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FOREWORD

This service manual has been compiled for engineers engaged in sales,
service, inspection and 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 its applicability to the vessel’s hull construction and
its steering system.

Engine installation, fitting out and propeller 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
awide range of operating conditions — such as installation on the hull and
suitability of the ship’s piping and propeller — and not just the engine
itself. To get maximurn performance from this engine, you should com-
pletety understand its functions, construction and capabilities, as well as
proper use and servicing.

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

Cylinder head cover

(Fresh water cooler)

Exhaust side of 4LH-HTE
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Chapter 1 General

WM 4LH Series

2. Specifications

Model

ALH-TE ] 4LH-HTE 4LH-DTE

Type

Vertical 4-cycle water cooled diese! engine

Combustion system

Direct injection

Aspiration

Turbocharger I Turbocharger with intercooler

Number of cylinders

4

Fire order

Bore X stroke mm(in.) 100x 110 (3.94 X4.33)
Displacement £ (cu.in.) 3.455 (210.82)

W 81.0/’FG{300'(111(|).1."3300) 103‘0’5"13300"‘(i4|0.0f3300)125.0|;’3300h(17|0.O."3300)

kW/rpm at Flywheel output | at Flywheel output | at Flywheel cutput

One hour rating | QutPut/crankshaft speed (HP/rpm) | 77.2/3300{105/3300} | 99.2/3300(136/3300) | 121.4/3300{165/3300}
output at shaft output at shaft cutput at shaft output
(DIN6270B) Brake mean effective k z

gt/ cm
fywheel output pressure (To./in.?) 8.68(123.43) 10.73{152.58) 13.42(190.83;}

Piston speed m/sect. ({t./sec.) 12.10
W/ 3. 5;’?200(99| 9/3200) |93. 4/3200;}12? .0/3200) 13. 2/320{,;1( 15|4 0/3200)
) kW/rpm at wheel cutput wheel output Flywheel out

Continuous Output/crenkshaft speed (HP/rpm) | 69. 9/4200(0573200) | 8. Ni’ 200, 122/3200) 109.6/9300] 149/35’00;
rating output at shaft output 8t shaft output at shaft output
(DIN8270A) Brake mean effective k 2

gf/fecm
flywheel output pressure {b./in.?) 8.14{1156.75} 10.34(147.03) 12.54(178.31)

Pistan speed m/sec. (ft./sec.) .73
Compression ratio 16.4 I 15.9
180°C 180°C

180°C 180°C

Fuel injection pump

Distributor type,model VE-HDI E In-line type YPES-4AL

Fus! injection timing({b.T.D.C) degree 10° £1 13° =1
Fuel injection pressure ﬁgfl':fnm:) 200 "joﬂ 240 TOD
Fuel injection nozzle Hole type, model YOLLA-P
Direction of Crankshaft Counter-clockwise viewed from stern
rotation Propelier shatt Bi-rotation
Power take off At flywheel side
Constant high temgperature fresh water cocling
Cooling system Fresh water:Centrifugal pump
Sea water:Rubber impeiler pumgp
Lubrication system Forced lubrication with trochoid pump
, Starting motor DC 12V, 2.5kW
Starting system
AC generstor 12V, BBA
Type RHCBIW(IH | make) l K26{KKK make)
Turbochargar Model MY5E | 326IMAABT
Cooling system Water Cooling
Air cooler Type - Sea-water cocled,Plate fine type
systemn Radiation ares | miin?) - 1.98(3007) [ 2.77(4294)
Model KMBA
Type Mechanical countznt mesh gear with servo cone{Down angle 7 degrees)
Reduction( Forward/Reverse) 1.46/1.46 , 2.07/2.07, 2.57/2.57
i ropeller speed DING27 Forward
212[;’:1’ gear faﬁg; or speed DINGZI0A e 2187,1546,1245
'é;‘f:;‘;‘:;"xg oif capacity £ (cu.in.) 0.3/2.1(18.31/128.148)
Clutch weight kg(lb.) 48(106)
Overal! length mm(in.) 1058.2(41.66) 1058.2(41.66)
Dimensions Overall width mm(in.) 630{24.80) 630(24.80) | 676.5{26.63)
Overall height mm(in.) 726(28.58) 726(28.58)
Engine weight with clutch(dry) kg(lb.) 340(750) 350(772) l 380(838)
Lubricating oil capacity Effect/max. £{cu.in.} *5.5/10(335.61/610.20)
Cocling water | Fresh water tank £{cu.in.} 14 (854.28)
capacity -
{ Fresh water) Sub tank g (cu.in.) 0.8 (48.82)

* Standing oil capacity in the oil cooler & the filter : 4.6 2.

1-2
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3. Service Data Sheet

3. Service Data Sheet

4LH Series

Muodel

4L.H-TE ALH-HTE 4LH-DTE

Specifications

No. of cyl.—Bore X Stroke

4—-100X 110mm(4—3.94X4.33 in.}

Dimension{length X width X height}

1058 X 630 X 726mm{41.65X 24.80%28.58 in.}

Engine weight with cluch{dry}

340kg(750 1b) 350kg(772 Ib) 380kg(B38 Ib)

Performance

Continuous rating output{at flywheel} I (H’;;;gm}

113.2/3200
(154.0/3200}

73.5/3200 93.4/3200
(99.9/3200) {127.0/3200}

Specific fuel consumption at Max. gutput

170g{0.375 Ib}/HPhr | 1639{0.355 [0)HPhr

. kW /rpm 81.0/3300 103.0/3300 125.0/3300
Maximum output(et ftywhesl) | (RPrbmy | (To%0) | (180.0/3%00) | (170.0/3800)
Atmospheric temperature 20
Barometric pressure 760mmHg(29.92 in.Hg)
Standard
reference Relative air humidity 65%
condition
Exhaust gas back pressure 300mmAQq(11.81in.Aq)
Fuel oil temperature B5C
1000mmAg
Back (39.37 in.Aq) 2.8%
pressure 2000mmAqg
Reference : 5.0%
dates (78.74 in.Aq) Down ratic of max. cutput
(Estimate) Fuel oil 60°C 1.4%
temperature 65°C 3.7%
Installation

Mounting feet bolt position{L XB)

559 X 674mm(22.01X22.60 in.}

Flexible mount indication No.

K300

Kingston cock size{Min)

25A(1in.)

Mixing elbow size

¢ 90mm ($3.54 in.)

Water inlet size

$33mm (¢1.30 in.)

Fue! inlet & Overflow

$ 10mm (4 0.394 in.):inlet

#8mm ($0.31 in.) $8mm {4 0.31 in.):overflow,

Battery capacity

Qver 12V-120AH

Battery cable size

Qver AV40

Allowable engine installation angle

front down 7 deg.,Rear down 5 deg.

Printed in Japan
AJAT1030-JCOT



Chapter | General

3. Service Data Sheet 4LH Series
Madel 4LH-TE 4LH-HTE 4LH-DTE
Operation & Maintenance
Engine lube oil requirement A.P.L.CD Class
Marine gear lube oil requirement Same as engine oll
Engine lubs oil capacity Max. 10.02 {610.2 cuin.) Min, 452 (274.6 cu.in}

Maring gear lube oil capacity Max. 2.1 ¢ (128.14 cu.in.) Min. 1.8 ¢ {109.84 cu.in.)

Fuel recommended Diesel fuel. Cetane number: over 45

Fresh water capacity Engine 14 ¢ (854.28 cu.in) Subtank 0.8 & (48.82 cu.in.)

Idle speed Low/High 750+ 25 rpm/3685 + 25 ypm

Normal fresh water temp. at Max. output 80 ~ 85°C

Normal Lub. oil press. at Max. output 3.5~4.5kgffem? {49.8~64.0 Ib/in.%}

Exhaust gas temp. at Max. output (at turbine inlet} less than 830°C less than 670°C
m‘?‘dﬁ; g‘zrg‘;:f;gg’::ﬁ:n?“a*' output 700 ~ 800 mmHg 800 ~ 900 mmHg 1200 ~ 1500 mmHg
Cooling sea water pump capacity at Max. output more than 5500 ¢ (335610 cu.in.)/h

Valvé cltearance In/Ex. 0.1 mm (0.004 in.)/0.3 mm {0.012in.} (cold condition)

Fuel injection timing b.T.D.C 10 deg (fix} b.T.D.C 13 deg
Fuel injection pressure 200~210kgf/ome (2844~2986 Ib/in? ) ARG A

Tightening torque of bolts and nuts

Unit: kg-m {ft - Ib)
Bolt & Nut size Tightening Torque Wrench
. 15t 5({36)
Cylinder head bolt M13x15 2nd 10(72) 17 mm
3rd 15~ 17 {108 ~ 123}
Connecting rod boit M11x1.0 11.5~125 (B8.3-~90) 17mm
Main bearing cap bolt M14~-15 19~21 (137 ~152) 19mm
Crankshaft V-pulley clamp bolt M14x 15 11~13 {80 ~ 94)
Flywheel clamp bait M14x 1.5 19~ 21 {137 ~ 152)
Fuelinjection nozzle clamp nut M6 x1.0 0405 (29~3.6)
Fuel injection pump driving gear, clamp nul M14x1.5 6~7 (43 ~51)
. s |

1-4 Printed in Japan
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Chapter I General
4. Performance Curves 4LH Series

