switch cwilch swilch Alternacr
Details of ! Exhaust (& Y6 — - glB
coupler CW_ level Di Wwh L3 \ : 0
- : Boost e ¥
@ @ 1 Fuel fifter (E)} GR ‘i I ‘ [ | : 3
@ : Fuel emp. (&) GY I : |
1 | | |
: l | ! ay
: Instrument ganel {No2 statien) Qptign . [ =
— ! Uy . = _ Tacho sensor
Y ' by Boast switch CW.Level switch
wiwLhwo| & || ptatat T i | s
wefegiofval| [ 1 Buzzer : 1 : - i
| : : . cw Tache with Byzzer  slop  [lumi . L &
. oil W Temp
Boost meter p?r%e?ér meter Hour meter Elﬂ_l_‘ b] : 1 | : -
T —kLE w B | ; L
1 X
wal ¥A] v bwil & —] E] | 1 I 1 1
g l ] Stap switch 8 L CW. Temp. sender
YB]GE G GR} [ i 1 ) Boost sender Eng. oil pressure
Fuse - @—-—d Fuel filter swikch
! - / e i |-—A sender
- 1 ]
Details of J 5“'"’3""‘““: 1 | '
coupler Yo « 5 %’ IH: ]:E_
. | x
1 RG W = | i
M. il 1
L ] ]
ﬂa|ﬁw]nw )] WL ]
WG st
Details of g-w- fevel L I s R
- oost YA . )
] | Wire harmess  Wire harness for 2 panel
.C_OHM Fus! filter :g GA 1 |()Irl2pa|'|,ei l"-A
Fuelemp. & |||o¥ : Option '
- e o e = - —— = —d
'
Instrument
Starter switch ume panel
w[achi7[a]ez] mi[rafaR C
oow [ o o > k=
OFF o [+
ON o0 [0 W, Y
START | © o oo
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Chapter 1 General
5. Wiring Diagrams

6LYA-UTESTE
(3) New D-type instrument panel

e
{Calor coding) ! 12V !
R Red [ Frecured by cuslomer I
B Black 1+2+3<2.5m— 20mm? Baltery l
] White ! 142+3< 5m »40mm? ;
Y Yelow e e T . ! {Crocuredctional area) 1 . |
L Blue 1 1: B I————--—--~—_-———:l———-—1———J
G | Green ' : Relay [ Relay Batery switch ® !
4 Orange 1 uzIter o | [ | : bl .
stop  Hl Eng.slop solenoid PR F. N
kg | Light green ! Tacho with Buzzer - s'20 - Mo (i L : W g.slop N ,
Lb Light blue \ Haur meter m e, . [ [ : :
Br | Brown : r w r ] aWer [l 1 \ I
P | Pisk ' 3 £ 3 : ' w : Sor ¢ !
Gr Gray : H o] Slap swilch I : | :
Pu | Pumple 1 I_ —I nwwl T | Growplug = L
- 3] 1 - = 1
: i " S Ant B L = = (OPTION) Reloy Starter starter. L |
, R 1] Starter switch | | \ . : B n¥E relay !
L} L}
' o Jg %% HE k . M . X
ro====- ! 1 W
: STEU}EEU] I 'y /¥ =
1
. i W t Ly =
1 J | L | !
! 1
: L El LI o L
I o o g:' i ‘FL i : i 5W. Flow il Eng. oil pressu-:_e = =
Details of : C-W. Temp |‘L a | | swilch c':;iTtgﬂ“" switch Alternaor Earth bolt
_.e_._'l Exhavst ©} L :_|'_' ! L _ Bl B
coupler Boost L] L1 ! ¢ 1 0
. Fuel filter o8 1
G@®) ! . '
1 t [ 1 : |
@ ! ! “
\ . . 1 oy @
| Instrument pang! (No 2 station] Gption _ |
| L
T ' o = = Tacha sensor
N 2! ' Boost switch CW.Level swilch
!MWL WG| B I \ i wa
r ) )
irelt8{o Jro . ! Buzzer ! | 1 1 15
" Buzzer stop  flumi
! ' Eng ol  CWTemp Jecho with L ) !
| Boast r‘nealrl p. meter meler Hour meles ) | l
1 B
L , \ v, B ! l | L
[we ve] ¥ [wmll| '\ "l . ‘) e L L. -
71 [stap switeh B __n . _ C.W. Temp. sender
[vafes] & [on] wae g [l ! _ . Boost sender Eng. oil pressure
| - e——3 A Fuelfiller switch sendes
Details of [ fspre swieng || R
1 :
)
coupler ‘ ! . o i
X 68, | ' [ I ¥
Lo . RS 3k { !
0543" [ |
———
1= =]
Eng. ail p 14§71 vl 211
CW. Temp (ﬁ ]
Exhaust WG |
Details of g-“’- l""’e' L R a5
_— 005 AL
! Wi Wi lor 2 panel
coupler Fuel fiiter R Rt e !_A
Fuel emp. GY : Option |
- b e o m o - ———— 4
C
Instrument panet
Starter switch
30TAC|17]61 [Gz| P [F2]AR c
GLOW ] o Le] o l-_‘
QOFF o} =2 <3
ON o+o o+4-0
START | o O 0 ] eto
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6. Piping Diagrams 6LYA-UTESTE

6. Piping Diagrams

FUEL FEED PUMP
FUEL INJETION PUMP

/

/

/

DIL PUMP / LUB, ¢l FILTER{FULL)
From FO. Tank OIL PRESSURE REGULATER VALVE INTER COOLER

FUEL OIL FILTER

FUEL OVERFLOW

- e )

' AN AR AN TO WATER HEATER

B o L —f—+\/—\7ﬁ—1 - ————-—-—ﬁ——>—\ | ——————
N . \ Jl . % -}r |
SAFETY VALVE = Iomis I;ij : L '/ :LF ol e

WATER HEATER RETURN

WATER TEMP SWITCH

COOLING FRESH WATER PUMP

WATER HEATER QUTLET

THERMOQSTAT ___—

WATER TEMP, SENDER

_______________ -1
a2t MIXING ELBOW
______ | /
N / SN D
i 1 I U S ot el
COOLING SEAWATER PUMP_ <L/ A =t L “\._COOLING SEA
/1 JCAMSHAFT BEARING - ROCKER SHAFT WATER QUTLET.
c
MAIN BEARING HEAT EXCHANGER EXHAUST MANIFOLD
CODLING SEAWATER INLET E—

| COOLING NOZZLE OF PISTON
QIL INLET FILTER
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Chapter 2 Inspection and Servicing of Basic Engine Parts

1. Cylinder Block

GLYA-UTESTE

1. Cylinder Block

The cylinder block is a thin-skinned, {low-weight), shart
skirt type with rationally placed ribs. The side walls are
waver shaped to maximize ridigity for strength and low
noise.

Cap piug 40mm-____

Cap plug 16mm——1_
&

Cap plug 40mm\®

Flywheel Side

1-1 Inspection of parts

Make a visual inspection to check for cracks on engines
that have frozen up, overturned or otherwise been sub-
jected to undue stress. Perform & color check on any por-
tions that appear to be cracked, and replace the cylinder
block if the crack is not repairable.

1-2 Cleaning of oil holes

Claan all oil holes, making sure that none are clogged up
and the blind plugs do not come off.

Color check kit Quantity
Penetrant 1
Developer 2
Cleaner 3

Printed in fapan
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/Cap piug 40mm

Cap plug 16mm

1-3 Color check procedure

{1) Clean the area to be inspected.

{2} Color check kit
The color check test kit consists of an aerasol cleaner,
penetrant and develcper.

{3) Clean the area to be inspected with the cleaner.
Either spray the cleaner on directly and wipe, or wipe
the area with a cloth moistened with cleaner.

(4) Spray on red penetrant
After cleaning, spray on the red peretrant and allow &
~~10 minutes for penetration. Spray on more red pene-
trant if it dries before it has been able to penstrate.

(5} Spray on devaloper
Remove any residual penstrant on the surface after
the penetrant has penetrated, and spray on the developer.
If there are any cracks in the surface, red dots or a red
line will appear several minutes after the developer
dries.
Hcld the developer 300~400mm away from the area
being inspected when spraying, making sure to coat
the surface uniformly.

(8) Clean the surface with the cleaner.

NOTE : Without fail, read the instructions for the color
check kit befare usa.
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1-4 Replacement of cup plugs

i:gp Description Procedure Tool or material used
Clinder Biock Screw | Remove the bow! plug using by a screw driver | -Screw driver
' Driver 1 and hammer. ‘Hammer
Hit the bow! plug by screw driver and hammer
1 tap fightly obliquely from the upper side.
Bowt Plug
\\1 Wipe and apply Wipe the cylinder block and bowl plug fitting | - Thinner
thi adhe'l%‘éﬁt portion clean. - Adhesive agent
- Apply an achensive agent {acrylic) on the | (or Three bond 1386B)
periphery of the bowt plug and the cylinder
2 block insidle.
insert the bowl plug using by the jig and ham- | -Jdig
mer.(Set the jig straightly.) ‘Hammer
3 .
wo not supply water inte the cylinder block for
two hours after the bowl plug are set.
4

<Note> Design of Jig

H e w— M

o] (ol T . $40 | 360 | 480 | 34.0 | 28.0| 85 | 10.0 | 200 | 30.0 [150.0
ng D 2, - D:

e ¥ S

mm

Plugdia) D1 | D2 | D3 | D4 | Lf

L2 L3 L4 | LS

¢16 |12.0 | 200 {100 | 10.80| 2.5

40 | 200 | 30.0 |150.0

2—3

Printed in Japan
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1. Cylinder Block

6LYA-UTE,STE

1-5 Cylinder bore measurement

Measure the bore diameter with a cylinder gauge at the
positions shown in the figure.

Replace the cylinder bore when the measured value
exceeds the wear limit. Measurement must be done at
ivast at 3 positions as shown in the figure, namely, top,
middle and bottom positicns in both directions along the
crankshaft rotation and crankshatt center lines.

Cylindar gauge

FPrinted fn Japan
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mim
&
7 —
Top position 2**
Middle pasition ; 9
2 @
Battomn position /
7
7
Direction of
crankshaft
center ling
Direction of
crankshaft
rotation
mm
I standad | Wearlimit
Cylinder bore diz. | $100.03~¢ 100.00 ¢ 100.07
Cylinder roundness | —0.005~+0.025 0.04
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6LYA-UTESTE

2. Cylinder Sleeve

2-1. Cylinder Sleeve

The rigidity of the cylinder sleeve is increased by employ-
ing a dry type sleeve.

The wear resistance of the cylinder sleeve is also
increased by employing new material.

2-2. Measurement of sleeve

Measure the inner diameter of each cylinder sleeve using
a cylinder gauge. if the inner diameter exceeds the limit
specified in the table below, replace the sleeve.

mrm

Nominal Lirmit
dimension dimension

$ 100020~ 100.030

Inner diametar

of cylinder sleave M ¢100.010~¢100.019 | £100.050

# 100.000~¢ 100.005

Cir_cularity of Less than 0.03
cylinder sleeve

Cylindricity of Less than 0.02 —
cylinder sleeve

2-3. Insertion of cylinder sleeve

Classification of cylinder Outer diamater classification

sleeve outer dia. mark A,B,C at pesition 20mm
below top

Classification of cylinder Block identification mark

block A B, and C ontop surface of
block eperating side

Block innar dia. Combination Sleave auter dia.
Dimensicn , .
Tolerance ¢ 103 Clearance: Dimension
Mark| Tolerance 10~304  Mmark  Tolerance
A =+0.030 A +0.010

~+0.02¢ 0
B +0.020 B 0
+0.010 —0.010
+0.010 —0.010
c 0 c —0.020

2-4. Measurement of projection

Check that the flange of each cylinder is slightly projecting
fram the top of the cylinder block.

mm
Cylinder block hole depth : A 4.960~5.000
Cylinder sleeve flange thickness : B 5.025~5.050
Cylinder sieeve projection : C 0.025~0.09

B B

Inner dia. measurement
Paint A

s

NOTE: Be sure to measure inner diameter of cylinder
sleeve at points “a”, " b’. and “¢” in directions
JIAI" 3”d “B”

20

D,

Outer diameter
classification mark
{marked with
permanent ink)

&

NS K

N
/

N\

ra

/]

Sleeve Cylinder block.

rd
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3. Cylinder Head

The cylinder head is of 6-cylinder integral construction,
mounted with 26 bolts. Special alloy slellite with superior
resistance to heat and wear is litted on the seats, and the
area between the valves is cooled by a waler jel.

Valve rocker arm shaft

/ Valve rocker

arm shaft spring

Exhaust valve rocker arm

w1

I Valve rocker arm support

Intake valve
- N rogkar arm

“\.\
¢

Valvs 1
spring

B Siem seal

Valve guide

% /@@,,—Alnlake valve seat

Exbaust valve seal
intake valve
Exhaust vafve

Cylinder head gaskat

Printed in Japan 2—6
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3. Cylinder Head

3-1 Inspecting the cylinder head

The cylinder head is subjected to very severe opetrating
conditions with repeated high pressure, high temperature
and ceooling. Thoroughly remove all the carbon and dirt
after disassembly and carefully inspect all parts.

3-1.1 Distortion of the combustion surface

Carefully check for cylinder head distortion as this leads to

gasket damage and compression leaks.

{1} Clean the cylinder head surface.

{2) Place a straight-edge along each of the four sides
and each diagonal. Measure the clearance between
the straight-edge and combustion surface with a feeler

gauge.

Measurement procedure

Straightedge

Fealer gauge

mm
Standard limit
. . . 0.05{0.0019}
Cylinder head distortion or less .20

3-1.2 Checking for cracks in the combustion surface

Remove the fuel injection nozzle, intake and exhaust
valve and clean the combustion surace. Check for discal-
oration or distertion and conduct a color check test to
check for any cracks,

Check the surface of the valve seats.
It they are too wide, or if the surfaces are reugh, correct to
the following standards:

6LYA-UTESTE

3-1.3 Checking the intake and exhaust valve seats

Seat anal Intake 120°
eat angle Exhaust an’
Seat width Standard Wear limit
Intake 1.7 2.32
Exhaust 2.121 2.73
Standard dimension
=~ | =
! L1
> o - «
g @ e o
m - © -
= =
= . x
=

Printed in Japan
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3. Cylinder Head

6LYA-UTESTE

3-2 Valve seat correction procedure

The most common method for correcting unevenness of

the seat surface with a seat grinder is as foliows:

{1) Use a seat grinder to make the surface even,
As the valve seat width wil be enlarged, first use a 70°
grinder, then grind the seat to the standard dimension
with a 15° grinder.

at grinder

Intake valve 30’
Exhaust valve 45°

Seat grinder

NOTE : When seat adjustment is necessary, be sure to
check the valve and valve guide. If the clearance
exceeds the tolarance, replace the valve or the
valve guide, and then grind the seat.

Seat width

Q---Seat{carraction) angle---Intake---120°
Exhaust---90"

A--Seal{Outsidecorraction angle---150°

A--Seat(inside}jcorrection angle---40°

Lapping tacl

Use a rubber cap type lapping
tool for cylinders without

a lapping tool groove slit.

Printed in fapan 9—8§
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NOTE : Clean the valve and cylinder head with light oif or
the equivalent after valve seat finishing is com-
pleted and make sure that there are no grindings
remaining.

Lapping tool

NOTE : Measure valve distortion afler valve seat refin-
ishing has been completed, and replace the
the valve and valve seat if it exceeds the toler-
ance.

3-3 Intake/exhaust valves, valve guides
3-3.1 Wearing and corrosion of valve stemn

Aeplace the valve if the valve stem is excessively worn or
cerroded.

| L

&0mm 133mm

S
mm
g&gﬂg:‘;g Standard Wear limit
Intake ¢ 8.960~~ $8.975 $89
Exhaust ¢ 8940~ ¢ 8.655 ¢849
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3-3.2 Inspection of valve seat wear and contact
surface

inspect for valve seat scralches and excessive wear.
Check to make sure the cantact surface it normal. The
seat angle must be checked and adjusted if the valve seat
contact surface is much smaller than the width of the
valve seat.

NOTE: Keep in mind the fact that the intake and discharge
valve have different diameters.

3-3.3 Valve sinking

Over long periods of use and repeated lappings, combus-
tion efficiency may drop. Measure the sinking distance
and replace the valve and valve seat if the valve sink
exceeds the tolerance.

Sink

A
Cylinder head

Depth gauge

mm
Standard Limit
Valve Sink | Intake | (Project} 0.6~0.8 |  (Sink) 0.6
and Project | Exhaust | {Sink} 0.2~0.4 (Sink) 1.8

(1) Measuring inner diameter of valve guide.
Measure the inner diameter of the valve guide and
replace it if it exceeds the wear limit.

mm
Standard Wear limit
Valve guide Intake ¢9.00~¢49.015 $9.1
inside dia. [Exhaust [$9.00~$9.015]  #9.1

NOTE : The inner diameter standard dimensions are
measured after insertion.

{2) Replacing the valve guide
Use the insertion too! and tap in the guide with a
maliet.

Tool

. Valve guide
Cylinder head

The intake valve guide and exhaust valve guide are of
different shapes/dimensions.

| ;
r poTe “r—l :1: W
3 i - I
| I
[Ts] I
e : “’_
Y53 . —
| [Ty]
LY = / - i‘ -+
{Exhausd) {In take}

(3) Valve guide projection
The bottom of the valve guide should be aligned
with the bottom of the cylinder head.

T

S

Printed in Japan
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{4} Valve stem seals

The valve stem seals in the intake/exhaust valve
guides cannot be re-used once they are removed - be
sure to replace them.
When assembling the intakesexhaust valves, apply an
adequate quantity of engine cil on the valve stem
before inserting them.

F’_\M_____,/ L Fitting toal

Put the guide pin on the fiting toot 1o keep
/ the valve stam seal trom falling over.

A

N

/

Whare spring is attached, be careful not to
let the sprring fall off.

AN

| —Release the upper part of tha valve stem
seal from the fitting tool and use it to push

[ '\inthe shoulder section.

Fit the upper surface of the valve guide and
\ the valve slem seal 50 that they adhers

} closaly togethar.
/

“When using a hammer or similar teol, attach
& positioning stopper to prevent cdamage 1o
the slem seal.

{Valve stern seal)

3-4 Valve springs
3-4.1 Checking vaive springs

{1} Check the spring for scratches or corrosion.

{2) Measure the free length of the spring.

Square gauge
A
F=F

L.

Imm

Limit

Inclination 1.2

Printed in Japan
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{4) Measure spring tension.

Spring tension tester

(Inside) mm
Valve spring Standard Wear limit
Free length 4475 43.50
Length when attached 35756 -—

Load when attached 7.5kg 6.2kg

(Outside) mm
Valve spring Standard Wear limit

“Free length 4515 437
Length when attached 37.50 —

Load when attached 12.86kg 12.50kg

Assembling valve springs.

The side with the smaller pitch {painted yellow} shouid

face down (cylinder head).

Up side * (@

% Smaiter pitch side {yeliow:
Cown side +

NOTE . The pitch of the valve spring is nat even, The side
with the smaller pitch (yelfow) shouid face down

{cylinder head) when assembled.

{5) Spring retainer and spring cotter

Inspect the inside face of the spring retainer, the out
side surtace of the spring cotter, the contact area of the
spring cotter inside surface and the notch in the head
of the valve stem. Replace the spring retainer and
spring cotler when the contact area is less than 70%.
or when the spring cotter has been recessed because
of wear.
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3-5 Assembling the cylinder head

Partially tighten the bolts in the specified order and then
tighten to the specified torque, being careful that the head
does not get distorted.

Fuse

{1) Clean out the cylinder head bolt holes.

{2} Check for foreign matter cn the cytinder head surface
where it comes in contact with the block.

(3) Coat the head bolt threads and nut seats with lube oil.

(4} Use the positioning pins to line up the head gasket
with the cylinder block.

{5} Match up the cylinder head with the head gasket and Top clearance [:
mount.
Exhaust manifold side
——— e _uo_a
%z{g?ﬂg%ggé?oﬂggg:%
E Oﬂoooooooooo{g
— =
e e fes e Py fsle \/
: (
Intake manifold side ! )
kg-m N
First Second
Tightening torque 15.0~16.0 20.0~220

(1) Place a high quality tuse (#1.5mm,10mm long} in three
positions on the flat part of the piston head.

{2} Assemble the cylinder head gasket and the cylinder
block and tighten the bolts in the specified order 1o the
specified torque. . mm

(3} Tumn the crank, (in the direction of engine revolution), Top clearance ] 0.71~0.89
and press the fuse against the piston until it breaks.,

(4) Remove the head and take cut the broken fuse.

(5) Measute the three positions where each fuse is broken 3-7 Intake and exhaust valve arms
and calculate the average.
{0.74~0.75mm is ideal)

T
3-6 Measuring top clearance @ \

Fuse wire

Valve arm and valve arm bushing wear may change open-
ing/closing timing of the valve, and may in turn affect
engine performance according to the extent of the
change.

- Valve racker
arm support

L.
@ @ Exhaust valve %\
s

Fuse

rockar arm

{Fuse Position} rocker arm %

:

Fuse

|
Intake valve ‘

211 Frinted in fapan
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(1) Rocker arm shaft and valve arm bushing
Measure the outer diameter of the shaft and the inner

diameter of the bearing, and replace if wear exceeds
the limit,

mm

Standard Wear limit

Intake and exhaust
valve rocker arm A
shaft cutside dia.
Intake and exhaust
valve rocker arm B
inside diz.

Valve rocker arm shaft
and bushing clearance
at assembly

18.459~18.479 18.35

18.500~~18.520 18.60

0.012~0.061 0.15

Replace the rocker arm shaft bushing if it meves and
replace the entire rocker arm if there is no tightening
clearance.

{2) valve spring
Check the valve spring and replace it if it is corroded or
worn.

(3) Rocker arm and cotter wear
Inspect the contact surface of the Rocker arm and

replace it if there is abnormal wear of flaking.

(4) Inspect the contact surface of the valve clearance
adjustment screw and push rod and replace if there is

abnormal wear or flaking.

3-8 Adjustment of valve clearance
{1) Make adjustments when the engine is cool.

mm
6LYA-UTE | 6LYA-STE
Intake valve clearance 0.1 0.1
Exhaust valve clearance c.4 0.5

Printed fa Japan
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Clearance

(2} Be sure that the apening and closing angles for both
the intake and the exhaust valves are checked when
the timing gear is disassembled.

/

Flywheal
Marine gear housing
Open | Crank angle:Betore T.D.C. | 36'%5
intake valve :
Close | Crank angle:After B.D.C. 40°15
Exhaust Open | Crank angle Before B.D.C.| 51'X5
valve Close | Crank angle:After T.0.C. 39°+5
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Vale opening diagram

36"

TG

g

Exhaust 270"
1

40°

517

BDC

Intake 256"

3-9 Checking and adjusting the fuel injection

timing

1) Remove the high-pressure fuel oil pipe from the fuel

injection pump.

2) While manually turning the flywheel slowly, check that
the timing of the fuel flowing out of the discharge valve
holder of the cylinder injection pump confarms to the
specified timing by visually inspecting the flywheel and

indicator.

3) Check the fuel injection timing of all the cylinders by
foltowing the step (2} above. {If the observed timing
does not confirm to the specified timing, consuli the
nearest YANMAR dealer.)

Inspection Schedule | Every 2500 service hrs (or annually)

Fuel injection timing

137+

High pressure
~, A pipg

6LYA-UTESTE

Flywheel housing

=

Align marked lines
with each othars

Fual oil pump

Flywheel hausing

Top position
{Read injection timing }

Printed in Japan
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4. Piston and Piston Pins

Pistons are made of a special light alloy with superior ther-
mal expansion characteristics, and the top of the piston
forms a swirl type toroidal combustion chamber, The
opposite face of the pistoen cormbustion surface is oil-jet

cooled.

Piston for engines with superchargers have a valve ress
for the intake and exhaust valves.

The clearance between the piston and cylinder liner is
kept at the pronper valve by the piston cylinder liner prop-
erty fit effected during assembly at the Yanmmar factory.

1st compression ring
2nd compression ring

il ring

Applicable engine model I.D. mark

@ — Pisian

h piston pin

@ Circlip
IMPORTANT:

Piston shape differs among engine models. If an incorrect
piston s instalfed, combustion performance will drop. Be
sure lo check the applicable engine mogel identification
mark (f.0.Mark} on the pistan fo insure use of the correct
part.

Printed in Japan
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4-1 Piston

4-1.1 Piston head and combustion surface
Remove the carbon that has accumulated on the piston

head and combustion surface, taking care not to scratch
the piston. Check the combustion surface for any damage.

4-1.2 Measurement of piston outside diameter/
inspection
{1} Replace the piston if the outsides of the piston or ring

grooves are worn.
{(2) Measure the piston 22mm from the bottorn at right
angles to the piston pin.

- . ’
c =
e S L
4 {'NIE\\_'_
S
[ !
mm
Standard Lirmit
Mark dimensiofn dimension

Piston ML 9910~989 89.790
outer dia. MS 49910~99.915

Combinaticn Pistan
ML MS
. x
Cylinder L >
sleeve M O o
5 b 0
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4-1.3 Replacing the piston

A floating type piston pin is used in this engine. The
piston pin can be pressed into the piston pin hole at
room temperature (coat with oil to make it slide in

easily).

4-2 Piston pin

Measura the outer diameter and replace the pin i it is

axcessively worn.

mm
Standard Wear limit
Piston pin insert
hole dia. ¢ 37.000 $37.020
Piston pin —~
outside dia. ¢ 36.989~ 4 37.000 ¢ 36.964
Standard clearance 0~0.022 0.045

4-3 Piston rings
There are 2 compression rings and 1 oil ring.

-

4-3.1 Measuring the rings.

A

| NN\t B

Barrel lace A
B-side chrome plate,
A-side friction-proof

hardening processed

N N\

Tapered inner cut

=3

Coil expander

Measure the thickness and width of the rings, and the
ring-to-groave clearance after installation. Replace if wear

exceed the limit.

S—
Thickness

Printed in Japan
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2 st
Standard Wear limit
. Groove width 2.0256~2.040 —
First
pisten  |Ring width 1.970~1.990 —_—
nng Groove and
ring clearance 0.090~0.125 0.2
Groove width 2.025~2 1040 —_—
Second
piston  |Ring width 1.970~1.990
rifng
e rearnce | 0.035~0.070 0.2
Groove width 3.020~3.035 —
Qilring  |Ring width 297~299 S
Graove and 0.030~0.065 0.15

ring clearance

4-3.2 Measuring piston ring gap

Press the piston ring onto a piston liner and measure the
piston ring gap with a gauge. Press on the ring about
30mm frem the bottom of the liner,

_Cylinger block

y ad e
N

‘/ /.-//

7/ y

; e
//,{ Vv Gap
/

7

7 / S

abaul 30mm Piston ring Cylinder liner

_"]
7

L
Gap | W
N\
T
Lty
Standard Wear limit
First piston ring gap 0.25~(.40 1.5
Second piston ring gap 0.25~0.40 15
Cil ning gap 0.20~0.40 1.5
Printed in Japan

HINSHI-H8001

4-3.3 Replacing the pistonrings

(1) Thoroughly clean the ring grooves when replacing
piston rings.

(2} The side with the manufacturer’ s mark (near piston
ring gap} should face up.

The sida with the maker
mark faces up

(3) After fitting the piston ring, make sure it moves easily
and smoothly.

{4} Stagger the piston rings at 1207 intervals, making sure
nong of them line up with the piston.

15t compression ring

2nd compression tng

Oilring

2nd
cormprassion ring




Chapter 2 Inspection and Servicing of Basic Engine Parts
4. Pistons and Piston IPing

18t compression ring

% Direction ot
piston pin

lp—

Qil ring

Direction of side pressure
p—
120

2nd compression fing

(5) The ail ring is provided with a coil expander. The coil

expander joint should be opposite {staggered 180°) the oil
ring gap.

-
e Ty
e vy
o g
v ey
2 it
o

.

Jont of,
coil expander

6LYA-UTESTE
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5. Connecting Rod

The connecting rod is made of high-strength lorged car-
bon steel.

The large end with the aluminium metal can be separated
into two and the small end has a 2-layer copper alloy coil
bushing.

Piston pmn bushmg

Conneclin — - . . .
9100 Measuring twist and parallelity

twist and parallality
Connecting rad .
(big end cap) 5-1.2 Checking thrust clearance
Connecting rod bolt Fit the respective crank pins to the connecting rod and
check to make sure that the clearance in the crankshaft

direction is correct.

Q%> Crank pin metal il
Standarg Wear limit
Connecting rod 0.05 0.07

5-1 Inspecting the connection rod

5-1.1 Twist and parallelism of the large and small ends
Insert the measuring tool into the large and small ends of
the connecting rod. Measure the extent of twist and paral-
lelism and repiace if they exceed the tolerance.

Parallelity
Feeler gauge

mm

Standard Wear limit

Connecting rod side N
clearance 0.20~0.40 0.45

Printed in Japan 2—18
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5-2 Crank pin bearing 5-2.3 Precautions on replacement of crank pin
) . . bearing

5-2.1 Checking crank pin bearing (1) Wash the crank pin bearing.
Check far flaking, meiting or seizure on the contact sur- (2) Wash the large end cap, mount the crank pin bearing
tace. and make sure that it fits tightly on the large end cap.
5-2.2 Measuring crank pin oil clearance {3) I\{:rgene:?:::jbllrrgg;hg gc”"e‘:ti’:gb;°dg“a't":‘h upblT!te

: e end cap number. Ceat the bolts
Use a plastic gauge. with engine oil and gractually tighten them alternately
to the specified torque.
if a tarque wrench is not available, make match marks
on the bolt heads and large end cap (ic indicate the
proper torque position} and retighten the bolts 1o those
positions.

Gylinder gauge

Procedure

(1) Use the press gauge (Plastigage) for measuring oil
clearance in the crank pin,

(2) Mount the connecting red on the crank pin (tighten to
specified torgue}.

Connecting rod tightening torque 13.5~14.5kg-m

{4) Make sure therg is no sand, metal cuttings or cther for-
sign matter in the lube oil, and that the crankshatt is
not scratched. Take special care in cleaning the oil

{3) Remove the connecting rod and measure the broken
plastic gauge with measuring paper.

holes. mm
Standard Wear limit
Crank pin bearing inside dia | # 65.000~ ¢ 85.042 65.10
Crank pin and crank pin o
Plastic gauge bearing clearance 0.036~0.090 0.16

5-3 Piston pin bearing

(1) Measuring piston pin clearance.
Excessive piston pin bearing wear may result in
damage to the piston or the piston inself.

Cylinder gauge

9—19 Printed in Japan
HINSHI-H&001



Chapter 2 Inspection and Servicing of Basic Engine Parts
5. Connecting Rod

mim
Standard " Waar limit
Pin pin bearin T
il $37.030~ 437050 | $37.100
Piston pin and bearing _
oil ciearance 0.030~-0.081 on

Since the small end in 4JH2 Series is tapered, bush inser-
tion is extremely difficult. Any minor mistake will cause
abnormalities such as twist and bite. Do not insert the
bush cn-site.

{No piston pin bush spare part is available. It is included in
the con-rod assembly supplied as a spare part)

5-4 Assembling piston and connecting rod

The piston and connecting rod shoutd be assembled so
that the match mark on the connecting rod large end
faced the fuel injection pump side and the combustion
chamber above the piston is close to the fuel injection

pump.

Flywheel side Cam shaft side

1.0 mark

Fuel injection Gear casge side

pump side

Maker mark
(YANMAR)

Alignmant mark
{casting mark]}
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6. Crankshaft and Main Bearing

6LYA-UTE.STE

6. Crankshaft and Main Bearing

The crank pin and crankjournal have been induction hard-
ened for superior durabiiity, and the crankshaft is provided
with four balance weights for optional balance. The
crankshaft main bearing is of the hanger type. The upper
metal {cylinder block side) is provided with an oil groove.
There is no cil greove on the lowsr metal (bDearing cap
side). The bearing cap (location cap) of the flywheel side
has a thrust metal which supports the thrust load.

The bearing is on the side of the

crankshatft gear case cover,and the

the cil seal is attached between the Balance weight

crank V-pulley and the gear case.

ﬁ _—Main bearing metal (basic)
Thrust metal << ! Thrust matal {bear side)
{Flywheel side) 7 W

Main bearing cap [basic) —

Main bearing bmt——i

6-1 Grankshaft

(1) Color check of shaft
Perform a color check after cleaning the crankshaft,
and replace the crank shaft if there is any cracking or
considerable damage.

Main bearing meatal

) / {intermediate)

Mazin bearng cap
{intermediate)

9—171 Frinted in fapan
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6LYA-UTE.STE

{2) Bending of the crankshaft

Support the crankshaft with V-biocks at both ends of
the journals. Measure the deflection of the center jour-
nal with a dial gauge while rotating the crankshatft to
check the extent of crankshaft bending.

@ [T

E%g

Diai gauge @

Bend

L1
AL

[ s

V block V block Deflection

mm

Crankshaftbenrd | Less than 0.03

(3} Measuring the crank pin and journal
Measure the extent of journal wear {roundness, {aper).
Regrind it to the proper shape it it is within the outer
diameter limit, and replace it not.

R —
“ R
-
FThe |
Crank j::;umaf /i ]
Crank pin
fmm
S Standard |, . Wearlimit
Outside dia. $ 64.952-64.964 #64.90
Crank pin Bushing inside dia. $65.000~ ¢ £5.042 $65.10
Crank pin and bearing oil ciearance 0.036~0.083 #0.16
Cutside dia. # 74952~ ¢ 74964 $74.90
Crank journal Bushing inside dia. $75.000~ $75.045 ¢75.10
Crank journal and bearing il clearance 0.036~0.093 0.1%
Fillet rounding of crank pin and journal 3.500~3.800(C.1377~0.1496) ———

Printed in fapan
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6. Crankshaft and Main Bearing

6LYA-UTESTE

{4) Checking side clearance of the crankshaft
After assembling the crankshaft, tighten the main

heating cap to the specified torque, and move the
crankshaft to one side, placing a dial gauge on one
and of the shaft to measure thrust clearance.
This measurement can also be effected by inserting
the gauge directly inte the clearance between the
thrust bearing and crankshatt thrust surtace.
Replace the thrust bearing if it is worn beyond the
limit.

B mm
Standard Wear limit

Crankshaft side gap 0.132~0.223 .28

6-2 Main bearing

(1} Inspecting the main bearing
Check for flaking, seizure or burning of the contact sur-
tace and replace if necessary.

{2} Measuring the inner diameter of metal
Tighten the cap to the specified torque and measure
the inner diameter of the metal.

Bearing cap bolt ightening torgue ‘ 23~23kgf-m

__-Main bearing metal {basic}

(Fiywheel side]

Dial indicator

Crankshatt

NOTE : When assembiing the bearing cap, keeg the fol-
lowing in mind.

1)The lower metal (cap side) has no oil groove.

2) The upper metal (cylinder block side) has an ol groove.
3)Chack the cylinder block alignment No.

4)The “FW” on the cap lies on the flywhes! side.

e
- e ]
Thrust metel - -~ Thrust metal {pear side)

&

7

. SN
winsasagton— | @ )
]

7
g

Main bearing metal
{intermediate}

Main bearing cag
o {intermediate)

AL
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7. Camshaft and Tappets

7. Camshaft and Tappets

7-1 Camshatft

The camshatt is normalized and the cam and bearing sur-
faces are surface hardered and ground. The cams have a
curve that minimized the repeated shocks con the valve

seats and maximizes valve seat life.

(1) Checking the camshaft side gap

The Ioad is received by the standard bearing near the
ond of the camshaft by the cam gear, resulting in rapid
wear of the and of the bearing and enlargement of the
side gap. Therefore, measure the thrust gap before
disagsembly. As the cam gear is shrink-fitted to the
cam, be careful when replacing the thrust bearing.

/ Camshaft gear
— / Thrust matai
«
-
) — 1

P
r—

—4—— Side gap

mm
Standard Wear limit
Camshaft side gap 0.05~0.20 0.29

Priated in fapan
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[N j]

DY}

Push rod

Camshait bushing

Carnshaft gear

Thrust metal.

{2) Measure the camshaft height, and replace the cam if it
is worn beyond the limit.

5y
E
=
L}
e
Camshah height mm
Engine model Standard Wear limit
. Intake cam
Lift 6.5 6.1
Exhaust cam
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7. Camshaft and Tappets

(3} Measure the camshaft outer diameter and the

6LYA-UTE,STE

cam . ! Tappet
camshatt bearing inner diameter. Replace if they
exceed the wear limit or are damaged.
A
Camshaft
2 gt
! b k]
| E
3]
! =]
@
[ 1 5
I + O
(Camshafl outer diametery A’ mm
Standard T -
s s , Wear limit
Gear case side Intermediate Flywhee! side
Camshafl journal outside dia. ¢ 56.910~ ¢ 56.840 $ 56.910~ ¢ 56.940 ¢ 56.910~ # 56.940 #56.80
Qil clearance 0.040~0.140 0.040~0.140 0.040~0.140 0.2
(4} Bending of the crankshaft 7-2 Tappets

Support both ends of the crankshalt with V-blocks,
place a dial gauge against the central bearing areas
and measure bending. Replace if excessive.