4. Performance Curves
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4.Performance Curves 4LH Series

4-2 4LH-HTE

£
-3
£
190 7
[ =4
o
[ 180 B
E
a
/r c
170 Q
I~ P pud
Specific Fuel Consumption o
{at propeller power curve) 5
3
)
E
2 40
g 30 — = "
g 20 e —
o Engine Torque
k10 {DING2708 rating wfo Marine gear}
T[]
140 140 he (103.0 kw) |__|
e 1 135 hp (99.3 kw}
& F L1 /
120 o 3 A
o " -
a 100 \)“ﬂ\‘ 9-"@‘ /
= 0\9 \!&’
o “‘(-
g 80 0"\0 X i /
5 o &° / &
a 6:1:\ o A
o o ¥
60 < S £
61105 &
7 L
40 v’ o, s
20 ]
0

16 18 20 22 24 26 28 30 32 {X10%)
Speed of Crankshaft: rpm,

1-6



Chapter 1 General

4. Performance Curpes

4-3 4LH-DTE
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Fuel oil filter

Fuel oil inlet \

Gl pump

Safety valve

From water heater tank

$38/31.8 x 15, HH\-

Water temp. switch

Fresh water pump

Thermostat

$31.8 x 1.2, C1201T

Water temp. sender j/
:
\'—_ -w

$38 x 15, RH

Sea water

¢810.3150)

¢8.5(0.3346}

AN /

Detail of part {A}

#13 x 13, RH

Fuel overflow

Fuel injection pump

Fuel high pressure pipe

véq;ts.ss x 12.275
\—

q%vm
(

T

Lub. oil filter

Qil pressure regulator valve

Lub. oil cocler

i

?31 8 x5, RH Qil pressure switc

[~

A
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| i v Voo fe
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= |

¢>11xt3,RHf'<

12x11.25TS \

)

\
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al-HTY

swesbeiq buidid -9

To water heater tank

Y- 031.8 x15, RH
Marine gear
oil cooler
|

13 2.5, RH
Lo

inlet /

13(0.5518)

*
1+
5= 1
I: :
Fuel injection nozzle : : #31.8 x t5, AH *
|_| l_—] :.LI / 2
n i |
T S S - P Y S
______ ey g |

Turbocharger

¢31.8 x t5, RH

$33(1.2992)

-
|

Detail of part (C)

32(1.2598)

Cam shaft bearing

Main bearing

217 xt1.9,8T5

Oil inlet filter

#8 x 10.7, C1201T
0173 x 12.3, SGP

023 x 13, RH

Rocker shaft

Cooling nozzle of piston

Fresh water cooler

9013.5433)

Mixing elbow

mmlin)

Detail of part (D)

35{1.3780)

Note:

013 x12.5, RH

Sea water outlet

MARKS

NAME

RH

Rubber hose

STS

Carbon steel pipe

C12017

Copper pipe

Screw [omnt

Flange joind

Eye ol

Insertion jomnt

Dnil hole

Cooling fresh water piping

Cooling sea waler piping

Lube oi piping

Fuel ol piping

RH {Rubber hose) ¢ = inner dia.
Cther pipes, ¢ = outer dia.

stupa8viy Suidig "9
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@13 % 13, RH

Fuel oil tilter

Fuel ail inlet d

A

Qil pump

Safety valve

Fuel overflow

Lub. oil filter

Cil pressure regulator valve

Fuet injection pump

Fuel high pressure pipe M

Lub. aii cooler
$31.8 x 15, RH  Qil pressure switch

A

From water heater tank

/ Inter cooler

1
L
"

I

¢6.35 x t2.275, §TS Jf / o
a ‘
d e | { va \/—‘r $12x11.25TS
: | |

3

¢38/31.8 x t5, RH

Water temp. switch

- N
;{\\ P

N Fuel injection nczzle

- .1‘.11>c:3,F1H./_g<
N

031

8 x 15, RH +

Fresh water pump

Thermostat

Water temp. sender

$31.8 x 11.2, C1201T
#38 x 15, RH

Sea water inlet / ¢31.8 x 15, RH

¢8(0.3150)

Cam shaft bearing

$33(1.2992)

F
13(0.5518)

»B.5(0.3346}

N I

Detail of part {A)

-

L

32(1.,2598)

Detail of part (C)

7
¢8 x t0.7, C1201 T
$17.3 x 12.3, SGP

Mixing elbow

¢23 x 13, RH
Main bearing Rocker shaft
mmiin}
21,7 x119,5TS Cooling nozzle of piston
Fresh water cooler
Oil inlet filter 90(3.5433)

1
! =)
[ @
~
! ]
‘ z
™

Detail of part (D)

Note:

To watar heater tank

Sea water outiet

MARKS NAME

RH Rubber hose
STS Carbon steel pipe
C1201T | Copper pipe
s | Screw joint
+——— | Flange joini
+—-—— | Eye |oint
———— | Inserton joint
r===== Drill hale

Cooling tresh water piping

Cooling sea water piping

Lube ol piping

Fuel ol piping

RH (Rubber hose} ¢ = inner dia.

Other pipes, ¢ = outer dia.
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L0 VOV
urdefr ur parutig

Fuel oil f||te!;\

Qil pump

Safety valve \4
\

From water heater

Fuel overflow
¢5 x 13 RH

07 x 13 RH
@7 x t3 RH

N

Fuel feed pump

¢13.8x 12

Fuel oil inlet

2 8TPG

#4.76 x t0.7 C1201T
Fuel injection pump

¢5 x t3 RH #»31.8 x t5 RH
Y A Lub. oil filter
A / / / Oil pressure regulator valve
7 Lub. oil cooler
T / —

=
o wmt._.lJ-_——v_
——z————-

#12.7 x t45RH ——_

Water termp switch
Cooling fresh water pump
013.8 x 12.2 STPG—"]
- Thermostat
@ Water temp. sender

Qil pump (sub)

¢15 x t3.5 RH

¢31.8 x 11.2 C1201T

Cooling sea water pump
c

Cooling sea water inlet

Detail of part B
{scale 1/1)

$6.35x12.2758TS

Fuel injection nozzle

$31.8 x t6 RH
Oil pressure switch

¢32 x t1.BC1201T
/ Inter cooler

To water heater

¢31.B x t5 RH

#5x13RH

/ $31.8 x tb RH

— Clutch oil cooler

110

Detail of part A
{scale 1/2)

l‘l\“_\ﬂﬁé\

] B
o N

f\

>..

I T LN LY
- 1
/ Main bearing
Cam shaft bearing
$31.8 x t5 RH
$38 x 15 RH
$12 x 11,2 STPG38

o
¢21.

¢33
|

—

J |

32

Datail of part C  Detail of part D

{scale 1/2)

{scale 1/2)

Qil intet filter
12 x 11.2 5TS
7x11.95TS

mmiin)

S

Raocker shaft

#17.3 x t2.3 5GP
17 x t3 RH
#15 x t1.2 STPG

Fresh water coaler
Coaling nozzle of piston

Mixing elbow
Turbocharger
$16 x t3.5 RH

Note:

Cooling sea water outlet

#15 x t3.5 RH
$31.8 x t5 RH
MARKS NAME
RH Aubber hose
STS Carbon steel pipe
C1207T | Copper pipe
s——— | Screw joini
+——— [ Flange jcint
F— Eye joint
—C—— Inseron joint
rx==== Dril hole
[ — Cooling Tresh waler piping
R Ceoling sea water piping
——— Lube ol piping
e Fuel oif piping

RH {Rubber hose) ¢ = inner dia.
Other pipes, ¢ = outer dia.

31a-HI €9

swpa8o1(] Surdig 9
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Chapter I General

7. Diagrams

7. Electrical Diagrams

7-1 For B2-type instrument panel

Applicable Engine Models: 4L H-Series
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Chapter | General
7. Diagrams

4LH Series
7-2 For C and D-type instrument panel.

Applicable Engine Models: 4L H-Series

Reg
Black
whlte
Yellew
Blue
Green
Orange
Light creen
Lignt blee
8rown
Plnk
Gray
Burple

Eettery switch

Battery - —@— --

|
|
12y |1
i
|

i oo (<X €lm, o

=]

1

Neutra| switch
oottion !

2%

[N}
u

J’%ﬁlj ==k
]

u
ey

5P WL
L/8

Instrument panel (No2 station) Cption
A e e e 4

R/ Y /W o _fehomewr

2W i

£ 01l pressre Cw Tem switn
Seftch Alterrece

T v

2000

L/ wW/8
Y/ 8

Tachgmeter

Tacho s0sor C W Tam seramr Era oll presaore
sender

G/B

|

I

|

|
i
[
|
|
I
I
!
i
I
I
I
I
|
I
i
|
I
I
I
!
|
i
|
1
I

J

2R
n
[=:]

Cetall of cowler
{(Velwed fram A-A) ven | 24

LZH

for 4LH-DTE

— — - — =

® ©® L.

EnQ. QI Gear Box C. w. Temp Charge
pressure Ol
pressure

[ for 4LH-TE, -HTE
Bugzer st

Eng stop sotenoid

Tiruminatlon

Starter switch

301AC|17|G11G2 Starter swltcn
GLOW | O ‘o) Step swltch
OF F Q

ON o0
START O Instrument pane! (Nol)

Primted in Japan 1-15
AOA 1030



Chapter I General
7. Diagrams

.m

7-3 For the E-type instrument panel

Applicable Engine Modeils: 4l.H-Series

Printed in dapan
AOA 1030

(Color_codina) ! |
1 Step switch |
R [Red 1 |
8 |Black | | i E'ﬂ’ Retay r——
W lwnite : 28 >3 [ !
|
Y |Yellew 1 Svlzn(lams coksiLiual) 7o ! 12y
L {Blue ! - ! |
G |Green ! 1 :
¢ |Grange | ol y o | | : ' Enttery
Lo[lignt green | e S I 1 P g mm e SIIII T T
Lb|Ciat ble ! srter 1ien [ [[ ; | :
BrlBrown h : | Reutral switch
P_[PInk f g Do i : Gotlon |
~ i 2w
Gr|Gray el 1 Lo : I M2 =
PufPurole ! d 7R .—:ﬂ @Kr | ittt .
o Tao p |
| —
| @E?Ff . T "‘T‘ | : . 'd
39 & [
oo b |
PR ¥ i
Instrument panel {No2 station} Option |
P I
| -; | = s
Buzzer : : -— !l = R
e lachometer ! ——— N £na oll oressure (W Tom seitch
Buzzer tilt swltch : e :}-—EL ag s«ltch Alternsor
1ilumiratton switch s
Ittt ion (U = ] G/
| 06 8\ [ : f L
[F : i
SR 4 ' !
= Jr] | o]
3ijgljgte %] il =
Y/B — L4 ]%lg LR = = =
< HE|5F ‘ ! ! !
=Ty O — 1 | 1 | .
@ E a/g (m | 1 Tacho sensor CW Tern sencer| | Eng oll Dresswre  Boost senoer
= — ; . sercer
G/8 &% [Fr []]] il
ol |z}ia ;
S gg [ 1 [
5 é é I - ||*A L S e
1 ] |
:J ] ! t G/R ! ~ EB—:
F| (e 4k = =] | FIN
tait of cowler $ Y7 1 — e e VT
(Veiwed fram A-A) ! ! t
gptlon R
g |E] e —_— | oetlen | | ey Eng. stop solenold
= | Relay
Sea water switch e e e e
/0
; * o = - Br/B
| P —s
[+ 4
3 e L
=—@—m o Eng stop solenoid
Hour meter Sia
Stop switch
Starter switch Starter switch auzzer

30[acl17lei]a?
GLOW { O 0
OFF |o
ON o+0
S5TART O O <
116

Instrument panel (No1)

I
|
I
I for 4LH-DTE
I
|
|

for 4LH-TE, -HTE

41LH Series



Printed in Japan
AOA 1030

=y

CHAPTER 2

BASIC ENGINE

1. Disassembly and Reassembly Tools . ................. 2-1

2.CylinderBlock . ... ... ... 2-9

3. CylinderLliners . ... .. ... .. ... 2-12
4, CylinderHead ......... ... ... ... .. ... .. ... 2-14
5.Pistonand PistonPins ... ....... ... ... ... ... .. .. .. 2-21
6.ConnectingRod ....... ... .. ... . 2-25
7. Crankshaftand MainBearing ....................... 2-29
8 Camshaftand Tappets . ............................ 2-32
9. TimingGear ...... ... .. ... 2-35
C. Flywheel ... ... . ... . .. ... .. 2-36



Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

1. Disassembly and Reassembly Tools

The following tools are required when disassembling and

reassembling the engine.
Please use them as instructed.

1-1 General Handtools

4LH Series

Name of tool lltustration Remarks
4
Wrench Size; 10 x13
M"
&
Whrench Size: 12 x 14
M.
&
Wrench Size: 17 x 19
\/.
9,
Wrench Size: 22 x 24
'
Screwdriver /
Steel hammer ’—_) Local supply

Printed in Japan
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Chapter2 Basic Engine
1. Disassembly and Reassembly Tools

4LH Series

Name of tool Hlustration Remarks

U

Copper hammer ’ Local supply
Mallet Local supply
Nippers Local supply
Pliers (7l - Local supply

Oftset wrench

Local supply 1 set

Box spanner Local supply 1 set

Scraper

Local supply

22 Printed in Japan
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Chapter 2 Basic Engine

1. Disassembly and Reassembly Tools

e 4LH Series
Name of tool lllustration Remarks
Lead rod Local supply

Fite

Rod spanner for
hexagon socket

Local supply 1 set

head screws

Local supply
Size: Bmm (0.2362in.)

8mm (0.3150in.)
10mm ((.3937in.}

Starling Pliers
Hole type
Shaft type

H4 ~ H8
S5 = Hole type
H = Shaft type

Local supply

Primted in Japan
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Chapter 2 Basic Engine

1. Disassembly and Reassembly Tools

1-2 Special Handtools

4LH Series

Name of tool Shape and size Application
mm {in.)
Piston pin extractor
e
30(1-18) 100 (3.949) |
Piston pin insertion/ ‘ o
extraction tool — —
8 1 @
S = G T
@ -} § Extraction of piston pin
E \‘ B
Insertion of piston pin
mm {in.}
20(0.7874) 50 (3.1496)
Connecting rod small — —
end bushing insertion/ N 9
extraction tool ] \ ~ T
& @ ‘i_
[T} f ! e
5y \J J =g
[ Rl o
@25 {0.9843) mm {in.}
R
\1/

Intake and exhaust
valve guide insertion
ool

100 {3.9370)

o

]

. -
3 (=)

d s
k- 0
=

14 (20.55)

Lubricating oil No.2
filter case remover

2-4
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Chapter 2 Basic Engine

1. Disassembly and Reassembly Tools
41L.H Series

Name of tool Shape and size Application

Piston ring
COMpressor

Valve lapping handle

Valve lapping powder

Feeler gauge

Pulley puller

Local supply Removing the coupling

Printed in Japan 2-5
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Chapter 2 Basic Engine

1. Disassembly and Reassembly Tools

1-3 Measuring instruments

4LH Series

Name of tool

Shape and size

Application

Vernier calipers

N =

P

N

g 1T PN LI 1 PO 0 O I O Y

==

0.05mm (0.0020in.),
0 ~ 150mm (0 ~ 5.9055in.}

Micrometer

0.01mm {0.0004in.)

0 ~ 25mm {0 ~ 0.9843in.),

25 ~ 50mm {0.9843 ~ 1.8685in.},
50 ~ 75mm (1.9685 ~ 2,9528in.},
75 ~ 100mm (2.9528 ~ 3,9370in.),
100 ~ 125mm (3.9730 ~ 4.9213in.).
125 ~ 150mm (4.9213 ~ 5.9055in.).

Cylinder gauge

0.01mm {0.0004in.},

18 ~ 35mm (0.7087 ~ 1.3780in.},
35 ~ 60mm (1,3780 ~ 2.3622in.},
50 ~ 100mm {1.9685 ~ 3.9370in.).

Thickness gauge

0.05 ~2mm
(0.0020 ~ 0.0787in.}

Torque wrench

0 ~ 13kg-m.
{0 ~ 94ft-1b}

Nozzle tester

0 ~ 500kg/cm?
{0 ~ 7111.71bfin.?)

2-6
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Chapter 2 Basic Engine
!. Disassembly and Reassembly Tools

1-4 Other

4LH Series

Supplementary packing agent Type

Use

“Three Bond 3B8-005”"

White. Since “Three Bond 3B8-005" is a nonorganic
solvent, it does not penetrate asbestos sheets made
principally or completely of asbestos. Always use it with
grey asbestos sheet packing for complete cil tightness.
When “Three Bond 3B8-005" is difficult to obtain, use
siticon nonsolvent type "Three Bond No. 50."

“Three Bond No. 50"

Grey. Silicon nonsolvent type liquid packing. Semidry
type packing agent coated on mating faces to prevent oil
and gas leakage. Does not penetrate asbestos sheet and
assures complete oil tightness.

“Three Bond No. 1”

Reddish brown. Paste type wet viscous liquid packing.
Ideal for mating faces which are removed but reinstalled.
Particularly used to prevent waler leakage and to prevent
seizing of bolts and nuts.

The surface to be coated must be thoroughly cleaned
with thinner or benzene and completely dry. Moreover,
coating must be thin and uniform.

Products of Three Bond Co,, Lid.

Paint

Color spray

Only Metaltic Ecole Silver is
used on this engine.

Wipe the surface to be painted with thinner or ben-
zene, shake the spray can well, push the button at the top
of the can and spray the paint onto the surface from a
distance of 30 ~ 40 cm.

Yanmar cleaner (Ref.)

Cooling passage cleaner is mixed by adding one part
“Unicon 148" to about 16 parts water (specific gravity
ratio). To use, drain the water from the cooling system,
fill the systemn with cleaner, allowing it to stand overnight
(10 ~ 15 hours). Then drain out the cleaner, refill the
system with water, and operate the engine for at least
one hour.

Printed in Japan
AQA 1030

NEJI LOCK SUPER 203M: a locking agent for screws (Ref)

For coating on screws and bolts to prevent loosening,
rusting, and leaking. To use, wipe off ali oil and water on the
threads of studs, coat the threads with screw lock, tighten
the stud bolt, and allow them to stand until the screw lock
hardens. Use screw lock on the oil intake pipe threads, oil
pressure switch threads, fuel injection timing shim faces,
and front axle bracket mounting boits.



Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools
B ] 4LH Series

1-5 Using liquid gasket

The liguid gasket (Three Bond 1207C: part No.
977770-01212) is used in this 4LH series for the
following parts.

Clean the sealing faces thoroughly with a scraper and
apply the liquid gasket evenly.

{1) Gearhousing (3) Lube oil sump

{2) QOil seat housing (4) Flywheel housing

28 Printed in Japun
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Chapter 2 Basic Engine
2. Cylinder Block

2. Cylinder Block

The cylinder block is a thin-skinned, (low-weight),
short skirt type with rationally placed ribs. The side
walls are wave-shaped to maximize rigidity for
strength and low noise.