Dial gauge

Camshatt
central bearing area

NOTE : The reading on the dial gauge is divided by two to
cbtain the extent of bending.

Wear limit
0.02

Camshaft deflection

{1} The tappets are offset to rotate during cperation and
thereby prevent uneven wearing. Check the contact of
each tappet and replace if excessively or unevenly

worn.

Abnormal contact

+

Offset

Normal contact

Oftset

(-

S

0

T -

)

NOTE : When removing tappels, be sure to keep them
separate for each cylinder and intake/exhaust
vaive.

Frinted in fapan
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7. Camshaft and Tappets

(2) Measure the outer diameter of the tappet, and replace
if worn beyond the limit.

Standard

Wear limit

Tappet stem cutside dia.

#14.218~14.233 $14.17

Tappet guide hole inside

dia. {cylinder block)

#14.240~ $ 14270 $14.30

Tappet stem and guide
hor

e oil clearance

0.016~0.062 010

{3) Measuring push rods.
Measure the fength and bending of the push rods.

Feeler gauge

mm
Standard Wear lirnit
Push rod length :  178.25~178.75 —
Push rod bend Less than 0.03 0.3
Push rod dia. 85 | - —
Printed in fapan 206
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8. Timing Gear

6LYA-UTESTE

8. Timing Gear

The timing gear is helical type for minimum noise and spe-
cially treated for high durability.

Fuel injecton pump gear

Idle gear

Lubricating oil pump gear

N

Crankshaft gear

Sea water pump gear

FA R
A

Camshaft gear

No. of leelhi Face widlh Spirat angle Center distance Back lash Back lash Wear limit
Camshaft gear 48 225 left
- 137.280~137.352 0.08~0.16 0.25
Idle gear 51 20.0 right 103.786~103.848 0.08~0.18 0.25
Crankshaft gear 24 40,0 left - - ' : -
— - : ol G - 103.786~103.848 0.06~0.16 0.25
Lubricating oil pump gear 24 14.0 right
— 100.929~100.991 0.08~0.16 0.25
Idie gear 29 | 185 | neM a7 280-1a7352 0.08~0.16 0.25
Fuel injection pump gear 48 15.0 lett : : ' ' :

8-1 Inspecting the gears
(1} Inspect the gears and replace if the teeth are damaged

or worn,

(2} Measure the backlash of all gears that mesh, and
replace the meshing gears as a set if wear exceeds

the limit.

NOTE: If backiash is excessive, it will nof only result in
excessive noise and gear damage, but also lead
to bad valve and fuel injection timing and a
decrease in engine performance.

(3) Idling gear
The bushing is pressure fitted into the idling gear.
Measure the bushing inner diameter and the outer diam-
eter of the shaft, and replace the bushing or idling gear
shaft if the oil clearance exceeds the wear limit.

A, B and C are inscribed on the end of the idling gear.
When assembling, these marks should align with those
on the cylinder block.

227
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8 Timing Gear 6LYA-UTESTE

Alignment mark

Idle gear
Idie gear bushing
Idle gear shaft
Alignment mark
Idle gear bushing
jdie gear shaft
mm
Standard Wear limit /‘. Bolt
Idle shaft dia. 45 950~ 45.975 45.88 £ '\‘4
Idle shaft bushing .
inside dia. 46 000~46.025
Idle shaft and bushing o
oil clearance 0.025~0.075 015

8-2 Gear timing marks
Match up the timing marks on each gear when assembling

(A, Band C).
Fuel injection pump gear
Camshaft gear
\ Sea watar pump gear
-
& ~
Idle gear
Grankshaft gear
Lubricating cil gear
Printed fn Japan 298

HINSHI-H8001



Chapter 2 Inspection and Servicing of Basic Engine Parts

9. Filywheel

9. Flywheel

The function of the flywheel is through inertia, to rotate the
crankshaft in a uniform and smooth manner by absorbing
the turning force created during the combustion stroke of
the engine, and by compensating for the decrease in turn-
ing force during the other strokes.

The flywhee! is mounted and secured by 8 bolts on the
crankshaft end at the opposite end to the gear case; it is
covered by the mounting flange {flywheel housing) which
is balted to the cylinder block.

the fitting surface for the damper disc is on the crankshaft
side of the flywheel. The rotation of the crankshaft is
transmitted through this disc to the input shaft of the
reduction and reversing gear. The reduction and reversing
gear is fitted to the mounting fiange.

The tlywheel's unbalanced force on the shaft center must
be kept below the specified value for the crankshatt as the

§-1 Specifications of flywheel

Dutside dia. of flywheel mm ¢ 392
Width of flywhee! mm 659
Woeight of flywheel
{including ring gear} kg 281
GD? value kg:m? 2.94
Pitch circle
dia. of balts mm 70
Fixing part of MNo. of
crankshaft thread holes 6-M16
Fit joint dia. mm | ¢ 95 00~¢95.035
, Center dia. mm ¢ 387
Ring gear
No of teeth 129

6LYA-UTE.STE

fiywheel rotates with the crankshatft at high speed.

To achieve this, the balance is adjusted by drilling holes in
the side of the flywheel, and the unbalanced momentum is
adjusted by drilling holes in the circumterance.

The ring gear is shrirk fitted onto the circumierence of the
flywheel, and this ring gear serves to start the engine by
meshing with the starter motor pinign,

The stamped letter and line which show top dead center
of each cyiinder are positicnsd on the flywheel circumfer-
ence, and by matching these marks with the arow mark
at the hole of the flywheel housing, the rotary position of
the crankshaft can be ascertained in order to adjust tappet
clearance or fuel injection timing. '

Printed in Japan
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9. Flywheel 6LYA-UTE.STE

9-2 Dimensions of flywheel and mounting flange

6-16.5 MI6X1.5

FX17
302,478
£314
¢120
"y #103
£y ¥ ]
1 |
R ¥
. Iy P
] T o e . =
A | e & = it
i I 1 N H [Ty]
N { e, ~ | = ™ '{ B ) =
14 v = H Lo
! o
] R163
P
FIGHT 5™
3115
L e
3355 1
#378E1.5
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9, Flywheel

6LYA-UTESTE

9-3 Ring gear

When replacing the ring gear due to excessive wear or
damaged teeth, heat the ring gear evenly at its circumfer-
ence, and after it has expanded drive it gradually off the
flywheel by tapping it with a hammer, a copper bar or
something simitar around the whole circumferance.

Interferance of ring gear { 0.21~0.45

9-4 Position of top dead center and fuel
injection timing

Flywheel housing
Injection
timing marks

T.D.G.
3.4
2,5
1

A

Flywhee|

Fiywheel

Ring gear

Woodan stand

(2) Matching mark
Fhywheel housing

Hole

The matching mark is made at the hole of the flywheel
housing.

Matching mark

P'rimted in fapan
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Chapter 3 Fuel injection Equipment
2 Fuel injection Pump Specifications

6LYA-UTESTE

2. Fuel injection Pump Specifications

Injection system specifications
item 6LYA-UTE 6LYA-STE
a | Rotation direction Clockwise viewed from drive sid;mw -~
b | Injection sequence 1-4-2-6-3-5-1 1-4-2-6-3-5-1
- ¢ § Injection interval 60°130 60 +30
E d | Drive system Gear g -
© e | Lubricalion system Forced lubrication T —
f | fuelcut method Cutting by stop sotenaid -
g | Boost compensator canceling Manual operation by cancel Yever -
a | Cam profile type AL11V188 AL12v200
b | Piunger dia., winding direction, and lead angle # 10,0rlnm. clockwise 45° ¢ 10.5mm. clockwise 43.8°
¢ | Cam lift at starting of CYL1 injection 4.04+0.05mm 4.0+ 0.05mm
d | Delivery vatve oil returning amount S9mmi/st B5mmi/st
g e | Angleich cutting 0.30mm 0.30mm
_ g f Delivery valve spring constant 12kgf/icm? 4 Tkgficm?
E E; g | Damping valve 1.262kgt/mm 1.262kgt/mm
g h | Damping valve employed —
Allowable speed (limit for plunger housing) 1800rpm 1850rpm
| | Owerflow pressure 2.0kgticm? 2 Okgticm®
k | Allowable pipe inside pressure B2Bkgficm® 950kgtiem?
a | Number and weaight of governor weight 2weights 245gf 2weights 245g1
b | Governor spring constant, free length 0.77kgi/mm. 63mm 0.7 7kgf/mm. 63mm
s ]c Start spring constant, free length 0.734kgt/mm. 10.5mm 0.843kgf/mm. 8.2mm
% d | Angleich spring constant 13.9kgf/mm 25kgfimm
S e | Governcr lever type 3-shaft type -
f Lever ratio kd‘ji:jvdlsxﬁg :Hl;h speed 1.4 Lﬂ;gd?g 2?1?1 ;:i-‘gh speed 1:2
g | Boest compensator spring constant 2.56kgl/mm 2 5Bkgl/mm
a | Cam profile type ALSDDFP34 ALS0DFP38
%L_ b | Fuel delivery 7.6ccirev 7.6Coirev
E c | Delivery prassure 2.3~3 Bkgflcm? 2.3~3.8kgf/lcm?
* d | Suction head 1.0m 1.0mm
Printed in fapan
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6LYA-UTE STE

3. Fuel supply System

3-1 Fuel supply system

The YPES-6AL(for 6LYA-UTE) and YPES-GAL2(for 6LAY-
STE) fuel injection pumps are in-line. The engine gears
drive the camshaft via the timing gears.

The camshalt then drives the feed pump, pumping fuel
from the tank to the filter at a pressure of 1-2kg/em?. The
fitered fuel is fed to the reservoir in the pump housing,
where the plunger raises ils pressure.

The fuel then passes through the injection pipe for injec-
tion into each cylinder via the fuel injection nozzle.

1.
::;:cll;tion
pump

njechicn
nozzles |

Watar Fusel l

* |separalor filier

Fualiang . - T

The Mode! YPES-6AL (for 8LYA-UTE) and YPES-GAL2
(for 6LAY-STE} fue! injection pump is an in-line pump
witha governcr.

A camshaft is built into the pump. There are a drive ¢am
for the fuel faed pump and tappet-drive cams for the
plunger.

A pump driving gear is mounted on the drive side of the
camshaft, and a governor weight on the opposite side.

As the plunger rises, the fuel cil opens the delivery valve
and passes through the high pressure pipe to the fuel
injection nozzle.

When the control rack is connected to the governor lever
moves, the control sleeve turns the plunger.

This changes the point at which the helix {lead groove}
opens the port and thereby centrols the amount of fuel
injectad.

Frinted ir Japan
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3-2 Functioning of fuel injection pump

Qperator side Engine side

4o 5

2 o ) 10
3 ) N L

1 - ! g

7

| 8

7

1. Plunger

2. Plunger barrel
3. Lead groove
4, Intake port

5. Delivery valve

6. Delivery valve seat

7. Controi sleeve

8.Control rack

9. Fuel leak return groove
10. Protector

The fuel injection pump supplies pressurized fuel to the
injection nozzies through the action of the plunger. The
plunger reciprocates in the plunger barrel with a fixed
stroke and is lapped for a precise fit. A load groove is heli-
cally cut in the plunger, and this leads to a cennecting
grocve which rises to the top of the plunger.

The integrate plunger barrel, the plunger barrel and the
flange case for the delivery valve holder, equips a port for
intake and discharge. The injection volume of individual
¢ylinders can therefare be adjusted by rotating the inte-
grate ptunger barrsl,

The fuel comes through this port into the plunger cham-
ber, is pressurized by the plunger, opens the delivery
valve, flows to the fuel injection nozzle through the fuel
injection pipe and is injected into the combustion cham-
ber. Fuel injection ends when the pressurized fuel has
been discharged. This happens when the lead grocve
lines up with the port, {as the plunger rises and the pres-
sure in the fuel injection pipe drops).
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6LYA-UTESTE

The control sleeve groove is fitted to the plunger flangs.
The caontrol knab of the control sleeve is inserted in the
control rack groove.

The rack cantrols the plunger, aliowing continuous
changes in the volume of fuel injected from zero to maxi-
mum. A fuel laad return hole is provided in the plunger
barrel. This retums fuel which leaks through the gap
between the plunger and the barrel to the fuel lines, pre-
venting dilution of the lubricant in the cam chamber.

Intake/discharge
port

Plunger barrsl

in¢craase fusl volume

Helix

{Lead groove} — Connecting groove

Plunger

3-3 Injection volume control

(1} Full injection volume position
When the rack is set at maximum setting, maximum

volume of fuel is gischarged. Injection occurs when the
top of the plunger lines up with the intake port in the
barrel. At this fime, the lead groove which is positioned
at the widest stroke part, lines up with the discharge
port, prolonging the injection time and increasing the
valurme of fuel injected.

This setting is normally used for starting and max. out-
put gperation.

Eftective stroke

{2) Half injection volume position
Discharge ends earlier as the rack is moved towards
Zero from the maximum setting.
The tuel injection volume is decreased accordingly.

3

Effective stroke

%

l

NN

A

(3} No fuel injection
With the rack set near zero, the intake/discharge port
in the barrel is always open, so no fuel is pressurized,
(even though the plunger continues to reciprocate).

The delivery valve at the top of the plunger prevents fuel
in the fuel injection pipe from flowing back to the plunger
chamber and sucks up fuel from the nozzle valve o pre-
vant after-drip.

When the plunger tead lines up with the discharge port of
the ptunger barrel, the injection pressure drops, and the
delivery valve is brought down by the delivery valve

spring.

iy

/

Suck-back
stroke

At the same time, the suck-back collar (1) blocks off the
fuel injection pipe and the delivery chamber, and the
valve continues descending until the seat (2} comes in
cantact with the barrel. The fuel oil pressure in the fuel
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injection pipe decreases proportionately with the lowering
of the valve {due to increased volume).

This accelerates the closing of the nozzle valve, and
sucks up fuel from the nozzle to prevent dripping.

The result is a longer nozzle life and improved combustion
efficiency.

3-4 Governor construction

Diesel engines are used in extremely varied conditions,
with a wide range of loads and rpms. The governor has
the important function of contrelling the fuel injection
quantity. It quickly responds te changes in pm by adjust-
ing the position of the contral rack.

Boost compensater diaphragm case

Boost compansator set lever

Governor shatt = ppiu =g

.. Governor spIing

/Govemcr spring

Injectiont limit’ 'jl',.__/l.’hook
at starfing s
Fuel Iimit/bolt
N
E e Tension lever
5
| s
_Eg_ﬂ__j Camshafl
Anglsich spring / Sleeve assembly

Shifter

The governor weight is mounted on the end of the fuel
injection pump cam shaft. It rotates around the governor
support pin, driven by the cam shaft, and is forced out-
wards by the centrifugal force acting on the weight.

The thrust force on the cam shaft due to this centrifugal
force acts on the lower part of the tension lever via the
sleeve. An excess fuel spring for starting is mounted on
the bottom of the tension lever.

One end of the governor spring is hooked o the right
upper end of the tensian lever, and the other end to the
spring lever on the control lever shaft,

The spring lever and control lever are mounted on the
same shaft, so by turning the contrel lever towards full, the
governor spring is pulled and the load gradually rises,

The tension lever cam move freely around the governor
shaft on the player bearing. As the speed increases and
the shifter is pushed to the left, the tension lever rotates
clockwise. And when the speed falls, the tension lever
rotates counterclockwise,
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Governor lgver

6LYA-UTE STE

YPES-6AL (for BLYA-UTE) and YPES-6AL2 (for BLYA-
STE) fuel injection pump is equipped with the all speed
type govemor. The governor is avaiiable in 2 types: one
has the torque rise spring (angleich spring}, and the other
has the smoke cut spring (angleich spring)

Boost compensator cancel lever

Cancel lever returning  device

Set lever shaft

nut

Govemnaor
spring lever

Spead Control
lever

[
F=% Governor
] lever pin

Tha governor lever rotates smoothly on the same gover-
nor shatt. The bottom part of this lever is in contact with
the sleave through the shifter, which is itself in contact
with the bottom of the tension lever through the excess
tuel spring. It therefore moves with the tension lever
according to the rise or fall of the engine speed.

The top of the governor lever is connected to the fuel
pump control rack through the governor link. The move-
ment of the lever contrals the volume of fuel injectad by
the pump. As the speed increased, the lever rotates clock-
wise and moves the control rack to reduce fuel, and when
the speed falls the lever rotates counterclockwise to cause
the control rack to pass more fuel.

Thus, the engine speed is controlled.

The top of the tension lever comes in contact with the
stopper built into the top of the governer case to limit the
maximum fuel injection volume.

Nota ;

1. The governor is factory-adjusied at the specified
output and rotational speed, and then seaied by
lacing wire. Do not disassembie or readjust the
governor, uniess absolutely necessary.

If disassemble is needed for some reasons, be
sure to adjust the governor using a pump tester,
and be sure to seal the governor after adjustment.

2. When the governor is disassernbled, remove the
plug. and supply 400cc lube ol
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3-5 Types of govemor according to structure

A number of difterent governors are equipped with the
series fuel injection pump. Each is designed in accor-
dance with individual engine structures and parts.

(1) Shape of control and stop levers

The control and stop levers that operate the gover-
nor have different shapes depending on engine
design and method of attachment, as seen in the ple-
tures below. The motion of the control lever is regulat-
ed by the maximum speed adjustment bolt and the
idling adjustment bolt. These maintain the necessary
engine speed.

(2) Engine stop device
The stop lever can be operated by a push-pull cable,
magnetic solenoid or a stop motor. The governor is
equipped in one of three designs depending ¢n the
intended purpose.

Maximum speed
adjustment bolf ~—_

Speed control |ever

ldling adjustment bolt

{Govermnor Side)

- Stop lever ~al T ;;‘II m

(3} Torque rise equipment
This governor can be equipped with an angleich spring
for torque rise.
It is therefore suitable for use with various engines.

(4} Smoke cut device

{4-1 Angleich spring

This governor can be eguipped with the smoke cut
spring {angleich spring} which reduces injection at low-
and middie speed ranges.

The smoke cut spring decreases fuel injection to mini-
mize black smoke, which would otharwise occur just
after the engine is started or an idling engine is started
rapidly, {the speed control lever is tuned to “FULL"),
as for a marine engine.

Boost compensator  diaphragm case

._I_.._ —

Gavernor spring

Injection limit _# ™ _: _ _ i Governgr spring
at starling e Al hook
Fuel limit bolt Nl Z0s ‘
Itoo 3 ;
- b =-. .r -
X .
T ! L3 Tension lever
- e Carnshaft
T
Angleich spring / Slesve assembiy
Shifter
— Fuel decraasing siroke
E for smoke cut Rated output
- |--- F rack position
g .-
)
=]
=8
4
[+
]
i
Cam speed {rpm}
[Smoke cut]
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{4)-2 Boost compensator

(4)-2-1 Obijective of compensator

The boost compensator is a device mounted to the
fue! injection pump for engines equipped with a tur-
bocharger.

The amount of air sent from the intake manifold by the
linking function of the turbocharger increase in propor-
tion to the amount of fuel injected from the injection
purmp {4LH-STE). The boost compensator controls the
injection quantity by responding to changes in pres-
sure.

Turbocharger

Imake an pre-filter

Boost compensator cancel
nob
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Boost p

{#)-2-2 Outline of structure and principle of operation

1, When the regulator handie is operated during abrupt
acceleration, the confrol rack moves 1o the increase
side as far as A.

2, Increase of engine speed drive the turbocharger to
increase boosting pressure. This boosting pressure
pushes the diaphram in the boost compensator, mov-
ing the control rack to the fuel increase side by means
of the boost compensator lever,

Cold start knob
{Boost compensator cancal
kriob)

atcoldstan <% when running
(Boost compensator cancel)

.. Adjust ring <= F.O-increase
S
ress. r?b:.{- wp F.O-dacrease

&
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{4)-2-3 Operation of cancel knob
1.Since the boost compensator is the device that limits
the fuel injection amount for starting the engine in cold
temperatures (below —5°C), it is necessary to cancel
the function of the boost compensator and increase the
fuel injection arnount.

2.)f the engine is gard 10 start in cold temperatures, stan
the engine by pulting the cancel knobr (cold start knob}.

3.0Once the engine is started, push the knob back into
resume the function of the boost compensator.

{4}-2-4 Adjustment of boost compensator
The initial rack of the boost compensator has been
adiusted properly at the time of shipment. However, the
acceleration can be increased at the request of the cus-
tomer. Waich the color of the exhaust while making the

adjustment.

Boost compensalar giaphragm case

adjustment bott

Injection limit
at starting

Fuel lirml bolt

AT °

_."__2‘; =" o) aeis

I |

Angleich spring

{Procedure>

/ Sleeve assembly

Shiter

- | Governor spring

Governor spring

hook

Tension lever

amshaft

Remove the cap nut of adjust boit with the biade-lype

screw driver.

Right turn

Large effect an
boost comp.

-Higher acceleraticn
*Mora black exhaust

Left turn

Small effect on
boost comp.

-Lower acceleration

Less black exhaust

]
{
w

SLYA-UTESTE
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3-6. Idling and Maximum speed

(1) Idling

Idling is contrelled by the governar and excess fuel
springs because this governor is not equipped with an
idling spring (however some engines are equipped
with an idie control spring for torque decrease). As the
contral lever is returned to the idling position after
engine starting, the governor spring tension falls and
the tension lever descends clockwise. The governor
weight load keeps the governor spring and the gxcess
tuel spring load in equilibrium to maintain the idling
speed.

RL.
Cortrl ovor —+—t-No load rack position
rated apeed postion — Injection volume
g Increase  Decrease
."": £ E o

Conirgl lever -
idling position
Fulli load stopper
&)
Tension |lever 1
P !
L]

NOTE: Depending on specifications, the governor can be
provided with an idiing spring.

(2) Maximum speed

The angle of the control lever is set for the engine
speed. The governor keeps the engine speed constant
by the adjusting speed when the load changes.

For example, if the operator moves the control lever
with the link from the idling position to max. autput, the
governer spring tension increases, the tension lever is
pulled until it comes in contact with the fuil load stop-
per, the movement of the governor lever is transmitted
to the control rack via the link, maintaining the full lcad
rack position, and engine speed increases until the
governcr weight thrust load and governor spring ten-
sion come inte equilibrium at full load max. speed.
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6LYA-UTESTE

RF, .
~— Pated rack position

Control lever ¥+ Injestion voluma
raled speed position ~4¢ Increase Decresase
— E —

3—10

(3) Adjustment of fuel injection timing
1) Remove fuel injection pipe from the fuel injection pump.
2} While manually and slightly turning the flywheel, check

that the fuel injection starts at the specified point
{13.5+0.5" before top dead center) by monitoring the
indicated value through the inspection hole on the fly-
wheel housing.

3} Check fuel injection timing for each cylinder.
4} If the fuel injection timing i5 not appropriate, adjust the

timing. To advance the timing incline the pump away
from the engine.

Gavernor

Flywhee! housing

Inspection hole

Matchmark
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#oplicable engine mods|

4. Fuel Injection Nozzle

When fuel oil pumped by the fuel injection pump reaches
the injection nozzle, it pushes up the nozzle valve {(held
down by spring}, and is injected into the combustion
chamber at high pressure.

The fuel is atomized by the nozzle to mix uniformly with
the air in the combustion chamber. How well the fuel is
mixed with high temperature air directly affects combus-
ticn efficiency, engine parformance and fuel economy.
Accordingly, the fuel injection nozzles musi be kept in top.
condition to maintain performance and operating efficien-

cy.

{1} Hole type fuel injection nozzle

F . Q.return pipa joint

~— Nozzle cover mpunting groove
10, mark

Nozzle holder

Nozzle spring

Nozzle spring seat
Stop plate

Nozzle valve
]» Nozzie
Mozzle body

Nozzle clamp nut

TR,

lell:b

Positioning pin ——

Cogw

Engine model ELYA-UTE 6LYA-STE
Nozzle {.D. Mark YDLLA145PLI45KE | YDLLA145P L355KD
Spray angle 145° 145°

Ne. of injeclion hole Xdia 5X ¢0.34 5% ¢0.35
.Nozﬂe op_ening pressme- 2-4.0;"-250kgf.’cmﬁ 260~ 270kgtlem’

Fuel starting pressure adjusting shim

4-1 Functioning of fuel injection nozzle

Fuel from the fuel injection pump passes through the oil
pert in the nozzle holder, and enters the nozzle body
reservoir.

When oil reaches the specified pressure, it pushes up the
nozzle valve (held by the nozzle spring), and is injected
through the small hole on the tip of the nozzle body.

The nozzle valve is automatically pushed down by the
nozzle spring and closed after fuslis injected.

Qil that leaks from betwaen the nozzle valve and nozzle
body goes from the hole on top of the nozzie spring body
goes from the hole on top of the nozzle spring through the
oil leakage fitting and back into the fuel tank.

Adjustment of injection starting pressure is effected with
the adjusting shims.

h
g' 1 ©

22

I
n

1127(117.3) 5

100.4
(106}

72.7(77.3}

20.3
(157}

16.95

MNozzle valve

Nozzle body

; .ér)}ecllon hole

Spray angla
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Nozzle body identification number
The type of nozzle can be determined from the number
inscribed on the outside of the nozzle body.

1) Hole type fuel injection nozzles

Sample
DLL A —

145 PL 345KO

\\ i L Besign code

[—— Mozzle size

Spray angle
— Mounting angle
of nozzie on
cylinder head
] Code A: at angle
[ No code: not at angle

Type(DLL :semi-long type}

YANMAR

tdentification number
4-2 Fuel injection nozzle disassembly

NOTE: 1. Disassembie fuel injeciion nozzle in a clean
area as for the fuel injection pump.

2. When disassembiing more than one fuel injec-
tion nozzle, keep the parts for each injection
nozzie separate for each cylinder {ie. the nozzle
for cylinder 1 must be remounted in cylinder 1).

{1} When removing the injection nozzle from the cylinder
head, remove the high pressure fuel pipe, fuel retum
pipe, ete., the injection nozzle retainer nut, and then
the fuel injection nozzte.

Retainer

Fual injection nozzie

Heat protecior

Cylinder head
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{2) Put the nozzle in a vise

NOTE. Use the special nozzle holder for the hole type
injection nozzle 50 that the high pressure mount-
ing threads are not damaged.

{3} Remove the nozzle nut

Box spanner
=

Vise

Halder

i4) Remove the inner parts

MNOTE: Be careful not to lose the spring seat, adjusting
shims or other smalf parts.

4-3 Fuel injection nozzie inspection

4-3.1 Washing

{1} Be sure to use new diesel oil 10 wash the fusl injection
nozzle parts.

{2) Wash the nozzle in clean diese! oil. (Nozzle cleaning
kits such as the one shown in the illustration below are
sold by tool manufacturars).

Nozzle cleaning kit

(3) Clean off the carbon on outside of the nozzle body with
a brass brush
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4-4 Adjusting fuel injection nozzle

4-4.1 Adjusting opening pressure

Mount the fuel injection nozzle on the nozzle tester and
use the handle to measure injection starting pressure, If it
is not at the specified pressure, use the adjusting shims to
increase/decrease pressure {(both hole and pintie types).

Nozzle tester

Injection starting pressure kg/cm?

BLYA-UTE : 240~250
GLYA-STE : 260~270

Injection starting pressure

4-4, 2 Injection test

After adjusting the nozzle to the specified starting pres-
sure, check the fuel spray condition and seat oil tightness.
{1} Check seat oil tightness
After two or three injections, gradually increase the
pressure up to 20 kg/em2 before reading the starling
pressure, maintain the pressure tor 5 seconds, and
make sure that no oil is dripping from the lip of the
nozzle.
Test the injection with a nozzle tester; retighten and
test again if there is excessive oil leakage from the
overilow coupling.
Replace the nozzle as a set if ol leakage 15 still exces-
sive.
(2) Injection spray condition
Operate the nozzle tester lever once to twice a second
and check for abnormal injection.

1) Hole type nozzles
Replace hole type nozzles that do not satisfy the
folowing conditions:
® Proper spray angie (8 )
@ Correct injection angle {2 )
¢ Complete atomization of fuel
& Prompt starting/stopping of injection

3—13

Comect

Spray from gach nozzle
holg is uniform

Poar

w

-Excassiva difference

in spray angle (8]
»Excessive difference

in injection angle (&}
‘Incomplete atomization
»Sluggish starling/stopping
of injection
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5. Fuel Feed Pump

Fuel Feed Pump Design and Function

The fuel feed pump consists of a priming pump, which
extracts air from the fuel system and is used manually to
feed fuel while the engine is stopped, and a feed pump,
which supplies fuel while the engine is running.

The fuel feed pump is driven by an eccentric cam on the
fuel camshaft.

When the cam pushes on the piston via the roller guide,
the fuel in the piston chamber passes through the dis-

charge valve and flows behind the piston. The suction
valve closes under pressure and prevents the fuel from
flowing back to the tank.

Whan the cam is lowerad, the piston is pushed back by
the piston spring and the fuel behind the piston chamber
is forced to the fuel pump. The negative pressure which
develops in the piston chamber makes the suction valve
open and fills the piston chamber with fuel.
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6. Disassembly, Reassembly and Inspection
of Governor

@%
<

1. Governor case

2. Governor case cover
3. Control lever

4. Governor lever assembly
5. Govemor lever

8. Tension lever

7. Bushing

8. Spring pin

9. Excess fuel spring

10. Shifter

11. Washer

12. Governor shalft

13. Convol lever shaft

14. Governor spring

15. Stop iever

16. Stop lever shaft

17. Angleich spring assembly
18. Fuel stopper assembly
{limit bol)

19. Governor weight assembly
20. Govemor weaight

21. Pin

22. Govemor weight support
23. Govemor weight nut
24. Govemor sleeve

3—15 Printed ia Japan
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6-1 Governor disassembly

{1) Remove the governor case cover.
{2) Remove the angleich spring assembly.

{3} Remove the governor case bolt. Remove the governor
case {parailel pin) from the fuel pump unit while lightly
tapping the governor case with a wooden hammer.
Make a gap between the governor case and fuel pump
by moving only the moving parts of the governor lever.

{4) Remove the connecting spring by inserting needle
nosed pliers between the fuel pump and governor
case.

(5) Slide the governor case and fuel pump apart and pull
out the link pin of the fuel control rack.

{(6) Remove the snap-rings on both ends of the governor
laver shaft.
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{7} Put a rod in one end cf the governor lever shaft, and
1ap the governor shaft until the O-ring comes out from
the other side of the governor case.

(8) After removing the O-ring, lightly tap the end of the
shaft fram which you removed the O-ring, and remove
the governor lever shaft. Then remaove the governor
shaft assembly and washer.

{9) Unhook the governor spring from the tension lever and
control lever shaft.

Note: The governor assembly consists of the governar
fever, tension lever, bushing, thratfe spring and
shifter, and is normally not disassembled.

The spring pin is removed when you replace the
shifter or throtle spring.
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(10} When you need to puil out the control lever shatt,
remove the control lever tightening nut, lightly tap the
control lever shaft with a wooden hammer, and pull it
out from the inside of the governor case.

NOTE: Do not remove the fuel limit nut from the governor
case unless necessaty.

{11} Pull cut the governor sleeve at the end of the fuel
camshaft by hand.

{12) Remove the governor weight nut and washer with
a box spanner, stapping it with the hole in the fuel
pump coupling or heolding the coupling with a vise.
Screw the governor weight nut back in, (two or three
times).

NOTE: Be careful as the taper fit comes apart after
removing the nut ... the governor weight may fy

out.

{(13) Remove the governor weight assembly from the fuel
pump cam. Use the governor weight pulling tools.

NOTE: The governor weight assembly is made up of the
govemnor weight, support and pin.
Do not disassembie.

6-2 Inspection of governor

Inspection of governer weight assembly
Replace if:
(1) It does not open and ciose smoothly.

{2) The contact surface with governor sleeve is exiremsly
wom.

{3) The governor weight support/pin is worn or the cauli-
ing is toose,

{4) The governor weight support stopper is axcessively
worn.
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. Inspection of springs
Inspaction of governor sleave pectio pring

{1) Check the governar spring and other springs and
Contact surface with shittar replace if they are broken, settled or corroded.
{2) Measure the free length of the governor spring, and
replace if it exceeds the limit.
See the service data sheet for the free length of the
|, Contact surface with governor spring.

governor weight

—\ Inspection of anglaich spring assembly.

Replace if:

{1} There is wear to the sliding surface cf the piston or the
surtace which contacts with the shifter.

{2) If the assembly is broken.

= Slesve inner dia.
Replace it:

{1} The contact surface with the governor weight is worn ©
ar there is pitching.

{2) The contact surface with the shifter is considerably
worn or there is pitching.

Angleich
(3) The govermor sleeve does not move smoothly above spring
the cam shaft due to govemnor sleeve inner dia. wear
ar other reasons.
Inspection of govemor lever assembly —
{1} Measure the clearance between the governor shaft Contact
and bushing, and replace if it exceeds the limit. Piston sudace
mm
Standard Clearance Limit o Inspection of torque spring assembly.
Replace if:
0.065~0.124 0.5 (1) The tip of the piston or the contact surface are worn.

{2) The torque spring is broken,

(2) inspect the shifter contact surface, and replace the
shifter (always disassemble by removing the pin) if itis Tarque spring
warn or scorched.

{3) Disassemble and replace excess fuel springs that are

settled, broken or corroded by pulling the spring pin. p I
{4) Check link parts for bends or kinks that will cause ummmﬂ — V\
malfunctioning, and replace any parts as necessary. H r’ Contact surface
Pistan

NOTE: 1. Side gap on top of governor lever shafl.

mm

Standard side gap 0.4~0.8

2. Replace the governor fever, tension lever, bush-
ing, shifter and throtfe spring as an assembly.

Printed in japan o
HINSHI-H$001 3—18



Chapter 3 Fuel injection Equipment

6. Disassembly, Reassembly and Inspection of Governor

6LYA-UTESTE

6-3 Assembling the governor

Inspect all parts after disassembly and replace any parts
as necessary. Before starting reassembly, clean both the
new parts and parts to be reused, and put them in order.
Be sure to readjust the unit after reassembly o obtain the
specified performance.

{1) Insert the governor weight assembly 10 the taper por-
tion at the end of the fuel pump camshatt.
Stop it through the hele in the fuel pump coupling or
by holding the coupling with a vise. Mount the spacer,
and tighten the governor weight nut.

Governor weight

tightening torque 4.0~-4.5kg'm

{2) Open the governor weight and insert the sieave in the
end of the fuel pump camshaft.

NOTE: Make sure that the sleeve moves smoothly after
insertion.

{3) When the control lever shaft has been removed, lightly
tap the control lever shaft and washer from instde the
governor case, using an appropriate plate.

(4} It the governor has been disassembled, tap in the
spring pin,

(5) Mount the governor link to the governcr lever assem-
bly.

NOTE: t. Make sure that the correct governor link mount-
ing holes are used, and that it is mounted in the
correct direction.

2. Make sure that the governor link moves
smocthly.

(6) Hook the governor spring on the control lever shaft
and tension lever hocks,
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(7) Put the gaverner lever shaft assembly in the governor
case, insert the governor lever shaft until the O-ring
groove protrudes from out the opposite side of the
governor case, and fit the O-ring.

NOTE: 1. Fit the O-ring lo the side you tapped it in from.
2. Caat the O-ring with the silicon oil for protection

during insertion.
3. Don't forget to piace washers on both sides of

the governor lever.

{8) After mounting the O-ring, tap the gavernor lever in the
opposite direction, and mount the E-shaped stop rings
on the grooves at both ends,

NOTE: After mounting tha governor lever assembly, make
sure that it moves smoothly.
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(8) Insert the rack link in the governor link, hook the link
connecting spring on the spring pin of the governor
link side with the spring set bar, ang connect the gov-
arnor fink with the rack Link.

Spring set bar

by

Governar case
’//’ S e
‘A

rl
Fuel
injaction
pump
hiody

Link connecting spring

Sating pin

Governor link

{10) Fit the link connecting spring to the spring pin at the
rack link with the spring set bar by pushing the rack
link into the governor link.

{11) Mount the governor case to the fuel pump unit, lightly
tapping it with a wooden hammer, and tighten the

bolts.
{12) Mount the governar case cover.

(13) insert the control lever ta the control lever shaft, and
tighten the nut.

NOTE: Move the control lever back and forth to make sure
that the entire fink moves smoothly.
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7. Disassembly, Reassembly and Inspection of
Fuel injection pump

1. Fusl injection pump body
2. Delivery valve holder
3. O-ring
4. Delivery valve stopper
5. Delivery valve spring
6. Delivery valve assembly
7. Delivery valve
8. Delivery valve seat
8. Packing

10. Plunger asseambly

11. Plunger barrel

t2. Plunger

13. Protector

14. Fuel injection pump camshaft
15. Bearing

16. Bearing

17. Bearing holder
18. Qil seat

1. Adjusting shims
20. Tappet stopper
21. Tappet assembly
22. Pin

23. Roller guide

24. Roller

25. Bushing

26. Plunger spring seat B
27. Plunger spring

28. Plunger spring seat A
29. Control sleeve

30. Control rack

31. Auz. spring

32. Adjusting shims

33. Pump bottom cover
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7-1 Disassembly of fuel injection pump {2) Remove the fuel feed pump.