4LH Series

2-1 Inspection of parts
Make a visual inspection to check for cracks on engines
that have frozen up, overturned or otherwise been subject-
ed to undue stress. Perform a color check on any portions
that appear to be cracked, and replace the cylinder block it
the crack is not repairable.

2-2 Cleaning of oil holes

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

Color check kit Quantity

Part code No. 37550-004560 Penetrant 1
Developer 2
Cleaner 3

P, T
Penernabl
T

450~

]

\
e nrmm et
& 7

*

anznat
A irt

Printed in Japan
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2-3 Color check procedure

{1) Clean the area to be inspected.

(2) Color check kit
The color check test kit consists of an aerosol cleaner,
penetrant and developer.

(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 penetrant and allow
5 ~ 10 minutes for penetration. Spray on more red
penetrant if it dries before it has been able to penetrate.

(5) Spray on developer
Remove any residual penetrant on the surface after the
penetrant has penetrated, and spray on the developer.
It there are any cracks in the surface, red dots or a red
line will appear several minutes after the developer
dries.
Hold the developer 300 ~ 400mm {11.8110 ~ 15:7480in.)
away from the area being inspected when spraying,
making sure to coat the surface uniformly.

(6) Ciean the surface with the cleaner.

NOTE: Be sure to read the instructions for the color
check kit before use.



Chapter 2 Basic Engine

2. Cylinder Block ‘

2-4 Replacement of cup plugs

Step
No.

Description

Procedure

Tool or material used

1.

Clean and remove grease from the hole into

*Screw driver or saw blade

whiich the cup plug is to be driven. *Thinner
(Remove scale and sealing material previously
applied)
Remove foreign
\‘> materials with a
screw driver
or saw blade.
2. | Remove grease from the cup plug. Visually check the nick around *Thinner
the plug.
3. ! Apply Threebond No. 4 to the seat surface Apply over the whole outside of sThreebond No. 4
where the plug is to be driven in. the plug.
4. | Insert the plug into the hole. Insert the ptug so that it sits
correctly.
5. | Place a driving tooi on the cup plug and drive it Drive in the plug paraliel to the *Driving tool
in using a hammer. seating surface.
K eHammer
h © [
-
3mm (0.1181in) 100mm (3.9370in .}
—tpe— 2 ~ 3mm {0.0787 ~ 0.1181in.)
mm (in.)
*Using the special tool, drive the cup Plugdia. d D
plug to a depth where the edge of the . _
plug is 2mm (0.0787in.) below the @14 213.9 ~14.0(20.547 ~ 0.551) @20(20.79)
cylinder surface. Z40 139.9 ~40.0(2 1,571 ~ 1.575) @50 {@1.97)

2-10
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Chapter 2 Basic Engine
2. Cylinder Block

2-5 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 ex-
ceeds the wear limit. Measurement must be donein at
least 3 positions as shown in the figure, namely, the
top, middle and bottom positions in both directions
along the crankshaft rotation and crankshaft center
lines.

Cylinder gauge

Printed in Japan
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4LH Series
&
8
b
{
(3]
&
S
S
w
? ——
= T mmiin}
- 1@109.000 ~ 109.087 E
(24.29134 - 4.29476) e
&
Top position A
7 Z
7
Z %
7
, 21
4 Middle paosition
- r 2
7
7 /
Z =
/”)f Bottom position
7 e
Direction of
crankshaft
center line
Direction of
crankshaft
rotation
mm (in.)
Standard Wear limit
" . 103.00 ~103.
Cylinder bore dia. (84_0551 - 4903523) 3103.06 (£4.0575)
. ' 0~0.01 o
Cyllnder roundness {0~ 0.0004) 0.02 (0.0008)




Chapter2 Basic Engine
3. Cylinder Liner
4LH Series

3. Cylinder Liners

3-1 Measuring cylinder liners

Measure the inner diameter of each cylinder with a
cylinder gauge and replace the cylinder liner if it exceeds
the wear limit.

Set the gauge to zero

Set to the cylinder Cylinder gauge

inner diameter

3-2 Inserting cylinder liners

Coat the outside of the liner with cil, and insert lightly by
hand. Do not tap with a wooden hammer as this may de-
form the liner.

Indentification mark for
matching with piston {(£.M.S)

s Withdrawal
of liner by
.E hand
o
8 B g
5 @l
ol
~~ ! |eo
. 3
ST A ] =&©
5 ods | I\‘\\ )
~| 8 a | \ S NE)
= s ~
-(% o t__\\ ¢ e
=
@l £ | W ( <
sl 3 b o Identification mark for =
2 . . A £ =
E matching with cylinder block El%
E (AB.C) o=
E il
L= =

c Dds
@D
©103.00 ~ 102.97
mm (in.) (24.0551 ~4.0939)
f Standard Wear limit

. . ©100.00 ~100.03
Cyllpfjeir Ilrmrer (213.9370 ~ 3.9382) 2100.15(3.9429)

NOTE: (1) Be sure to measure A-A, B-Band a, bandc

(2) Be sure that di, dz ds are accurate to within
0.02mm (0.0008 in. ).

212 Printed in Japan
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3. Cylinder Liner

e — 4LH Series

3-3 Measuring cylinder liner projection

Make sure the cylinder liner flange projects only slightly
above the block.

B C A
]
7 !
Cylinder liner Cylinder block
i
mm (in.}
A 500~ 4.96 {0.1969 ~ 0.1953)
B 5.050 ~5.025 (0.19882 ~ 0.19783)
c ) 0.025 ~0.090 (0.00098 ~ 0.00354)

NOTE: Excessive cylinder liner projection is frequently
caused by incomplete removal of the rust on the
ledge {Part D of figure) of the cylinder block.

Printed in Japan 213
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4. Cylinder Head

4. Cylinder Head

The cylinder head has a 4-cylinder integral construction.
The area between the inlake port and exhaust port is cooled
by a water jet.

4LH Series

/@ ! g @ \ Valve rocker arm shaft

Valve rocker = . @
arm shaft spring ™

Exhaust valve rocker arm

Intake valve rocker arm

; @ﬁ
(@ @ ﬁ Cotterw 4" -
& S |
e /F\ Stem @— Retainer ‘ é
ol seal g i
" %;:/*\é@ ch \\ \B Valve sprmg\l
s T 2 .,’g
5 : N

Hot water outlet port Valve

Plug for outlet post

1.D.mark D
Applicable engine
41 H-DTE

Exhaust valve

Intake valve
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4. Cylinder Head

4-1 Inspecting the cylinder head

The cylinder head is subjected to severe operating condi-
tions with repeated high pressure, high temperature
and cooling. Thoroughly remove all the carbon and dirt
after disassembly and carefully inspect all parts.

Fan¥a)
L A

WSS 7

4-1.1 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

Straight-edge

Feeler gauge

mm (in.)
Standard Wear limit
Cylinder head 0.05 or less
distortion {0.002) 0.2 {0.0079)

4-1.2 Checking for cracks in the combustion surface

Remove the fuel injection nozzle, intake and exhaust valve
and clean the combustion surface. Check for discolora-
tion or distortion and conduct a color check test to check
for any cracks.

Printed in Japan
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4LH Series

Standard dimension

Exhaust valve seat

j © g
D2 2
90°

Intake valve seat

120°

(0.24)

Intake valve
Intake valve
L1
Exhaust valve

&
v

Fad
Lot

120°
mm (in.)
4LH-TE, -HTE 4LH-DTE

Intake D1 42.5(1.67) 45.5 {1.79}
Valve seat

Exhaust Dz 37.0 (1.46} 39.0 (1.54)

intake di 435(1.71) 46.0 (2.56)
Valve

Exhaust d2 37.5(1.48) 39.5(1.56)

Intake Ls 121.0 (4.76) 121.5 {4.78})
Length of Valve

Exhaust L2 121.0 (4.76) 122.0 (4.80)

4-1.3 Checking the intake and exhaust valve seats

Check the surface and width of the valve seats.
If they are too wide, or if the surfaces are rough, correct to
the following standards:

| Intake 120°
Seat angle Exhaust an®
mm {in.)
Seat width Standard Wear limit
1.38—-162
Intak i . K
riake (0.0543 —0.0638) | 212 (00835
2016 — 2227
£ xhaust (0.0793 — 0.0877} 2.73(0.1079)
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yli d
4. Cylinder Hea SLH Series
4-2 Valve seat correction procedure NOTE: Clean the vaive and cylinder head with light oil or

the equivalent after valve seat finishing is com-
pleted, and make sure that there are no grindings
remaining.

The most common method for correcting unevenness of
the seat surtace with a seat grinder is as follows:
(1) Use a seat grinder to make the surface even.
First, use a 70° grinder, then grind the seat to the
standard dimension with a 156° grinder.

—~Seat grinder

NOTE: 1. Insert adjusting shims between the valve spring
and cylinder head when seats have been re-
finished with a seat grinder.

2. Measure valve distortion after valve seat re-
finishing has been completed, and replace the
valve and valve seat if it exceeds the tolerance.

Intake valve 30°
Exhaust valve 45° 4-3 Intake/exchaust valves, valve guides

4-3.1 Wearing and corrosion of valve stem

Seat grinder

NOTE: When seat adjustment is necessary, be sure to
check the valve and valve guide. If the clearance Replace the valve if the valve stem is excessively worn or

exceeds the tolerance, replace the valve or the corroded.
valve guide, and then grind the seat.

o
NG

Seat width %
L Seat width
¥

7 1
alve seat Valve seat —
Intake valve seat Exhaust valve seat

(2) Knead oil into the valve compound and finish the
valve seat with a lapping tool.

{3) Final finishing should
be done with oil only.

mm (in.)

Lapping tcol
Use a rubber cap type lapping Valve stem Standard .
tool for cylinders without _outside dia. tandar Wear limit
a lapping tool groove slit. ;

Intake 896 -8.975 8.9 (0.3504)

{0.3528 — 0.3533)
894 — 89565
E
xhaust (0.352 — 0.3526) 8.9 {0.3504)
2-16 Printed in Japan
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o

4-3.2 Inspection of valve seat wear and contact surface

Inspect for valve seat scratches and excessive wear.
Check to make sure the contact surface is normal. The
seat angle must be checked and adjusted if the valve seat
contact surface is smaller than the width of the valve seat.

Note: Bear in mind that the intake and exhaust valves
have different diameters.

4-3.3 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 ex-
ceeds the tolerance.

Sink

Cylinder head

Depth gauge

m|:n {in.}

Standard Wear limit
; 02-04
Valvesink | 4 0079 —00157) | 8100709
4-3.4 Valve guide

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

Printed in Japan
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mm (in.}
Standard Wear {imit
Intake 900 -9015 91
Valve guide (0.3543 — 0.3549) | (0.3583)
inside dia. Exhoust 9.00 — 9015 9.1
{0.3943 - 0.3549) | (0.3583)

NOTE: The inner diameter standard dimensions assume a
pressure tit,

(2) Replacing the valve guide
Use the insertion tool and tap in the guide with a
mallet.

Tool

_-Valve guide
Cylinder head

The intake valve guide and exhaust valve guide are of
different shapes/dimensions. The one with a groove
around it is the exhaust valve guide and the one
without is the intake valve guide.

(3) Valve guide projection
The valve guide should project 11.5 mm from the
top of the cylinder head.

i?:::mm
{0.4528)

R
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4LH Series

(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 intake/exhaust valves, apply an
adequale amount of engine oil on the valve stem
before inserting them.

(4) Measure spring tension.

Valve stem seal

Valve guide
Cylinder head

7/

CLLITATT LT T T

Spring tension tester

4-4 Valve springs
4-4.1 Checking valve springs

(1) Check the spring for scratches or corrosion.
(2) Measure the free length of the spring.

|
| mm (in.)
Valve spring Standard Wear limit
Free length mm 43 425
lin.) (1.6929) (1.6732)
. mm 1.2
Inclination fin ) - (0.0472)
Tension
kg 2.59
(When com- -
pressed 1 mm) {to) ©.711)

Assembiing valve springs
The side with the smaller pitch (painted vellow} should
face down (cylinder head).

(3} Measure inclination.

Up side +

Q::%} Smalter pitch side (yellow)
==

NOQTE: The pitch of the valve spring is not even. The side
with the smaller piich (yelfow) should face down
{cylinder head) when assembled.

ﬂ

Down side *

(5) Spring retainer and spring cotter
B Inspect the inside face of the spring retainer, the
outside surface of the spring cotter, the contact area of
|" the spring cotter inside surface and the notch in the

tead of the valve stem. Replace the spring retainer and
spring .cotter when the contact area is less than 70%,
or when the spring cotter has been recessed because
of wear.

Square gauge

i,
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4-5 Assembling the cylinder head

Partially tighten the bolts in the specified order and then

tighten to the specified torque, being careful not to dis-

tort the head.

(1) Clean out the cylinder head bolt holes.

{2) Check for foreign matter on the cylinder 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

mount.

Exhaust manifold side

Y [+

18 8 10 ? E
g2|o 0 %
w L5}
E: O O 0 3
- [=.]
i, 0 45 © 2
L 16 14 8 6 E
0 o) g

Intake manifold side
4 Cylinder engine

kg-m (ft.Ib)

First Second Final
5 10 15 —-17
Tightening torgue (36.17) (72.36) (10852 —
123)

4-6 Measuring top clearance

(1) Place a high quality fuse {31.5mm {0.0591in.), 10mm
{0.3937in.) 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 to the
specified torque.

(3) Turn the crank, {in the direction of engine revolution),
and press the fuse against the piston until it breaks.

(4} Remaove the head and take out the broken fuse.

(5} Measure the three positions where each fuse is broken
and calculate the average.
{0.71 ~ 0.75mm (0.0280 ~ 0.0295in.) is ideal)

Printed in Japan
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To

mm (in.}
41H-TE,HTE |0.71 —0.89 (0.0280 — 0.0350)
p clearance
4LH-DTE 0.81 ~0.99 (0.032 - 0.039)

2-19

4-7 Intake and exhaust valve arms

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

change.
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(1) Valve 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 {in.)

Standard Wear limit
'ngv';erz’;ﬁe‘i"aﬁm 18450 — 18479 | 1835
shaft outside dia. (0.7267 — 0.7278)) (0.7224)
Intake and exhaust
valve rocker arm bush- 18.50 ~ 18.52 18.60
ing inside dia. {0.7283 - 0.7291) | (0.7323)
{assembled}
v | oon oo | _
at assembly : :

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

(2) Valve arm spring
Check the valve arm spring and replace it if it is corrod-
ed ar worn.

(3) Valve arm and valve top retainer wear
Inspect the contact surface of the valve arm and
replace it if there is abnormal wear or flaking.

{4) Inspect the contact surface of the valve clearance
adjustment screw and push rod and replace if there
is abnormal wear or flaking.

4-8 Adjustment of valve head clearance

(1) Make adjustments when the engine is cool.

mm (in.)
0.1(C. 204)
0.3(0.012)

Intake valve clearance
Exhaust valve clearance

4LH Series

Clearance

{2) Be sure to adjust the opening and closing angles for
both the'intake and exhaust valves when reassem-
bling the timing gear.

T.D.C.
b.TDC ™
a.TDC
Direction of
x ratation
Exhaust Intake
b.BDC
a.BDC
B.D.C.
Degree

Intake valve open h.TDC 365
Intake valve closed a.BCD 40+5
Exhaust valve open b.BDC 515
Exhaust valve closed a.TDC 39+5

2-20 Printed in Japan
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5. Piston and Piston Pins

The piston is made of an aluminum alloy with low th-
ermal expansion.

There is a clearance between the outside diameter of the
piston and the inside diameter of the cylinder. The
clearance is an important factor that has influence on the
lubricosity between the piston and cylinder, lubricating
oil consurnption and the neise level of the cylinder.
In Yanmar engines, both piston and cylinder have
indentification marks to ensure proper clearance
between the piston and cylinder on their respective top
surfaces.

In the Yanmar factory, the piston is assembled into a
cylinder block with the same identification mark.

The following shows the possible combinations of
identification marks for the piston and cylinder block.

Identification of piston
L ML MS s
L o] O X X
Cylinder
block M x o o] X
S X X Q C
Note1: O ..... Fixed
X ... Do not fix
15t compressien ring
2nd compression ring
il ring with coil expander
Piston
s Piston pin
Piston application C"C“"/@
mirt (in.)
41LH-TE, -HTE 4LH-DTE
Intake 46.5 (1.83 49.0 (1.93
Valve recess ( ) ( )
Exhaust 40.5 (1.59) 42.5 {1.67}

Valve recess

Intake Exhaust
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R—— ] I} ; BT ¢ (=

4LH-T, -HTE

=)
/ (\

4LH-DTE

5-1 Piston

5-1.1 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 combusion surface for

any damage.

5-1.2 Measurement of piston outside diameter/inspection

(1) Replace the piston if the outside of the piston or ring
grooves are worn.

(2) Measure the piston 0.D. 25.5mm {1 in.) from the
bottom at right angles to the piston pin.

FI 1 ]
= 5
77 U{\T\ 3
klk/lu
| |
mm {in.}
Standard i Wear limit
. . . 099,895 — 99,925 99,79
Piston outside dia. 13.0320 — 3.9341) (3.9287)
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5-1.3 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).

5-2 Piston pin

Measure the outer diameter and replace the pin if it Is
excessively worn,

2.22

4LH Series
mm ({in.}
4LH-T, -HTE 4LH-DTE
Piston pin insertion 34.00 — 34.011 37.00 - 37.011
hole dia. (1.3386 — 1.3320) {1.4567 — 1.4178)
Piston pin cutside 33.989 - 34.00 36.989 - 37.00
dia. {1.3381 — 1.3386) {1.4563 — 1.4567)
0-0.022 0-0.022
Standard clearance (0 = 0.0009) {0 ~ 0.0008)

5-3 Piston rings

There are 2 compression rings and 1 oil ring.
The absence of an oil ring on the piston skirt prevents oil
from being kept on the thrust surface and in turn provides

good lubrication.