When disassembling the fuel pump, separate the parts for
each cylinder and be careful not to get them mixed up.

Be especially careful to keep the plunger/plunger barret,
delivery valve/delivery valve seat and other agssemblies
separate for each cylinder (the parts of each assembly
must be kept together and put back in the same cylinder).

NOTE: Do not disassembie the fusl feed pump. See
instructions for fuel feed pump for details.

Preparation

1. Wash off the dirt and grease on the outside of the pump
with cleaning cil (kerosene or diesel oily before disas-
sembly,

. Perform the work in a clean area.

3. Take ot the fuel pump bottom cover and remove the

lubrication oil. .
4, Tumn the fuel pump upside down to drain the fuel ail.

ha

{1} Loosen the nut with a box spanner and take it off.
Hold the unit either by the hole in the fuel pump cou-
pling or by placing the coupling in a vice, and take out
governor weight assembly.

{4) Turn the camshatt and push the roller guide support
pin into the hole on the stopper groove of the rolier
guicle.
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NOTE: If the camshaft does not turn, put double nuts or a {8) Install the fuel injection pump on the pump fixture
coupling on the end of camshaft. base.

Raller quide
support pin
Fixture base
{5) Remove the camshaft woodruff key, {10} Push the roller guide from undemeath with the roller
guide push lever and pull out the pushed support pin
{6} Remove the 4 bolts ¢f the bearing hoider. [item (4}].

{7) Place a screwdriver in the two grooves on the camshaft
bearing holder mounting surface, and pull out the
camshaft bearing holder.

NOTE: 1. Be carefui not to damage the oif seal with the

threaded part of the camshaft. NOTE: The plunger spring may make the roller guide and
2. Be careful not to lose the shims between the plunger, etc. fly out when the plunger support
pump and bearing holder. plate is removed.

{8) Put a plate against the governor end side of the
camshaft and tap it lightly. Pull out the camshaft and
drive side bearing.

_ Printed in fapan
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(11} Remove the pars of the roller guide by hand in the {12) Remove the control rack.
following order: plunger spring seat B, plunger, spring
plunger spring seat A and control slesve.

NOTE : Be careful not to lose the spring and seals
aftached to the control rack.

{13} Remove the dslivery valve holder.

NOTE: Alt of the roller guides wil fall out when the fuel
pump is stood up, So, first remove the rofler guide
support pin and rolfer guide for one cylinder at a {14) Remove the delivery valve assembly.
time.

NOTE : 1. Be careful not to lose the delivery valve
packing, delfivery valve spring, delivery valve
stopper and other small parts.

2. Keep the delivery valve assemblies for each
cylinder clearly separate.

Frinted in Japan o
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{15) Push up the lower part of piunger barrel from the
bottarn of the pump, and take cut the plunger barre!
from the top of pump.

NOTE: Keep each plunger barrel and plunger laken out
before as g sel.

7-2 Inspection of fuel injection pump

(1) Inspection of plunger
1) Thoroughly wash the plungers, and replace plungers
that have scratched on the plunger lead or are discol-
ored.

2} The plunger is in good condition if it slides down
smoothly when it is tilted at about 60°. Repeat this
several times while turning the plunger. Repair or
replace if it sfides down too quickly or if it stops part
way.

(2} Inspection ot delivery valve

[

:
&5

1} Replace as a set if the delivery valve suck-back collar
or seat is scraiched, scored, scuffed, worn, eic.

2} The valve is in good condition if it returns when
released after being pushed down with your finger
{while the holes in the bottom of the delivery guide
seat are covered). Replace if necessary.

3) Likewise, tha valva should completely close by its own
weight when you take your finger off the holes in the
bottom of the delivery guide sheet.

NOTE: When fitting new parls, wash with diessef oif and
perform the above inspection.

{3} Inspection of pump
1) Inspect for extreme wear of the rofler guide sliding

surace. Scratches on the roller pin sliding surface are
not a problem.

2} Inspect the plunger barrel seat.
if there are burrs or discoloration, repair or replace as
this will lead to dilution of the lubricant.

{4) Inspection of fuel camshalt and bearings

1} Fual camshaft
Inspect for scratches or wear of camshaft, deformation
of key grooves and deformation of screws on both ends,
and replace if necessary.

2) Bearings
Replace if the taper rollers or outer race surface are
flaked or worn,

NOTE: Replace fuel camshalfis and bearings together.
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{5) Inspection of roller guide assembly
1) Roller
Repiace if the surface is worm or flaked.

2) Reller guide
Replace if the roller pin hole and the surface in contact
with the plunger side is extensively worn or there are
many scratches.

3)Replace if the play of the roller guide assembly
pin/rolier is 0.2mm or more.

4) Roller pin
Replace the roller pin if its play in the radial direction is
great.

{6) Inspection of rack and control slesve

1} Rack
Inspect the bending cf the rack and wear or deforma-
tion of its fit with ball of control sleeve.

2} Control sleeve
inspect for wear or deformation of the ball and fit to the
plunger.

NOTE: Rack resistance increases if the fitting or sliding
surfaces are not in good working order, and this
affects the condition of the engine (rough rpm,
over running, etc.)

»

{7) Inspection of plunger spting and delivery spring
Inspect springs for scratches, cracks, breakage.
uneven waar and rust,

{8) Inspection of cil seals
Inspect oil seals to see if they are burred or scratched.

(9) Inspection of roller guide stop
inspect the side of the tip, replace if excessively worn.

{10} Replacement of O-ring
Replace if they are removed.

Printed in Japan
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7-3 Reassembly of fuel injection pump

Preparation

After inspection, arrange and clean all parts.
See Ingpection of Fuel Pump far inspection procedure.

{1) Turn the match mark on the flange of plunger barrel to
face left from driving side of the pump, insert the
plunger barrel from the top of the pump, adjust it with
the match mark on pump body, and tighten the nuts.

tightening torque 2.6~2.8kg'm

NOTE: Coat the sificon O-ring with oil.

Match mark ;
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(2) Insert the packing, delivery valve assembly, spring, {7} Mount the plunger spring seat B on the head of the
and stopper from the top of the pump, in that order, plunger, and fit the plunger in the lower part of pump.
and tighten the delivery valve holder. The match mark R-1 on the plunger tlange should be

on the left as seen from the driving side of the pump.
E:,:;‘;?,ﬂﬂ;?g’rﬁfg er 6.0~6.5kg-m NOTE: This is important, because if the plunger is mount-
ed in opposite direction, the spill way will be
reversed.

Plunger insert device

(3) Place the contrel rack.

NQOTE: Do not forget the rack Aux. spring

{4} Place the control sleeve from the bottom of the pump.
Make sure the rack moves smoothly through a full
cycle.

{5) Mount the plunge spring seat A.
NOTE: 1. Be sure to mount the seat A with the hollow side
facing down.
2.Check again to make sure that the rack moves

easily.

{6) Mount the plunger spring.

_ Frinted in Japan
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{8) Insert the roller guide, pushing it up from the bottem of i16) Fit the oil seal on the inside of the bearing holder and
the pump with the rolier guide push lever, and insert maunt the bearing holder.
the support pin in the hole on the raller greove.
NOTE: Coat the camshaft and the oil seal with silicon oil
to prevent the oil seal from being scraiched.

fightening torque | 0.6~0.7kg'm

(11} Tap in the camshaft woodruff key.

{12) Mount double nuts or a caupling on the end of the
camshaft, and pull out the roller guide support pin as
you turn the camshatt.

NOTE: Check the movement of the rack If the movement
is heavy, the plunger spring may be out of place.
Insert a screwdriver and bring it to the correct
position.
Fit the shims when replacing the roller guide
assembiy and tighten the lightly.

{9) Fit the bearings to both ends of the camshalft, and
insert from the driving side.
{13) Make sure that the roller guide stop groove is in the
correct position, and tighten the roller guide stop bolts.

tightening torque 06~0.7kg m

Printed i Japan
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7-4 Adjustment of pre-stroke

(1) Remove the delivery valve holder of No.1 cylinder.
Remove the delivery valve spring, delivery valve and
gasket.

{2) Screw the pre-stroke measuring device in the screw
hole on the top of pump.

{3) Set the control rack to the full throtile position, find the
bottarm dead center of the piunger while rolating the
pump by hand, and set the dial indicator to zero.

iy b
1
L%_ : 10.5 - {8iroke)

{14} Check the control rack stroke
Make sure the rack position is at 10.5%1 mm on the
indicator scale when the govemar control lever is set
at the maximum operating position.
If it is not at this value, change the link connecting the
governcr and control rack.

NOTE: Links are available in 1 mm incremenis.

(15) Remave the plug in the ail filler port of the governar
case, and fill the |ubse oil.

Pre-stroke measuring device

(4) Slowly rotate the pump in the normal rotation direction
by hand, and measure the plunger lift until fuel flow
stops fram the overflow pipe on the measuring device.

Pre-stroke See separate service data

(5) If the measured pre-stroke is not standard, adjust by
changing the shim thickness between the flange of the
plunger barrel and pump body.

(16} Complete fuel oil piping and operate the pump tester
10 purge the line of air. mm
Adjusting shims thickness 1.5
(17} Set the oil feed pressure from the pump tester o the 16
injection pump at the pressure specified in the sepa- 1.7
rate service data sheet. 1.8
18
20
21
2.2
23
2.4
2.5
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{6} Repeat the above procedure to adjust the prestroke of N _ Change in injection timing
each cyfinder. Charge in shim thickness f———
Cam angie Crank angle
{7) Atter adjustment is completed insert the gasket, deliv- 0.1 mm 0.4 | D.8°
ery valve, delivery valve holder and spring.
Tighten the delivery valve holder. 7-6 Plunger pressure test
(1) Mount the pressure gauge 1o the delivery retainer of

Dalivary valve holder

~ . the cylinder to be tested.
tightening torque 6.0~6.5kg-m o

7-5 Adjusting injection timing

After adjusting the pre-stroke for all cylinders, check/

adjust the injection timing.

(1) Set the governor control lever in the operating position
(bring the plunger to the effective injection range), turn
the camshaft clockwise, and check the injection start-
ing time {FID) of cylinder No.1 (start of fuel discharge
from the delivery retainer).

Cylinder No. Count from the drive side

Direction of rotation Right locking from drive sid

Max. pressure gauge reading 1000kg/iem?

Connecting screw dunensions M12x15

{2) Now set the tester needle on the flywheel scale in a
position where it is easy to read, and check the injec-
tion timing several times according to the injection
crder,

{2) Set the governor control lever in the stop position,
operate the injection pump at about 2000 rpm, and
make sure that the pressure gauge reading is 500
kg/em2 {7110 Ib/in.2) or more. Ali the time lightly move
the control rack toward full throttle (drive side).
Replace the plunger if the pressure does not reach
this value.

{3

—

Immediately release the rack after the pressure has
stopped injection.

At the same time, check to see that ¢il is nat leaking
from the delivery retainer or fuel injection piping, and
that there is not extreme drop in pressure.

7-7 Delivery valve pressure test
(1) Parform the piunger pressure test in the same way,

No. of cylinders 3 bringing the pressure to about 120 kg/cm2 {1708
Injection arder 1-4-2-6-3-5-1 ib/in.2}, and then stopping injection,

injection intervat 60’

Allowable deviation +30°

. e Pressure gauge
{3) Readjust the pre-stroke of cylinders that are not within

the allowable deviation (increasing the adjusting shim
thickness makes the injection timing slower, and
decreasing makes it faster).

The change in injection timing effected by the adjust-
ing shims is as follows;

{2) After the pressure has risen to the above value, mea-
sure the time i takes to drop from 100 ~ 80 kg/em?.
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5 saconds

108 — 90 kgiem? {tc drop 10 kg/cm?)

If the pressure drops faster than this, wash the delivery
valve, and retest. Replace the delivery valve if the
prassure continues to drop rapidly.

7-8 Adjusting injection volume
{funiformity of each cylinder}
The injecticn volume is determined by the fuel injection

pump rpm and rack position. Check and adjust to bring it
to the specified value.

7-8.1 Measuring injection volume

{1} Preparation
Set the pump rpm, rack position and measuring stroke
fo the specified value and measure:

Pump RPM
Pump rotating direction

See soparate service data

Right teoking from drive side

Rack indicator scale

; See separate service data
reading

{2) Measuring injection volume
Measure the injection volume at the standard stroke,
and adjust as follows if it is not within the specitied
value,

Measuring stroke

Specified injection volume See injection pump
at standard rack position ! service data

Nonuniformity of cylinders

7-8.2 Adjustment injection volume

{1} Adjustment of injection volume: loosen the two nuts on
the flange of the plunger barrel, and turn the plunger
barre! to the right or lefi.

{2) Measure the injection volume of each cylinder again.
Repeat this process until the injection volume for every
cylinder is the same. {within the specified limit)

(3) After completing the measurements, retighten the nuts
of plunger barret flange.

Tightening torque 26~2.8kg'm

(4) If not aligned with the match mark, make a new match
mark.

7-9 Adjustment of governor

7-9.1 Adjusting the fuel limit bolt

(1) Adjust the tightness of the fuel limit bolt to bring the
rack positicn to the specified value (R1) with the gover-
nor contro! lever all the way down towards the fuel
increase position. Keep the pump at.rated 1650 rpm.

Bons! cornpensator cancel fuI_I rack
cancel lull ~agk

Bonst pressure 2 of More

»

~
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0 2 4 & B 10D 12 M B 18 0

{2} Measure fuel injection volume at rack position {R1).

{3} If the injection volume is at the specified value, tighten
the fuel limit bolt lock nut.

7-9.2 Adjusting RPM limit bolt

{1} Gradually loosen the governcr centrol lever while
keeping the pump drive condition in the same condi-
tion as when the fuel limit balt was adjusted, and
adjust the tightness of the RPM limit bolt to the point
where the rack position just exceeds the specified
value (R1).

Maximum speed
adjustrment boit

Conlrol lever
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(2) Check maximum RPM at no load
Further increase rpm, and make sure that rack position
{Rz = R1 - L) corresponding to maximum rpm at no
load is within specitied value (N2).

Na load max. RPM

{Pump RPM) See separate service data

7-9.3 Adjusting idling

(1) Maintain the pump rem at specified rpm (N3).

Iding adjustmant
holt

idling rpm {Pump APM) See separate service data

{2) Measure the injection volume as you lower the
governor controd lever to the iding position, and adjust
the position of the control lever with the idling adjust-
ment bolt to bring it to the specified valus.

Measuring stroke

See separale service data

Idling injection volume

7-9.4 Check the injection volume when starting

{1) Make sure the control rack moves smocthly as you
gradually reduce idling rom.

(2) Next. fix the governer control lever at full load position
with the pump at the specified rpm (N4).
Make sure that the control rack is in the maximum
position.
Measure the injection volume and check to make sure
it is within the specified value.

Pump rpm (N4) 200 rpm

Rack indicator scale 12.5~145
Measuring stroke 500st

Injection volume Seg separate service dala
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7-9.5 Check injection stop
Drive the pump at no load maximum rpm (N2). With gov-
arnor control lever in the full load position, operate the
stop lever on the governor case, and make sure that injec-
tion to all cylinders in stopped.

7-10 Adjustment of torque rise

There are some models which obtain torque rise with
angleich and torgue springs incorporated in the fuel
injection pump as an injecticn volume increasing
mechanism.

Boost compansater
diaphragm case

+ | hook

Tensien lever

Gamshatt

Angleich spring

Slesva assembiy
Shifter

7-10.1 Models with angleich spring
For models with an angleich spring, perform this adjust-
ment after finishing the speed limit bolt adjustmant.

{1) The angleich spring is used as an assembly.

{2} Bring the governar control lever to the full load posi-
tion, and keep the pump speed at the specified peak
torque.

(3} Remove the governar case cover in this state and
screw the angleich spring assembly to the tension
lever. Screw in from the contact pasition with the gov-
ernor lever {when cantrol lever starts to move), so that
the injection volume at torque rise is within the speci-
fied values (& deg.)

{4) After completing the above, fighten the Jock nut to the
specified torque, and mount the governor case cover.

NOTE: Make sure that the angleich boit does not turn with
the focknut during tightening.

(5) Bring the fuel injection pump back fo the rated speed.
Make sure thai the control rack smoothly disptaces the
torque rise stroke, and that rack position {R1} and
injection value are within the specified value at (N1)

pm.
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7-10.2 Smoke cut spring {

The smoke cut spring is used in the form of spring loaded
assembly.

(

1) Turn the control lever to “FULL LOAD”, and keep
the fuel injection pump at the specified smoke cut
spring control revolutions (NG).

2} Remove the rear cover from the governor, Screw the
smoke cut spring assy. in the thread of the tension
lever until it comas into cortact with the angleich laver.
Further screw in the smoke cut spring assy. 1o the
position in which the spacified injection is attached
(R6). (The smoke cut lever moves in the direction of
“DECREASE of injections™).

{3) Tighten the lock nuttc the specified tightening torgue.

Attach the governor rear cover.

E Fuel decreasing stroke
E for smoke cut
D Ryl em = L
™
S FRejeme-- :
S ! |
o | |
L i
h=] 1 1
£ ' I
& ] |
O
o I ]
o ] t

1 |

Mg Ny

Pump speed (rpm)
Boost compensataor
diaphragm case
1
Governor spr
Impection limit oy .
at starting o L Governor spri
/; haok
Fuel limit bolt

Tension |

Camshatft

Angfeich spring

Sleeve assembly

Shiter

Bofore Adjusting the smoke cut spring assembly,adjust
(1) the fuel limit balt, and
{2) the revolution limit bolt.

Lock nut tightening torgue 2.5-3.0kg-m

(4} Run the fuel injection pump at the rated revolutions
{N1) once again. Check whether the control rack
smoothly changes fuel decreasing strokes,

Finally, make sure that rack position {R1} and injection
atrevolutions {N1) meet the specification.

ing

ng

ever
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8. Automatic Advancing Timer

8-1 Timer construction

The faster the engine speed, the larger the crank angle is
during ignition delay. This results in a delay in ignition time
and thus a decrease in engine output.

When an engine is used from low ta high speed, the injec-
tion timing must be changed according to engine speed to
maintain it at the optimum timing.

The automatic timer uses centiifugal force to automatically
adjust injaction timing.

Model
dentification code

See separate service data
Advanced angle

8-2 Function and characteristics of timer

The flyweights are pressed against the center of the fly-
weight by the springs. As speed increases, the centrifugal
force ot the two flyweights increases, compresses the
timer springs, and the relative position of the timer gear
and hub changes according to the function of the retainer
guide groove of the weight and the weight guide of the
timer gear, changing the injection timing. Accordingly, as
the spring is compressed (according to the rise in speed
advancing the timing), the advancing angle remains pro-
portional to speed.

Adwancing angle

1 il Y L i 1

Engine speed

The advancing characteristics can be changed by chang-
ing the profile of the retainer guide groove of the weight
and the spring constant and setting force of the spring.

22
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8-3 Timer disassembly

Timer assy.

{1) Remove the camshaft box nut.

{2} Use a timer extractor to remove the remove the timer
assembly.

{3) The retainers and weights ¢can be removed when you
take off the circlip and plate tightening bolts and sepa-
rate the timer gear and timer hub.

Note: As the advancing angle has been set ai the factory,
do not disassemble the timer unless necessary.

8-4 Timer inspection

(1) Inspect the timer spring, and replace if there is exces-
sive settling or corresion.

(2} inspect the retainer guide groove of the timer weight,
retainer, ang gear it comes in contact with, and
replace if wear is excessive or movement is not
smooth.

{3} Inspect the circlip, and replace if there is excessive
wear.

Note: Recheck advancing angle when raplacing weight
or spring, and readjust as necessary with adjusting
shims.

Circlip
Timer spring

Retainer

Retainer guide
groove
Timer spring

Flate tightening
boit

Plate

8-5 Timer reassembly

{1} Fix the plate by the tightening bolts.
kg-m

Tightening torque 2.3-2.7

{2y Mount the timer assembly on the fuel injection pump
camshaft, and tighten the box nut with a socket
wrench.,

kg-m

Tightening torque 125135
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9. Fuel Feed Pump

Automatic pressure control mechanism

As the delivery pressure of the fuel pump dimbs, the pres-
sure at the back of the piston also rises, overcoming the
piston spring force, and hindering the lowering of the pis-
ton. Thus, the fuel flow autcmatically stops, and the tue!
pressure is maintained within a fixed range.

inlet

Qutput r:ﬂ_]r \
ber

™
L=<
Insige cham
A

Qutside chamber F

Inside chamber

|

Qutside chambrer

9-1 Fuel Feed Pump Disassembly

Follow the procedure below 1o disassemble the luel feed

pump.

{1) Remove the piston spring stopper plug, and pull out
the piston and piston spring.

(2) Remove the snap ring, and pull out the lappet assem-
bly.

{3) Pull out the inter-spindle.

{4) Remove the priming pump.

{5) Remove the discharge valve spring stopper, and
remove the valve and spring from inside,

(8) Remave the O-ring.

8-2 Fuel Feed Pump Inspection

{1} Block the priming pump with your finger and check
whether the pressed-in piston returns by spring force.
If the piston returns, the piston does not have enough
negative pressure. Always replace the priming pump
as a set.

(2} Check the piston spring for cuts, cracks, Uneven wear
and rust.

(3} If the piston, inter-spindle, or tappet assembly are
extremely worn, replace the part.

{4) Check the contact surface of the valve and valve seat
for defects.

{5} When there is play in a valve seat which has been
calked into the feed pump body, the whole fuel pump
body must be replaced.
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Inlet

Inside chamber
Qutside chamber

Cutlat

At rated pressure rise

When the outside chamber pressure
avercomes the pistan spring force,
the piston is pushed up and separated
trom the push rod.

NOTE: Play in the valve seat hindars the opening and
closing of the vaive, causing insufficient fuel sup-
ply and abnormal wear of the tappets and
camshaft.

9-3 Fuel Feed Pump Reassembly

{1) To reassemble the fuei feed pump, follow the assem-
bly procedure in reverse order,

{2} When the pump has been reassembled, perform the
air-tightness test.
Apply 3 kg/em? of air pressure to the discharge outlet
of the pump, and check for air leaks from the O-ring. If
air is leaking, replace the O-ring.

Air pressure (kg/cm?)

Contziner filled
with diasel fual
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9-4 Fuel Feed Pump Adjustment

9-4.1 Testing procedures for the fuel feed pump
Set the fuel feed pump on the injection pump, and operata
the assembled unit on the pump tester.

Fuel piping should be provided directly from the tank, nat
through the delivery pump of the tester.

{1) Suction test for the priming pump
Loosen the handle of the priming pump, and push the
handle at 60 - 100 strokes/minute. It fuel comes out of
the delivery side of the feed pump after about 30
strokes, the priming pump is normal.
If it takes longer, replace the priming pump as a set.

Suction head m
¢8

- , - Within 30 strokes
Suction pipe dia.

Start of delivery

Pressure
0—10kg/orm®

Valve (A}
Yalve {B}

Feed pump

Equipment for feed pump test

(2) Max. delivery feed volume test
You will need the special equipment for conducting
mabx. delivery pressure and delivery volume tests,

Max. delivery pressure test

NOTE: 1. Do not run the equipment for more than 5
minutes since the fuel injection pump may be
damaged if operated in noninjection condition.

2. Operate the injection pump at the specified rpm,
and read the pressure gauge indicator when
vaive B is tightened completely. Tighten valve A
s0 that the pressure gauge indicator does not
move when the pressure is applied.

I_ ® Volume pressure (kgfcm?): 2.2—3.2
| e rpm : 600

Replace the piston spring if it is defactive.

(3} Delivery test
Operate the fuel injection pump at the specified rpm,
open valve (B} until the pressure gauge indicator
shows 1 kg/em2, and measure the delivery rate for
one minute.

& Volume ( £ /min.) : over 1.8
® Back pressure (kgfcm?) : 1
® rpm; 1000

Delivery test
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10. Adjustment of Fuel Injection Pump and Governor

Adjust the fuel injection pump after completing reassem-
bly. The pump itself must be readjusted with a special
pump tester when you have replaced major pars such as
the plunger assembly, roller guide assembly, fuel
camshaft, etc. Procure a pump tester like the one illustrat-
ed below.

10-1 Preparations

Prepare for adjustment of iluel injection pump as

follows :

{1} Adjusting nozzle assembly and inspection of injection
starting pressure.

{4) Remove the control rack blind cover and fit the rack
indicator.
Next, turn the pinion from the side ot the pump until
the control rack is at the maximum drive side position,
and set it to the rack indicator scale standard position.
Than make sure that the control rack and rack indica-
tor slide smoothly.

AR

Adjusting nozzle typs See separate
Injection starting pressure service data

(2) Adjusting injection pipe.
mimy{in.}

See separate
service daia

Minimum bending radius 25(0.98}

Inner dia./outer dia. X length

(3} Mount the fuel injection pump on the pump tester plat-
torm.

Printed in Japan .
HINSHI-H8M1 3—38



Chapter 3 Fuel injection Equipment

10. Adjustment of Fuel Injection Pump and Governor

6LYA-UTE,STE

{5} Clean the nozzle seat with cleaning spray.

{6) Clean off the carbon on the tip of nozzle with a piece of
wood,
(7) Clean hole type nozzles with a nozzle cleaning needle.

Holder
Nozzle cleaning needle {piano wire) /

|
—
|

10-2 Nozzle inspection

(1) Inspect for scratches/wear
inspect oil seals for abnormal scratches or wear and
replace the nozzle if the nozzle sliding surface or seat
are scratched or abnormally worn.

{2) Check nozzle sliding
Wash the nozzle and nozzle body in clean diesel il
and make sure that when the nozzle is pulled out
about half way from the body, it slides down by itself
when released.
Rotate the nozzle a little; replace the. nozzle/nozzle
body as a set if there are some piace swhere it does
net slide smoothly.

A ~

V)

{3) Inspecting stop plate {inter-piece)
Check for scratches/wear in seals on both ends, check
for abnormal wear on the surface where it comes in
contact with the nozzle; replace if the stop plate is
excessively worn.

Seal surface

[Hele type]

Nozzle contact surface wear limit 01

{4) Inspecting nozzle spring
Replace the nozzle spring if it is exiremely bent, or the
surface is scraiched or rusted.

(e

{5} Nozzie holder
Check the oil seal surface for scratches/wear; replace
if the wear is excassive.

10-3 Fuelinjection nozzle reassembly

The fuel injection nozzle is reassembled in the opposite
order to disassembly.

(1} Insert the adjusting shims, nozzle spring and nozzle
spring seat in the nozzle holder, mount the stop plate
with the pin, insert the nozzle body/nozzie set and
tighten the nut.

(2) Use the special holder when tightening the nul for the
hole type nozzle as in disasssmbly.

Nozzle nut tightening torque kg-m (ft-1b)

Hole type nozzle 4 ~45
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Chapter 3 Fuel injection Equipment
11. Fuel Filter

11. Fuel Filter

The fuel filter is installed between the fuel feed pump and

fuel injection pump, and removes dirtforeign matter from

the fuel pumped from the fuel tank.

The fuel filter element must be changed periodically. The 85

tuel pumped by the fuel feed pump gees around the ele- _ Fp.
ment, is fed through the peres in the filter and discharged i

6LYA-UTESTE

from the center of the cover. Dirt and foreign matter in the
fuel are deposited in the element. /63 ‘
NI
11-1 Fuel filter specifications : Q
Filtering method filter paper Eterment o
Filtering area 4,000 cnv? %
Element Max 45 u_ Ave. 35 u =
M14 15
11-2 Fuel filter inspection ] i
The fuel strainer must be cleaned occasionally. If there is
water or foreign matter in the strainer bowl, disassemble
the strainer and wash with clean tuel cil to completsly I p
remove foreign matter. Replace the element every 300
hours of aperation. 1
Replace the fifter prior to this if the filter is very dirty, ;
deformed or damaged. Lo
Element changes gvery 300 hours @ -::,
] %
#30
#1023 T2}
o™
Prug : %
Gasket g
Cover
k ?_;
Gashket f
@
L)
Element, fugl oil
(&r—— Gasket
Spring
Case
Gasket
Bolt, center
Gasket
Bolt, Center
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Chapter 4 Intake and Exhaust System

1. Turbocharger 6LYA-UTESTE

1. Turbocharger

1-1 Specifications

Turbocharger maker {SHIKAWAIIMA-HARIMA HEAVY INDUSTRIAL CO._.LTD.{IHI}
Turbine type Radial flow

Blower type Centrifugal

Bearing type Full floating

Lubrication method Outer lubtication

Cooling method Water cocled

Turbocharger model RHCTW -
Applicable engine model B BLYA-UTE i 6LYA-STE

1-2 Construction

5@@@@.@5 b ®}>

No. Part Names N;]:_ Part Names No. T Pant Names
1 | Turbine shaft 11 j Turbine side prassure plate 21 Blower side pressure plata
2 | Thrust bush 12 | Bearing housing 22 | Flange hexagon bolt (M8)
3 | Oilthrower 13 | Round R type snap ring 23 | Blind lid
4 | Shaft-end nut 14 | Seal piate 24 | Biind iid (for cocling water port)
5 | Sealring {turbine side) 15 | Thrust metal 25 | Protective hardware
6 | Sealring {blower side, large} m1_8_ Floating metaf 26 | Bending washer
7 J Seal ring {blower side, smait} 17+ Across head machine screw {M3) 27 | Hexagon bolt {MG)
8 | Blower impelier 18 | Across head machine screw (M4) 28 | Packing
g . Turbine housing 19 | Radiation sh|eld 2% | Hexagon bolt (M8)
_ﬁ Heiagon_sslt (M8) 20 . Blower hcusmg T 30 Spring washer R
Printed in fapan
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Chapter 4 Intake and Exhaust System
1. Turbocharger

6LYA-UTESTE

1-3 Structure and Function
1-3.1 Outline for Structure and Function

(1) Turbine

The exhaust gas coming from the engine passes
through the turbine nozzle where it accelerates and
hits the turbine blades giving the power to turn the tur-
bine shaft. This is the turbine. A seal ring and a heat
protection plate are attached to prolect the bearing
from negative effects of the gas.

Blower

The blower impeller, which is attached to the turbine
shaft, sucks up the air from the turbine rotation, com-
presses it, and sends it through the suction pipe. This
is the biower.

(2)

1-4 Interchangeability of turbocharger
components

The inspection procedures and adjustment standard are
identical for all turbocharger models. Please note, howey-
er, that the asterisked {*) components differ according to
the turbocharger model and are not interchangeable.

1-5 Interchangeability of turbochargers

The IHI-make turbocharger used for the 6LYA-UTE and
BLYA-STE series differ according to the engine model.
Care should thersfor be taken to assemble only compo-
nents for the turbocharger used in your engine when
replacing parts. The use of incarrect turbocharger compo-
nents will detract from the performance of the engine.
Turbecharger models can be distinguished by their name
plates.

(3] Bearing

{1} Thrust bearing
The turbine shalft is subjected to continuous thrust,
and is made to remain stationary undser it.

{2} Radial bearing
A floating type bearing is used. Unlike the station-
ary type bearing usually used, there is an oil film on
both the inner and outer surfaces of the bearing and
dragging occurs. Because of this the slippage
speed of the bearing is lower than the rotation
speed of the turbine shaft which resulls in greater
stability.

#'Blower wheeal
_ 14Seal platet
{300 thrower !
(57T hrust metal

. 0\ Y
ji'ThrusI bushing)\ )@gé, -4 f\\—o_)li-f\d

O,
et

Tﬁ[\ #ABlind panel
) ;
Q_EPacking]; ? /&61@?‘6/23

Turbocharger model name plate Specification

[ | Tubocharger |
model name

SERIAL No. RHC7 [ “IH|" serial No. J

SPEC

PARTS Na. { YANMAR part No. ]
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Chapter 4 In

take and Exhaust System

1. Turbocharger

1-6 Service Standards
1-6.1 Service Standards

6LYA-UTE,STE

—_ - . J ]D'~-8— E‘_
= HI1
{mm)
Check Point Limit Remarks | N
| Turbine shaft journal outsice diameter (A) 12.28 )
Turbine side seal ring groove wicth (E) 1.63
TUDING 1 pysver side seal ring graove width (G1) 1.75
shaft
Blower side seal ring groove width {G2) t.52
Runout of turbine shaft Q.01
Floating metal inside diameter (C) 12.36
Bearing Floating metal outside diameter (D) 15.98
Inside diameter of bearing fitting ring (B) 17.11
Thrust Thrust metal width (J_}u o 4.48
bearing Thrust bush groove clearance {K) 468
E Turbine side (Bearng housing) (F} 18.55
S92 NS | Biower side (seal plate) (H1) 16.05
Blower sice {seal plate) [H2) 14.05
Axial play of rator 0.11 Service standard 0.06~0.08
Cross play of rotor 0.215 Service standard 0.11~0.18

Printed in Japan
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Chapter 4 Intake and Exhaust System

1. Turbocharger SLYA-UTESTE

1-6.2 Tightening Torque

Item Tightening Torque {kg-cm} Remarks
Turhine housing fitting bolt (M8) | 2g5+10
Blower housing .f.i.t'ting Qolt (M8} 230+10
Thrust metal fitting I's';:rew (M3} 131
Seal plate fitting screw (M4) 3g+3
Blower impeller fitting nut (M8} go+5 Left-hand thread
Protective hardware fitting bolt (M6) | 405

1-7 Procedures for Periodical Checking

1-7.1 Schedule

Periodically check the overall condition and cleanness of
the turbocharger.

The frequency of checks depends upon the conditions of
use. Consult the table below.

ltem Schedule
Every 6 months Every 12 months Every 24 months
of 1,500hr or 3,000hr or 6,000hr
Check of rotor rotation D
Check of rotor play O
QOverhaul, cleaning and check O
Check and cleaning of air filler
Refer to engine
Check and cleaning of oil filter operation manual

Change of engine oil

1-7.2 Checking procedures

(1) Check of rotor rotation

Listen for abnormal sounds during rotation. Place a
sound bar to the case of the tubocharger and gradually
increase the speed of rotation while listening. A high
pitched sound emitted continuously for 2-~3 seconds is
abnormal. In this instance a problem with the metal and
rotor is indicated, and the turbocharger should be
replaced or disassembled and repaired.

4—5 Printed in fapan
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Chapter 4 Intake and Exhaust System
L Turbocharger 6LYA-UTESTE

(2] Check of roter play

Remave the turbocharger frem the engine and check
the axia! play and crass play in accordance with the fol-
lowing procedures.

When removing the turbocharger from the engine, be
sure 1o seal off the il inlet with tape

Magnet base

/Turbine housing
{1} Axial play of rotor

Diai gauge -
~

Move the turbine shaft in
the direction of the axle.

-~

Axial play *»% f [ ‘

Service standard ; 0.06—0.09mim
‘ Limit: 0.11m/m

(2} Cross play of rotor

Magnest base

Dial gauge

Check the cross play by moving
the left and right ends

Cross play 1 -

Oit inlat
Service standard ; 0.11~0.18m/m
Limit: 0.215m/m
Printed in fapan 4—6

HINSHI-H8001



Chapter 4 Intake and Exhaust Systeni
1. Turbocharger GLYA-UTESTE

1-8 Disassembly Procedure

1-8.1 Preparation for Disassembly

In addition to the all-purpose tocls necessary for the-
assembly and disassembly of the turbocharger, some
specialized tools shown below are needed.

Name of Tool Use F{er-ﬁarks

L. 160 ___,| 1
Bar Used for removing thrust - //A_
metal and thrust bush - /’/////5‘/‘,/; W/ |
Materials: copper of brass F-’
Used for attachment and
. removal of the round R
Pliers . .
type snap ring of floating
metal
Pliers Used for attachrment and

removal of seal ving

Torque driver tor Used for attachment and

torque bolts (+) removal of thrust metal Local supply "
{5kgem~50kgem) and seal plate
{26LTDH or comparable type}

Box wrench Used 1o set turhine shatt

tIsed for tightening nuts

Torque wrench M8 (13mm-—285kg/cm?)

(Single use) M8 (1 3mm—230kg/cm?)
M8 (13mm—80kg/cm?)
M& (10mm—40kg/cm?)

Used to measure axial play and cross play.  Aftach to dial gauge.

| ’Q 3 }
=
Put on rolette -

Measurement needle

4—7 Frinted in Japan
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Chapter 4 Intake and Exhaust System
1. Turbocharger

1-8.2 Check for Disassembly

(1] Check to see if the biower impeller is touching the tur-
bine housing and if it is running smoothly.
(2] Measure the rotor play Refer to 3-2) checking proce-
dure.
{1) Axial play of rotor
Limit 0.11 mm
{2) Cross play of rotor
Limit 0.215 mm

1-8.3 Disassembly

The angle of attachment for the turbine housing, bearing
housing, and blower housing is fixed and marks should be
made before remaoving the turbocharger from the engine
ie insure accurate reassembly.