5-3.1 Measuring the rings

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

exceeds the limit,

Width

Thickness

Printed in Japan
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O 4LH Series

mm {in.}

mm {in.)
Standard Wear limit Standard Wear Himit
; 2,095 —-2.110 — . . . 025-040
roove Wi | (0.0825 —0.0831) First piston cing 930 | 5,688 ~ 0'0157) | (0.0561)
First . . 1.975 — 1.890 . . 0.25—-040 15
piston | MNAwWidth ) g0778 _0.0783)| T Second piston ring 9ap | (g 0008 - 0.0157) | (0.0591)
"9 1 Groove and 0.105—0.135 | 0.15 ol 03-05 15
ring clearance | {0.0041 — 0.0053) | (0.0059) 1 ring gap (0.0118 — 0.0197) | (0.0591)
G i | 2,045 —2.060 B
roove wi (0.0805 — 0,0811} 5-3.3 Replacing the piston rings
Secand R it 1.975 — 1.990 {1) Thoroughly ciean the ring grooves when replacing
piston | 9! (0.0778 — 0.0783)| piston rings.
rin 9 i i ' . .
g Groave and 0.055 — 0.085 015 { );'l;;)Sslgsuvlvdlt:\ag;eumanufacturer s mark (near piston ring
ring clearance | (0.0022 — 0.0035) | (0.0058) P
. 3.020 — 3.035
Groove width (0.1189 — 0.1195) —
oil y 292 - 2.99 _
fng | ingwidth (0.1169 - 0.1177)
Groove and 0.030 — 0.065 015
ring clearance | (0.0012 — 0.0026) | (0.0059}

5-3.2 Measuring piston ring gap

mark lacas up

The side with the maker's

Press the piston ring onto a cylinder and measure the
piston ring gap with a gauge.

Press on the ring about 30 mm {1.1811 in.} from the
bottom of the cylinder.

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

{4) Stagger the piston rings at 120° intervals, making sure
none of them line up with the piston.

15t compression ring

2nd compression fing

[

7
é

é

Cylinder liner é
z %

7 ra “Z

Z E 7
 AGNZd %

Piston ring é f/
7 _

Z Z

bout 30 Z .
a(1.1‘311i:;m g é

compression ring

Qil ring
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1st compression ring

Direction of
piston pin

Qil ring

Direction of side pressure

2nd compression ring

(5) The oil ring is provided with a coil expander. The coil
expander joint should be opposite (staggered 180°) the
oil ring gap.

Joint of
coil expander

2-24
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6. Connecting Rod

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

The large end with the special aluminum-alloy metal

can be separated into two and the small end has a copper
alloy coil bushing.

Piston pin bushing

4L H-DTE
{with Lube, oil hole} |

Connecting rod

Measuring twist
Crank pin metal mm {in.}

Standard Wear limit
Connecting rod 0.05/100 or less 0.2

twist and paralielity (0.0020/3.94} (0.0079
Connecting rod 6-1.2 Checking thrust clearance )
(big end cap} Fit the respective crank pins to the connecting rod and

check to make sure that the clearance in the crankshaft
Connecting rod bolt direction is correct.

6-1 Inspecting the connection rod
6-1.1 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
paralielism and replace if they exceed the tolerance.

Feeler gauge

mm {in.)
Standard Wear limit
Cannecting rod side 02-04 0.45
clearance {0.079 —0.0157) | (0.0177}

Measuring paralletism

Printed in Japan 225
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6-2 Crank pin bushing
6-2.1 Checking crank pin bushing

Check for flaking, melting or seizure on the contact

surface.

6-2.2 Measuring crank pin oil clearance
Use a plastic gauge.

Procedure

(1) Use the press gauge (Plastigage) for measuring oil

clearance in the crank pin.

(2y Mount the connecting rod on the crank pin (tighten to

specified torgue).

kg-m (ft-1b)

Connecting rod tightening torque

12(87)

{3) Remove the connecting rod and measure the broken
plastigauge with measuring scale. (Plastigauge)

2-26

4LH Series

6-2.3 Precautions for replacement of crank pin bushing

(1) Wash the crank pin bushing.

(2} Wash the large end cap, mount the crank pin bushing
and make sure that it fits tightly on the large end cap.
(3) When assembling the connecting rod, match up the
large end and large end cap number. Coat the bolts
with engine oit and gradually tighten them alternately

to the specified torque.
If a torque wrench is not available, make match marks
on the bolt heads and large end cap (to indicate the

proper torque position) and retighten the bolts to those
positions,

(4) Make sure there is no sand, metal cuttings or other

foreign matter in the lube oil, and that the crankshaft is
not scratched. Take special care in cleaning the oil holes.
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X5 M 4LH Series

6-3 Piston pin bushing 6-4 Assembling piston and connecting rod
{1) Measuring piston pin clearance ) The piston and connecting rod should be assembled so
Excessive piston pin bushing wear may result in that the match mark on the connecting rod large end
damage 1o the piston pin or the piston itself. faces the fuel injection pump side and the combustion
chamber above the piston is close to the fuel injection

pump.

Gear case side Fuel injection pump

Piston size mark

Cylinder gauge

c haft Flywheel
ams

mm {in.)
Piston 4LH-T,-HTE ALH-DTE Alignment mark
Standard Wear limit Standard Wear limit
Piston pin bushing 23.04 — 34.05 34.10 37.03 - 37.05 371
inside dia. (1.3398 — 1.3408) | (1.3425) [ {1.4579 — 1.4587) | {1.4606)
Piston pin and bushing 0.03 — 0.061 _ 0.030 — 0.061
oil clearance {0.0012 — 0.0024) {0.0012 — 0.0024) -

{2} Replacing piston pin bushing
1) When the bushing for the connecting rod piston pin is
either worn out or damaged, reptace it by using the
“piston pin extracting tool” installed on a press.

NOTE: Force the piston pin bushing into position so that
its oil hole coincides with the hole on the small
end of the connecting rod.
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4LH Series
7. Crankshaft and Main Bearing
The crank pin and crank journal have been high-frequency the upper metal {cylinder block side} provided with an oil
hardened for superior durability, and the crankshaft is groove, and with no oil groove on the lower metal (bearing
provided with four halance weights for optimal balance. cap side}. The bearing cap {location cap} of the flywheel
The crankshaft main bearing is of the hanger type, with side has a thrust metal which supports the thrust load.

Balance weight

Crank shaft

Crank shaft gear

Thrust metal
Main bearing cap {basic) ﬁ /

Main bearing bott

Main bearing metal
{intermediate)

7-1 Crankshaft

(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 cap
{intermediate)

Main bearing bolt

2-28 Printed in Japan
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{2} Bending of the crankshaft
support the crankshaft with V-blocks at both ends
of the journals. Measure the deflection of the center
journal with a dial gauge while rotating the crankshaft
to check the extent of crankshaft bending.

I

7o

17

e

4LH Series

Dial gauge

Deflection
V block V block

Crankshaft bend |  Less than 0.02mm {0.0007 in)

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

Printed in Japan
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mm {in.}
Standard Wear fimit
Outside dia 59,952 — 59.964 53.90
utst : {2.3603 — 2.3608) (2.3583)
L . 00 -- 60.042 .
Crank pin Bushing inside dia. : (268622 ——62(:.'3639) (2%51601)
Crank pin and bushing oil clearance 0 88313;#6:0().(%335) _
Outside dia 69.952 — 69,964 6990
uiside dia. (2.7540 — 2.7545) (2.7520)
L . 70.00 — 70.045 70.10
Crank journal Bushing inside dia. (2.7559 — 2.7577) (2.7598)
Crank journal and bushing oil clearance (0%8?2 _ 88837) -
. ) . . 40-43 —
Fillet rounding of crank pin and journal (0.1575 — 0.1693)
{4) Checking side clearance of the crankshaft
After assembling the crankshaft, tighten the main bear- I ey Ty
ing cap to the specified torque, and move the crank- ~ s 2 22
shaft to one side, placing a dial gauge on one end of J— L

the shaft to measure thrust clearance.

This measurement can also be effected by inserting
the gauge directly into the clearance between the
thrust bearing and crankshaft thrust surface.

Replace the thrust bearing if it is worn beyond the {imit.

rmim {in.)
Standard Wear limit
. 0.132 — 0.223 0.29
Crankshaft side gap | v 5655 _ 00088) | (0.0114)

d / Cn,p .
o Dial indicator

Crankshaft
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7-2 Main bearing

(1} Inspecting the main bearing NOQTE: When assembling the bearing cap, keep the follow-
Check for flaking, seizure or burning of the contact ing in mind.
surface and replace if necessary. 1) The lower metal (cap side) has no oil groove.
(2) Measuring the inner diameter of metal 2) The upper metal (cylinder block side) has an oil
Tighten the cap to the specified torque and measure groove.
the inner diameter of the metal. 3) Check the cylinder block alignment No.
4) The “"FW" on the cap lies on the llywheel side.
kg-m {ft-b)
Bearing cap bolt tightening torque (1:13? _ $é1)

Main bearing metal (basic)

Thrust metal (gear side)

Thrust metal (Flywheel side)f\
Main Mrngm(bﬂm}@ v f“\
\! / / 7
i

1
Main beari it ?Q
ain bearing bol 4@ % Main bearing cap (intermediate}
' %

Main bearing metal {intermediate)
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4LH Series

8. Camshaft and Tappets

8-1 Camshatft

The camshaft is normalized and the cam and bearing
surfaces are surface hardened and ground. The cams have
a curve that minimizes the repeated shock on the valve
seats and maximizes valve seat life.

/ Push rod

Camshaft gear

{1) Checking the camshaft side gap
The standard bearing near the end of the camshaft by
the cam gear receives the load, resulting in rapid wear
of the end of the bearing and enlargement of the side
gap. Therefore, measure the thrust gap before disas-
sembly. As the cam gear Is shrink-fitied to the cam, be
careful when replacing the thrust bearing.

/ Camshalt gear

— {2) Measure the cam height, and replace the cam if it
/Thrust metal is worn beyaond the limit.
P
it /1
— , > =
=
L 1 'n
— ]
|
mm {in.}
Cam height Standard Wear limit
48 435 — 48.565 481
— Intake cam (1.9069 —10120) |  (1.9004)
=t Side gap 48.435 — 48.565 481
Exhaust cam (10060 — 19120} |  (1.9094)
mm {in.}
Standard Wear limit
. 0.05—0.20 0.29
Camshaft side gaP | 4 020 — 0.0079) | (0.0114)
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(3) Measure the camshaft outer diameter and the camshaft
bearing inner diameter. Replace if they exceed the wear

limit or are damaged.

w 4LH Series

mm (in.)
Standard Wear limit
Gear case side Intermediate Flywheel side
. o 56.91 — 56.94 56.91 — 56.04 56.91 — 56.94 56.80
Camshaft journal outside dia. (2.2406 — 2.2417) | (2.2406 — 2.2417) | {2.2406 — 2.2417) | (2.2362)
) - 56.08 — 57.05 _ 57.10
Camshaft journal bushing inside dia. (2.2433 — 2.2461) — {2.2480)
. - 57.00 — 57.03 57.00 — 57.03 57.10
Cylinder bfock bearing inside dia. - (2.2441 — 2.2453) | (2.2441 — 2.2453) | (2.2480)
0.04 —0.14 0.06 —0.12 0.06 —0.12 _

Oil clearance

(0.0016 — 0.0055}

{0.0024 — 0.0047)

{0.0024 — 0.0047)

{4} Bending of the camshatt

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

Support both ends of the camshaft with V-blocks,

place a dial gauge against the centrat bearing areas and

measure bending. Replace if excessive.

[Mal gauge
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mm (in.)
Standard Wear fimit
- 0.02 or less 0.0%
Camshaft deflection (0.0008) (0.0020)
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8-2 Tappets

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

mm {in.}

Standard Wear limit
14218 — 14,233 1417

Tappet stem outside dia.

worn. {0.5598 — 0.5604)| (0.5579)
Tappet guide hole inside 14249 — 14270 14.30
dia. (cylinder block) (0.5610 — 0.6818)| (0.5630}
Tappet stem and guide 0016 —0.052
hole cil clearance {0.0006 — 0.0020) -

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

Normal contact

Push rod length

Offset Thickness gauge

L L4
NOTE: When removing tappets, be sure to keep them mim (in.)
separate for each cylinder and intake/exhaust Standard Wear limit
valve. Push rod length 178.25 — 178.75 -
(2) Measure the outer diameter of the tappet, and replace if 0.03 or less 0.3
worn beyond the limit. Push rod bend (0.0012) (0.0118)
Push rod dia. 8 (0.3150) -
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9. Timing Gear

The timing gear is helical type for minimum noise and
specially treated for high durability.
Match up the timing marks on each gear when assembling

{A, B and C).
Fuel injection pump gear Idle gear Camshaft gear
>
Sea water pump gear
Lubricating oit pump gear  Direction of rotation Crankshaft gear
Crankshaft gear Idle Qear Lube oil pump gear * Injection pump gear Wcémshaft gear | Sea water pump gear
No. of teeth ‘ 24 51 20 ; 48 % 48 27
Back lash (.08~ 0.16mm{0.0031 - 0.0083in.)

9-1 inspecting the gears

(1) Inspect the gears and replace if the teeth are damaged {3) 1dling gear . _ o
Oor worn. The bushing is pressure fitted into the idling gear.

{2} Measure the backlash of all gears that mesh, and Measure the bushing inner diameter and the outer

replace the meshing gears as a set if wear exceeds the diameter of the shaft, and replace the bushing or igling
limit. gear shaft if the oil clearance exceeds the wear limit.

, S, , A, B and C are inscribed on the end of the idling gear.
NOTE: If backlash is excessive, it will not only result in ex- When assembling, these marks should align with
cessive noise and gear damage, but also lead o

n the cylinder block.
bad valve and fuel injection timing and a decrease those o Y
in engine performance.

mm (in.)
Standard Wear limit
. 4595 — 45975 459
Idle shaft dia. (1.8091 — 1.8100) | (1.8071)
ldle shaft bushing 46,00 — 46.025 46.09
inside dia. (1.8110 - 1.81200 | (1.8146)
Idle shaft and bushing 0025 -0.075
oil clearance (0.0010 — 0.0030} -
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1. Fuel Supply System

G
J
&

Ne. |

Fuel injection pipe

3¢

&
t

From tank

Hole type fuel injection nozzle

Fuel return pipe

Fuel injection pump
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Chapter 3 Fuel Infection Equipment
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4LH Series

2. Bleeding and Checking Injection Timing

1. Air bleeding in the fuel system

If the engine is operated when the fuel tank is empty, or with
the fuel tank outlet cock closed, air is sucked into the fuel cil
system, and the engine stops. When this happens,
vent the air as follows:

(1) Add fuel to the fuel tank.

{2) Loosen the air-vent screw on the fuel oil filter, and push
the fuel feed pump priming lever several times.
When no air is observed in the fuel, tighten the air-vent
screw firmly.

(3) Loosen the hexagonal bolt on the fuel pump. Push the fuel
feed pump priming lever to vent the air. After venting the
air, firmly tighten the hexagonal bolt.

F.Q. feed pump
priming lever

F.O. feed pump

3-2

I

4
i

Eb)
(4) Next, vent air in the fuel injection piping. Loosen the fuel
injection pipe nipple on the fuel injection valve side.
Put the remote control handle in the intermediate speed
position, and the key switch in the “ST" position to run the
engine. Repeat this procedure several times. After venting,
tighten the fuel injection pipe nipple firmly.

B
%Fuel injjc'-tion pipe

F.O. injection
pump

(5) After bleeding air from all of the cylinders, turn the engine
with the starter motor.
Make sure that the fuel injection for each cyiinder gives off
a high-pitched hissing sound.
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S 4LH Series

2. Check the fuel injection timing as follows:

(1) Remove the high pressure pipe from the fuel injection
pump.

(2) Pull the engine warm up knob out and place the control
lever in the "half speed” position.

(3) Insert a turning bar into the hole on the crank
pulley on the front side. Crank the engine lightly
to check the fuel injection timing.

(4) Timing marks on the flywheel can be seen through the
hole on the flywheel housing

NOTE

Fuel injection pump stand

Bt
B

VE pump
1

]
/ al T~ Gear case

Make sure that the match marks are aligned.
(With alignment of these marks, injection timing
is automatically adjusted)
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3. Removal and installation of injection pump

(1) Remove the fuel injection pump gear cover from the tim-
ing gear housing cover.

(2) Make mating marks on the idle gear and the injection
pump gear using white paint for reinstallation.

(3) Remove the pump drive shaft end nut, the washer,
the pump gear from the shaft, three pump retaining
bolts, and two pump support bolts.

Remove the injection pump.

NOTE: When removing the pump,
1} Do not drop keys from the drive shaft into the gear
housing.
2) Avoid damage to O-rings on the pump.

3} Do not hit the shaft end with a hammer.

(4) When installing the pumnp, match the mating marks on the
bracket and the pump flange.

(5) While aligning the mating marks on the idle gear and
the pump gear, install the pump to the pump gear.

(6) Tighten the drive shaft end nut to 7kg-m (51 Ib-ft.).
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3. Fuel Injection Pump Outline

Control lever

Feed pump

Roller holder

Cam disk .~

Timer

Plunger spring /

Full-load adjusting screw

Governor lever

Magnet valve

Distributor head

Plunger

Z Delivery valve

Fig. 1 VE type injection pump construction

With the PE type (in-line type) injection pump,
the number of pump elements (plunger
assemblies) must be the same as the number
of engine cylinders. However, with the VE type
(distributor type) injection pump, the number of
plungers has no relationship to the number of
engine cylinders, and there is only one plunger.
This single plunger reciprocates while rotating,
and fuel oil is injected into each cylinder
through the injection pipes in accordance with
the engine’s firing order.

As well as this, the governor, timer, feed pump
etc. installed on the outside of the PE type in-
jection pump are equipped within the VE type
injection pump.

3-4

in comparison with the PE type, the VE type
injection pump has less than half the number
of component parts, and was developed in
order to satisfy the need for a small, light-
weight and high-speed injection pump.

In response to operator requirements, it was
possible to design a pump with acceleration
close to that of gasoline vehicles.

A VE type injection pump for direct injection
system engines has recently been developed,
and is expected to be adopted in a wide range
of fields, including construction machinery,
medium-sized trucks etc.
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4. Fuel System
Fuel filter Overflow pipe
— S
— /,/
1 —
H Overflow valve
B l Magnet valve
=
/
Noz__z_!e

Regulating valve

:[4 l_:L

==

Drive shaft
] Iﬁ/ Plunger barrel
Feed pump
T NS .
\ ’ i Plunger
Sedimenter
)
i—

Fuel tank

f\

Fig. 2 Fuel system

Figure 2 shows an example of a fuel system.
The injection pump drive shaft is turned by the
engine’s timing belt {or gear} and fuel ol is
drawn by the injection pump’s feed pump
through the sedimenter and fuel filter to the in-
jection pump’s fuel oil inlet.

The fuel filter acts to filter the fuel oil, and the
sedimenter is located in the lower portion of
the fuel filter to remove moisture from the fuel
system.

With drive shaft rotation the fuel oi! sucked
into the feed pump is pressurized by the feed
pump and fills the injection pump chamber. The
fuel oil pressure is proportional to drive shaft

Printed in Jupan
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speed, and when it exceeds a specified pres-
sure excess fuel again returns to the inlet side
through a regulating valve located at the feed
pump's fuel oil outlet.