(1] Removal of blower housing
{1) Remove M8 mounting bolt €2 and blower side pres-
sure plate 20 .
(2) Remove blower housing 0.

Nate -1 ) Liguid gasket has been applied to the mounting-
surface of the blower housing 2 and bearing
housing 12.

Note-2) Be carefu! not to scratch or damage blower
impeller when removing the blower housing.

(2} Removal of blower impeller

{1) Use box spanner (14mm) to remove turbine shaft {1
and shaft-end nut @) .

Note: The shaft-end nut tightens when screwed to the leff,
Be careful to turn it in the correct direction when
removing.

(2} Remove blower impalier &) .

(3] Removal of turbine housing

(1) Remove hexagen bolt 4G and turbine side pressure
plate 3.
{2) Remave turbine housing & .

(4] Removal of turbine shaft

{1) Press down lightly with your hand on the radiation
shield 49 and pull out turbine shaft (1.

Note: When there is difficulty removing the shaft tap
lightty with a wooden hammer on the blower side
shaft end.

(2} Remove the radiation shield (3 .

Primted in fapan
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(5] Removal of seal plate
{1} Loosen the across head machine screw (M4) 18 with
the torque driver.

(2) Remove seal plate 99 . Pry out the M6 bolts with a
screwdriver.

Note: Liguid gasket has been applied to the seal plate and
the bearing housing.

(3} Remove the oil thrower {3} from the seal plate.

(8] Removal of thrust metal and thrust bush
{1) Laosen the across head machine screw (M3) P with
the torque driver.

(2) Use the bar to remove the thrust metal (% and thrust
bush Z:.

(7] Removal of floating metal
(1} Remove the round R type snap ring 43 from the
bearing housing {2 with the stop ring pliers.
{2) Remove floating metal 16 from the bearing housing 12.

(8] Removal of seal ring
(1) Remove seal ring (turbine side) () from turbine shaft (1.
{2) Remave the seal ring (blower side, large) € and the
seal ring (blower side, small) & from the oil thrower (3.



Chapter 4 Intake and Exhaust System
1. Turbocharger 6LYA-UTESTE

1-9 Cleaning and Checking Procedure

1-8.1 Cleaning

(1) Check befere cleaning
Before cieaning check the disassembled parts for
seizure, wear, foreign matter, and degree of carbon
depasit. Particularly where there is damage check the
area carsfully and determine the cause.

{Checking Procedure>
ltem to check Part

Carbon deposit 1} Turbine shaft (T, seal ring part {turbine side), and blade back.
2) Bearing housing 2 |, radiation shield G inner wall of bearing housing

Lubrication 1) Turbine shaft (U:, Journal and thrust bush (wear, seizure,:Z;, Oil thrower (3} abnormal color)
2) Floating metal 8 and thrust metal (&
3) Bearing housing 72 support ring

Oil leakage 1) Turbine heusing (9 inner wall

2) Bearing housing 12 outer circumference and radiation shield {3 attachment part
3) Turbine shaft {1), Turbine side seal ring and biade back

4) Blower housing & nner wall

5) Blower impeller (8 back

] €) Seal plate 04 surface and seal ring insertion

[2) Cleaning procedure
Be sure to observe the following when cleaning

ltem Cleaning matesials

1. Necessary tools {1} Put cleaning fluid in bucket with turbine shaft, and heat.

{1) Bucket The carbon should not be scrubbied off of the blades.
= {500 500) {2} Leave the turbing soaking until the deposit is softened.
= {2} Heat source {3) After the deposit is soft use a plastic scraper or a stiff natural bristle brush
2 Use steam or gas bumer. to clean.
',-g (3) Brush {4) Be very carsful not to scratch the turbine shaft bearing surface or the seal
= 2. Cleaning agent ring groave.
= Use a commercially available carbon {5) Iif the cleaning is not therpugh carbon deposits will rermain
remaver, and can be a cause of imbalance. Be careful to clean compietely.

Do not use a wire brush,

o 2 1. Necessary tools {1} Put cleaning fluid in bucket with turbine housing, and heat.

2@ Same as for turbine shaft (2) Leave to soak until the deposit is softened.

2 2| 2 Cleaning agent (3) After the deposit is soft, use a plastic scraper or a stiff natural bristie brush
& Same as for turbine shaft to clean.

E 1. Necessary tools {1} Scak in a bucket filled with cleaning fiuid until deposit is soft.

= % {1) Bucket {2) Ater softened, use a piastic scraper or a stiff natural bristle brush to clean.
Eg {500X500) Do not use a wire brush.

% g {2) Brush :

28| 2 Cleaning agent

oy )

{1} Clean all other parts with diesel oil.

{2) Use pressurized air to clean the [ube oil passage.

{HMiscellansous

4—9 Printed in Japan
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Chapter 1 Intake and FExhaust System
1. Turbocharger

6LYA-UTESTE

1-8.2 Checking Procedure

(1) Blower housing 20
Check the housing and attachment paints for scratches
and cracks which may have been caused by a blow to
the housing or by contact with the impeller. Replace if
damaged.

(2) Turbine housing @
Check for scratches and cracks which may have been
caused by a blow to the housing or by contact with the
turbine blades. Check also for axidation or deterioration

of the casting or misshaping due toc heat.

(3) Blowerimpeller 8
Check for scratches, nicks, corrosion, or bending.
Replace if damaged.

(4] Turbine shaft

{1) Check the turbine biades for scratches, nicks, heat
discoloration, or bending. Check to see if the shaft
is bent or if there is heat discoloration or wear of the
journal, and check for scraiches or wear of the seal
ring groove. Replace if damaged.

{2} Measure the outside diameter (A) of the turbine
shaft journal and the width (E} of the seal ring
groove, and replace if in excess of limit measure-
ment.

Journat outside diameter (A}
l Limit 12.28 mm ‘
Seal ring groove width (E)

| Limit 1.63 mm \

¥, Biock

(3} Check for deflection of turbine shaft and replace if
greater than 0.011mm.

(5) Radiation shield 19
Check for scratches, heat discoloration, and wear.
Replace if damaged.

Printed in fapan
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{6) Thrust bush 2}, oil thrower '3; , and thrust metal 5

Check for scratches, wear, and discoloration, Replace
damaged parts even if within the specified time limit.
(1} Thrust bush
Measure the clearance (K) of the thrust bush
Qroove.
Replace if it exceeds the limit.

[ Lmt468mm |

e \

Qil thrower

(2) Ol thrower
Measure the widths {G1){G2) of the seal ring
groove.
Replace if it exceeds the limit.

[ Limit G11.75mm G2 1.52 mm |

(2) Thrust metal
Measure the thrust metal range (J} and replace it in

agxcess of limit.
‘ Limit 4.48 mm 1

(7] Floating metat (5
(1) Check for wear, discoloration, and scraiches.
Repiace if damaged.

(2) Measure the inside diameter (C) and outside (D) of
the Hloating metal. Replace if in excess of limit.

Limit Qutside dia.{D) :16.98mm
Inside dia.{C):12.36mm

(8) Bearing housing 12

{1} Check for scratches or cracks and oxidation or dete-
rieration of the casting.

{21Check the round R (3 type snap ring and replace if
cracked or broken,

{3} Measure {B) and {F) shown in diagram of the bear-
ing housing. Replace if in excess of limit,
¢ Bearing housing inside dia (B}

[ Lmit17.11 mm J

¢ Turbine side seal ring insertion (F)
[ Umit1855mm |
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6LYA-UTESTE

Bearing housing

Bearing suppotring

Turbine side Blower side

(8] Seal plate 93
(1) Check the seal plate and points of attachment for
scratches and cracks. Replace if damaged.
{2} Measure the seal ring insertion on the blower side
(H1) (H2) and replace if in excess of limit.

Limit H1 18.05 mm, H2 14.05 mm

Seal plate

(10) Check the seal rings &, @&, and @ for wear and
bending.
Replace if damaged.

{11) Replace across head machine screw (M3) 47 and
across head machine screw (M4) @3,

1-10 Reassemnbly Procedure
1-10.1 Preparation for Reassembly

{1) Have ready all-purpose tools, specialized tools, liquid
gasket (Three bond No.1215) and lock tight No.242,

(2] Be sure to replace the following paris with new ones
at the time of reassembly,

e seal 7ing (Turbine sige) :
e seal ring (Blower side) :
escrew (M3} : 4 pes
sscrew (Md): 4 pes

1 pes
2pes

Pasition the closest to the
turbine side as shown.

Lube oil inlet*

R

\Ali n at this point.
Lube il inlet* ¢ '

As viewed from turbine side.

Fs viewed from turbine side. I

1-10.2 Reassembly
(1) Assemble floating metal

(1) Use snap ring pliers to attach the inside round R
type snap ring @3 1o bearing housing 2.

(2) Put floating metal @ into bearing housing 2.

(3} Use snap ring pliers to aftach the outside round R
type snap ring @2 to bearing housing (3.

Note 1) Refer to the dgiagram at the above right for
placement of round R type snap ring.

Place the snap ring with the rounded surface on the
metal side.

Note 2) Coat the floating metal with engine ofl before
assembling.
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6LYA-UTESTE

(2] Assemble turbine shaft
(1) Insert seal ring & in turbine shaft (.
(2) Attach the radiation shieid & to the bearing hous-
ing @2.
{3) Coat the journal of the turbine shaft with engine ail
and insert it into the bearing housing from the tur-
bine side.

Note: Be careful not to scratch the floating metal with the
turbine shaft.

Adijust the gap of the sealf ring to the il side, align the
center of the shaft with the center of the ring and insert.

(3) Fit thrust metal

{1} Insert thrust bush (2 into the turbine shaft () .

{2} Coat the thrust metal 35 with engine oil and attach
to bearing housing 2.

(3) Apply lock tight to the across head machine screw
(M3) 2 use the torque driver to screw into the thrust
metal.

Tightening torque : 13kg-cm
* Lube oil inlet side

Blowar side

(4] Fit seal plate

{1) Insert seal ring into oil thrower (3,
{2) Insert oil thrower (3 into seal plate 44,

Note: Adjust the gap in the seal ring to match the
chagram.

(3) Coat the flange surface of the seal plate % on the
turbine side with liquid gasket (Three bond
No.1214}).

Note: Refer fo the diagram at the right for the places (o
grease.

{Thickness of coat; 0.1 ~0.2mm)

Seal plate
Liguid gaskst /
Apply grease

Printed in Japan
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Take care not to let the
liquid gasket leak inte
this avea.

4—12

(4} Attach the seal plate 14 1o the bearing housing (2 .

(5 Coat the across head machine screw (M4) % with
lock tight and attach to the seal plate using the
tarque driver.

rTightening torgue: 38+3kg-cm |

(5] Fit blower housing
{1) Insert the blower impeller (& into the turbine shaft (1.
{2) Use the box spanner (14mm)} to screw the shaft-end

nut @ into the end of the turbine shaft () on the tur-
bine side.

Note: Be caroful fo turn to the left to tighten,

Tightening torque: 80%5kg-cm ]

(6) Fit turbine housing

{1} Assemble the turbine housing ® and the bearing
housing 2 aligning the guide marks made before
disassembly.

Note: When assembiing newly replaced parts, align by
checking the position of the oil inlet and outlet and
the exhaust gas inlel.

{2) Attach the turbine side pressure plate G and tighten
the hexagon bolt (M8) (9.

[Tightening forque: 285 5kg-cm |

{7] Fit blower housing

{1) Coat the flange surface of the bearing housing 12 on
the blower side with liquid gasket {Three Bond
No.1215).

Note: Refar to concerned page for the spot to grease.

| Thickness of coat: 0.1~0.2mm ’

{2) Assemble the seal plate 1@ and the blower housing
@ aligning the guide marks made at the time of dis-
assembly.

Note: When assembiing newly repiaced parls, align by
checking the positiort of the oil infet and outiet and
the air outlet.

{3) Attach the blower side pressure plate @ and tighten
the hexagon bolt (M8} 2.

[ Tightening torque: 230 10kg-cm ]

(8) Measure rotor play

Refer 1o 1-7.2) for measuring precedure,

When rotor play dees not comply with the standards,
gither the assembly is incorrect or a mismatched part
has been used. Disassemble and begin again.

{1} Service standard for axial play of rotor:
[ 008~009mm |

(2) Service standard for cross play of rotor:
[ 0.11~0.18mm |
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1-11 Procedure for After Reassembly

Be sure to chserve the following peints at the time tur-
bocharger is hooked up the engine and thersafter.

Be especially careful to avoid getting dust, dirt or other for-
eigh matter inside the turbocharger.

(1) Heoking up the turbocharger

{Lube Qil System>

{1) At the time the turbocharger is altached to the
engine, add new oit at the oil inlet.  Turn the turbine
shaft by hand making sure that the journal metal
and the thrust metal are lubricated.

(?) Clean dust, dirt, or other foreign matter out of the oil
inlet and outlet pipes from the engine and check for
damage.

{3} Securely attach the oil pipe making sure there is no
leakage at the connection.

{Intake System?
(1} Check for dust, dirt, or other foreign matter inside
the intake system.
(2) Check for air leakage at the connection of the intake
duct and the air cleaner.

{Exhaust System?

{1) Check for dust, dirt, or other foreign matter inside
the exhaust system.

(2) The bolis and nuts used are heat-resistant copper
ones.
Other all-purpose bolt and nuts should not be used.
Apply seizure retardant to all nuts and bolts.
{Use heat-resistant copper hexagon bolts for the
turbine housing.}

{3} Securely attach the exhaust pipe making sure there
is no gas leakage at the connection.

6LYA-UTE,STE
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1-12 Troubleshooting

6LYA-UTESTE

When there is frouble with the turbacharger, it cannot perform with maximum efficiency, and the engine output will be reduced.
When engine performance is poor, first check all of the engine parts to determine if there is a problem on the engine side.
Next, check the turbocharger in accordance with the following table.

(1] Exhaust coloris block
{nsufficient quantity of air intake?>

Cause

Countermeasuire

1} Clogged air cleaner element.
2) Airintet is blocked.
3J) Leakage in intake system.

® Clean or replace element.
e Comrect the condition,
# Check and repair.

{Turbocharger is not tumning

Cause

Countermeasure

1) Dirty ail has collected on the seal on the turbine side reducing
the moverment of the turbine shaft.
2) Metal seizure
& Insufficient oil or supply pipe is clogged.
& Ol ternperature is too high.
& |mbalanced revolution.
® |nsufficient warmup or abrupt stop {nc load) from
& gperation at lvad.
3) Contact or damage 1o turbine lades or blower impeller,
* Revolving 100 guickly.
= Exhaust temperature is too high.
® Prasence of foreign matter.
& Waorn metal.
® Inaccurate assembly.

& Change the engine vil, and disassemble and clean the
turbocharger.

¢ Disassemble turbocharger and repair.

# Check tha engine oil system and repair any damaged parts.

¢ Change engine ail.

® Replace revolving pars or clean.

® Review and follow precautions for eperation in he operation
manual.

# Check and adjust engine parts.

* Remove any foreign matter and check and repair air cleaner
and engine parts.

» Disassemble and repair turbocharger.
Heassemble.

{Consequences of exhaust resistance?

Cause

Countermeasure

1) Exhaust leaks before entering turbocharger resulting in
inadequate revolution.

2) The exhaust pipe is bent or blocked resulting in inadequate
revolution.

« Check attachment and ¢orrect.

& Correct.

(2] Exhaust color is white

Cause

Countermeasure

1} The oit return pipe is clogged or the pipe is bent causing the
oil to flow into the blower side or the turbine side.

2) Seal ring has becams warn or damaged due to worn metal.

* Repair or replace.

# Disassemble and repair turbocharger.

(3) Oil supply drops suddenly

Cause

Countermeasure

1) Seal ring has becorne worn or damaged due to worn metal.

¢ Disassemble and repair turbocharger.

(4) Insufficient output

Cause

Countarmeasure

1) Exhaust leaks before entering turbocharger resulting in
inadequate revolution.

2} The exhaust pipe is bent or blocked resulting in inadequate
revolution.

» Check attachment and correct.

& Correct.

Frinted int Japan
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Chapter 5 Lubrication System
1. Lubrication System

6LYA-UTESTE

1. Lubrication System

The lube ¢il in the il pan is pumped up through the intake
fiter and intake piping by the lube oil pump, through the
holes in the cylinder body and on 1o the discharge filter.
The tube oil which fiows from the holes in the cylinder
body through the bracket to the oil element is filtered and
sent to the oil cooler. 1 returns from the oil cooler to the
bracket, the pressure is regulated, and it is fed back to
main galiery in the eylinder body.

The lube oil which flows in the main gallery goes to the
crankshaft journal, lubricates the ¢rank pin from the
crankshaft journat, and a portion of the oil is fed fo the
camshaft bearings.

Fuel oil injechon gump

oii covler

Lube qil is sent from the gear case camshaft bearings
through the holes in the cylinder body and cylinders head
to the valve arm shaft to lubricate the vaive arm and
valves.

Lube oil is also sent from the main gallery o the piston cool-
ing nozzle to cool the piston surface, and is sent through the
intermediate gearbearings and respactive gears.

Lube oil for the fuel injection pump is sent by pipe from the
main gallery to the fuel injection pump.

Past of the lube ¢il is sent from the oil cooler discharge to
the supercharger in engines fitted with one, and is then
pined back fram the supercharger to the oil pan.

Fitter

SO0 000 | ‘l_ﬁ
Lube gl : |[ E——---~-——
UL ettty ( iy R 7
i [ il e el
" Lube o 1 I I : | t
U pressure 11 t : O Ly
It adjustrment | | | o A Clutch
{1 valve It il Ll i oil
Ther mastat 1l 1t (! ) | £l contar
Main
matal
[ i [
bl - _:_:_ o ]
I tl ]
Cam L
e e oo 0 ol Emmele]
L ~ -
™\ y - & - ol L-j
Fresh water cooler Turhine
Seawater pump
{Lubs oii path - =)
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Chapter 5 Lubrication System
2. Lube Otl Pamp

6LYA-UTESTE

2. Lube Oil Pump

2-1 Lube oil pump construction

The gear type lube oil pump is mounted on the gear case
side engine plate. and the pump is driven by the
crankshaft gear.

The lube ci! flows from the intake filter mounied on the
bottom of the cylinder bady through the hales in the cylin-
der bady and engine plate, and out from the holes in the
engine plate and cylinder body to the discharge filter.

The iube oil pump is fitted with a pressure regulating valve
which maintains the discharge pressure at 3kg/cme.

Cylinger block

/
intake filter

2-2 Specifications of lube oil pump

Pump efficiency test

Theoretical delivery A2 B colrev
Detivery 4.5 2/min or more
Delivery pressure i 8 kgsorm?
Pump speed 3200 rpm
Specification of head gear
Module 2.5
Angle of pressure 20°
Number of teath 24
Standard pitch dia.  66.20a mm
Helix angle & direction 25°lekt
Dislacation coefficient G.028

+0.048
Shaft gap 73.3637%5% mm
Straddle gear(no. of teeth) 19.610_7 o mm
Idle gear comp.
Printed in fapan
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Chapter 5 Lubrication Systemn
2. Lube Oil Pump

6LYA-UTESTE

2000.05

o
g
36.5

100 £0.05

Direction of rotation

F—fy

Spring —-

Sprit pin -

Seat/

y
Valve case
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Chapter 5 Lubrication System
2. Lube Oil Pump

6I.YA-UTESTE

2-3 Removal

{1} Drain the engine cil.

(2) Remove the cil pan by screwing draw bolts in the
thread holes in the oil pan.

(3} Remaove the oil pump drive gear.

{4) Remova the oil inlet and outlet pipes.

{5} Remove the oil pump.

2-4 Inspection

Remove the oil pump cover and measure the oil pump

gear-to-o0il pump body and the gear-to-cover clearances.

If the measured value exceeds the service limit or if there

is local weat, replace the oil pump assembly.
Gear-to-pump clearance

Service limit:  0.098 mm
Gear-tocover clearance
Service limit;  0.083 mm

Measuring the oil pump gear-to-pump body clearance

Feeler gaugs

Measuring the oil pump gear-to pump cover
clearance

Straight edge

P

O

i

Feeler gauge

Note:1. The oil pump should be disassembied only when
oil pressure does not rise sufficiently even after
adjusting with the pressure regulator vaive.

2. When assembling, make sure thal the drive shaft

{gear) rotates smoothly.

2-5 Instllation

{1} Install the oil pump drive gear on the il pump.
{2) Use a new gasket and install the ¢il pump on the
cylinder block.

Note:1. Get the surface of the oil pump drive gear and
the surface of the idle gear flush and tighten
ternternporarnily. Rotate the crankshaft so that
the engagement of the teeth is paraliel The
tighten the pump bolts.

2. Check the backlash of the drive gear.
Backiash: 0.08-0.16 mm.

(3} Torque the il pump drive gear 1o 5.0 kg-m.

(4) Use new gaskets and attach the oil inlet and outlet
pipes.
{5} Use a new gasket and install the oil pan.

Note : 1. Coat the three faced malching cornes with liquid
sealant.
2. Tighten after securely maltching with the surface
of the cylintler block.

(6) install all drain piugs and pour in the recommended oil
to the upper favel.

Printed in Japar
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Chapter 5 Lubrication System
3. Lube oil Filter

6LYA-UTESTE

3. Lube Oil Filter

3-1 Lube oil filter construction

The iube ol filter is 2 full-flow paper element type, mount-
ed o the top of the cylinder body with the lube oil cooler.
The cartridge type fiiter is easy to remave,

To prevent seizure in the event of the filter clogging, a
bypass circuit is provided in the oil filter,

c oy gr packing

Cover Assy.
Elemant packing
Se;t spring Set iIemring
Case
. / / 220 | b
/

Caution mark

- ' FULL FLOW

CAUTION

1. Apphy fin of snglna
il ko paaket.
2. Tightan liher lo

Ll Bama.
3. 5tart angine and chack
ilar oil iwakagn.

a8 119583-35100 3

Lube ¢il filter

S e ecifications

1 Pressure 1055

{.3kg/cm? ar less

{50 2 /min SAF#30 80°C}

2 Raliel valve pressura{Cpen)

1.8+0 2kglem?

3 Filtration surface

5800cm?

4 Pressure tightness

Element 12kg/cm?’ or more

Spinon 20kg/cm?® ar more

5 Impulse pre_SSure tghtness

"7 Pulse pressure 0 9kg/en

410" times when there are ne
problems

Printed in Japan
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Type Full flow, paper element

3-2 Lube oil filter replacement

{1} Pericd
The paper element will get ciogged up with dirt after
leng hours of usage.
Replace the filter according to the following standard,
as the dirt in unfiltered oil wili of course have a detri-
mental affect on the engine.

Every 250 hours of

Gil fiker replacement period engine operation

{2) Replacement

1} Remove the lube oil filter with the special tool.

2} Clean the filter mounting surtace on the filter bracket
and mounting screws.

3) Coat the fitter rubber packing with fube oil.

4) Scrow in the filter untit the rubber packing comes in
contact with the bracket mounting surface, and then 2
~3turns more,

5) Run the engine after mounting the filter, and make
sure that there 18 no oil leakage.



Chapter 5 Lubrication System
4. Oil Pressure Control Valve

6LYA-UTESTE

4. Oil Pressure Control Valve

4-1 Qil pressure control valve construction

Lube ol travels fram the fiter attachment pan to the {ube
oil cooler where it is cooied and sent on to the main
gallery of the cylinder body, Adjust the pressure of the
vaive located just before the enfrance to the main gallery.
When the pressure of the lube cil entering the main
gallery of the cylinder body exceeds the standard, the
pressure contral valve piston opens an escape outlet and
allows excess oil to drain into the cil pan.

Regutating pressure 35~4 Bkglem?

Bracket

Valve-—e
Spnng-—%

Packing

Ratainat

4-2 Qil pressure control valve replacement

The control vaive has been adjusted and assembled at
the factory, so it should not be disassembled without good
reason.

It the oil pressure control valve is disassembled due to
spring trouble, efc., mount a pressure gauge on the ¢il
pressure sender unit mounting washer, and adjust the
pressure with adjustment shims undil it is at the specified
value.

Width of the adjustment shim

t=02mm
t=05mm

t=1.0mm

Printed in fapan
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Chapter 5 Lubrication System
5. Lube Oil Cooler

6L.YA-UTESTE

5. Lube Qil Cooler

5.1 Lube oil cooler construction

The spiral thread of the inner pipe is in contact with the
inner surface of the outer pipe. This forms a spiral pas-
sageway.

The iube oil fiows through this passageway and is copled
by the cooling water (sea water) flowing through the inner
pipe.

There are two such pipes, connected side by side,
designed so that the lube qil and sea water flow in the
opposite directions.

to Turbochargar

.@@}

t

L0 INLET

Invertad flare/Male thread 1-1/16-18 UN ! BRAZING

Amount of heat: 45000kcad/in |
Temp. of sea water ‘

{Cooler inlet): 45C :
Sea water flow: 100002 /h i

Oll flow: 5847¢/h

Target temp of oil; 100C J
Bundle length ] 7T 167 mm
No. of tubes 313
"Small tibe diameter | 7 635mm i
Tube material 90—-10 Copper nickel
Body length | 248mm
Body Diameter | 155.8mm
Body Material ' STD. DWV
_No.ofbalfles | . . 8 .
Cut off low 5]
“Baffle spacing T “31.8mm -
No. of passes ! 3

A

T4 Plug {SEA WAIER}
e

fnver T Inverted flare/ Male thread 7/16-24 UNS

Baffig t=1.0

AN | 6" Separator cover B

b
N L& Gasket Noaprana rubber
6" Gasket - Neopre rubber K HiI-
~H I
8" Separaior COVG{MA h \ e J: E !
s meg ¥ | S I r‘::iﬁ-
uf‘ gl ~—HHH
] | L] f ! i -]
§-3 Pass separalor d I\ \\‘M_sepammr
- ] i1ks .. H
N 4 \a.,\..‘
_End Plata
SECTION A-A .

BRAZING

5-2 Inspecting the lube oif cooler

(1) Clean the inside of the sea water pipes with a wire
brush to prevent the build-up of scale.

(2) 1t the rubber hose connection or welds are.corrodsed,
repair or replace the cooler.

(3) Apply the following water pressures to the sea water
and lube oil lines to check for any leakage. Repair or
replace the cooler if there are any leaks.

Printed in Japan
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LQ QJTLET
4

J Inverted flare/Male thread 1-1/16-16 UN-
Fliting {Casting]

{4) When cleaning the inside of the tube, use a nylon
brush which wilt fit inside.

Test pressure

_Lubricating oil circuit 3 kgiem?

Sea water circuit 3 kgicm?




Chapter 5 Lubrication System
6. Piston Cooling Nozzle

6LYA-UTESTE

6. Piston Cooling Nozzle

6-1 Piston cooling nozzle construction

A nozzie made from steel piping is mounted on the lower
part of cylinder body main gallery. Lube cil from the main
gallery is sprayed out in a jet from the steel tip (¢1.77mm)
of this pipe. This jet spray cools the piston surface when
the piston goes down.

N /
r— | | a
\ ] 5
\ | )

' \

7 f%‘

- ! { f

N

| Piston :
L~ \\\ i -
v, ‘ \\B
Splash [
’
@7
N -Piston cooling nozzle
Cylinder body
main gahéry % T Setling balt
Pistan cooling nozzle
Qil injection volume 3.5~4.0  /min.
Qil injection pressure 4.5 kgicm?
5—0 Printed ia Japan

6-2 Inspection of piston cooling nozzle

(1) Check the nozzle tip hole to see if itis clogged up with
dirt or other foreign matter, and clean.

{2} Inspect the pipe mounting to see if itis or may become
loose ar come off due to vibration, etc., and replace if
necessary.
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Chapter 5 Lubrication Systern
7. Rotary Waste Oil Pump (Optional)

6LYA-UTESTE

7. Rotary Waste Oil Pump (Optional)

A rotary waste oil pump 1o pump out waste oil during oil

changing is available as an option.

This is a vane type pump. Turning the handle rotates the

vanes and pumps out lube oil.

7-1 Canstruction

Rotary waste oil pump

Cover
Vane
Sprindle
Spring
Rotary waste oil pump
Delivery capacity 0.13¢

of one stroke

Delivery pressure

1.5 kg/cm? or below

Suction head

less than 1m

Printed in Japan
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Rubber hoze

5—10

7-2 Inspecting the waste oil pump

{1) Disassemble the waste oil pump and check for spring
breakage or vane damage when there is an extreme
drop in discharge volume, and replace if necessary.

{2) Replace the oil seal if there is excessive oil leakage
from the handle shaft.

(3) Reptace the impeller if there is an excessive gap
between the impsller and the covers on both sides of
casing. This will cause a drop in discharge volume.

{4} The hose coupling is coated with adhesive and
screwed in.

It therefore cannot be disassembled.
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Chapter 6 Cooling Water System
L. Cocling Water System

6LYA-UTESTE

1. Cooling Water System

1-1 System

The cooling water system is of the indirect sea water
cacled, fresh water circulation type. The cylinders, cylin-
der heads, turbocharger and are cooled with fresh water,
and the lube oil cocler, inter-cooler and fresh water cooler,
{heat exchanger) use sea water.

Sea water pumped in from the sea by the sea water pump
cools the lube oil in the lube cil cogler and then goes to
the heat exchanger, where it cools the fresh water. Then
it is sent to the mixing elbow and is discharged frem the
ship with the exhaust gas.

Fresh water is pumped by the fresh water pump from the
fresh water 1ank 1o the cylinder jacket to cool the cylinder,
turbocharger and then the cylinder head. The fresh water
pump body also serves as a discharge passageway {line)
at the cylinder head outlet, and is fitted with a thermostat.

FUEL DIL INLET

\\

FUEL FEED PUME .,
O

The thermostat is closed when the fresh water tempera-
ture is low, immediately after the engine is started and
during low load operation, etc.

Then the fresh eater flows to the fresh water pump inlet,
and is circulated inside the engine with out passing
through the heat exchanger.

When the temperature of the fresh waler rises, the ther-
mostat opens, fresh water flows to the head exchanger,
and it is then cooled by the sea water in the tubes as it
flows through the cooling pipe. The temperature of the
fresh water is thus kept within & constant range by the
thermosiat.

W FUEL INJECTION PUMP
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kY \\ /
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Chapter 6 Cooling Water System
1. Cooling Water System

6LYA-UTESTE

1-2 Water leakage test (Fresh water}

{1) Fill with fresh water up to the upper surface of the
water tank.

{2} Install the cap tester on the filler neck.

(3) Operate the pump and set the pressure at 0.9£0.15
kg/em? (1312 psi), and inspect for water leakage.

Note | Be carefuf when applying pressure because exces-
sive pressure will damage the matching surface
packings cf the cooling water system as well as
the hoses.

Places for inspection (while applying pressure):

various hose connections, cooling water pump, each
packing secticn.

If the gauge needle drops even when water leakage is not
found in these places, water may be leaking from the
cylinder head, head gasket or inside the block.

Water Leakage Test

: Cap tester
[~ 1126650-92750)

Fresh water tank

1-3 Removing Scale (During Disassembly}

{1) Diluste scale solvent with approximately 10 times its
weight of water (seawater may be used for the seawa-
ter cireuit).

Stir it and dissolve the agent to make cleaning solu-
tion.

Immerse the disassembled parts in this cleaning
solution for 5-15 hours. Then take the parts out
and thoroughly wash with water. It is recommended
to prepare a solution with approximately 1 % of this
scale solvernt neutralization agent to wash the
parts in before washing with water.

(2

1-4 Anti-Corrosion Agent

In fresh water cocled diesel engines, anti-corrosion main-

tenance of the fresh water cooling system is very impot-

tant. Conduct anti-corrosion maintenance with the

following points in mind:

¢ Prevent solid matter from getting inta the fresh water
cooling system and clean the system periadically with
scale salvent solution.

® Always use clean soft water. The salt in seawater will
accelerate corrosion,

® Use anti-corrosion agent mixed with soft water as
coclant.

1-5. Antifreeze

On cold days {of less than 5C}, use antifreeze (antifreez-
ing solutian). Since freezing of cooling water can be pre-
vented by use of antifreeze, draining oui the coaling
water everyday can be cmitted if antifreeze is used.

After rinsing cooling system feed in cooling water mixed
with antifreeze.

Printed in Japan
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Chapter 6 Cooling Water System
2. Sea Water Pump 6LYA-UTESTE

2. Sea Water Pump

2-1 Sea water pump construction and
functioning

The sea water pump has a rubber impetler. The sea water
pump {s mounted to the gear case, and the drive gear on
the end of the sea water pump shaft meshes with the
camshaft gear to drive the pump.

The rubber impeller shouid be replaced periodically in
accordance with the maintenance schedule. The rubber
impeiler is enclosed by a cover attached by 6 bolts. When
attaching the cover, do not forget to attach an O-ring
hetween the pump body and cover.

PODD OO
v §
! ||I F \ \.\ l'.
I'\\ !|| | | Y
BN \
. ! \
Y | \
"'I
\.
2t
. ’ | a0
52
Parts list for pump
Itermn Description Nos.
1 Body 1
— 2 Shaft 1
3 Cam 1
4 Wear plate 1
H 5 pin 1
:; 6 Spacer 1
" 7 Endcover 1
1 - -
A ! B— 8 Washer 1
i 9 Screw 3
d 10 Screw 1
N 11 O-ring 1
12 O-ring 41
13 Balt bearing 2
14 Mech. seal 1
15 Lip seal 1
16 Retalning ring | 1
17 Retalning ring 2
18 Impeller 1

Printed in fapan f—4
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Chapter 6 Cuoling Water Systent
2. Sea Water Pump
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Spline data mm
Profite JES D200
Dimension 17X15X1
Tolerance Flank Class a
Pressure angle 20
Modulus 1
No of splines 15
Addandum mod. T 08
Pitch dia. 15
Inner dia. 1486

2-2 Sea water pump disassembly

{1) Remove the rubber hose from the sea water pump out-
let and then the sea water pump assembly from the
gear case.

{2) Remove the sea water pump cover and take out the
O-ring, impeller and wear plate.

{3) Remove the mechanical seal side stop ring.

{4) Insert pliers from tha drive gear long hole and remove
the stop ring that holds the bearings.

{5) Lightly tap the pump shaft from the impeller side and
remove the pump shaft, bearings, and drive gear as a
set.

{6) Remove the oil seal and mechanical seal if necessary.

2-3 Sea water pump inspection
{1) Rubber impsller
i there is damage or wear on the impeiler, replace it.
{2) Wear plate
Inspect the wear plate, and if the side surface is worn
orifitis deformed, replace it.
{3) Pumphousing
If there is excessive waar on the inner surface of the
housing or on the sliding surface of the impeliar,
replace it.
(4} Mechanical seal
If there is alarge amount of water leakage from the
drain pipe replace the mechanical seal. {Cooling water
leakage : less than 3ec/h)
NOTE: 1. Be careful not to damage each skiding surface
while replacing
2. Coat the sliding surface of the mechanical seal
with a smalf amaunt of high quality siticon oil to
prevent early leaksge due to insufficient fit.
3. Coal the seal bore with liquid sealant.

(5) Bearing
Inspect the bearing for wear or damage.

2-4 Sea water pump reassembly

{1) When replacing the mechanical seal, Coat the sliding
surface with a good quality silicon oil, taking sufficient
care not to cause any scraiches.

{2) When replacing the oil seal, coat with grease and
insert.

{3) Mount the pump shaft, ball bearing and gear assembly
to the pump unit and fit the bearing stop ring. Be sure
not to forget the water O-ring when doing this.

NOTE: Coat the shaft with grease.

{4) After inserting the mechanical seal stop ring, mount
the wear plate and impeller.
NCTE: 1. Wheninserting the impeller make sure it lias in
the proper direction.
2. Coat the inside of pump body impefler housing
with grease.
(5} Mount the O-ring between the pump body and side
cover,
NOTE: Replace the O-ring.
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3. Fresh Water Pump

3-1 Fresh water pump construction

The fresh water pump is of the centrifugal (volute) type, The totally enclosed mechanical seal spring presses the
and circulates water from the fresh water tank to the cylin- impelier seal mounted on the impelier side away from the
der head. pump body side. This prevents water from leaking along
The fresh water pump consists ¢f the pump body, the pump shaft.
impeller, pumg shaift, bearing unit and mechanical seal. As the impeller and puiley flanges are press fit assembled,
The V pulley on the end of the pump shaft is drivenby a V they cannot be disassembled.
belt fram the crankshaft.
The bearing unit assembled in the pump shaft uses Parts list for gump
grease lubricated ball bearings and ¢cannot be disassem- Parts
bled. 1 Casing 1
2 Packing 1
3 Cover 1
4 Impeller 1
5 Shatt bearing 1
6 Mechanical seal 1
,"\ CV;’,“’&’ head 7 Pullay seat 1

Water tempearature

Sander @@@@ @@

7] !

© [
E B j 1 N
a8
b | < SJ N[ \
Pump assem | o - I
P . [y o L& . - _ Py o
Waler temperature switch -y al®
a. ‘s ) -
T 5

137.5
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Tap for water temperafu
sender unit.
m_

Qutlet for water heater |

3-2 Specifications of fresh water pump

Crank shaft speed (max.) [ 3500
Pump shaft speed 2970-3030 rpm
Delivery capacity 350 £ jmin
Total head 6.5mAq

3-3 Fresh water pump disassembly

(1) Do not disassemble the fresh water pump. Itis difficult
to disassemble and, once disassembled, even more
difficult to reassemble. Replace the pump as an
assembly in the event of trouble.

{2) When removing the fresh water pipe as an assembly
from the cylinder intake pipe O-ring.

{3) When the fresh water pump body and cylinder intake
flange and/or fresh waler pump and purmp plate are
disassembled, retighten to the specified iorque.

Tightening torgue far

pump satting bolts 70-—~110 kg-cm

3-4 Fresh water pump inspection

{1} Bearing unit inspection
Rotate the impeller smoothly. If the rotation is not
smooth  or abnormal noise is heard due to excessive
bearing play or contact with other parts, replace the
pump as an assembly.

(2} Impelier inspection
Check the impeller blade, and replace if damaged or
corroded, or if the impeller blade is worn due to con-
tact with pump body.

6—7

- Inlet for water horte

_..——-- From heat
B exchanger

Thermostat 4 n_--Pump plate
Bearing unit o [ A
]
V pulley [T— Gaskst
Impeller
™ Bypass port
V pulley flange y
Pump body
Meachanical seal
=»Ta cylinder body

QO-ring

Gasket Fipe flange

(3) Check the holes in the cooling water ang bypass lines,
clean out any dirt or other foreign matter and repair as
hecessary.

(4) Replace the pump as an assembly if there is excessive
water leakage due to mechanical seal or impeller saal
wear of damage.

(8} Inspect the fresh water pump body and flange, clean
off scals and rust, and replace if corroded.

{6} Measure the clearance between the impeller and the
pump body, and the impeller and the plate.

Measure the clearance between the impeller and the
pump body by pushing the impeller all the way
towards the body, and inserting and the body.
Measure the clearance between the impeller and the
plate (pump body bracket) by placing a straight-edge
against the end of the pump body and inserting a
thickness gauge between the impeller and the straight-
edge.
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Measuring clearance betweaen impelier and pump body.

Thickness gauge

Measuring clearance between impeller and pump body
bracket.

\\ Straight-adge
4

-

!
Thickness gauge

mm
j Standard | Wear limit
Clearance between ! N i
impeller and body 0.83~1.1 | 1.5
Cleararice between 15 I
impalier and plate : .
Frinted in Japamn
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4. Fresh Water Cooler

4-1 Fresh water cooler construction

The fresh water cooler cools the hot fresh water that has

cooied the inside of the engine with sea water.

The inside of the fresh water cooler cooling pipe consists

of 201 small dia.

tubes and baffle plates.

The sea water flows through the small dia. tubes and the
fresh water flows through the maze formed by the baffle

plates.

22

104=
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4-2 Specifications of heat exchanger

Bundle length 550mm
No. of tubes 201
Small tube Dia. £.35mm
Tube material Copper nickel
Body length 645mm
Body diameter 130.2mm
Body material STD.DWV
No.of bafiles 4

Cut off raw 9
Baffle spacing 108 .4mm
No. of passes 3
Separator type Standard 3pass

4-3 Disassembly and reassembly of the fresh
water cooler

Remove the covers on both sides gasket (S).

NOTE: Replace the gasket (5) when you have removed
the covers.

4-4 Fresh water cooler inspection

(1) Cooling pipe inspaction
1) Inspect the inside of the tubes for rust or scale build
up from sea water, and clean with a wire brush if
necessary.

NOTE: Disassemble and wash when the cooling water
temperature reaches 85°C.

2} Check the joints at bath ends of the tubes for loose-
ness or damage, and repair if loose. Replace if dam-
aged or corroded.

3} Check tubes and replace if leaking.

4) Clean any scale or rust off the outside of the tubes.
When cleaning the inside of the tube, use a nylon
brush which will fit inside.

(2) Fresh water cooler body inspection
1) Check heat exchanger bogdy and side cover for dirt
and corrosion. Replace if excessively corroded, or
cracked.
2) Inspect sea water and fresh water inlets and outlets,
retighten any jeints as necessary and clean the
insides of the pipes.

Printed fn Japan
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(3) Fresh water cocler body water leakage test

1) Compressed air/water tank test
Fit rubber covers on the fresh water and sea water
inlets and outlets.
Place the Fresh water cooler in a water tank, feed
in compressed air from plug on sea water inlet (2nd)
and check for any (water) leakage, {air bubbles).

Rubbar cap

Test pressure 2kg/omi{28.44 Ibfin.?}
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5. Pressure Cap and Sub Tank

5-1 Pressure cap construction

The pressure cap mounted on the fresh water filler neck
incorporates a pressure control valve. The cap is mount-
ed on the filler neck cap by placing it on the locking tab
and rofating. The top seal of the cap seals the top of the
filier neck, and the pressure valve seals the lock seat,

5-2 Pressure cap pressure control

The pressure valve and vacuum seal both seal the valve
seat when the pressura in the fresh water system is within
the specified value of 0.9kg/icm?2 {12.80Ib/in.2). This seals
the fresh water system.

wWhen the pressure within the fresh water system exceeds
the specified value, the pressure valve opens, and steam
is discharged through the overflow pipe.

When the fresh water is cooled and the pressure within
the fresh water system drops below the normal valve,
atmospheric pressure opens the vacuum valve, and air is
drawn in through the overflow pipe.

Pressure valve operation Pressure valve spring

Pressure valve

Rubber seal

Vacuum valve operation

Vacuum valve spring

Vacuum valve

The sub tank, (which will be descriped later), keeps the
water level from dropping due to discharge of steam when
the pressure vaive opens,

Action of pressure control valve

Open at 0.9 kg/emeG
Open at 0.05 kg/cm®G or below

Pressure valve

Vacuum valve

5-3 Pressure cap inspection

Precautions

Do not open the pressure cap while the engine is running

or right after stopping because high temperature steam

will be blown out. Remove the cap only after the wailer

has had a chance to cool down.

{1) Remove scale and rust, check the seat and seat valve,
efc. for scratches or wear, and the spring for corrosion
or setlling. Replace if necessary.

NOTE: Clean the pressure cap with fresh water as it will
not close completely if it is dirty.

(2) Fit the adapter on the tester to the pressure cap.
Pump until the pressure gauge is within the spacified
pressure range (0.75~1.05kg/cm?(10.67~14.91
Ibiin. 3} and nots the gauge reading. The cap is nor-
mal if the pressure halds for six seconds. If the pres-
sure does not rise, or drops immadiately, inspect the
cap and repair or replace as necessary.

5-4 Function of the sub tank

The pressure valve opens to discharge steam when the
steam pressure in the fresh water tank exceeds 0.8kg/cm?
(12.80iiin.7).

This consumes water. The sub tank maintains the water
level by contaring this discharge.

Steam discharged into the sub tank cendenses intc water,
and the water level in the sub tank rises.

When the pressure in the fresh water system drops below
the normal valve, the water in the sub tank is sucked back
into the fresh watet tank to raise the water back to its orig-
inal level.

The sub tank facilitates long hours of operation without
water replacement and eliminates the possibility of burns
when the steam is ejected from the filler neck because the
pressure cap does not need to be removed,
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Filler cap Fresh water tank

- 4 /

Jus- N = 7

Su tank I__,__g .......
1

5-5 Specifications of sub tank

Overall capacity 342 (inY
Subtank capacity | Full-scale position 152 {in?)
Low-scale position | 0.432 {12.20in%)

5-6 Mounting the sub tank

(1) The sub tank is mounted at approximately the same
height as the heat exchanger (fresh water tank).
(aliowable difference in height: 300mm (11.8110in.) or
less)

(2) The overflow pipe should be less than 1000mm
(39.3701in.} long, and mounted so that it does not sag
or bend.

Note : Make sure that the overflow pipe of the sub tank is
not submerged in bilge, water in the bifge will be siphoned
into the fresh water tank when the water is being cooled.

5-7 Precautions on usage of the sub tank

(1} Check the sub tank when the engine is cool and refil
with fresh water as necessary to bring the water level
between the low and full marks.

(2) Check the opverflow pipe and replace if bent or
cracked.

Clean out the pipe if it is clogged up.

Frinied in Japas
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6. Thermostat

6-1 Functioning of thermostat

The thermostat opens and cioses a valve according 1o
changes in the temperature of the fresh water inside the
engine, controfling the volume of water flowing to the heat
exchanger from the ¢cylinder head, and in turn maintaining
the temperature of the fresh water in the engine at a con-
stant {evel.

The thermostat is bottom bypass type. It is located in a
pasition connectec with the cylinder head outlet line at the
top of the top of fresh water pump unit.

When the fresh water temperature is low(75.0~78.0°C or
less), the thermostat is closed, and fresh water goes from
the bypass line to the fresh water pump intake and circu-
lates in the engine.

When the fresh water temperature exceeds the above
temperature, the thermostat opens, and a porion of the
water is sent to the heat exchanger and c¢ooled by sea
water, the other portion going from the bypass line to the
fresh water pump intake,

The bypass line is closed off as the thermostat valve
opens, and is completely closed when the fresh water
temperature reaches 81.5°C {valve lifts 4mm {0.1575in.}),
sending all of the water to the heat exchanger.

u% Jigle valve {R21.5 or greater}

Date of manuiacture \ Open valve temperature

6LYA-UTESTE
No. [ tem Material Measurement
1 Seat 5L15430 11
5 | Attachmentframe 5U5430 t1
3 | Valve . 5U5430 t0.8
4 | Bypass valve 5US430 0.6
5 | Spring SUSA04 $3
8 | Piston. SUS304 pE.4
7 | Siepper C3B04B 14
B8 | Adjustmentittings £as04B ¢8
g | Helper spring SUS304 $1.8
10 | Peliet Ass'y
11 | Pipe 5U5304 $15,1
12 | E snap ring . 805304 ES
13 | Jigle valve SUS430 $53

6-2 Thermostat construction

The thermostat used in this engine is of the wax pellet
type, with a solid wax pellet located in a small chamber.
When the temperature of the cooling water rises, the wax
melts and increases in volume This expansion and contrac-
tion is used to open and close the valve.

6-3 Characteristics of thermostat

Opening temperature 76.5T
Ful! open temperature 90°C

. Valve Tift af full open Bmm
Diameter 50mm

= Valve diameater: 350
e Leak hole. Jiggle valve

» Ability:
a} Temperature — Stretch feature
MIN e

10
£
C "y
3 TEMP {C}

D

[}
J\?E{C T2G: Valve liftinspection temp.

T1C: Valve open temp.
T1+2C: Valve open irspection temp.

b Time: Within 30 seconds

¢ Amount of water leakage: Cooling water 0.2kg/cm?
~ {20KPa} at pressure of 12/min. or lower.

d) Hysteresis: Al lift 2mm within 3.5C.

e} Jiggle valve feature: Colsed valve pressure;
10mmHg or lower.
Amt, of air flow with closed valve
10 /min. or greater.

o[ ‘
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©_ -
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6-4 Thermostat inspection

Remove the thermostat cover on top of the fresh water
pump and take out the thermostat. Clean off scale and
rust and inspect, and replace if the characteristics (perfor-
mance)} have changed, or if the spring is broken,
deformea or corroded.

Tharmostal cover

Gasket

Tharmostat

Pagcking

Fresh water purmp body

( ;
- ™ . nﬂ.-’
U s o
\\:bf__/'/

6-5 Testing the thermostat

(1) Put the thermostat in a breaker with fresh water, and
heat it on an electric stove. The thermostat is func-
tioning normally if it starts to open between 75~78°C,
and opens 8mm {0.3150in.) or mora at 3¢°C. Replace
the thermostat if it is not functioning normally.

{2) Normally, the thermostat should be inspected every
500 hours of operation, but it should be inspected
before this if the coaling temperature rises abnormally
or white smoke is emitted for a long time after engine
starting.

(3) Replace the thermostat every year or 2000 hours of
operation {whichever comes first).
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7. Kingston Cock (Optional)

7-1 Construction

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

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

Suction pipe

Hull

Kingsten cock cover

7-2 Handling precautions

Cautions the user 1o always close the Kingston cock after
each day of use and to confirm that it is open before
beginning operation.

Iif the Kingston cock is left open, water will flow in reverse
and the vessel wil! sink if trouble cccurs with the water
pump.

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

Kingston cock cover

7-3 Inspection

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

It water leaks from the cock. disassemble the cock and
inspect if tor wear, and repair or replace it.
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The reduction and reversing gear tar YANMAR Model
KMBA is explainad in detail in.

Chapter 8, For details on cther types of cluiches [HURTH-
HSWB0G{AZ), TWINDISC-MG5050(A)] refer to the service
manuals supplied by the makers.



Chapter 7 Reduction and Reversing Gear

1. Specification and System

1. Specification and System

1-1. Marine Gears (YANMAR MODEL. : KMHEA)

There aye 3 standard types of clutches for the SLYA-UTE and BLYA-
STE model which are shown in the specifications.
explained here. Refer to the service manuals provided by the manu-

facturers for details on other types of clutches.

1-1.1 Major Specifications

The KMHGA is

6LYA-UTESTE

1 | Type Constant mesh gear with hydraulic multi-disc {wet type)
;_ __h:‘l_oder,_.. SO — e ren
3 | Redugtion ratio 1.58 1.92 2.26
4 | Revoluticn spesd (Input) 3300 3300 3300
5 1 Revolution speed (Output) 2087 1718 1457
& | Reversing system Constant mesh gear
B 7 | Cluteh Muiti wet plate type
8 | Lubeoll API Service glade CD (#30)
g | Weight 105kg
10 7 Lube system Forced lubrication with hydraulic pump
11 | Cooling system Sea waler multi pipe
12 | LO capacity 4.014
13 | Hydraulic cil set up pressure 28:40.5kgl/cmeat 3300rpm il temp. 80°C

1-1.2 Power Transmission

Qutput shaft counterclockwise (viewed from stern side)

Engine—+@—~E—(®)

Output shaft clockwise (Viewed from stern side}

Enging—{T+@ +3r+E—®
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1-1.3. Sectional View
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1-1.4 Hydraulic System

The lube cil, as shown in the hydraulic diagram, is sucked
up through the strainer from the cil pan. The pressure is
regulated by the hydraulic pressure adjust valve and the
oil flow switched to each clutch by the forward/reverse
switch valve. The pressure of the remaining oil other than
the il sent to the clutch is regulated by the lube oil pres-
sure adjust valve for lubricating bearings and other parts.
The gear faces and thrust bearings are lubricated by
splash system.The hydraulic oil switched by the
forward/reverse switch valve is sent to the forward/reverse

]

-

Reverse ciutch
Lube o

hydraulic cylinder for each respective motian. For smooth
clutch engagemaent, it is possible to direct the hydrauiic oil
to the slow-engaging vaive through the orifice of the
switch valve to cause the pressure in the hydraulic cylin-
der to rise gradually.

When the switch lever is returned to the neutral position,
the hydraulic oit pressing the slow-engaging valve and
hydraulic cyiinder is drained immediately to release the
engagement.

A&

T2

gallln

Forward clutch

Lubs oif g
- - — Lobricati Regulater valve
L ‘ ”l !1||LJ rication e
o
Aeverse Forward % if
L
fe A T ] a

Strainer

. Qit cooler
Slow-engaging

valve

-

]

Regulator valve

( f ) Gl pump

/N

/

N
\

AN

/

1-1.5 Structure

The clutch is the hydraulic wet type muu-aisc type and the
spline of the forward/reverse pinion meshes with the steel
plate of the imernal circumference spline. The external
circumference of the friction plate meshes with the internal
circumterence of the clutch housing.

The steel plates and friction plates are assemblsd by turns
and when hydraulic pressura is applied to the hydraulic

Printed in fapan
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cylinder, the steel plate and friction plate are press-fitted
10 make the clutch engage for power transmission.

when hydraulic oil is drained, the hydraulic cylinder is
pressed back by the force of the internal spring, causing
the steel plate and friction plate to be separated and
release the engagement automatically.
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1-1,6 Handling of Emergency Bolts

How to handle emergency bolts

1) Shouwd the clutch become neon-gperable due to a fail-

ure in its hydraulic pressure system during operation,
stop the engine.
Remove the blanking cover of the clutch. First, tighten
uniformly and loosely the two emergency bolis at the
rotating part of the clutch turning them clockwise, and
then retighten them firmly.

21 When this is done, the clutch is connected to the pro-
peller counterclockwise-rotation side. The ¢lutch
becomes operable at a low speed (1000mm or lower}
tor emergency use.

{Precaution)
High speed cperation may cause seizure of the clutch
disc or metal,

1-1.7 Service Standard
1} Periodic Inspection

Check the marine gear pericdically according to the following list.

(Pracautions)

1) When tightening the emergency bolts, turn and stop the
engine at the position where each bolt comes in line
with each hole for it. And then tighten the two bolts uni-
formly.

2) When the emergency bolis are used, the cluich is con-
nected 1o the propeller clockwise-retation side.

No neutral and propeller clockwise rotation operations
become available.

Remember this when starting the engine or appreach-
ing a pier.

3) After returning to port using the emergency bolts, ask
the nearest YANMAR dealer to service the engine as
soon as possible.

Inspection interval Check ilem Frocedure
Every day Qil levet ﬁ:_gn;ﬂgeit:ég insern the dipstick 1o check the ol level before starting
On oil change Oil strainer Clean.
Every 5000hrs. Qil cooler Clean the inside of the cooling pipe and cooler. i
Every 2 years Rubber block Check for cracks and wear visually.

2) Wear Limit of Major Parts

Part name Measuring position Wear limit Measure -
Friction plate, gear Backlash - 0.5 Replace
Steel plate pinicn Backlash 0.5 Repiace
Seal ring Width 0.8 Replace

Sealring

%|—|e 3.0

3) Parts to be replaced

Bearings

Replace them when rotation is not smooth or noise is caused by
rotation.

Packings

Replace all on disassembly.

Rubber packings{O-rings, square rings)

Replace all on disassembly.

Rubber blocks

Replace them when a crack or wear is found.

Qil seal

Replace it when a scratch or wear is found on the surface.

7—5
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2 Reassembly and disassembly (KMH6A) 6LYA-UTESTE
2. Reassembly and disassembly (KMHGA)
2-1. Reassembly 2} Remove the mounting flange and take out the input

. . . : ear.
1. Disassembling marine gear and accessories g

{1} Remove the remote control cable and pipes and then
remove the clutch from the engine,

{2} Drain out the lube oit inside the clutch through the
drain plug.

{3) Remove the uvil cooler.

{4) Remaove the oil pump.

Input gear

{Caution):
When remaving the oil pump, do not loosen the hexagon
sacket head cap screw.

{5} Remove the output shaft counling. (7) Remove the suppart cover.

1} Raise the caulking (at two positions) of the locking
nut with a chisai.

2) Fix the output shaft coupling 1o a work bench so that
it cannot rotate.

3) Loosen the locking nut and remove the oulput shaft
coupling.

{Caution):
Be sure not to damage the shaft seal ring.

i(8) Remove the vaive body.

Valve hody
Marine gear body -
i

Marine gear body
~

{Caution):

Be sure not 1o damage the shaft seal ring.
(Caution): g nng

Make sure lo use the lype of a socket as shown below for

the locking nut. (9} Remove the cutput cover.

{10) Remove the case.

(72} {55) . 1) Remove all tightening balts.
AL 2) Couple balts to screw holes and pull out Case B
i - horizontally.
J . .
- 3
P =
. =~
P

(6} Remove the input shaft coupling and input gear

1) Loosen the hexagon nut at the center of the input shaft
and remove the rubber block flange and input shaft
coupling. Rubber block flange

-
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(11} Fake out the suppart shaft assembly and output shait
asssembly.

(Caution).

The pinion gear of the support shaft assy can slip off

easily.

Be careful not 1o drop it

2.3. Disassembling support shafts A and B

{1} Remove the seal rings from the suppon shafts.
{Caution):

Make sure not to flaw the seal ring because it is made of
resin.

{12} Take out the outer race of bearings from the case.
(Caution):

The outer race be taken out easily by warming the case
with oil.

(13) Take out the second relief valve from case B.

Second relief valve

2-2. Disassembling input and output gears

(1} Take out the bearing inner race frem the input and
Qutput gears.

{Caution).
Do not disassemble the oulput and input gears because
they are shrunk.

{2} Remove the pinion gears from the support shafts.
(Caution):

The pinion gear bearings can easily be taken ocut by
remaving the circlip of the gear.

{3) Remove the circlip of the driven gear to take out the
back plate, friction plate, and steel plate.

(4} Remove the circlip of the shaft by pressing the return
springseveral millimeters in a direction so that the
spring goes away from the spring.

{Caution}:

When the circlip is removed, the spring jumps up. Be

carotul,

(5) Remove the hydraulic actuation cylinder.
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2. Reassembly and disassembly (KMH6A)

6) Remove the bearing inner race on the engine side
using a pulley remover.
{Caution).
Do not disassembie lhe support shaft and drive (driven)
gear because they are shrunk.

2-4. Disassembling valve body

{1} Remaove the strainer lid and then remove the spring
and strainer,

{2} Remove the valve cover and then take out the loose
engagement valve, inner and outer relief springs, and
relief valve.

Valve cover

Engagement valve
ok

{3) Remove bolts of the selector valve to take out the
selectar lever V.

{Caution):
Both the detent-use ball and the spring jump out. Be
caraful not ta lose them:.

Selactor valve

—

Printed in Japan
HINSHI-H2001

6LYA-UTESTE



Chapter 7 Reduction and Reversing Gear
3. Cautions for Reassembly

6LYA-UTE,STE

3. Cautions for Reassembly

3-1. Cautions for Reassembly

(1) Reassembly can be made by installing the parts in the
reverse crder to disassembly.
Clean all parts and take care not to include dust or
metal chips. Also note the following points:

1) Replace the parts found to be defective due to oil
leakage, etc. during the check before disassembly.

2} If a bearing makes abnormal sounds, check it for
discoloration or abnormal wear of the rolling contact
surface. Aeplace it the bearing is defective.

3) Replace all the parns which exceed the wear limit,

4) Take care toinstall the hydraulic pump in the correct
direction.

5) Clean O-rings and other rubber parts in cleaning oil or
wipe off dust. Apply grease to them betore reassem-
bly.

6} Replace all the packings.

7} There are two types of pinion gears with a reduction
gear ratio of 1-68 {The axial position of the gears is
differant.) Make sure to use the correct ane for
assembly.

(2) Reassembly of Clutch

Friction plate

B} Assembla cases applying liguid packing (silicone-
base) to the mating faces after oil is eliminated.

S} Assemble the case and the valve body applying liquid
packing {silicone-base) to the mating faces after oil is
eliminated.

(Caution):
Make sure not to let the liquid packing flow intp the ol hole
of the valve body.

10) Apply caulking to the output shaft nut at two posi
tions alter it has been tightened so that it will not
rotate.

11} When installing the marine gear to the engine,
always apply silicone oil to the rubber block.

12) Tighten bolts and nuis according to the torque listed
in the tightening torque list.

13) Replace O-rings, square rings, oil seals, stoppers
{(split pins, bend washers) and other consumable
parts at every disassembly.

14} Check for oil leakage and bolt tightness during cper

Circlip

Steel plate

Square ring

Emergency bolt

} Back plate

Clutch piston

Square ring

Return spring

..

Cautions for Cluich Reassembly

1) Apply grease to the square ring before assembling it
to the hydraulic cylinder and shaft.

2) When installing the hydraulic cylinder, take special
care not to catch the square ring in the clearance.

3) Assemble tha friction plate and steel plate by tums.
Be sure to keep the warp of steel plates in the same
direction. {Spline is provided on the inner side of the
steel plate.}

\

T

L

Circlip

4} Both ends should have friction plates. {The number of
friction plates is larger than steel plates by one piace )
B) Couple the emergency belts to the drive gear, and not
to the drive gear.
{Caution):
Apply liquid packing (Sificone-base} to screw threads of
the emergency boits.
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3. Cautions for Reassembly
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{3) Shim adjustment

1} Input shaft
Measure backlash of the input and drive gears and
adjust shim thickness t1 to make the backlash 0.12-0-
20mm wide.

Marine gear body

» After shim thickness t1 is determined, measure
dimensions of A, B, and C 1o determine shim thick-
ness ta.
ta={A—B—C)=Z0.05mm

12

2) Support Shaft (A)
Adjust the clearance to the taper rolter bearings.

D

® Measure D and E dimensions to determine shim
thicknass t:
t: = (D—EYmm

FPrinted in Japan
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3} Support Shaft (B)

Adjust the clearance to the taper roller bearings.

#® Measure F and G dimensions to determines shim
thickness ts
te = (F—G)X0.05mm

4) Qutput Shaft

Adjust the clearance to the taper roller bearings.

® Measure ¥ and G dimensions to determines shim
thickness s
ts = (F—G)*0.1mm
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{4) Handling of Hydraulic Pump
Be sure {o follow the instructions below for clutch dis-
assembly and inspection and handling of the hydraulic
pump.

1} Replace the hydraulic pump assembly and packing as
one unit.

2) When removing the hydraulic pump fram the clutch,
remove only the pump fixing bolts and DO NOT
loosen the assembly bolts of the pump. (Remove the
haxagon bolis, but do not loosen the hexagon socket
head bolt. if these bolts are ioosened, the pump may
not be reused.)

3} If the pump has been disassembled for any reason,
tighten the belis uniformly ie ensure that the shaft
turns lightly,

4} Do not handle the pump with a cloth or cloth gloves.
This may cause clogging in the oil circuit.

5) Before reassembling the pump, supply oil to the pump
and confirm that it turns lightly.

6) Install the pump and packing to the clutch and tighten
the fixing bolts temporarily. Take care not to twist the
joint of the pump coupling.

7} Strictly observe the tightening torque of 210+20kgf-cm.
Do not use the double-headed wrench for tightening
the bolts. {Qvertightening will cause pump seizure,)

3-2 Tightening Torque of Major Bolts

{kgt-m}
portion T «MHsA
Hydraulic pump installation holts Mg 2.1+0.2
Input shaft coupling tightening bolts M12 9.0X10
Input shatt stopper plate tightening bolts Mig 23%:5
Outpui shaft nut M4g 70225
Output shaft coupling bolt M16 23%15
3-3 Standard Tightening Torgue
fkgf-m)
Material MEXXt.25 M10X1.5
FC or steel material 26102 50105
Aluminum mateiat i 2.1+02 _ap*oe
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Chapter 8 Remote Control {Optional)
1. Remote Control System

6LYA-UTESTE

1. Remote Control System (Option)

1-1 Construction of remote control system

The remote control permits one handed contral of the
engine speed, changing from forward to reverse, and
stopping.

Fittings which allow for easy connection of the remote
control cables with the fuel injection pump and transmis-
sion are provided with the remote control set.

The use of Morse remote control cables, clamps and
aremote control head, are also provided for. The device
to siop the engine is electric and will be explained under
the section cn electrical equipment.

1-2 Remote control device components

Yanmar

Morse description Part No.

Morse MV side mounting
single lever

Remote

control head 128170-86500

The MV type controller has been designed so that oper-
ation of the clutch and throttle can be etfacted with one
lever. When the button next ta the contrel lever is pulled
out with the lever in the central position, it holds the cluteh
in the neutral position so that the throitle can be opened
all the way and warm up the engine.

When the engine is warmed up, return the handle to
the central position and push the button back in. Contral
of the clutch and throttle is thus effected with gne handle.

{2} Remote conirol cable

FPrinted in fapan
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Use only Super-Respeonsive Morse Gontrol Cables.

These are designed specifically for use with Morse con-
trol heads. This engineared system of Morse cables,con-
trof head and engine connecticn kits ensures dependable,
smooth operatton with an absclute minimum of backlash.
Too many bends {turns} in the cable or bends at too
extreme an angle will make it difficult to lum the handle.
Raroute the cable to reduce the number of bends or
enlarge the bending radius as much as possible {io
200mm or more).

Check for louse cable bracket/clamp balts or nuts and
retighten as necessary.

Check cable connection screwheads, cable sieeves and
ther metal parts for-rust or carrosion. Clean off minor rust
and wax or grease the parts. Heplace it the parts are
heavily rusted or correded.
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2. Remote Control Installation 6LYA-UTESTE

2. Remote Control Installation

2-1 Speed control

Move the control lever all the way to full throttle several
times, and then return. The throttle lever on the engine
must lightly push against the idle stop when it is returned.
If it is property adjusted, the knob can be easily pulled out
when the lever is in the neutral position, and will automati-
cally return when the control lever is brought back to the
neutral position. If the control lever.

presses too hard against the knob, it may not return auto-
matically, in which case the cable end must be adjusted
as explained for the clutch. The knob cannot be pulled out
when the lever is not in the neutral (central) position.

Speed control cable

Cable jpint "

2-2 Ahead-neutral-astern control

Move the lever several times. The movemant of the
clutch lever on the transmission must coincide with the
forward, neutral and reverse on the control lever.

If they do not coincide, adjust the fitings as necessary
{first transmission side, then controller side).
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Chapter 8 Electrical System
1. System Diagram

6LYA-UTESTE

1. System Diagram

1-1 System diagram of electric parts

Magnetic reiay, Earth bolt

EF—"Cooiing water thermo switck:
a thermo switch

Thermo
switch

Lube oil
pressure sendor

Batiary switch
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Chapter 9 Eiectrical System
2. Battery

2. Battery

2-1 Construnction

Terminal Filler cap

. Cover

Negative plate

Separate plate

Battery casse Glass mat

Positive plate

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

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

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

When the battery is discharging, an eiectric 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

Batt . standard 12¥-120AH
attery capaci

ry capacly cold weather 12V-150AH
Full charged specific gravity 1.26

2-2.2 Battery cable

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

6LYA-UTESTE

i Wire thinner than specified | | Single conductor wire |

[ Wire longer than specified |

[ High wiring resistance | Y
Open circuit caused
¢ by vibrations

[ Low current |

v Y

| Fautty starting | [ Faulty charging

Battery swilch

Battery

Q

Key switch

}9

The overall lengths of the wire between the battery (+)
terminal and the starter (B) terminal, and between the bat-
tery {—) terminal and the starter (E) terminal, should be
determined according te the following table.

| E—
e

Starter

{ motor
E

Voltage Alﬁm?gle Conductor a+rb+c
system voltage cross-section aliowable
drop area length
20mm? UP to 3.5m
12v 0.2V or less 1004
40mmvé UPto7m

Note:@ Excessive resistance in the key switch circuit
{between the battery and start [S] terminals}) can
cause improper pinion engagement. To preveni
this, follow the wiring diagram carefully.

2-3 Inspection

The quality of the battery governs the starting perfor-
mance cf the engine. Therefore the bafttery must be rou-
tinely inspected to ensure that it functions perfectly at all
times.

2-3.1 Visual inspaction

{1) Inspect the case for cracks, damage and electrclyte
ieakage.

{2) Inspect the battery halder for tightness, corrosion, and
damage.

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

{4) Inspect the caps for cracking, electrolyte leakage and
clogged vent holes.
Correct any abnormal conditions found. Clean off
rusted terminals with a wire brush before reconnect-
ing the battery cable.
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2. Battery
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2-3.2 Checking the electroiyte
{1) Electrolyte level

High

=

Good Low

Check the electrolyte level every 7 to 10 days. The
electrolyte must always be 10~20mm (0.3937~
0.7874in.) over the top of the plates.

NOTES: 1. The “LEVEL™ line on a transparent plastic
battery case indicates the height of the elec-
iroiyte.

2. Always use distilled water to bring up the
glectrolyte fevel,

3. When the efectrolyte has feaked out, add
difute sutfuric acid with the same specific
gravity as the electrolyte.

(2} Measuring the specific gravity of the electrolyte
1) Draw some of the electralyte up into a hydrometer.

Hydremater

2) Take the specific gravity reading at the top of the

scale of the hydrometer.
Rubber bulb

Glass tube Head top of scale

3} The battery is fully charged if the speciflc gravity is
1.260 at an slactrolyte temperature of 20C,. The bat-
tery is discharged if the specitic gravity is 1.200
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f50%). If the specific gravity is below 1.200, recharge
the battery.

4) 1 the difterence in the apecitic gravity among the cells
of the battery is £0.01, the battery is OK.

5} Measure the temperature of the slectrolyte.
Since the specific gravity changes with the tempera-
ture, 20°C is used as the reference temperature.
Reading the specific gravity at 20°C
Sx = St+0.0007{t—20}
Sx: Specitic gravity at the standard temperature of 20
'C
St: Specific gravily at the electrolyte att’C
0.0007: Specitic gravity change per 1 °'C
t: Temperature of electrolyte

2-3.3 Vollage 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 testar

{1y Connact the tester to the battery.
12V battery tester
Adjust the current (A}

{2) Connect the {+) lead of the tester to the (4} battery
terminal, and the {—) tester lead to the {—) battery ter-
minai.

(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 gver the battery. (Make
sure that no water gets inte 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 hales 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 insulatar, do nof
coat the terminals before connecting the cables.
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2. Battery 6LYA-UTESTE

2-4 Charging e I

2-4.1 Charging methods ‘ SN

There are two methods of charging a battery: normat and 128 TS - -

rapid. o7 ~

Rapid charging should only be used in emergencies. Specific ] ~ 3 TS

® Normal charging---Shouid be conducted at a current of I 12 b e, b
1/10 or less of the indicated battery (o5 \1‘_\ ) b T
capacity {1CGA or less for a 100AH - ] -
battery). 1.24 < B =

® Rapid charging --'Rapid charging is done over a shorn 103 i “‘xﬁ
period of time at a current of 1/5 ~ i '

1/2 the indicated battery capacity
{20A ~50A for a 100AH battery}.
However, since rapid charging caus-
es the elecirolyte temperature o rise
too high, special care must be exer-
cised.

2-4.2 Charging procedure

(1) Check the specific gravity and adjust the electrolyte
level.

{2) Disconnect the battery cables.

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

Battery
Charger

{4} Set the current to 1/10 ~1/5 of the capacity indicated
on the cutside of the battery.

(5) Periodically measure the specific gravity during charg-
ing to make sure that the specific gravity remains at a
high fixed value. Also check whether gas is being gen-
erated.

2-4.3 Charging precautions

{1} Remove the battery caps to vent the gas during
charging.

{2) While charging, ventilate the room and prehibit smok
ing, welding, etc.

{3} The electrolyte temperature should not exceed 45C
during chareing.

{4} Since an altemator is used on this engine, when charg-
ing with a charger, always disconnect the battery (+)
cable to prevent destruction of the diodes.

{Before disconnecting the (+) battery cable, discon-
nect the {—) battery cable [ground side].}

—10 0 10 20 30 40 50

Electrolyte 1emperature {C)
Elsctrolyte 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 twa
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 or 2 times
a month when it is being stored.

i I
5 \\ ;
4 507
Self-discharge’ 3 T -
day {%) : "\11
E ]
™~ wc
N -
T 200
[
a 1 2 3 4 5

Number of days after charging

{2} If charging by the engine altemator 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.

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 batteryup to a

specific gravity of 1.26 (24 hours}.

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

;E_,».j
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6LYA-UTESTE

3. Starter Motor

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

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

3-1 Specifications and Perfofmance

Engine model T BLYA-UTE.STE
Model 513-68A
Rating {sec)} 30
Qutput (kW) 3
Di.rection of rotgt!on _ Clockwise
{viewed from pinion side)

Weight kg (Ib.} 75
Clutch system Overrunning

Engagement system Magnetic shift
fo. of pinion teeth 11
Pinion flyout voltage (V) B orless
Terminal voltage {V} 12
No-load Current (A) 180 or less
Speed {rpm) 3000 or more
Terminal voltage (V) 9
Loaded Current {A} S500A MAX.
characteristics | Speed (rpmy) 1270 or more
Torgue kg-m 1.7 or more
. T .
3 2§ 3
5 el 2| el LTI [
2l 2 E g I o Targu
5 SOBIBrIY QOutput At
e} oo > AT | !
1ot B0+3000F 12 y ™,
N // Ny
2.5 S0tasoob 1o By /)*
! A
T I~ 4
2.01  40q2000r 8 :
AN 4 \
151 301180F 6 / A
/ /] M
R /] - \L;Ferminal voltage
,/ [ Spead AT
0.5 10+ S 2 / P .
LA LT
ol ol o oL N
0 200 400 600 BJD 1000 1200 1400 1600 1800 2000
Currgnt (A}

Parformance curves
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3-2 Features

(1) The starter motor is compact and produces high output
through high speed revoiutions. It has increased
torque by employing a reduction gear to reduce the
speed between the armature and the pinion.

(2) The use of balt bearings at the armature shaft {front
and rear sides) and the needle bearings for the gear
shaft (rear side) has boosted the durability ¢f the
starter motor.
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3-3 Construction

Magnetic switch

Center bearing hausing

Shitl lever

Gear case

Dust cover

Thrusi washer

/ Rear cover
Pinien - Brush sprirg
o - hoider /-

Finman stopper

Through boit
Brush {—)

Brush{+)
Figid coil

Amature

Magnetic switch

Gear case
/ Shift lever
Pinion

Brush "
Gear shaft

Ball bearing o J—
-ting I
=
AN _ =

== =

Terminal, E

E\— i pu Pinion stopper
L

\ Nesadie hearing

Through bolt
Oil seal

Hear cover Armature  Yoke Ball bearing

I*rinted in Japan
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3-4 Disassembly (3) Remove the rear cover.
(1) Discennact the magnetic switch wiring. ;; 2222:2 mz :"w"g ::;ﬁ::s hg:"t;]gltme brush holder.
Loosen the M8, nut and disconnect the magnetic rough botis.

switch wiring. 3) Remove the rear cover, using the minus {—) driver.

{2) Remove the magnetic swiich.
Remaove the two ME bolts.

{4} Remove the brush holder.
1) Float the minus (—) brush from the commutator.
2) Remove the plus {+) brush from the brush holder.
3) Remove the armature form the yoke.

Printed in Japan
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3. Starter Motor 6LYA-UTESTE
(5) Remove the center bearing housing, (7} Remove the gust caver.

1} Remove the three M6 bolts trom the gear case. 1} Remove the two M5 bolts.

2) Remove the center bearing housing and ail seal from 2) Remove the dust cover from the gear casé.

the gear case.

o (O

O

{8} Remove the pinion.

'6) Remove the shift lever pin. 1} Slide the pinion stopper to the pinion side.
1) Remove the ME bolt from the gear case. 2y Remove the pinion stopper clip, using the minus {—)
2) Remove the shift lever pin from gear case. driver.

3} Remowe the pinion from the gear shaft.

Printed in Japan
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6LYA-UTESTE

3-5 Maintenance standard

Model S13-68A
HStandard spring load kg az
Brush Standard height mrm 18 B
Wear fimit mem 6.5
. ) Sernies coil resistance Q2 0.21
Magnetic swiich -
Shunt coil resistance Q2 0.67
) ) Maintenance standard mm 37
Quiside diameter - -
Wear imit mm 36
Commutator Deflection Repair imit mm R
Repair accuracy mm 0.05
, Maintenance standard men 0.2
Mica undercut
Repair limit mim 0.5~08
Armature shaft diameter Deflaction mm heiow 0.08
- . . Shaft diameter mm 15.950~15.968
Pinion sliding section
Standard dimension Hole diameter mm 16.03~16.05
Shaft diameter rarn 15.950~15.968
Gearcase
Hole diameter mm 16.0~16.018

Printed in Japan
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3-6 Inspection
3-6.1 Armature

{1) Commutator,
ingpect the surface of the oommutator. If corroded
or pitted, sand with #500 ~ #600 sandpaper. [f the
commutator is severely pitted, grind it to within a sur-
face roughness of at least 0.1mm {0.0039 in) by turn-
ingiton a lathe. Replace the commutator if damage is
irreparable.

Modei SI3-68A
Maintenance o
standard Wear limit
Comrnutator
outside diameter $37 $38
Deflection Repair limit Hepalb accuracy

{2) Micaundercut
Check the mica undercut, correct with a hacksaw
blade when the undercut is too shallow.

Bad Goad

Hacksaw blade

Hacksaw blade

Commutatar

Facing 0

Commutalor 5 ~ 0.8 mm

Segment mica

Good

mm {in.}

Maintenance

standard Repair limit

Mica cndercut 0.2 05~0.28

{3} Armature ceil continuity and ground test

Using a tester check for continuity betweea the commuta-
tor and the shaft (or armature core). Continuity indicates
that these points are grounded and that the armature must
be replaced.

Checking cemmutator for insulation defects.

Kind of test Check point Normal Abnigrmal
- Commutator NO (Broken or
Continuity between armature | YES | disconnercted coil}
Commutator
Insulation | between armature | NO | YES {Shori-circuit)
or shait

Primted in Japan
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3-6.2 Field coit {2} Brush appearance and movement in brush holder If
(1) Field cail continuity and ground test. the outside of the brush is damaged, replace it. [ the

movement of the brushes in the brush holder is
hampered because the holder is rusted, repair or
replace the holder,

{3) Brush spring
Since the brush spring pushes the brush against
the commutator white the motor is running, & weak or
defective spring will cause excessive brush wear,
resulting in sparking between the brush and the com-
mutator during operation. Measure the spring farce
with a spring balance; replace the spring when the dif-
ference between the standard value and the mea-
sured value exceeds +0.3kg (0.66 Ib)

Spring balance

Wear limit +0.3kg{0.66 Ib}

Brush spring

{Measuring brush spring force}

S1368A
Standard spring load 3.2kg

Field coil continuity test

{4} Brush holder ground test
Check for continuity between the insulated brush hold-

Rind of test | Check point | Normal Apnormal er and the base of the brush holder assembly.
Continuity ge:\rpégilﬁeld coil | YES | NO (Wiring broken) Continuity indicates that these two (—between +}
F'.Q d col ' points are grounded and that the holder must be
: 1eld C : :
Insulatian between yoke NG | YES (Shon-circuit) replaced.
3-6.3 Brush

{1) Brush dimensions

Replace brushes which have been worn beyond the spec-
ified wear limit.

Replace the brush i it is
worn up o the botiom of
the Hitachi trademark
[approximately cne-half its
originat iength)

—
Standard ]
height L
| Wear limit
NEW USED
mm
§513-68A
Brush standard height 18
Wear limit 6.5 N
Printed in Japan 9—12
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3-6.4 Magnetic switch 3-6.5 Pinion

(1) Shunt ¢oil continuity test {1} Inspect the pinion teeth and replace the pinion if the
Check for continuity between the S terminal and the mag- teeth are excessively worn or damaged.

netic switch body (metal part). Continuity indicates that the {2} Check if the pinion slides smoothly; replaca the pinion
coil is opan and that the swtich must be replaced. i faulty.

{3} Inspect the springs and replacs if faulty.

3-6.6 Ball bearing
{1) Check whether the ball bearing makes any abnormal
sound and replace the ball bearing if necessary.

3-7 Reassembly precautions

Heassemble the starer motor in the reverse order of dis-
assembly, paying particular attention to the following:

{1} Lubrication
Lubricate each bearing and spline with high quality
"Hitachi Electrical Equipment Grease A* The following
lubricants may be used in place ot Hitachi Electrica!l
Equipment Grease A,

8O Shunt coil Magnetic switch plunger | Shell Asroghelf No.7
Bearing and spline Shell Albania Grease No.2

M Qi | Series coi Earth Reduction gear Shall Aeroshell No.7

Magnetic switch wiri;:g' Sliding of shift tever Shell Aeroshell No.7

3-8 Adjustment and performance test

| $13-68A
Col resistance (al 20°C) [ 0620 (1) L-size measurament (gap betwsen pinion and pinion
stopper;}
When the pinion is at the projected posttion, measure
(2) Series coil continuity test the gap between the pinion and pinion stopper.  This

check should be made with the pinion pressed back

Check for continuity hetween the S terminal and M ter- lightly 1o take up any play in the engagement linkage.

minal. Continuity indicates that the coil is open and
that it must be replaced.

rm
Starter motor £ dimengion
513-684 0.3~15
Pressing tha pinicn
£ dimengion
513-6BA Measuring of g dimension
Resistance value {at 20°C} 0.214
9—13 Frinted in Japan
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{2) Pinion movement
After complete assembly of the starter motor, connect
up the motor as in Fig.

_ G ; Switch
Q

Battery

Q

Starter

‘w
;O
{3) Plunger movement

Adjustment made by adjusting stroke of magnetic
plunger to the prescribed value.

1) Shim adjusting.
Adjust the 2-dimension dust cover at the magnetic
switch attach section.

po. Dust cover
=
{4) Thrust gap of armature
No adjustment type.
(5} Thrust gap of gear shaft
mm
Normal gap | Wear limit | Kind of thrust washer

Thrust gap of

gearshaft ‘ 0.05~0.3 | Over0.7

Thickness 0.25

Frinted in fapan
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3-9 Testing

3-9.1 N¢ load test

Test procedure

(1) Connect the positive side of the ammester {A) to the
positive terminal of the battery, and connect the nega-
tive side of the ammeter to the B terminal of the
starter.

@

Tachometer

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

(3} Cannect the positive side of the voltmeter (V} to the B
terminai of the starter, and connect the negative
side of the voltmeter to the body of the starter.

{4) Attach the tachometer.

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

e The magnetic switch should begin operation, and
the speed, current, and voltage should be at the
prescribed values,

e A fully charged battery must be used.

® Since a large current tlows when the starter is oper-
ated, 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 Troubleshooting

{1) Pinion fails to sdvance when the starting switch is closed

Probtem

Cause

Corrective action

wiring

Open or loocse battery or switch terminal

Repair or retighten

Starting switch

Threaded part connected to pinion section of armature shaft
is damaged, and the pinion doss 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

Magnetic switch

Piunger of magnetic switch matfunctioning or coil
shorted

Repair or replace

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

Problem Cause Corrective action
Starting motor Overrunning clutch faulty Replace
(3) Motor rotates at full power before pinion engages ring gear
Problem Cause Corrective action
Starter motar Torsion spring permanently strained Replace

{4) Piniocn 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, retightan,
or replace wire

Starter motor

Pinion and fing gear engagement taulty
Motor maunting fauity

Brush worn or contacting brush spring faulty
Commutator dirty

Armature, field coil faulty

Field ceii and brush connaction loose

Magnetic switch

Contactor contact faulty
Contactor contacts pitted

Replace
Remocunt
Replace

Repair

Repair or replace
Ratighten

Replace
Repilace

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

Problem Cause Carrective action
Starting switch Switch faulty Replace
Magnetic switch Switch faulty Replace

FPrinted in Japan
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4-3 Characteristics

4. Alternator

The alternator serves to keep the battery constantly

charged. It is installed on the cylinder block by a bracket, 100 T 1.0
and is driven from the V-pulley at the end of the 15' slv C'OnsthIOmLm I
crankshaft by a v-beit. , Wi | ]
The type of alternator used in this engine is ideai for high &0 r‘ i / 1 0.8
speed engines with a wide range of enging speeds. It con- s z
tains diodes that convert AC to DC, and an IC regula- 2 eof— , : do =
tor that keep the generated voltage constant even when = / Torque | ; 2
the engine speed changes. g ! Y - ‘ 2
& 40 I _‘ .~ 0.4 g
. -
4-1 Features .
The alternator contains a regulator using an IC, and has 20 0.2
the following features. : |
(1) The IC regulator is self-contained, and has no mov- ¢ 0 2 ;‘ 6 8 0 15 o
ing parts {mechanical contact points). R therefore i 14X109
has superior features such as freedom from vibra- Alternator revolution (rpm;
tion, no fluctuation of voltage during use, and no
need for readjustment.
Also, it is of the over-heating compensation type and
can autormatically adjust the voltage to the most suit-
able level depending con the operating lemperatura.
{2) The regulator is integrated within the alternator to
simplify external wiring.
{3} It is an alternator designed for compactness, lightness
of weight, and high cutput.
{4} A newly developed U-shaped diode is used to provide
increased reliability and easier checking and mainte-
nance.
(5} As the alternator is to be installed on board, the follow-
ing measures are taken o provide salt-proofing.
1) The front and rear covers are salt-prooted.
2) Salt-proof paint is applied to the diode.
3} The terminal, where the inboard harness is con-
nected to the alternator, is nickel plated.
4-2 Specifications
Model of alternator LR180-03B (HITACHI}
Mecdel of IC regulator TRIZ-63 (HITACHI)
Battery voltage 12V
Nominal output 12V/80A
Earth polarity Negative earth { § )
Direction of rotation Clockwise
(viewed from pulley end)
Weight 54kg
Rated speed 5000rpm
Operatirry speed 1200~9000
Speed for 13.5V 1200 or jess
Qutput current at 26°C over 75+3A/5000 rpm
Regulated voltage 14.510.3V(Standard temperature
voltage gradient, -0.01/C)
Printed in Japan 9—16
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4-4 Construction

This is a standard rotating field type three-phase alterna-
tor.

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

Bruah
regulator assy

Capactor assembiy

Brush regulator aasembly

Aear cover assambly Dipde assembly

Stator assembly
Front cover assembly \ Rotor assembly

§ Brush assembly

Bearing retainer / IC regulator assembly
Ball bearing T Brush set Through bolt
{ |
Pulley nut assembly ) Ball bearing
-
Spacer ~ { =
Hear cover

Spacer

insulating bushing
Pulley assembly

|

\
Screw (M5X0.8X14)

_ Printed in fapan
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4-6 Handling precautions
{1) Be careful of the battery’s polarity (4, — terminals)},

4-5 Alternator functioning
{1} IC regulator

The IC reguiator is the transistor (Tri} which Is series-
connected with the rator. The IC regulator contrals the-
output voltage of the generator by breaking or

and do not connect the wrong terminals to the wrong
cabies, or the battery will be shont-circuited by the gen-
erator dicde.

In this case too much current will flow, the IC reguiator
and diodes burn out, and the wire harness will burn,

(2) Make sure of the correct connection of each terminal.

(3) When guick-charging, etc., disconnect either the bat-
tery terminal on the AC generator or the terminal on
the battery.

{4} Do not short-circuit the terminals.

{5) Do nat conduct any tests using high tension insulation
resistance. (The dicdes and IC regulator will burn out.}

conducting the rotor coil {exciting} current.
When the output voltage of the generator is within the
standard value, the transistor {Tr1) turns on. When the
voltage exceeds the standard value, the Zener diode
goes on and the transistor {Trs) turns off.
Witk the repeated turning on and off of the transistor,
the output voltage is kept at the standard vaiue. (Refer
to the circuit diagram below.)

{2) Charge lamp
When the transistor {Tri)is on, the charge lamp key
switch is fumed to ON, and current flows to Fa, Rs and
to Tt 1o light the lamp. When the engine starts to run
and cutput voltage is generated in the stator coil, the
current stops flowing to this circuit, turning off the
charge lamp.

(3} Circuit diagram

P 1 BAT
lCondenser
dlode = R
1 Rotor Key switch
coit \
Stator L W )
coil bi—l 12V34W 1T ey
.l ] switch

=’

>

s

[}

| 4
' - Auxiliary O =
dioda '! Battery
: o R L
IC Regulator
% 1 L J
TE

Alternator

J

Connection diagram

Printed in Japan
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4-7 Disassembiing the alternator {4) Remove the nut, the brush-holdar, and diode fixing nut
at the BAT, and the terminal scraws of the rear cover.

Separate the rear cover from the stator (with the diode
and brush holder).

(1) Remove the through-bolt, and separate the front as-
sembly from the rear assembly.

{5) Disconnect the sofdered joint of the statar lead wire,
and remove the diode and brush regulator assemblies
from the stator at the same time.

{2} Remove the puliey nut, and pull out the rotor from the
front cover.

{8) Separating the regulator
1} To separate the regulator, remove the ¢3 mm (¢
0.1181in.} rivet which keeps the dicde assembly and
the brushiess regulator in place, and the soldered
jaint of the L-terminal.

{3) Remove the #5mm (¢ 0.1969 in.) screw from the front
cover, and then remove the ball bearing.

— Printed in Japan
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2) To replace the IC regulator, disconnect the soldered
jaint of the IC regulator and pull out the two bolts. Do
not remove these twg inlts except when replacing the
IC regulator.

4-8 Inspection and adjustment

{1} Diode
Between terminals BAT { + side diode}
Teaster wire +- side 5 — side
+ side No continuity
U.V.W. - - -
- side t Continuity

Between terminals E { — side dicde)

Tester wire <+ side - srda
UVW + side Communty
B ~ side No continuity | —
o T
- Auxllnary iode
+ Side diode-=_ . -
= " rF———C BAT
— Side diode —" I;_ N T )
— d—\:j

Current directmn

LLVY.W.: terminal from the stator coil

Current flows only in one direction in the diode as shown
in Fig.181. Accordingly, when there is confinuity between
each terminal {e.g. BAT aM L)), the diade is in normal
condition {photo). When there is no continuity, the diode is
defective.

Whan the tester is connected in the reverse of above,
there should be no continuity. If there is, the diode is
defective.

Printed in Japan
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After repeating the above test, if any diode is acund to be
defective, replace the diode assembly. Since there is no
terminal on the auxiliary dlode, check the continuity
betwsen both ends of the diode.

CAUTION: Do not use high tensile insulation resistance
for testing. The diode may burn out,

{2) Rotor

Inspect the shp ring surface, rotor col continuity and insu-

lation.

1} Inspecting the slip ring surface

Check if the surface of the slip ring is sufficiently smooth,
If the surface is rough, grind the surface with No. 500-
600 sand paper. If it is contaminated with ail, etc.,
wipe the surface clean with alcohol.

Standard Wear limit

Slipringouterdia. | $31.6mm # 30.6mm

2} Rotor coit continuity est
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Replace
the rotar coil.

Resistance value ! Approx. 2.60Q at20°C
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3) Retor coil insulation test 2} Staior coil insulation test
Check the continuity between the slip ring and the Check the continuity between the terminals and the
rotor core, or the shaft. If there is continuity, insulation stator core. If there is continuity, insulation of the sta-
inside the rotor is defective, causing a short with the tor eoil is defective. This will cause a short-circuit with
earth circuit. Replace the roter coil. the earth core. Replace the stator cail.

4} Check the rear side ball bsaring. If the rotation of the

bearing is heavy, or preduces abnormal sounds, {4} Brugh

replace the ball bearlng. The brush is hard and wears siowly, but when it is
worn beyond the allowable limit, replace it. Whean
replacing the brush, also check the strength of the
brush spring.
To check, push the spring down to 2mm {G.0787in )
from the end surface of the brush holder, and read the
gauge.

| I
Zmm (0.0787 in)
{3} Stator D
1) Stator ¢coil continuity test
Check the continuity between each terminal of the sta- o
tor coil. If there is no continuity, there is. a wire break :
in the stator coil. Replace the stator coil. Brush spring strength | 110~26.5

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

/S
Wear limit iine {brush)

mm {in.}
_ © Approx. 0.031Q at20C - I —
Resistance value 1-phase rasislance Maintenance standard Wear limit
Brush length 16 9
9—91 FPrinted in Japan
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{6) IC regulator

Connect the varlable resistance, two 12V batteries,

resistor, and voltmeter as Shown in the diagram.

1) Use the following measuring devices.

Resistor (Rt} 100Q, 2W, 1pc.

Variable resigtor (Rv) 0-30CQ, 12W, 1pc.

Battery {BAT:, BATz) 12V, Zpes,

DC voltmeter 0-30V, 0.5 class 1pc.

{measure at 3 points)
2)Check the regulator in the following sequence,
according to the diagram.

a) Check Va {BAT:+ BAT: voltage). If the voltage is
20-26V, both BAT and BAT: are normal.

b) While measuring V2 {F-E terminal voltage), move
Ry gradually from the O-position. Check i there
is a point where the V2 voltage rises sharply from
below 2.0V to over 2.0V. If there is no such
point, the reguiater is defective. Replace the regu-
lator. If there is a sharp voltage rse when testing,
return the Rv to tha QO-position, and connect the
voltmaeter to the V, position.

c) While measuring V, (voltage between L-E termi-
nals), move Rv gradually from the O-positian.
There should be a point where the voltage of V,
rises sharply by 2-6V. Measure the voltage of V,
just before this sharp wvoltage rise. This is the
regulating voltage of the regulator. If this voltage of
V, is within the standard limit, the regulator is
normal, #f the voltage deviates from the limit, the
regulator is detective.

Replace the regulator.

)/

i
O -position

4-9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly.

Faor reassembiy, be careful of the tollowing points. {Reler

to 4-7 disassambling altemator).

{1} Assembling the brush regulator

1) Solder the tbrush.

Position the brush as shown in the drawing and solder
it. Be careful not 1o let the solder drip into the pig tail
{lead wire}.

Printed in fapan
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Wind the wire 1.5 times

around the terminal groove.
11£0.5mm 9

{0.413~0.4528in)

L

1mm {0.039in.]
Mount the insulation tuhe
on the terminal surface.
NOTES: 1. Use non-acid type paste.
2. The soldering iron temperature 5 300 ~
3507,

2} Mount the IC regulator on the brush holder as il-
lustrated, and press in the M5 bolt. Do not forget to
assemble the bushing and the connecting plate at the
same time.

{ff the bushing is left cut , the output terminal will be
earthed and the battery shori-circuited).

M5 boit

NOTES: 1. Insertion pressure is 100kg (220.5 1bs.)
2. Insert vertically.
{2) Connecting the brush regulator assembly and dicde
1) Check the rivets
Place the rivets as shown in the figure, and then calk
them using the calking tool.

Calking torque 500kg

2) Connect the brush to the diode.
Insert the brush side terminal into the diode terminal,
calk it, and then solder into place.

3.0mmiQ1181in.) dla. rivet.

N\

q

Rivetting pressure S00kg
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(3} Assembling the rear cover
Insert pins from the outside of the rear cover. [nstall
the brush an the brush holder, then attach the rear
cover.
After assembly, pull out the pins.

Brush holder

pin

Rear cover

{4} Tightening torques

- Tightening torque
Positions kg-om
Brush holder fixing 32—40
Diode fixing 32—40
Bearing ratainer fixing 32—40
Pulley nut tightening 450~ 600
Thraugh-belt tightening 32—40

4-10 Performance test

Conduct a performance test on the reassembled AC gen-
erator as follows. The following is the circuit for the perfor-
mance test.

{1) Measuring devices

OC voltmeter 0—15V or 0—30V, 0.5 Class, 1pc.
0—1004, 1.0 Class 1pc.

0—0.250. 1kW. 1pc

DC ammeter

Varlable resistor

Lamp 12V, 3w
100G resistor aw
0.25Q resistor 25W

Variable resistor

Ik
i Battery
4
Charge lamp A \=
O N
02502 Resistor

Connect when
the batteries
are dischargad

9—23

(2} Measuring the regulating voltage

1) When measuring devices are connected in the perfor-
mance test circuit as shown above, the charge lamp
lights.

2) Clase SW: while keeping SW, open and run the AC
generator. When the revolutions of the generator are
gradually raised, the charge lamp goes off.

3} Raise the revolutions of the AC generator, and read
the voltmeter gauge when the revolutions reach abaout
5,000 rpms.

NOTES: 1. Make sure that the ammeter indication at this
time is less than 8A. If fhe indication is aver
5A, connect the (.25 fesistor. The voit-
meterindication at this time must be within the
preseribed regulating voltage value.

2. Raise the AC generator revolutions high to
make sure the reguiating voltage does not
fluctuate afong with changes in the revolution
speed.

(3) Precautions for measuring the ragulating voltage

1} When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery +
terminal, and AC generator E-terminal.

2} Use a fully charged battery.

3} Measure the voltage quickly.

4) Keep SWI open for measurement.
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4-11 Troubleahooting
{1} Charging failure

Doe?'n't Defective
Does the charge lamp go off 1\ 9°°
when the key switch is furned Check fan balt :igPJaﬁ-‘ Lag ?t&"-
{after engine starting)? Just fan belt.
Goes off lOK
After stopping the engine, lum onthe key switch. )
Remove R-L generator coupler. )
l Defactive | ® Check electrical wiring for defective

lamp for defective continuity af the

continuity of tha BAT, and R
Measure the voltage between BAT terminals.
termirnal, and R-L coupler terminal. ® Check the key switch and charge
L-terminal.

BAT, RB-L terminal
Voltage: 8-12V

C Insert B-L coupler to generator. )

Y

( Turmn on the key switch for engine starting . )

Y

Defective | o |n case of defective continuity of
/ *Measure the voltage between BAT terminal, replace |G regulator.
. ——— ] 1N case of defective continuity of
*Measuring condition \ generator BAT. and L terminal. i - )
® L-terminal, check ot replace diode,
Generator PMS! 5,000 startor and rotor,
Refer to page 99. Ok
Y
Liht 1 ot M Defective
ight the night lamp. Measure h i irina for ni
the BAT terminal voltage of (énﬁ;*k electrical wiring for night

generator; 0.3—2V is normal.

Printed in Japan _
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{2) Overcharging

Defective
Tum on the keg switch, Measure BAT voltage of Replace IC reglator or generator.
{Start the engine.} generator.

(3) Charge lamp failure

Defective »
Check if the charge lamp lights Check the wiring.

after turning on the key switch Replace charge lamp

OK

Defective
After turning on the key switch

(after engine starting), check if Charge lamp is OK it it goes off. . 23,-‘3:{3 ?aI\aEe?f *
the charge lamp goes off.

Check the fan belt oK

Defective
Measure BAT voltage of I Replace the charge lamp.
generator.
9—25 Printed in Japan
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5. Instrument Panel

No.; Model ) ] ) ' New B-type : New C-type New D-type
! Key switch {Starier switch) | ® o ®
i | Engine stop switch . ® ® o
]' Switch unit . Alarmbuzzer {C.W. temp., L.O. pressure} | ® & Y
e Alarm huzzer stop switch i ® ™ ®
Ilumination switch for tachometers ! * * L
Battery not charging | L L ®
C.W. high temperature ' L d . d .
{Z>| Adarm lamp unit £.0 low pressure . ® ® ®
Clutch oil pressure L J ® ®
L.O. fiter clogged ! = N ® o
3| Tachometer unit | Tachometer with hour meter | L { ® o
LO. pressure meter [ ] ®
@) Sub meter unit C.W, temperature meter — ® [
[ Boost meter {Turba) — — ®
&) Clock unit Quarlz clock — — [ )
New B-type New C-type
R ea—— TG | W ) N . - TR, l”_—""" e AT TS}
r— @ 14211 ‘:9:0 -1-»——- 14214 S8 ——d _ i ——@— 190{7 48 }——=—-— 190( 7 48)--—— ——y
It e R ¢ :
/] rout i
8% H = ] ' §§
it . © ~ o
33 s g3
Hi @ | i
it e I ° . L
"B 86 510 26) @ o
New D-type
A70{IBEOY s s ——————— o
22518 86) - “T g 22548 86y ———
1 *
88
T
23
o

6055{026}@) 5
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6. Warning Devices 6LYA-UTESTE

6. Warning Devices

6-1 Qil pressure alarm

If the engine oil pressure is befow 0.1~~0.3 kg/em? (1.42 ~
4.26 1b/in?), with the main switch in the ON position, the
contacts of the oil pressure switch are closed by a
spring, and the lamp is ifuminated through lamp — oil i
pressure switch — ground circuit system. If the oil pres-
sure is normai, the switch contacts are cpened by the
lubricating oil pressure and the lamp remains off,
Main switch

Pilot lamp @
O
E 9 Alarm buzzer -

T

Lube oil filter

Lute oil

pressure .
swith o

Fuse

Battery

g Oil pressure switch

Fi
Inter cooler

!
Lube oil pressure sender

f {Oil pressure alarm cirguit)

Qil prassure

Qil prassure swiich

Spring Contacts 12V

0.1~0.3kg/cm?
{1.422 ~4.286lb/n3)

SW

Rated voliage

Operation pressurg

Gil pragsure Lamp capacity

pom  ortlf—

Inspection

Problam Inspection item Inspection méthod Corractive action

1. Qil pressure {amp
blown out

{1} Visual inspection Regplace lamp

{2} Lamp not Hluminated even
whan main switch set to ON
position and temminals of oil
pressure switch grounded

Lamp illuminated when checked

Lamp not dluminated when
main switch set to ON

2. Operation ot oil pressure Replace oil prassure switch

Lamp not exdinguished
while engine running

switch | as described in {2} above
1. Oil level low ] Stop enging and chack oil Add oil
| level with dipstick
2. Qil pressure low ] Measure oil pressurg Repair bearing wear andg

adjust regulater vaive

3. Oll pressure laulty

Switch faulty If abnormal at (1)
and {2} abave

Replace cil pressure switch

4. Wiring between lamp and oil
pressure switch faulty

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

Repair wiring harnass

9--27
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6-2 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 cocling water tempera-
ture reaches a specified high temperature, the cenacts
are closed, and an alarm lamp and buzzer are activaled at
the instrument panel.

Coaling water
temperature switch

Alternatar

{Water temperature alarm circuit)

57.7mm (2.2715 in.)

ﬁ@ " L Gresn
r(—‘ | e—

PT 3/8

Printed in fapan
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93 ~977C (199 ~206°F)
OFF | 887 (19¢°F} or high

DG 12V, 1A

with in 60 sec,

Operating temperature

Electric capacity

Response ime

Indication colar Green

2.40 ~ 3.20 kg-m

T!ghtenlng T.Orque ( 17.35 ~ 2314 ﬁ_|b}

6-3 Sender unit for lube oil pressure gauge

The sender unit for the lube oil pressure gauge has a
mounting seat for mounting on the intake manitold.

Qil pressure is measured when the oil enters into the main
gallery after being fed from the lube oil cooler and passing
through oil pressure control valve. Make sure to mount a
vibration damper when mounting the cil pressure sender
unit.

Lube oil pressure sender unit
ey

Fuel oit filter Dam\per
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l.ube oil pressure sender unit

B2.4 (3.2440)
187 37({1.4566) |10.7 8(0.3149)
MSXPO.8  110.6574) t0.|4212}E 10 {D.3937)
N\ —

Damper

39.2 (1.5433)

9 (0.3543} 9 (0.3543)
|
I

=4

PT18 . [ &
~U A
— W
e
= —
3
o
2
! A
L
I
2y
=+
| o
e
PT 18
.
¢ 1(0.0393)

6-4 Sender unit for the - soling water
temperature gat. ¢

The water temperature sender unit has a mounting seat

far mounting en the thermostat housing. Water tempera-

ture is measured when the cocling water flows inte the

thermostat housing after leaving the cylinder head.

17(0.6682)

-

i
19.6(0.7716)

M5XPO.8 - [

A ‘

d

. 57.2(2.2519)
| 207(0.8037) _14(0.5511) _20.5(0.8070)

\;T:,E
\
b

rrm {in.}

A
PT1/8 L
{0.5511)
Type Resistance switch
Rated voltage DC12/DC 24

Max. operating pressure

Skgfom?{113.76 Ibiin.%)

a5
10.3740)

[] I—_—/H

V‘
Black
PT 3B
Type Thermistor switch
Rated vaoltage 12V/24V

Fual oil’ﬁi‘-ter

Cooling water
temperature
sender unit
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(2) Sensitivity limit of sender unit

7. Tachometer

Ring gear spesad

{m/sec)
7-1 Construction of tachometer
10
The tachometer indicates the number of revolutions per
minute by means of an electrical input signal which is gen- /
arated as a pulse signal from the magnetic pickup sensor B
{MPU sensor). Goggne
The function of the sensor is to convert the rofary motion

into an electricai signal by means of counting the number &
of teeth of the ring gear connecting with the flywhee! hous-

Iﬂg. Al
Tachometer sensor / NG zone

2 [ ]

0.5 1.0 1.5 20 25
Sensor unil and ring gear clearance C {mm)

C

%
. N
Ring gear 5 J:D:

Sensor unit

{3) Dimensions of sensor unit

25105

{0.9846~-1.0038} 34501 3583) mmiin.}

5{0.1969) 4 65(0.1772)

155
{0.6102)

1.5{0.0591) 3{0.1181}

&
3
= [~ o |2
| & ] 2 |3
2 3 3 319
S g ] o ﬁ
g 2 S L
s & — £
Red/black A — P 3
— Orange
- l .
= M1BXP1.
Rotation Blue!redBIaCk °
detecting sensor Tachometer {4} Dimensions and shape of tachometer
7-2 Specifications and dimensions of 72.3 (2.8465)
o
tachometer 10 (0.2987)

(1) Specifications b =
=1
=

Rated voltage DC 12V & j e
Range of operating voitage 10~25V ";‘ IS
llumination 3.4W/12Y ) B |8
@ | o
Mo. of teeth 127 i 2
Ring gear @i a
99 Module 2.54 t’ } c::‘,l
AL <

dertification mark

P'rinted in Japan 0—130
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7-3 Measurement of sensor unit

characteristics

{1} Measurement ot output voltage

A

Output voltage

Ring gear
No. of teeth

1.0V or highar
127

[\

IV or higher

\V

Measuring conditions

Rotation detacting sensor

Synchroscope

AC 100V

*Check the output wave pattern and number of pulses

when carrying out the output voltage measurement.

{2} Measuremen of internal resistance

Nurnber of teeth of

ring gear 128 Measuring conditions
Gap belween the ring 1.3mm (0.0511 in.} Measuring temperafure 20°C (B8'F}
gear and sensor — -
Measuring instrument Digital tester
Resistance 20k}
Speed of ring gear 500 rpm {approx. 800Hz) Digital tester
Measuring temperature 20C@®8F)
Measuring mstrument Synchroscope Rotation detecting sensor . < T3
= '
AC 100V
7-4 Diagnosis
Fault Diagnosis Remedy
Doag not function wall. Check if thera is an open-circuit cable connection at the Yes Make good the connection.
1} Pointer does not move, rear of the meter, a loose or disconnected terminal or bad
2) Functicns intermittently. continuity due te corrosion.
Disconnect at the instrument terminals, and measure the No |l the input voltage is
voltage between the cable terminals. (To be 10~16V) abnarmal, check tha cause.
{e.g. short-circuit, disconnag-
4 Satisfactory tion or blown fuse, etc)
Check if the sensor is 1oesely fitted. Yes Fix the sensor securely.
I No
Measure the internal resistance of the sensor. No  Replace the sensor.
{Tobe 1.6 0.1kQ at 207C)
}
Measure the output voltage of the sensor. No  Replace the sensor.
{To be 1V or higher at 20°C}
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Chapter 10 Disassembly and Reassembly
1, Disassembly and Reassembly Precautions

6L YA-UTESTE

1 . Disassembly and Reassembly Precautions

This chapter explains the main points necessary for
disassembly and reassembly, A detailed description of
the procedures is not included and handling is left to

the individual owner,

(1) Disassembly

® Take sufficient time to accurately pin-point the cause
of the trouble, and disassemble only those parts

which are necessary.
® Be careful 1o keep all disassembled parts in arder.
# Prepare disassembly tools.

Prepare a cleaner and cleaning can.

o Clear an adequate area for parts and prepare a ¢on

tainer(s).

» Drain cooling water {sea water, fresh water} and lube

oil.
» Close the Kingston cock.

{2) Reassembly

# Sufficiently clean and fnspect all parts to be assembled.
s Coat sliding and rotating parts witt new engine ofl

when assembling.
# Replace all gaskets and O-rings.

# Use a liquid packing agent as necessary to prevent

Qilhuater leaks.

e Check the oil and thrust clearances, etc. of parti when

assembling.
® Make sure you use the correct bolt/nut/washer.

® Tighten main bolts/nuts to the specitied torque. Be

especially careful n.ot to overtighten the aluminum
* zlloy part mounting bolts.

® Align match marks {if any) when assembling. Make
sure that the correct sets of parts are ised for bear-

ings, pistons, and other parts where required.

Printed in fapan
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2, Disassembly and Reassembly Tools 6LYA-UTE.STE

2. Disassembly and Reassembly Tools

The following tools are required when disassembling and
reassembling the e.ngine.
Please use them as instructed.

MName of too! lustration Remarks

Wrench Size : 10X13

|
Wrench ! Size : 11X13

|
Wrench Size . 12X14
Wranch Size 1 17X18
Wrench Size 1 22X24
Screwdriver
Stesl hammer Local supply

10—3 Printed in fapan
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2. Disassembly and Reassembly Tools 6LYA-UTESTE

Name of tool Hlustration Remarks

Copper hammer Pl _j Loca! supply

Mallet = == Locat supply

]

j
Nippers [ Lacal supply
Pilers Local supply
Offset wrench Local supply 1 set

Box spanner Local supply 1 set

Scraper Local supply

Printed in Japan
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Name of too! lllustration Remarks
Lead rod Local suppiy
'4
]
File \J — 1 Local supply 1 set
\

Rod spanner for
hexagon socket
head screws

Local supply
Size : 8 mm (0.2362in.)
8 mm {0.3150in.)
10 mm {0.3937in.)

S—0
Starling Pliers
Hole t
ype Ha~He Local supply
Shaft type
S=Hole type
H=Shaft type

16—5
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2-1 Special Handtoois

Name of tool llustration Remarks
mm
Piston pin extractor
20, 80 : .
Pistan pin insertion/ o] o '
extraction tool -] ) a & .
Extraction cf pisien pin
mm
, 30 100
Connecting rod small {
end bushing insertion/ \
extraction ool 8 Q j =
mm

Intake and exhaust
valve guide insertion/
extraction tool

20 100

1 ?‘al
N
412

Qil filter wrench

Printed in fapan
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Name of tool

llustration

Remarks

Piston ring
COMPressor

Valve lapping handle

Valve lapping powder

Feeler gauge

Pulley puller

Local supply

Removing the coupling

10—7
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2-2 Measuring instruments

Narme of tool Shape and size Application

N o

Vernier calipers f—reian ==Y 0.05mm

\]_[7 — { 0~150mm

0.Mrmm
O~25mm
25~50mm
50~~75mm
75~100mm
100~125mm
125~150mm

Micrometer

0.01mm

18 ~35mm
35~60mm
50~ 100mm
100~150mm

Cylinder gauge

Thickiness gauge 0.05~2mm

Torgue wrench 0~35kg-m,

Nazzle tester 0~ 500kg/cm®.

Printed in Japan _
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2-3 Other material

items Usual Contents Features and application
Thrzz?ond 200g Non-drying liquid gasket; solventiess type, easy to remove, superior in seawa-
TB1 1 01 (1kg also aviable) | 1er resistance, applicabie to varicus mating surfaces.
Three Bond 200g Non-drying liquid gasket; easy to apply, superior in water resistance and oil
No.2 . resistance, especially
TB1102 (T also aviable) superiar in gasoline resistance.
T Thr:z%ond 150g Drying film. low viscosity and forming of thin fiim, appropriate for mating sur-
g TB1103 face of precision parts.
=
Er Three Bond 200g Semi-drying viscoelastic material, applicable to non-flat surface having many
— No.4 (1kg also aviable) indentations and protrusions, superior in heat resistance, water
TB1104 resistance, and oil resistance.
Three Bond . . .
N 100 Solventless type silicone-base sealant, applicable t¢ high temperature areas.
010 g (—50°C 1o 250)
TB1211
Three Bond 100 Silicone-base, non-fluid type, thick application possitia,
TB1212 ¢
Lock tight 200 Prevention of loose bolts, gas leakage, and corrosion, Torque required to
2 TB1401 9 lgosen bolt: 10 to 20% larger than fightening torque.
8
=
Z Lock tight
SUPER 50g Excellent adhesive strength locks bolt semipermanently.
TBt330B
Sealing material for threaded parts of various pipes.
Seal Tape Sm round tape Ambignt temperature range: —150°C to 200°C
$1.92-mdia.1
. . $ 2.42-m d'.a'i1 Q-ring of any size can be prepared, whenever required.
O-ring kit ¢3.12mda.1 {Including adhesive, release agent, cutter, and jig)
¢ 3.52-mdia.n ’ ) '
¢ 5.72-mdia.:
| Brand name 50g |
B | (LOWCOL PASTE) For assembly of engine cylinders, pistons, metals, shafts, etc.
2 | Brand name 330 Spray type facilitates application wark.
E | (PASTE SPRAY)
‘§ 5
g :§_ Brand name 50 Prevention of seizure of threaded parts at high temperature.
=2 2 (MOLYPASTE) ¢ Applicable to intake and exhaust valves. (stem, guide, face)
o —
u
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tems Usual Contents Features and application
1 box
Scale solvent Aka X Arermover
(4kg emovers) | The scale solvent removes scale in a short time. (1 to 10 hours}
® Prepare water (seawater is possible} in an amount that is about 10 times the
- weight of the solvent. Mix the solvent with water.
5 & Just dipping disassembled part into remover mixture removes scale.
E; 1 box To shorten removal time, stir remover mixture.
® Neu‘fa“ze’ (2kgX 4 ® It cleaning performance drops, replace remover mixture with new remover
g {caustic sada) rali \ mixture.
&% neutralizers . . . .
¢ Neutralize used mixture, and then dispose of it.
To judge cleaning pertarmance of mixture, put pH test paper into mixture.
If test papaerturns red, remaves mixture is still effective.
pH test paper
. Add antirust to fresh water system. Then operate engine for approximately 5
Antirust 2! : ) . .
minutes. Antirust will be effective for 6 months.
Anti freeze 2¢ Add antifreeze ta fresh water system in cold areas to operate engine.
® The cleaning agent removes even carbon adhering 1o gisassembled parts.
Cleaning agent tkg X 20 ®|f a cleaning machine is used, prepare 4 to 6% mixture of 60" to 80T to
ansure more effective cleaning.

Printed In Japan
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Items Usual Contents [ Features and application
|
424 !
Cleaning agent 18EX1 Special cleaning agent that requires no watar, specially designed for
for turbocharger blower of turbocharger and intarcooler.
15sets [ 1,
500cc> &

Cautions:
It is recommended that the liquid gasket of Three Bond TB1212 should be used for service work.

Betorg providing service, observe the cautions below:
{1) Build up each gasket equally.

{2) For a bolt hole, apply liquid gasket to the inside surtace of the hole.
{3) Conventionally, Three Bond TB1104{gray} or Three Bond

TB1102(yellow) is used for paper packings though the use of only these bonds is not effective.
(4) It conventional packings are used, do not use a liquid packing.

Oil pan mating surface

Quiside
Inside

{Inside ot ail pan)

A
|

Buildup of TB1212

_ Priated in fapan
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3. Disassembly and Reassembly

The procedure for disassembling engineparts {fresh
water tank, lube il cooler, fugl oil filter, etc.) is explain-
ed in the section on disagsembly. The procedure for
reassembling is not explained in detail in the reassem-
bly section, however it is performed as for disassembly
but in the reverse order.

3-1 Disassembly

For engines mountad in an engine room, remove the pip-
ing and wiring connecting them 1o the ship.

{1} Aemove the remote control cable (from engine and
marine gearbox).

{2) Uunplug the extension cord for the instrument panel
fram the engine.

{3) Remove the wiring between the starting moter and the
battery.

{4} Remove the exhaust rubber hose from the mixing
elbow.

{5) Remove the fresh water sub-tank rubber hose from the
filler cap.

(6) Remove the cooling water (sea water) pump sea
water intake hose {atter making sure the Kingston
cock is closed).

{7) Remove the fuel oil intake rubber hose from the fuel
feed pump.

{8} Disassemble the propeller shaft coupling.

{9} If a driven coupling is meunted to the front drive coupl-
ing, disassemble.

{10) Remove the flexible mount nut, lift the engine, and
remove it from the engine base.

{Leave the flexibie mount attached to the engine
base.)

Printed in Japan
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3-1.1 Drain cooling water

{1} Open the sea water drain cock.between the sea water
pump and lube oil cooler to drain the sea water.

() Open the cylinder bedy drain cock to drain the fresh
water from the cylinder head and cylinder body.

(3) Open the fresh water drain cock on the lower part of
the frash water cooler 1o drain the fresh water.

Fresh water tank )
3 Fresh water drain cock
Dip stick Fresh water

M1Fresh water

L dancock j

coC

Lube oil cooler }
for marine gear

._ . drain ¢ock
nSea water i
drain cock L

marine 9ear Lo ater

drain cock J

3-1.2 Drain lube oil

Remove the dip stick, and drain the lube oil using by drain
pump trom the engine.

NOTE: If alube oil supply/discharge pump is used /or the
enging, the intake hose is placed in the dip stick
guide, and for the clutch side (gearbox) it is placed
in the oif hole on top of the case.
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3-1.3 Removing {electrical) wiring
Remove the wiring from the engine.
Be careful to keep the coupier bty when storing.

3-1.4 Removing the fuel oil filter & fuel cil pipe

(1) Remove the fuel oil pipe {{uel ol filter-fuel feed pump,
fuel injection pump-fuel injection nozzle).

(2) Remove the tuel ail filter {with bracket) from the intake.
manifald.

3-1.5 Removing the intake silencercer

(1) Remove the breather hose conneted between gear
case and intake silencer.

{2} Remove the lube oil pressure sender and boost
sender.

Lube cil pressure sender

Boost sender Breather hose

Fuel oil Hiter

{mm)

10—13

3-1.6 Removing the mixing elbow

(1) Remove coolrng water (sea water) pipe rubber (heat
exchanger-mixing elbow).

(2) Remove the mixing elbow from the turbocharger.

{(3) Remave the other outside. pipes (fresh water ling, sea-
water line, lube oil line, fuel oil line}.

3-1.7 Removing the turbocharger

{1) Remove the intake pipe (turbine —intake manifold}.

{?) Remove the oil pan side rubber hose for the turbine
lube oil return pipe from the oil pan, and the vibration
stop from the flywheet housing.

(3} Remove the turbine lube oil pipe (lube oil coaler—tur-
bine).

{4) Remove the turbine from the cooling water tank.

Intake pipe

Turbocharger

Printed in japan
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3-1.8 Removing the Intercooter
{1} Remove the intake rubber hoses,
(Air duct-intake manifcld, and turbocharger)
(2) Remove the sea-water rubber hoses.
(Sea water pump—Inter cooler—Lube oil cooler)
{3} Remove the intercocoler

Lube all cooler

inter cooter

FPrinted in Japar
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3-1.9 Removing the starting motor
Remove the starting motor from the flywheel housing.

Starting motor

Flywheei housing

3-1.10 Removing the altemator

{1} Loosen the alternator adjuster bolt and remove the
V-be24lt.

(2) Remove the adjuster from the fresh water pump, and
remove the alternator from the gear case [with dis-
tance piece).

Adjuster

Fresh water pump

Alternator

N
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3-1.11 Removing the cooling water pipe

{1} Remove the cooling water {sea water} pipe (lube oil
cooler).

{?)Remove the cooling water (fresh water) pipa{fresh
water tank—fresh water pump, fresh water tank

pump—fresh water caoler)

{3) Remove the cooling water pipe {lube Qil cocler—
marine gearbox)

3-1.12 Removing the cooling water pipe

Remove the fresh water tank and fresh water cooler with
packing.

Fresh water tank

Cooling water pipe

Fresh water cooler

Frinted in Japan
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3-1.13 Removing the lube oil cooler
{sea water pump—Ilube oil cooler).

3-1.14 Remove the fresh water tank and fresh
water cooler.

3-1.15 Remave the bonnet and rocker arm assy.
3-1.16 Remave the fuel injection nozzle.

3-1.17 Remove the cylinder head,

Fuel injection —
nozzle

FLYWHEEL SIDE

Printed in fapan
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3-1.18 Remove the marine gear. 3-1.20 Place a wooden plank on the ground, and
lay the cylinder block upside down on it.

3-1.19 Remove the front pulley, and fresh water The feet of the cylinder block should rest

pump pulley. firmy on the wooden surface. Gare should

be taken to position the cylinder block
securely so that it will not become
scratched or damaged.

3-1.21 Remove the oil pan and the intermediate for 3-1.24 Loosen the attachment bolt for the main
the oil pan. bearing cap. After doing this, perform the
following.
3-1.22 Loosen the connecting rod bolt and remove
the big end bearing cap. 3-1.25 Remove the crank shaft.
Turn the crank and remove the cylinders one
at a time.

3-1.26 Take out the connecting rod and remove the

piston.
3-1.23 Remove the lube oil pump.

_ Printed in japan
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3-2 Reassembly

3-2.1 Cylinder block

Completely clean sach oil hole. After cleaning, chack that
no scaling remains on cylinder block.

Cylinder block

3-2.2 Tappet

Fit each tappet.

Check that each tappet is fitted to appropriate cylinder and
valve (exhaust or intake).

Before fitling, apply engine oil to each tappet.After fitting,
check that each tappet operates smoothly,

Tappet

Cylinder block
f
!

/

mlgoloDloo (ool on

Tappet fitting

3-2.3 Pisten cooling nozzle

Fit each cooling nozzle to piston.

Check that nozzle end is positioned on piston head side.
Also check that nozzle does not tauch cylinder block.
Tightening torque : 2.0kgf-m

Piston cooling hozzie

Printed in Japan
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3-2.4 Cam shaft bearing
{1) Fit each cam shatt bearing as tollows:

1) Apply lube oil to outer surface of sach bearing and
fitting area of cylinder block, and then press-fit metal
into its position using driving toal.

Check position of each ail hole. More than 2/3 area
of hole should be aligned.

Anti-flywheel side: A=2

lt&}:::m Intermediate position: A=15

Flywhee! sids: A=0.5

ANURANARAS

2) After press-fitting, check each bearing for distortion
by measuring, inner diameter of bearing.

(mm)

+0.05

Inner diameter after press-fitting ¢ 57 1002

Note : To remove cam shaft bearing
1. Attach plate 0 cam shaft bearing, and tap off
bearing using copper hammer.
2. Completely clean each bearing hole on cylinder
block before press-fitting each bearing.

3-2.5 Crankshaft

(1} Apply engine oil to each crank journal hale of cylinder
block and each block side main bearing, and then fit
shatft to cylinder block.
Bearings having an oil groove should be positioned on
upper side (block side).
Fit thrust metal sa that il grooves are respectively
positioned cutside,

Apply lube oil

Cylinder block

Fitting of upper bearings

(2) Apply engine oil to each crank pin and crank journal,
and fit @ach journal to main bearing.
(3} Fitting caps
1} Apply engine oil to both surfaces of gach cap side
main bearing, and then fit each main bearing to the
cap.
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2) Apply luba il to bolt bearing surfaces and threaded
parts of each bearing cap.
Fit each bearing cap to each journal of crankshait,
and apply specified torque to tighten each bearing
cap bolt.
Check that each bolt is equally tightened.

Bearing cap bolt {(M15, 14 bolis)

1 -
tightening torque 24 Fkgf-m

Fitting of thrust bearings

Bearing cap

Fitting of bearing caps

Check that arrow marked on each bearing
cap is positionad on flywheel side, and matchmark on
each cylinder is corractly aligned.
3) Check that crankshaft rotates
smoothly.
4) Measure side clearance of crankshaft.

{mm

Side clearance of crankshaft 0.132~~0.223

Seat dial
indicator

Measuremant of side clearance

3-2.6 Lube cil pump
{1) Fit lube oil pump idle gear.
Side clearance: 0.10tc 0.3Cmm

Tightening torgue 113 Okgi-m

Lube oil purmp
!

Fitting of lube ¢il pump idle gaar

(2} Fit lupe oil pump while adjusting position of positioning
pin.
Secure pump by tightening
3 bolts of M10x55mm

(3 Measure gear backlash between lube oil pump and
idle gear, and check that backlash satisfies value

specified
below:
(rom)
Gear backlash 0.17%008
Lube oil pump
Fitting of lube oil pump
Printed in fapan
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3-2.7 Gear case
Apply liquid gasket to gear case, and then fit gear case 1o
cylinder body while adjusting position of dowei pin.
Secure gearcase by tightening bolt listed
below:

MBx20mm, & bolts

M8x45mm, 1 boft

Lube oil pump
Crank shaft

er block
{

Fitting of gear case

3-2.8 Cam shaft
1) Apply lube oil to bearing of cam shait, and then fit
cam shaft.
2) Fit thrust plate, and secure it by tightening
2 holts of M8x16mm
{mm}

Side clearange 0.05~0.20

Note: If cam gear is removed from cam shafl, it thrust
metal befare filting gear.
Heat cam gear to between 180 and 200°C, and
then press-fit it,
interferance: 0.023 to 0.060mm

Cylinder block

Fitling of cam shaft

Printed in Japan
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3-2.9 Cylinger sleeve

{1) Completely clean sleeve fifting area of each cylinder
ktock.

{2} Completely clean outer surface of each cylinger
sleeve. Then tap cylinder sleeve into cylinder biock

Note : 1. Before inserting each cylinder sieeve, check
cylinder No. and fitting direction.
Insert sleeve into position on which identical
size, such as A, B, or C, is marked. Size is
marked on each sleeve and lower side of cylin-
der biock on operating side. For detailed
dascription on size mark, refer to Sec. 4-3.

2. After completing cylinder sleeve insertion, do

nat turm cylinder biock upside down to face
cylinder head side downward.

{3) Measure projection of each cylinder sleeve, and check
that protrusion length satisfies value
specified below:

{mm)

Sleeve projection 0.025~0.09

Slgave

Insertion of cylinder sleeve

3-2.10 Piston assembily

(1) Fit connecting rod to each piston while checking direc
tion of piston.

For detailed description, refer to Sec.
3-3-4.

(2) Fit piston rings and oil ring to each piston while check
ing that cutouts of rings are offset 120° from each
other.

(3} Apply engine ol to sleeve, outer surface of piston, and
rod metal.

(4) Adjust crankshaft pin of corresponding piston to top
position.

{5) Chack direction of piston,

(6) Insert piston into cylinder using piston insertion tool.

{7) After insertion, remove tool.

Then rotate crankshaft by pressing piston edge using
hammer until piston reaches bottom dead center.

(8} Install cap on big end while checking matchmarks, and
then tighten rod bolts.

Before tightening rod boits, apply lube cii to bolt bear-
ing surface.
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Note : Selectively fit each piston and sleeve.

Check the
cutouts of
piston rings

Plston

Insertion of piston assembly

-
a a L 3 a

L LI ] a» LIE-]

029 00 0.0 DD e D

0101010101

Fitting of piston assembly
3-2.11 Qil pan spacer
Apply liquid gasket to sil pan spacer, and than fit spacer.
Secure spacer by tightening 4 bolts of MBx35mm

Oii pan spacer

3-2.12 Lube ocil intake pipe and deiivery pipe
{1} Fit lube oil delivery pipe first, and then intake pipe.
Secure delivery and intake pipes by tightening bolts
iisted below:
MBx25mm, 2 bolts
MBx16mm, 2 bolts
(2) Insert other end of lube oil delivery pipe into oil pan
spacer, Secure pipe by tightening bolts ot MBXx25mm.

10—21

Lube cil delivery pipe

Lubre il intake pipe

-
-

3-213 Oil pan
Apply liquid gasket to oil pan, and then fit oil pan,
Secure oll pan by tightening bolts listed below:
ME&x25mm., 4 bolts
M8x120mm, 26 bolts
Mg x190mm, 2 boalts
MB8x80mm, 2 bolts

3-214 Fiywheel housing
Fit flywhesi housing while adjusting position of 2 paralel
pins. Secure housing by lightening bolts listed below:
M10x25mm, 8 bolts
M10x30mm, 4 bolts

(mm)
Spigot joint runout | loss than 0.25
Surface runout : less than C.15

Flywheel housing Cylinder hlack

Fitting of flywheel housing

FPrinted in Japan
HINSHI-HR001



Chapter 10 Disassembly and Keassembly
3. Disassembly and Reassembly

SLYA-UTESTE

3-2.15 Seawater pump
Fit seawater pump tc gear case. Secure pump by tighten-
ing bolts and nuts listed below:
M3 x20mm, 2 bolts
M8, 2 nuts
Gear casze Cylinder biock

Fitting of seawater pump

3-2.16 Idle gear
(1) Fit icle gear and shaft, and secure them by tightening
2 bolts of MBx25mm.
{(2) Measure side clearance of idle gear, and check that
clearance satisfies value
specified below : 0.1~0.3mm

Note : Align oif holes with those of cylinder block (see
figure).

Mark positioned on top

Shaft
119589325050

(Alignment of ¢il holes with
those of cylinder block}

3-217 Lube oil presure regulating valve
Fit lube oil pressure regulating valve assembly, and
secure it by tightening bolts
listed below:
M8 x40mm, 1 boit
MBx45mm, 4 bolts
Lube oil pressure ot engine: 4.5+0 5kgl-cm?
Qil temperature: 85Cat 3,0001 p.m.

Printed in fapan
HINSHI-HR001

Adjustment valve

Fitting of adjustment valve

3-2.18 Cooling water passage cover

Apply liquid gasket to cooling water passage cover, and
then fit cover. Secure cover by tightening bolts listed
betow:

M8x18mm, 2 bolts M8&x45mm, 2 bolts
ME8x30mm, 10bolis  M8x50mm, 1 bolt
1 pipe joint

Cooling waler
passage cover

Cylinder block

Fitting of cooling water passage cover

3-2.19 Fuel injection pump

{1} Fit punp mount to fuel injection pump.
Then fit fuel injection pump assembly to gear case.
Align arrow mark with original paint.
{Original point should be checked before disassem-
!aiy.] Fit pump assembly to cylinder block.and securs
itby tightening 2 bolts of M10x80mm.

(2) Fit timer 1o gear case, and secure timer by tightening 1
nut of M18x1.5mm.

Fuel injection pump

§ Gear case

Pump mount
o
w ¥
ed
Gear case

Marked line
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3-2.20 Oil seal

{1) Insert the oil seal into the flywheel housing. {Use the
special tool for insertion.) Grease the outer circumier-
ence of the lip portion of the oil seal.
Spigot joint runout=0.25

Cylinder block

Fitting of oil seal

3-2.21 Flywheel

(1) Fit flywheel while adjusting position of dowel pin. 1t is
convenient to use 2 bolts of M10. Apply engine oil to
bolts and bolt bearing surfaces. Secure flywheel by

tightening bolts listed below:
M16x47mm, 6 bolts

Tightening torque

Tightening torgue
30+ 1kgf-m

ShEE,
SR

M14X35mm, € bolts

{mm}
Surtace runout 0.1 or less
Spigot joint runout D.20rless
Cylinder
black Flywheel

Fitting of flywheel

3-2.22 Cylinder head assernbly

(") Correctly fit head gasket.
t=1.3
Check that each positioning pin is properly inserted
into pin hoie.

Head gashkat

Fitting of head gasket

{2) Fit cylinder head to cylinder block while checking that
each positioning pin is properly insered into pin hole.
(3) Apply lube cil to screwed area of head bolt and bolt
bearing surface.
- Sequentially tighten bolts in order of ascending
number (see figure below).

20 12 3 5 LK 21

Wheel side
)
(D
Q.
O
(
Non-wheel side

Operating side

« Loosely tighten bolts twice, and then finally tighten
them.
Head bolt M14x121mm
Number ol head bolts: 26

(kgf-m}
Tightening terque J :,'te ﬁrljni ﬁar::l
Cylinder head 11 17 21

{4) Measure top clearance, and check that it does not
exceed range specified
below: (mm)

0.g¥0.00

Top clearance

Fuse wire

Printed In Japan
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Note : 1. Check that cylinder head fitting surface on cylin-
der block are not fouled. Also check inside of
each cylinder for dust, dirt, and foreign matlerial.

2. Head identification No. is marked on upper sur-
face on wheel side (left side of nozzle hole)

It is also possible that intake manifold is fit to cylinder
head first, and then cylinder head complete with manifold
is fit to cylinder block.

Targque wrench

Cylinder
head

Tightening of cylinder head

3-2.23 Turbine cooling fresh water (CWF) pipe

Fit turbine coocling fresh water pipe 1o cooling water pas-
sage caver,

Turbine cooling fresh water pipe

Fitting of turbine coaling fresh water pipe

3-2.24 Intercooler

Apply liquid gasket to inlet side of intercooler, and then fit
intercooler. Secure intercooler by tightening bolts listed
below:
M8x16mm, 1 bolt
M8x20mm, 1 bolt

MEx70mm, 1 bolt
ME8x80mm, 4 bolts

Fitting of intercooler

Printed in Japan
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3-2.25 Intake manifold

{1) Fit intake manifold assembly, and secure it by tighten-
ing bolts listed
below:
M8 x20mm, € bolts
M8 x70mm, 7 bolts
{2} Fit air duct and rubber hose.

WA

Intake manifold

2

Rubber hose

Fuel injection pump

Rubbar hose from intercooler to intake manifold

3-2.26 Marine gear

The explanation below is for Yanmar Marine Gear
{(Mode KMHBA)

(1) Fit rubber block ring 1o flywheel, and then secure it by
tightening 8 bolts of M10.

{2} Lift clutch using marine gear lifting equipment.

{3} Apply iube oil to clutch shaft (spline) and flange shatft
hole.

{4} Connect mounting flange of marine gear housing to
mounting flange of fly wheel by tighterning 12 bolis of
M10.

(5} Remove marine gear lifting equipment and wire rope
from maring gear.

{6) Connect pipe to marine gear.

Rubber block ring

Marine gear
Fitting of marine gear
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3-2.27 Push rod, valve arm shaft assembly

(1) Check condition of each push rod. I there is no abnor-
mality, properly fit push rod to tappet.

{2) Fit valve arm shaft assembly. Do nat forget to fit valve
cap.
Secure valve arm shaft assembly by tightening belts
and nuts listed below:
Collar bolt: M8x85mm, & bolts M18x65mm, 6 bolts
Stud bolt: M8xB65mm, 2 bolts Nut: M8, 4 nuts

Valve arm shaft support tightening
torque (M8)

2.6%03%gf-m

__Rocker arm

N %
AR RS

Fitting of valve arm shaft assembly
{3) Measure valve clearances, and check that they satisty

values specified
below:

Vaive clearance: 0.1mm for intake
valve, 0.4mm for exhaust valve

After adjusting valve clearances, apply lube oil to each
valve arm, and then fit bonnet.

{4} Fit bonnet, and secure it by tightening 10 belts of M8
25mm.

(5] Fit lifting eye bolts to gear and whael sides of bonnet,

Rocker arm shaft assembly

10—25

3-2.28 Fresh water pump

{1) Apply liquid gasket t¢ both sides of packing.

(2) Fit fresh water pump to pumg fitting surface on cylinder
head.
Then secure pump by tightening bolts listed below:
M8x30mm, 1 bolt MBx80mm, 2 belts  MB8x35mm,
2 bolts

{3) Betore tightening boits, attach O-ring 1o area connect-
ed to cooling water passage cover bend.

Fresh water pump

Packing

Cooling water
passage cover
L] -

Fresh water pump

3-2.29 Gear case cover

{1} Apply liguid gasket to gear case, and then fit gear case
cover to gear case while adjusting position of 2 parallel
pins.

(2) For gear case equipped with tachometer, fit gear case
cover while aligning groove,

{3) Fit inspection hole cover of fuel injection pump drive
gear, and secure cover by tightening washer based
bolts. Applicable bolts for each area are as follows:
M8x40mm, 1 bolt, for stiffness
M8x45mm, 4 bolts, for gear case cover
MBx45mm, 3 bolts, for cover
MBx50mm, 2 bolts, for covertocap
MBx55mm, 1 bolt, for cover
MB8x70mm, 1 bolt, tor cover
Max75mm, 2 bolts,

M&x18mm, 2 bolts, for tachometer cap
MBx20mm, 2 bolts, for FIP timing
M8x20mm, for CSW-P

Printed in Japan
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Gear case cover

.
Crank shah

Localizing of gear train

Gear case cover

Gear case cover

3-2.30 Crank V-pulley

(1) Fit front mount,and secure it by tightening boits listed
below:

M8 x20mm, 1 bolt
M8x25mm, 2 bolis
MB8x55mm, 1 bolt
M8 x65mm, 1 bolt

(2) Fit crank pulley, and secure it by tightening crank

pulley bolt.

M8x70mm, 2 bolts
MB8x85mm, 1 bolt
M8x115mm, 2 bolts
M10x25mm, 1 boit

Crank pulley bolt (M14x35mm)

tightening torque

16% kgf-m

Crank V-pulley

Printed in Japan
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Note : While fitting front mount or crank pulley, take care
not to attach dust, dirt, or forgign material to
tapered area of crankshaft and tapered hole of V-
putley

To fit viscous-type damper, position "6LY™ mark outside.

3-2.31 Fuel injection valve

{1) Fit nozzle protector to end of fuel injection valve, and
then fit fuei injection valve compléte.
Replace nozzle protector with new one every time
when fuel injection valve is disassembled.

{2) Loosely tighten fuel injection valve tightening nut.

{3} Tighten tightening nut by applying torque specified
below:

Prossure nut (M8} fightening

torgue 0.7 to 1.Ckgi-m

Stud boit; MEx25mm, 12 bolts
Nozzle tightening nut: M6, 12 nuts

{4) Finally tighten fuel injection valve.

Valve tightening torque 3.5kgf-m

Tightening nut

Fuel injection valve
tightening

Fuel imjeclion valve

8—-«- Nozzle protector
©r— Nozzie seat

Slud bol

¢

{Fuel injection valve)

1
‘\‘:%_ Cylinder head
&,

"_'r_‘“- P n
A T T (Fuetingection valve}

10—26
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3-2.32 Fresh Water Tank
Secure the fresh water tank securely with bolis.

3-2.33 Fresh Water Cooler

Place two rubber sheets under the fresh waler cooler
and secure firmlyi with T-boit band.

Filler cap
T-bolt band ! Lube oil tititer
. Frash water tank
Turbo charger

Dip stick

F_:ygl oil filter

Alternatar.
Sea water pump

Rubber Sheet

T-Bolt Band
N 22
el
y
B
[ I
[
F/
I/
/
’
’
Mounting

(Aluminum Casting)

Check to see that the positioning pin
is inserted in the hole.

10—27

3-2.34 Lube oil cooler

Install the Lube oil cooler. Connect the pipe between
the lube cil cooler and the lube oil filter.

Rubber Sheet

FreshWater {£"

‘ Heat Exchan |y o ner (6"

T-Bolt Band

Mounting
(Aluminum Casling}

Check to see that the positicning pin
is inserted in the hole.

¢ Put the coaler wrapped in the rubber sheet on the
mounting, and tighten the T-bolt bands {2).

Intercacier

Before taking out the
Iube oil tube {L.O.T),
make a make a mark
on the tube andon L.O.
codler cannection.
When raassambling,
carefully align the
marks.

L Covler

® Before installing the intercocler, be sure that the A
section has been tightened securey.

Printed in Japan
HINSHI-H&001



Chapter 10 Disassembly and Reassembly
3. Disassembly and Reassembly

S6LYA-UTESTE

® Close the rubber hose connected to the LO cooler
at the left side of the intercocler oscillation preven

ter.

Ir -% LO Cocer
i
[ Bl
Rubber -
Hosea
Hose
Come QO

\ Intercooier
oscillation

3-2.35 Cooling water bend

(1) Fit bends to cooling water pump and cooling water
cooler.
{2} Fit bends to intercooler and ail cooler.

Bend

Coogiing water pump

3-2.36 Airduct

(1) Fit air duct to outlet of turbine, and secure duct by
tightening bolts listed
below:
M6&>x35mm, 2 bolis
Mex70mm, 4 bolts

(2) Fit air duct to inlet of cooler.

(3) Fit air duct to intake manifold inlet, and tighten duct by
tightening 2 belts of
M6x25mm.

Printed in Japan
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3-2.37 Intercooler steady brace
Fit steady braces to intercooler and ail cooler.

Intercocler

3-2.38 Boost output pipe
Fit boost output pipe.

Ball joint: M10, 2 joints

Pipe joint bolt: M10, 2 bolts
Fuel pipe: 1

3-2.39 Lube oil cooler assembly

Fit lube oil cooler assembiy.
Cooler assembly can be removed or refit together with

lube oil filter as an assembly.

Note : Before removing cooler assembly, be sure to drain oil.

filter

Lube oil cocoler

Wheel side

Viewed from operating side

Tighten filter using filter wrench until filter is seated properly,
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3-2.40 Turbocharger
Install the turbocharger and the attached lube oil pipe.

Mixing elbow
Y
Y Turbocharger

3-241 Mixing Elbow
install the mixing elbow.

@ Structure of Exhgust Cutlet and V-Band

_E_,.‘-—- / Turbocharser
/7

The mixing ebow i
mads of stainess
casling.

Mixing Ebow

W-Band

3-2.42 Lube oil pipe
Connect lube oi! pipe to fuel injection pump.

Pressure regulating valve

Fuel injection pump
Timer

Gear case

Steady brace

Mounting hood

10—29

Luba gil pipe

C\ylinder block

P

‘0il pan Mourting foot

Lube oil piping

3-2.43 Alternator

(1) Loosely tighten alternator.

M8x20mm, 2 bolts, for connection of mount to gear
case

MBx20mm, 4 bolts, for connection of bracket to alter-
nator

M10C, 1 nut, for adjuster

M8&x25mm, 1 bolt

{2) Fit cooling water pump pulley, and secure it by tighten-
ing 4 bolts of M8x18mm.

(3)Engage belt with atternator. Check that belt is
engaged properly .

{4) Insent bar or equivalent toal into clearance batween
alternator and cylinder block. Then adjust tension of
fan belt by liting alternator using toal.

Finally tighten alternator and alternator fitting stay.

Alternator

10 to 15mm deflection when

Belt tension 70 to 80 Ibs is applied

3-2.44 Starting motor

Fit flywheel housing and spigoet joint to starting motor.
Then fit staring motor assembly to engine, and secure it
by tightening bolt,

Washer based bolt: M12xX30mm, 2 bolts

FPrinted int Japan
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3-245 Cooling water pip¢

{1} Sonnect cooling water pipe to turbine.
(2} Connect cooling water pipe from fresh water cooler to
fresh water pump.

Thermostat cover Frash water pipe

Allernater

Cooling water pipe
{from frash water cooler to fresh water pump)

4-246 Dipstick

{1) Drive dipstick guide (B} inio cil pan spacer.
(2) Apply LOCTITE to dipstick guide (A) and then fit them
to engine.

wJY WY LAY

AT g

Driving of dipstick guide {B)

[

L— Dipstick

Dipstick guide (A}

Dipstick guide (B}

Printed in Japan
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4. Bolt /nut tightening torque

Main Bolt and Nut Tightening Torque

{Maintenance torquse)

Nao. Name Screw dia. Xpitch | Materiai Tightening torque
| (11=17=21%1)
1 Head bolt M14x1.5 10B35 12—18—23 %1 kg-m
(14£0.5)
2 | Rodbolt M12X1.25 SCM435 1405 kg-m
3 | Flywheel retainer bolt M16X1.5 SCM435 30+1 kg-m
. (24+1)
4 | Metal cap retainer bolt M15X1.5 SCM435 261 kg-m
& | Crank V-pulley fastening bolt M14x1.5 SCM435 161 kg-m
. 5400
6 | Nozzle fastening nut M& X1 (2 types) 0.4~0.5 kg-m
Timer tastening nut 1 ke
7| (in-line centralizad pump) M18X1.5 545C 131 kg-m
8 tube oil filter (full-flow) 1-12 UNF Tighten filter using filter wrench until it
Fuel oil filter 1-12 UNS is completely seated on its seat.
1dling shatt bolt + i
9 {ldling gear) M8 1.25 SCM435 3.8X£0.2 kg-m
Idling shaft retainer bolt + ]
10 (Lube oil pump) M1231.76 SCM435 11+1 kg-m
V-band for turbocharger Afor sapping sxernal surtace usi
11 | {at compressor outlet) 1/4-28 UNF SUS304 apping ) 9
at turbine outlet plastic hammer:
{atturtine outlet) Final torque: 0.9 kg-m
General tightening torque {without lubricant) (kg-m)
No. Name Screw dia. Xpitch Tightening torque
M6 X1 1.1£0.1 (i) When the tightened part is aluminum :
Hexagon belt (7T) M8 %1.25 2.6+0.3 80% of specified torque.
1 | Hexagon nut M10X1.5 5.0+0.5 @ For 4T and nut :
M12x1.75 9.0+1.0 60% of specified torque.
1/8 1.0
1/4 20 If SEELOCKMEC is used, torque is
2 | PTplug 3/8 3.0 specified separately.
1/2 6.0
M8 1.5%0.2
3 | Pipe joint boit me 30208
Mig 5.5%£0.5
10—31 Printed in Japan
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Chapter 100 Disassembly and Reassembly
4, Bolt/nut tightening torque.

6LYA-UTE,STE

Quality control

(mm)
No. ltem (part) Standard value {notes) Combustion
1 Top clearance 0.810.09 Gasket t=1.3
2 Injection timing 13" 1" bTDC (FID}
3 Injection pressure 260+E]0 kg/cm? Initial value
4 < | Amount of nozzle spray 1.8x01
8
g
£ Open bTOC 3615
8 Intake
Close aBDC 40%5°
5 Valve timing UTE b BDC 66%5°
Open '
STE H BDC 58%5°
Exhaust
UTE aTDC 54%5°
Close
STE aTDC 4625°
IMtake 0.1£0.03 (in cold condition}
6 Valve clearance UTE 0.4730.03 (in ¢old condition)
Exhaust
STE 0.530.03 {in cold condition)
7 Cam shaft hale coaxial (Contiguity) #0.015
w
4]
8 E Cam shatt profile Lift efror{mm) Contiguity error {mm)
accuracy buffer 002 +0.006
QOther than above +0.04 +0.008
i +
9 Valve sink intake {Praject) 0.720.1
and project
prol Exhaust {Sink) 0.3X0.1
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Chapter 10 Disassembly and Reassembly
4. Bolt/nut tightening torgue.

6LYA-UTESTE

No. item {part} Standard value (notes;} Combustion
. . +0.050
5
10 T Liner Liner flange +0.025 {Gap between contiguity
E: _ _ +0 bore and finer <30 u}
g thickness | Depth of cylinder block step 5 0.040
1+3
11 | € | Lamination gasket +
thickness {at tightening) 1.30%0.05
12 Before tightening =0.005 {radius}
Liner distortion
After tightening &0.015 (radius) Toppling
13 Pistan- Clearance 0.085~0.108
Sleeve clearance . . Piston L ML | MS )
Actively fitted
clively f Sleeve | L(Blue) | M(White} |S(Yellow)
14 Sleeve- Clearance 0.010~0.030 Loose fit
Cylinder block 3l
. . eeve A B C
Ali ks and ]
clearance Actively fitted Gyinder block A B C igh marks and assemble
Q Top 0.105~0.135
O . .
Clearance ofpiston ring {B) 2nd 0.055~0.085
PR g
15 Qil 0.030~0.060
Top 1.70~2.30 (Surface pressure 2.02)
Ring tension {kg) 2nd 1.11~1.59 (Surface pressure 1.71)
Qil 3.25~4.55 {Surface pressure 13)
16 Rod toppling = ¢ 0.03/100
17 Piston jet nozzle (amt. of oil sprayed) 3.5~4.0 ¢ /min Gil pressure 4.5kg/cm?
18 | § | Tolal bacilash of gear training 0.1240.04 LOP éd.:% TSB;LOP
T
o
:;. Crank shaft roughness #0.02
-
=
19 | 3 | Accuracyol! oo 1 Journal 0.85
9 | crank shaft shaft
[}
£ | and block almost _
5 | hole Pin 0.8S
5
<

Crank shaft vibration

¢ 0.02 (Forward/astern journal}
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Chapter 10 Disassembly and Reassembiy
4, Bolt/nut tightening torque.

6LYA-UTESTE

No. item {part) Standard value {notes) Combustion
Condition Np=3200pm
, . . NE=3200rpm
20 Delivery of Lube il pump =094 .5 £ /min :\Dressme :% k}gfcmzim
Qil Temp. : 100£2°C
@ Condition Np=3250+33rpm
21 | § | Delivery of fresh water pump =350 £ /min H=6.6mAq
5 Fluid: Fresh watar 80°C
7]
o
22 "5" L.O. adjustment vaive 4.5+0.5kg/cm 3000mpm, Adjustment valve
pressure valve
L.O. cooler discrepancy E——
23 Thermostat valve cpen temp. 76.51£2°C 10mm or more at 90°C fully open
i . 15.2£0.5 (apparent)
5| cC
241 g | Compression atio 14.0+0.5 (Effective)
g
Clearance measurement
Q
%138 {Piston bow!, Valve recess, Head } 60.710.9cc
26 Block heights 289.97575% Gasket thickness see No.17
JREpp— R | ] -
o
27 | ® | Piston heights 59.565+0.03
8
28 | o | Rod end pitch, large, small 176450
2
29 Crank radius 5510.025
Condition Np=3000+30mpm
30 Delivery of seawater pump =215 ¢ /min H=10mAg
Fluid : Seawater30'C
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Chapter 18 Disassembly and Reassembly

4. Bolt/nut tightening torque.

6LYA-UTESTE

Assembly Quality (Clearance, Interference)

No. ltemn Parts Parts dimension | Standard value (notes) Combustion
. . —0.017
’ Crank gear Gear inner dia. 50 —6.001 Interference Shrirk fit temp.
. +0.079 0.069-~0.09¢ 180~200°C
Shalt dia. 50 | 5hes
+0.030
Biock cam shaft hole 61 H?( 3 ) (nterference
2 Cam shaft metal o e e 1 e 6100
i +0.100 AT
Metal auter dia. % 61 15000
I
; 40018
Valve guide Hole dia. 13.5H7 "
3 {Intake/Exhaust) auid i T2 | 0~0.029
uide outer dia. 13.5P6 o -3s
‘ ; +0.021
4 Cam gear Gear inner dia. 30 g interterence Shrink fit temp.
Shaft dia. 30 oo4a
k3
=2 +0.016
5 Valve seat Head 475 74 Interference o
5 T | {intake) - 0.038~0.070 Expansian fit
T | (SUH3, Stellite) Seat auter dia. 475 13010 ' ‘
2 .
+0.016
Valve seat | Head a2 Ty nterference o
6 {Exhaust) 0.038~0.670 Expansion fit
; i +0.070 U35~—u
| (SUH35, Stellite} Seat outer dia. 42 ooke
Gearinner dia —_—
2 Balancer gear
{Crark shatt) Shaft dia L
Gear inner dia e
8 Balancer gear (A}
Shaft dia R
Gear inner dia _—
g Balancer gear {B)
Shalt dia —
Crank shati standard width | 34H7 0028 Side clearance
10 Crank shaft - e 0.132~0.223 +
Standard metal width 29 =873 or 0.1775:£0.0451
25 8o
Grank shaft width 34 To10
13 Connecting rod 0.20~0.40
; —0.20
o Width of large end 34 4%
Q
% Cam shaft standard width a2 folIs
5 .
12 | @ | Camshaft 0.05~0.20
G ; D
e Thrust metal width 4.2 ~0.05
o , 402
Mount width 29 59
13 Idie gear (Timing) 0.10~0.30
Gear width 29 3,
Mount width 15 192 !
14 Idle gear (LO-P) 0.10~0.30
Gear width : 15 3,
Printed in Japan
10—35 HINSHI-H800k



Chapter 10 Disassembly and Reassembly

4. Bolt/nut tightening torque.

6LYA-UTESTE

No. ltem Parts Pars dimension | Standard value {notes} Combustion
Metal inner dia. 76 0045 L
. . 0 h .
15 Main bearing 0.036~-0.003 ?Bgfz'gg%mp
Journal dia. 75 :gjgig
Metal inner dia. 57 *+09%0
16 Carm shaft 0.04~0.14
; —0.060
Journal dia. 57 4090
width of large end 65 +0.045
_ {Metal inner dia.} o
17 Crank pin | 0.036~0.093
P —0.036 !
Crank pin dia. 65 0048 :
Metal inner dia, 37 1ous0 .
+0.030
18 Piston pin metal 0.030~0081 | Soo ISP
Piston pin outer dia. 37h5 _3 014
Piston pin hole | 37hs +oon
18 Piston pin _ a~-0.022 Expansion fit
Piston pin outer hole 37h5 ~g.011
Tappet hole dia. 142 10070
20 Tappet 0.016~0.052 Expansion fit
g Tappet outer dia 4,2 1003
5 ppet ou . € 40018
3 Valve arm inner dia. 18.5 +g'02'
21 | © | valvearm 0.020~0.082
; ~0.020
Valve arm shatt outer dia, 185 5 sy
Metal inner dia. 46 +g'°25
22 Idla gear {Timing) 0.025~0.075
; -~D.025
Mount cuter dia. 46 4 aep
Metal inner dia. #38H6 +g_015
23 idle gear (LO-F) - 0.025~0.057
: —0.025
Mcunt cuter dia. $3Bf6 oo
Valve guide hole dia, gH7 12013 Valve stem: Tufftrid
24 Intake valve 0.025~0.055 treatment
Valve dia.(Stem) g 208 Seat: Stellite
Valve guide hole dia. gH7 +0015 Valve stern: Tutftrid
25 Exhaust valve 0.045~0.075 treatment
Valve dia.{Stem) 9 oo Seat: Stellite
i +0.027
L.O. pressure Hole dia. 16H8 "
26 adjustment valve 0.040--0.087
) Valve outer dia. 186 :g_‘g;
_ Groave width 2.0 13342
27 Ring (Top) e S - 1 0.105~0.135
Ring thickness 2.0 =918
© ) PR - I S _
2 Groove width 2 Fooe
28 g Ring (2nd) e — 0.055~0.085
% .. Fingthickness 2 oSees R
Groove width 3 0.033
29 Ring (Qil} ———— e e e e— .030~-0.060
Ring thickness 3 388
Printed in Japan
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Chapter 10 Disassembly and Reassembly

5. Test running 6LYA-UTESTE

5. Test running

5-1. Preliminary Precautions

Before making a test run, make sure of the following

points.

(1) Warm the engine up.

{2} Remove any precipitation from the F.Q. filter. Water
separator, and F.0Q. tank.

{3) Use oniy lube oil recommended by Yanmar.

{4) Be sure t0 add Yanmar anti-rust agent ta fresh cocling
water.

{5} During cold weather, add Yanmar anti-freeze t¢ the

cooling water.
(6) Provide good ventilation in the engine room.

5-2 Check Points and Precautions During Running

Step | ltem instructions Pro and Precautions
1 Checks before 1) Make sure that the Kingston Cock is open.
operation 2) Make sure there is enough lube il and {fresh) cooling
walar.
3) Operate the remote control handle and check if the 3) Lamp should go off when engine is
devices connected to the engine side work properly. running.
2 No load operation; 1) When the engine is started, check the following:
warm up operation e there is no water and no oil leakage. ® Fix leaks if any.
# exhaust gas does not leak when the engine is started. ¢ Check the intake/exhaust valves,
sthere are np apnermal indications on the instrument F.Q. injection valve, and cylinder
panel, head.
e there is no abnomality in cooling water discharge,
engine vibrations, or engine sounds.
2} To warm up the engine, operate at low revolutions for 2) Do not raise the engine revolutions
about 5 minutes, then raise the revelutions to the rated abruptly .
rpms and then to max. rpms.
3 Cruising {lead) 1) Do not operate the engine at full load yet, but raise the
operation rpms gradually for about 30 minutes urtil they reach
rated rpms.
2} Make sure that exhaust color and temperature are normal.
3) Check the instrument panel and see if the water
temperature and oif pressure are normal.
4 Stopping the engine | 1) Before stopping the engine, cperate it at 650-700 rpms I 1) Stopping the argine suddenly during
for about 5 minutes. high speed operation increases the
temperature of enging parts.
2} Raise engine rpms to 1,800 just belore stopping the 2) This procedure prevents carbon from
engine and idle the ehgine for about 3-4 seconds. being deposited on the valve seats,
etc.
5 Checks after stop- 1} Check agein for water and oil leaks. 1) Check the oil seal area.
ping the engina 2) Make sure that no nuts and bolis are loose. 2) Espedcially the engina installation
bolts.
3) Close the Kingsion and fuel cocks.
4 When the temperature is expected to fall below freezing, 4} Drain from the sea water pump,
drain the cooling water {sea water}.
5) Turn off the hattery switch.
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Chapter 11 Troubleshooting
1, Troubleshooting

1. Troubleshooting

It is important to thoroughly understand each system and
the function of all of the parts of these systems. A careful
study of the engine mechanism will make this possible.
When problems arise, it is important to carefully observe
and analyze the indications of trouble in order to save
time in determining their cause. Begin by checking the
most easily identifiable causes of difficulty. Where the
cause of the difficulty is not readily apparent, make &
thorough examination of the system from the very
beginning, proceeding until the peint of trouble can be
determined. While experience is an important factor in
pinpointing engine problems, caretul study and
understanding of the engine mechanism combined with
good common sanse will help you to rapidly become

more expert at troubleshooting.

6LYA-UTESTE

! Charnt 1 .

3
TAOUBLE AND TROUBLESHOOTING | THE ENGINE SUDDENLY STOPS.
2 ¢ -1y Agd luel oil and prime. (I-1} Replace. .
2 E i -2; Bleed air, P [ T-2) Clean carsfully 10 insure good working order.
g {1 -3) Remove water from drain and fuel oil system and prime.
& |{ | -4) Check and make necessary repairs.
€ (| -5)Clean.
S |} -B) Replace.
[ (1}Fuel of supply eutott | [ {3)Govemor trouble |
11} Insutheient ot in tuet ol tanil__{s] water in luai il tank {1} Damage ls govainor spring
) ) o {4} Fual oil cock ctosed
i {2 Air n fuel oil systam and fuel :njection pump R‘ {5) Clogging of fue ol fier {2) Shiexing ol governar sleeve
-t |6 Damaga in luel oit system '\\
“5"—.; (7} Prablem wilh lust leeding pump ’
[#5] THE ENGINE
T L s > SUDDENLY STOPS.
j g (1) Loosa lube oil predsure adjustment valve a[isl Leakaga irom lbe ol safety valve _{_1_1 Saizuragi moving parls
| 0:, {8} Troubla with lube oH pump
3 (2} Ciogging of lubs oil ller _ / . (2] Ovarhaaning dua to nsullicen sodling
o 7 (5) Aelay aperation righerad by low lsba ol pressisre vt Cownmmesss
[ 14} Emergency stoppage devics in operation | | (M} Miscailanecus |

& |{1-1) Tighten adjustmant valve. {11I-7) Raturn to priginal condition. {I¥-1) Remove and repair or replace,
@ N2} Clean. {W-2) Disassemble and clean coaling water purmp and check cooling
B [(11-3) Tighten sataty valve. water sysiem.
& |{I1-4) Remove and repair or replace.
£ f13-5) Return to original condition.
& l{n:-8) Return to original condition.
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Chapter 11 Troubleshioo
1. Troubleshooting

ting

6LYA-UTE,STE
’ Chan 2 I Chart 3
TROUBLE AND TROUBLESHOOTING l ‘ CYUNDEROUTPUTLS UNEVEN COUNTERMEASURE TROUBLE AND TROUBLESHOOTING i r POOR EXHAUST COLOR
Q H L
£ [ {1 1) Blead air. { | -7 Disassemble and clean S i1 1)Ch . {11-1} Clean.
5 . . eck, repair or replace. ca
g { |l 3) gzsalssemble and clean. and repair ar replace. é E | -2) Replace. {112} Check. Repair of replace.
E E | 43 mopace. E |{1 -3} Ghack, repair or replace. | {11-3} Adjust.
g {1 5% ngla‘arcgr eRacs: g [(1-4) Adjus!. {11-4) Check, Reparr or replace.
§ (1-8) Tiglrnen fiemly. § (1 -5) Adjust. {11-5) Glean.
e = o . 3
[41) Uneven quantlly of fust ol injected | [ (1) Fadlly sl iepction pume | (X} Fatty tusl injaction veb |
(1] Air in the fuel injection purnp )
{5) Damagad exhaust union packing (1) Fauly plungar oparabon’y (1) Injection openiag i clogged
(2] Faully gperalron of plungsr (2) Worn plungsr L 12) Sticking of valve naedie o /
(3] Damaged plunger spring \ {6} Loose perion screw {3) Faully ecion vake 3, (3] Low injaction pressure /
Lo T\" (7 Fauly el injagii 5 {4} Unevan qllﬂn[ilynhuslin'pctqd\ {4) Fautty spray condilion /’
] {4) Faulty fusl oil sjection valve ‘v 'Iap::; e Maconeump O | 5/ rraguiar sl injection fiming %, {5 Carbon doposi
w — i /
FOOR
T CYLINDER QUTPUT T EXFALST
© o & UNEVEN w COLOR
o A 2:::.—?96 in injecson @ {1} Cloggea iiar /1) Overioading '\
g 2) Damagad vatve /’ t4] Irreqular injection timing % 2 Dirty impellar o I,*J (2} Too great a quanlity n!hluhe ol
&) spring IJ“ o 3} Clogged wibina nazzls [/ [3) Carbon depasi in smthﬂiwams
{3} Inzufticiant injection / {5} Sticking ol injection valvesCause 14) Bearing damage / (4] Difty ar coalar .&
pressure ininjsction {5] Poor quamy fuel oil
valves
6 {)ioggmg i eahaust srslamﬁause
[ (1) Pty el bactionvalve | {1} Faulty turbocharger
g
@ . & {IV-1} Reduce lcad.
3 (:: :;) EL‘EF.:CE”" repair. 2 |(11-1) Clean. (-2} Adjust quaniity of ail.
g |t _3; b ace: 2 |{111-2) Clean. (V-3) Clean
0 A Ad! N & |(H1-3) Clean. (Iv-d) Clean. _
5 I[II -5] Cljus ' S [{lI1-4] Replace. {I¥-5) Replace with new ail.
3 {11-5) Claan. 8 {IV-6) Clean,

TROUBLE AND TROUBLESHOOTING

| Chart 4

TROUBLE WITH THE TURBOCHARGER

@ (¢ -1) Claan. incrgase the cogling (1 -1} Lap vaives. (-1 Aeplace.
5 || -2) Claan. wwatar and clean fin. {11 -2y OChack Brnd adjust i sciion trming. (-2 Aaplace.
mopg | -3) Rgpair [ | =&} <tpen Ooor or DDisassemple and check njeclion purig. {01 -3 Clean armd repair o raplace.
g {1 -4) Repair. install vantlaton RAgpair or rgplace laulty parts. (1 -4) Replace.
£ 6! -5 ClAgusL axhaust dacl. ODiaassemble and check injection valve. {11 -5) Agplace.
b pipa temperalig {1 -7.8.9) Replace. Aepair of replace (aulty parts. (U1 -5) Tightgn.
2 TiAdmit fresh aic {1 -19.11,12) Clean. { N -3) Replacs. {013} Rsassemple
5 10 BNQIiNG Foom. { | -13Y Caan or raplace ({ U -4) Clean.
(= ovWhora \hare is piping. { Ul .5) Avduce load
[} an inercacier, [ | -t4) Repidace. {0 -6) Ragpace.
[ (T]Lowsuction pressure | | [} Abrommal vibrations ] [ (3)Hgh suction prasswe |
{13 Einy suglion diter ard siencer | (91 Gamaged nozila fing | (1) Gas leakage irom axhaust vatve \ {11 Damaged lurhing blpdes
[2) Durty Mewet and axit <ide of blades -_'II {10) Qirty turbing blades \ (2) Defectwe FialInecion system ln‘ {2) Damaged Howar blades
{3) Leakage in tha suclion system {11} Clogged norzle \ (3 Misshapan Lurbing noz21e \ 12y Ouigation on rbine bisdes
14} Leakage of exhaust gas l -
121 Gl 2xnausl pps {d] Camages beari
%) Rise intemparalure ol sudicn air \.I 012] Cogied 2 PP I". (&) Curty Wrbine noz zlg ! L - ik
o - - I {13) Back pressura is oo great - {5} Blani turbina shatt
D {6} Low ait prassura s engirg rogm ¥ [5) QOvarloading o
- ————
= | 7) Damagad packing | gl 141 Inacouralo prossure guges ¢ {6 nacourals pressure gaugs . 16) Loose assembly
- (8] Damaged twibina blades \1 | 7] Faully assombly ol 8lashc springs TROUELE WITH THE
% EXHALIST GAS TURBINE
@ {1} Bearing damage (1) Gas in banring raam i1y Irragquiar cyliner combustion - :
{3 (2} Obgtruction of ratalng parts 123 Clogging of seal air passage [2} Suddan load changs {1] Lathering ¢f iube ail
8 / [2) Dirty turbin and plgwe {3) Damaged packing {2) Luba ol hardens 1o a gei
) Blower side arcassively 4 -
{14 Forgign materinl in turbina antrance (4] Clogging of balanced mir 3 ! y iy (3 Baaring selzura
{5} Suddan load change (surging) / 15) Poor quallty kibe ofl ' &) High air ierperature [4) Water lgakage from exhaust opening
! o
/ () Tamparalura of lube oif lac high 4 {5} Gorrosion in Howar. lwbins,
X bearlng housing Countarmeasure
(¥} Abnormal nise [ 1¥) Luioe ol becormes dirty quickly | [ t9) Suction prassura.pulsation | [ gy Miscatianeons |
w [fI¥-1} Replace. { -1} Rapair, { V- 1) Adjust cambustion. {vi-1) Raplace with proper lute il
5 - [w=2} Glaan. {W1=-2) Insure propar oparation {WH-2) This accurs whan mproper oit is
g {W—E] Repair ar replace., [ Vv -3} Replaca. {¥1-3) Cigan. mixgd in Replasa oil.
@ [(IV-3} Glaan. [ w4y Cigan, {Vi-4) Cincrgase coaling watar in ar [¥I-3) Repace
E {l‘u’ 4} Repai I [ v -5) Asaplaca. coolar, [\l-4) Roeplaca. )
E - gar or replace, (v -8) (DAaplenish lube all whan CCigan coolar bladeas. (Wi -5) Raise lemparalure of cooling
€ |{I¥-5) Siabilize toad, or replace lurbine insutticiant. CrAdjust temperalure of exnausi walar.
= | incraaza amount of coaling Ey&lam.
S nozzle. watar. <Let fresh ar inlo engne ream
11—3 Frinted in Japan
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Chapter 11 Troubleshooting

1. Troubleshooting SLYA-UTE.STE

| Chatt &
f
! TROUBLE AND TROUBLESHOOTING l 1 TROUBLE WITH MARINE GEAR
@ J¢1 -1) Disassembls and ciean. (| -7) Raplace. (T-1) Feview( | -1 1-11} {Il-1) Replace.
= |{ ! -2} Repair or raplace. [ | -8} Aaplaca. {1 -2} Reduce load. _
‘£ {1 -3} Repar or replaca. [ 1 -5 Adust la carracd pasiton. { R - % Fieplace {l 2] R?p‘,ace' R
g |11 -9 neprace. ¢t -10} Reassemble. { -4) Check oil leve! and adjust. {11-3} Eliminate dangerous relation.
@ [i! 51 R=pair. {111} Gheck far ot Imakage | g Chack watar leval and adjust.
é { | -B) Adjust. and replanish. { 1. 6) Change ail.
L&) { 0 -7) Review manual.
[ (1) Low clutch ol prassurs frumnsips] | \
111 Clogqing o fiter on mm__& [T} Warn shding parts of forwasgeverse %) Clutch mw&t’:‘
Loavarsipn vake
[2) worn oil pump I "W‘ﬂ‘ s} 15) Proplom with ol cooler {1] Evcassive backiash & gear
{3 Steking of oil prossure {61 Damaged O-ring ¥ering if oflp pes
adjusimen valu 51 Poar quanky or inapprophiats ol
o 40 i 193 Liw spaad vabe handla sips ‘.
g 14] =maoa:;r m::::ﬁiﬂq _\'5' {3) Damaped baaring (2] Damaged bearing
w {104 Poor assamiry of low 5psad vahy handie , . \
- {5y Damaged seal ring \ [ Pacr ppedation o lw seed vabg {3] Atngrmal vipralion
C L . [4] Too much oil o e
® {61 Incereeet positioning of {1t} Insufticignt od
L1 {orwardiradaree conversion valve,
@ " TROUBLE WITH
w© " MARINE GEAR
[ {1} Seizurs of fricticn plate E”““”"{'ﬂi‘f‘“ pala [4) Luba o1l pressure i1} Cil hoakage /‘33 o T TN
7 [3) Formign matefial it pipk system ] & e ragh () Cloggéed lube ,’ agjustment valve spring
(21 Damaged hokdng tpring uigipe /™ (21 Not anqugh war in stéei e ol fitar
{4} Gl leakage whare thard is iemale comrol ﬁ'_ 5 Vnmsnv of lube o is b2 high {4} Sticking ot luba od FTjustmen
{5) Phase sippage {3) Damaged fiakding spring of pe _ / valveCouniarmaasyre
\ i
| [T Dty changing ko forwerd, neutal sad reverse | M [V} Abriormal lobe ol pressarmy
w {N 1} Replace, {V -1} Replace. {¥1-1) Check and repair,
§ {I¥-2} Replace, {Vv-2) Replace. {V1.2) Disassemble and clean.
z {31 Clean. [V-3) Replace. {V1-3) Raplace.
. 5 {1V -4] Replerish il and check. Replaca bellotrom. {V-4] Adjust lube oif adjustment valve. {vi-4] Repair or replace.
Py
i % [[w -5) Aepair link system, {V -5} Change oil.
VO
1 Chart &
TRCUBLE AND TROUBLESHOOTING ‘ MISCELLANECUS TROUBLE
@ [{{-1) Tighter nuts. { I -1} Tighten adjustment vakve. (lll-;{ E:fda"' | .
3 . - . . (- coaling water.
@ i —2_} Tighten nut§ and :nseln pins. { I -2y Check and repair. ¥l -3 Disassemble and repair or replaca.
°E> { t -3) Remove adjustment liner and adjus! apentura, {1 -3) Clean. {111-4) Tighter agjustmant valve.
= or replace. {1 -4} Aepair. {M-5) Tightsn safaty vatve.
€ |1 | -4) Check teelh. shaft, and pushrod of gear for (H1-6) Chango lube ofl.
3 wuar Aeplace whewe necessary. (N1-7} Add lube oil,
%] [1H-B} Raplace
["TE) Abnormal nolse {7 bow fusl ol pressurs | [ {2y Low kube ol pressura ]
1) Clogged lube ol rites
{11 Loose Hywheel instalimant bolt {1} Loosa pressurs agjusiment 151 il lagkage from pump salaly vaive
[2} Lube ol lemparalurg 1 lao hgh
12] Loage crank, pm DRasing (ot 2} Damaged supply pump '\ (6] Inadequale viscosity ol fube ol
{31 Troutle with luba oil pump Y )
(33 Worn cran pn metal . {7} Insulticignt amount of luba o
8 \ m— {4) Loosa prassyra adjustment valva A o
= ] {2} Faulty prassure gaude
0 14} Faully faar mashing \ {4] Leaky pipe
=]
& MISCELLANECUS
© TROUBLE
3.15 {17 Conking water lamparaiurg {1} Ingufficiant amaunt of coaking watar 1) Clopging in cooling waler system h
% Pas rsen / {5 Air in cosing watar / {SIEnGing catlel not oonstrched.
IS 12) Traibla with S00iing water pump fome
{2t Owarloading f 12} Troubts with oooling water pump f
{6) Overloading Y (6] Walar [zakage lrom cooling water jints
/ 13] Arount ol watar Felurning is 160 greal . s
{3} Goohng water Wi is oo great*_/
(3} Faulty luba ait lamparatura & Clooging i i ) / jf' {71 Faully suction ang axhaust vaves
agustmant valve 14 Crogging in cading wator system 4 (4} Air in cacbng water  f Counjermaasurg
[ 18 Luba olf tompaestura is too igh | [ (V) Coaling water tampecatura is 100 high | {7 [} Cooling weter oessure I too low |
@ [(V-1] Adjust the amount of returning watar or check J(V -1) Open closed parts. ;m -1 Clean. R
. . TP and 1o 108
Z the cooling water pump and Tap valves. {V-2} Ghack purmp and repair. v 33 e e o raplacg':)ump,
S {¥-2} Reduce load. {V-3) Adjust amount of returning water. {¥1-4) Check suctian opening.
5 |tv-3) Gheck and adjust. {V -4} Clean. {w-$) Ellignmata causes tor high ¢aoling water lemperalure
= . - and constrict.
5 {V -6} Check suction opaning. {\1-6) Check and rapair.
3 {V -6) Reduce load. (W71 Check and repair.
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Chapter 11 Troubleshooting
1. Troubleshooting

6LYA-UTESTE

TROUBLE AND TROUBLESHOOTING |

| Chart 7

ROTATION 15 NOT SMOOTH

@ 1{1.1) Lap. { 1-1}Clean. { [ -7} Blead ar and prime.
@ |(1-2) Replace. { 1-2} Replace. {1 -8} Adjust.

x [ I -3} Replace. {1 -9) Adjust.

§, [ [ -4} Cormrectly install pump.

§ {I-5) Clean.
& { [-6) Replace.

[ (1) Fauly opemtion of injection vaive | [ (1) Unaven supply of fuel ol injectsd |
\ 1) Faulty oparation of lusl pump plungar \
(5} Clogging al fua lilter
{1} Impadiment 1o vaiva needie moveman % (2 Dasaged hue! pump piLngar \
v iB) Damaged luel cam

S 121 Damaped valve spring & (3 Damaged plungar spnng Q‘." {73 Air in fugl injaction systam

2 'y [8) Faully oparalion of adjusiment rack
e (4] In@ceurgie assemply of fual inj pump -

w Y (9} Unavan amounl ol fuel to cylinaers
o i

£ k ROTATION IS NOT
o] SMOOTH
% 1] Damaged governar baanng / * (1) Overioading

S /(@) Stieking of govermoy sipeva

1] Sezure ol Moving parts
12 Faulty oparalion of governor [nk
! /{dj Faulty operation qf fugl oil agjusiment / 13} Chuich srippage
o S A
!
| (M} Faulty operation of povemor L iViMicslareous |

@ [{Ii-1) Replace. {I¥-1) Reduce load.

S h

[ :::3 g:i]ust. (I¥-2) Disassembis, check and repair

& - Barn. )

E 1{111-4) Disassemble, wash and repair. {I¥-3} Check ard adjust

g M

<]

[&]

TROUBLE AND TROUBLESHOOTING

Chart 8

KNOCKING
@ | {1 -1)Increase injection pressure. {1 -1) Delay injection timirg.
202 Rsplace. T -2) Adjust slandard injgction prassure.
o
E {1 -3) Disassemble and lap.
% { | -4} Disassemble and repair.
3
S l
[ {1} Fauhty hrel injection valve | [ R} Faulty fusl injection |
{1) Low injechon pressurg Y [1] Early tusl iryection
(33 Slicking ot valve neodie \
[ Damaged tusl valye spring . (2} Fusl présgurs .5 toa high
© \ 14y Faulty injaetion spray ‘_\-
&z
W KNOGKING
=]
c
g {1} Excazsive quanlity of fualis ajected 11] InsuMtisant Soolng water
@ Irom lugd pump [ 141 Pobr gusity uel o
8 {21 Excass pislon clearanca
fi I.I'Ir (5) watar mixed n Juel ait
/ [3) Excass baarng claarance ,f!
/ %) Incoract pressure
/
[T Excassive quantity of fuel inected sach tme |
W |{I-1} Adjust pump adjustment rack, {I¥-1) Check coaling water pump and lap. valves.
2 {I¥-2) Replace.
E {I¥-3) Repiace.
& (V-4) Replace with gaod fusl vil.
5 {I¥-5) Replace with good fuel oil.
8 {I¥ -8) Check and repair.
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Chapter 11 Troubleshooting
1. Troubleshooting

6LYA-UTESTE

TROUBLE AND TROUBLESHOOTING ‘

Chart 8
TROUBLE WITH STARTING

w |41 -1 Tighten. |{ 11-1) Tighten. {I-1) Prime wall. {v.1] Lap.
S i1 -2) Repar usi net lage. ;i U -2} Repair using sandpaper- {11-2} Adjust. .
= E I -3; Fl:DT.;cu:mD saremEper AT TRESE: L9 Reopiace. { I1-3) Cloar oul maNtel caLsing <logeng. _{ V2] Lap.
i place. {1t -4} Rapair using sandpaper(Type 500~600). |¢ ;i 4y Add fuel to tual tank. i IV -3} Replace.
E |[ | -4) Repair using sandpager and {U-5) Replace.
) \hen grease. {11-6) Undarcul and repair of replace. tin-5) Open cock. {Iv -4} Clean or replace.
£ {1 -5) Adjust {11 .7} fReplace. {11-6) Claan. (W -5) Adjust
B |1 8} Adjust. { [ -8} Fraplace with Ihicker or shonegr wire ([ 111-7) Disassemble and repar or 'eplalﬂe-
2 {1 -7 Raplace. (Il -gy Charge. (W1-8} Draln water from fual syslam and prina.
E 3 = 3 . -
[ (1 yPinian gears do not mash | [ {1} Ring gears do not mesh_ | [ (B} Fusl of nct Injectsd [ () Faulty fonl ijection valve |
|1} Lo0sé barry angage {1} Laase batisry (5) Cul staner col Y 11}.1mr_>ar!lec| priruing of fual oil sysiBm 1) Faully valve seal
magnel terminal 151 Edges of gearaeth startar lerminal T (2] Injaction ¢t oH dus 1o taulty gewvemor "—"‘_&) Stieking of valve nesdia
|21 Fauhy conngctipn in misshapen 12) Faulty connaction in {8} Warn commulalor % {3) Clogging at tusi mlet tilter 13) Wom vaive neadle
slarling swich {B| Faulty pasitianing o engage magnak swhch {7} Slippaga of starter cliutch T_ [4} Insumu.snt luel 4 in tan HIC o outiet
{3) Cut bahery engage DaIOR AR AN Qe - v (8] Fuel oil tank cock clased '\T—— WW_
magnat coi {3} Wom beushas 5 {8) Excassiva resistanca "1 Clogging i fual il pips ; {5) Low wjaclion pressutd
7} Seuure of startw metyi 44! Commutater rough betwetin baflaty and startar ¥4 5 b amaged fusl ol supply pump 'y
{4) Reugh cap movement and dirky (9) Insulceent DatBry GIArgs 1= 5\ terin uel ol tank
——— ; STARTING TROUBLE

/

/{1.\ A lgakags Irom suction/ashaust valves .'F

[1] Waen plunger
_ -

!
{3] Plunger slicks {119 Fusl imjacton pump liming aregular _."l

Cause and Effect

(21 Damaged pluriger

,r" 12} Looss nigh prassura fusl pipe
Spring

/ {4) Cil leakage irom exhaust vales

{5} Alr Inside purmp ﬂa: Damaged high prassurs lusl pips

Jfl [4) Air In high pressurs lual pipe

! 17} Insuf
/

16} Damagad exhaus! valva spring

! - {2) Na tappai Cln:lr_ﬂfl__oi f 1] Incoricl thicknass ol gaskal
{3 Fauily gaskal packing N packing
J,u'r [4) Lipper part ol cybncar lnar worn ) {2)Faulty instalaton of goveemor
i ring arkd IBvar

{5) Warn piston ring
(61 Pigton ring sticks

il

! (2 Govamor handie is in stop position

.llll

ficient hightaning ol haad oolts (41 Faully enging starer

f
i

{8} Damaged valve $pring

L {51 Clogging ol suctionieshaust pipes

L Crouniermeagurs

[ { V] Faulty fusl injaction pump ]
-

{ {0 Fautty fuel injection system | I(‘i}].eakaaeofpressuﬂzwﬁrj
. o -

{ V' -1) Replace plunger and barrel as a unil. { W17 Adjust. [vi-1}) Lap valvas,

H s - (Vi-2) Adjust

| {v-2) Replace. {W-2) Tighten firmly. |13 3)\ 4)(vi -5; FReplac
{%-3) Disassembie and repair or replace. {W-3] Raplace. {V1-6) Disassermbla and

. rapair or raplace.
(V-4} Lap valves. {V1-4) Bleed air. {Vi-7) Tightan tghtening

Countermeasure

[Yli-1} Replace.

{Wii-2) Adjust.

{Vl-3) Move gaverngr handle 1o accelaration position.
[Vil-4} Check and repair.

e

{V -5} Bleed air. nuts unifgrmiy. [Vi-5) Clean.
{V-8) Replace. [VU-8) Replace.
[ cnanw
TROUBLE AND TROUBLESHOCTING INSUFFICIENT POWER OUTPUT
w [{ I -1} Reptace. {0 -1} Clean nozzle hale or replacs. (i1} Replace.
# |t -2) Disassemble and repar or raplaca. {0-2) Lap or replacs. { Il -2} Repair.
E ( 1-3) Lap valvas. {11 -3) Lap or replace.
£ |14 Tighten trmly. { £ -4) Tighten firmiy,
.g {1 -5 ¢ | -8 Adjust. I Reol
3 |tr-741 -8y Clean. ( 'Ef’ splace.
¢S |{ | -8) Raplacs. { 1 -10) Repair. { 1-5) Clean,
[ {1y Amaunt of of supply for el iaction pumo nadequal | [ () Amaunt of husk Injection Inadacuate ] [ (B} Faulty governer ]
{1) Worn plungsr [6) Inaccurate pasitioning of adjustmant rack \ (1) Clogging al moz2le hoie. \
- K 10 5 1
{2) Stecking of plungar _\ 71 Clogging of tusl gi filer 12) Faulty vaiva saal '\ (1) Camaged govarner pearlng
{3} Oil loakage Irom ashaust valve &~ \ocning af tusl ol b (34 Slicking ol valve needla
. . ! (&) Clogping af sl ol pips Y [4) Loose high pressura pipe \ 121 Imaccurats 1aagth of gowarnar link
44 Oul lemkage troem jolnt of high ___\ . ]
3 ETOSSUIE Hpg b (8} Damagaed valvs spring [5) Wom vaive neadle
E (S Faulty adjusiment ot fued pump S {10) Faulty supply pump 18] Clegging of fiar
. -E - NSUFFICIENT
! TPUT
E {1} Leakage of gas Iram POWER QUTPY
] suctioniaxhaust vavgs f (3} Wam uppar par! of cylinder linar (1} Early njechon — (M Glogging of ai fitsr [1] Poar qualily fual od
= e — — ]
8 (2} Inadeguats 1appet 14} Warn pislon fing (&) Lata injsction /M | / 12) Clogirg ol 9’."‘5“5'-' Hing
claarance {5} Sheking of piston ring / {3) Clegging of lurtung nozzle 7 3} Sarure of moving pants
- / 4] Damaged beanng / {4] Insulliciart cooling water
/— 151 Ingwlficient ke ol supplied
[(W) Coakage of pressurired gas from inside cylinder | | (V} imeguinr huslinjectiontiming | [ ) Fauity wiboenarger ] [ () Miscellaneous |
@ [(W-1) Lap valves. V-1 Adljust_ iming to 1{\1-1) Clean. {W1-1) Raplace with good fuel oil.
§ (v -2) Adjust. delay injection. |rv1.2) Clean. {V1-2) Clean.
€ |(v-2) Replace. (V-2) Adjust iming 1o |{\1-3) Clean. {V1-3) Disassemble, check and rapair.
5 |(¥-4) Replace. speed ijclion. |y .y Rapiace. {Wi-4] Lap cooling water pump suclion/exhaust valves
S [(W-5) Disassemble and repair or replace, {¥}-5) Disassemble and clean luba oil pump and lilter.
=3
O
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