The fuel oil in the injection pump chamber
flows through the distributor head intet into the
pressure chamber, where plunger rotation and
reciprocating motion increase its pressure. The
fuel oil is then delivered through the injection
pipe to the nozzle and nozzle holder.

An overflow valve located at the top of the in-
jection pump functions to maintain a constant
fuel oil temperature in the pump chamber by
returning excess fuel oil to the fuel tank.



Chapter 3 Fuel Injection Equipment
5. Injection Pump Construction and Operation

4LH Series

5. Injection Pump Construction and Operation

Control lever /

Control lever shaft

Governor spring

Flywelght

Idling spring
< /?I-Ioad adjusting screw

Tension lever
Governor lever assembly

Magnet valve

4

Regulating valve ‘

-

TN
|

U]
1
-.E; 1".

‘F'i_unger

Piunger barret

g -

Drive shaft

Driving gear

Cross coupling

Timer

Roller

Roller holder

%:é J ‘\ Delivery valve
5 \ Control sleeve

!

\

\ Cam disk

Plunger spring

Fig. 3 Cross-sectional view of VE type injection pump

Fuel Delivery

The drive shaft, rotated by the engine’s timing
belt (or gear), rotates the cam disk through a
cross coupling. The cam disk’s press-fitted pin
fits into a groove in the plunger to rotate the
plunger. To reciprocate the plunger, the cam
disk is also equipped with the same number of
raised face cams, arranged uniformly around
the circumference of the cam disk, as the num-
ber of cylinders. The cam disk's face cams are
always in contact with the roller holder assem-
bly's rollers because the cam disk and the

3-6

plunger are pressed against the roller holder
assembly by the set force of the two plunger
springs. Because of this the plunger can follow
cam disk movement. Therefore, as the cam
disk is rotated on the roller holder assembly by
the drive shaft, simultaneous plunger rotation
and reciprocating movement is possible.

The roller holder assembly construction is such
that it can only rotate in a certain angle range in
accordance with timer operation.
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Cross coupling

Cam disk Magnet valve

Distributor

Inlet port

Qutlet port Delivery valve

Fig. 4 Cutaway view of fuel delivery

Speed Governing

Control lever Controtl lever shaft

o x_{, Governaor spring

Rt Retaining pin

A 22 o

G

Driving gear

s Governor
lever
assembly

Flyweight Ball joint
governor sleeve T
Control steeve Plunger

Fig. 5 Cutaway view of speed governing
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Because the plunger rotates and reciprocates
simultaneously, suction of the fuel oil into the
pressure chamber, pressurization in the pres-
sure chamber and delivery into the engine cyl-
inder are all possible.

The governor is located in the upper part of the
injection pump chamber. Four flyweights and a
governor sleeve are held in the flyweight hold-
er, which is mounted on the governor shaft.
The fiyweight holder is rotated and accelerated
by the drive shaft gear, through rubber dam-
pers.

The governor lever assembly is supported by
pivot bolts in the pump housing, and the ball
joint at the bottom of the lever assembly is in-
serted into the control sleeve, which slides
over the outside surface of the plunger. The
top of the lever assembly {the tension lever) is
connected to the governor spring by a retaining
pin, while the opposite end of the governor
spring is connected to the control lever shaft.
The control lever shaft is inserted into the gov-
emor cover and a control lever is attached to
the control lever shaft. The accelerator pedal is
connected directly to the contral lever by a link-
age, and the governor spring set force changes
in response to the control lever position {i.e.
accelerator pedal position).

Injection quantity control is governed by the
mutually opposing forces of the flyweights’
centrifugal force and the governor spring’s set
force.

The flyweights' centrifugal force, which
changes in response to engine speed, acts on
the governor lever through the governor
sleeve.

The governor spring’s set force, which is de-
pendant on control lever position, i.e. accelera-
tor pedal position, acts on the governor iever
through the retaining pin.
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Injection Timing Control

High
pressure

Timer spring

Fig. 6 Cutaway view of injection timing control

Feed Pump
]
Regulatin
From fuel filter val%.'e s
‘ To pump
chamber

Rotor ¢

—+ __Drive shaft

Fig. 7 Feed pump operation
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The piston is positioned in the center of the
timer in the lower part of the injection pump.
On the low pressure side of the timer piston
there 13 a timer spring with a predetermined set
force; the pump chamber fuel oil pressure acts
on the opposite side {high pressure side). The
timer piston position changes in accordance
with the balance of these two forces, to rotate
the roller holder via the roller holder pin. When
the timer piston compresses the timer spring,
the injection timing I1s advanced (the roller
holder rotates in the reverse rotatton direction},
and due to timer piston movement in the oppo-
site direction the injection timing is retarded.
Injection timing is controlled by the above.

The feed pump comprises a rotor, blades and
liner,

Drive shaft rotation is transmitted through a
key to rotate the rotor.

The inside circumference of the liner is eccen-
tric 1o the centre of rotor rotation. Four blades
are installed in the rotor. Centrifugal force
forces the blades outwards during rotation to
contact the inside surface of the liner and form
four fuel oil chambers. The volume of these four
chambers increases through rotor rotation to
suck fuel oil from the fuel tank. Conversely,
when the volume of these four chambers de-
creases fuel oil is pressurized.
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4LH Series
Regulating Valve Feed pump fuel oil delivery pressure increases
proportionately with an increase in injection

pump speed.
However, the total fuel oil injection quantity

Fuel inlet : necessary for the engine is considerably less
- Regulating .

valve than that delivered by the feed pump. There-

Spring fore, in order to prevent an excessive increase

Piston in the pump chamber pressure caused by the
. excess fuel oil, and to adjust the pump cham-
ber pressure so that it is usually within the spe-
cified limit, a regulating valve is installed near
the feed pump outlet. The timer performs tim-
ing control using the pump chamber pressure,
which is regulated by the regulating valve.

Feed pump
outlet port

Fig. 8 Regulating valve operation

Printed in Japan 3-9
AOQA 1030



Chapter 3 Fuel Injection Equipment
5. Injection Pump Construction and Operation

L e 4LH Series

Plunger Operation

Drive shaft Gear
—

Face cam

T

Control sleeve

Magnet valve

_Plunger

Plunger barrel

1

T

Feedpump Roller

' Cam disk

i |
=
Al .

N

o

S

s

Plunger spring % Delivery valve

Fig. 9 Plunger operation

The drive shaft drives the feed pump, the cam
disk and the plunger simultaneously. Plunger
reciprocating  movement is accomplished
through the movement of the cam disk's face
cams over the roller holder assembly’s rollers.
When the plunger’s inlet slit and the inlet port
of the plunger barrel, press-fitted to the distrib-
utor headare aligned, fuel oil ts sucked into the
pressure chamber. After the plunger barrel's in-
let port has been closed by the plunger. the
plunger nses.

Once the plunger's outlet slit and the plunger
barrel’s outlet port are aligned. and the pres-
sure chamber pressure exceeds the injection

3-10

pipe’s In-line residual pressure and the delivery
valve spring’'s set force, the delivery valve
opens, fuel oil flows to the injection pipe. and is
then injected from the nozzle into the engine
cylinder.

Then, when the plunger's cut-off port aligns
with the control sleeve’s end face, plunger fuel
delivery is completed.

The plunger barrel has enly oneinlet port, but it
has an outlet port for each engine cylinder.
However, although the plunger has the same
number of inlet slits as engine cylinders, it has
only one outlet slit and one equalizing slit.
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Magnet

Inlet port
Inlet slit

- &
) AN 'B Pressure

chamber
o ;E Q00 g

/Plunger spring \ Delivery valve

Delivery valve
spring

Cross-sectional view

Qutlet port

Cross-sectional view

Cutaway view

Fig. 11 Plunger operation: delivery stroke
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Suction stroke

During the plunger’s return stroke, when the
plunger barrel’s inlet port and the plunger’s in-
let slit are aligned, pressurized fuel oil In the
pump chamber is sucked into the pressure
chamber. (Fig. 10)

Delivery stroke

As the plunger is rotated and lifted by the cam
disk, the plunger's outside face blocks the
plunger barrel’s inlet port and compression of
fuel oil begins. At almost the same time the
plunger's outlet slit meets the plunger barrel's
outlet port. As a result of this, the fuel oil pres-
surized by the plunger lift overcomes the set
force of the delivery valve spring and the injec-
tion pipe's in-line residual pressure, and opens
the delivery valve. The fuel oil is then injected
through the nozzle and nozzle holder into the
engine’s combustion chamber. (Fig. 11)
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Cutaway view

Fig. 12 Plunger operation; end of injection

E

Cutaway view

Fig. 13 Plunger operation; equalizing stroke
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End of injection

When the end face of the control sleeve meets
the plunger’s cut-off port, the fuel oil in the
plunger {i.e. the pressure chamber}, which is at
a much higher pressure than that in the pump
chamber, returns to the pump chamber
through this cut-off port. The pressure then
suddenly decreases, the delivery valve is
closed by the spring. and fuel oll delivery
finishes. These operations occur instanta-
neously. (Fig. 12}

Equalizing stroke

Following the end-of-injection the plunger ro-
tates 180° and the plunger barrel’s outlet port
meets the plunger’'s equalizing sht.

Then, the pressure of the fuel oil in the injec-
tton passage between the plunger barrel's out-
let port and the delivery valve decreases to
that of the fuel ol in the pump chamber.

This stroke equalizes each cylinder's outlet port
pressure at injection for every revolution,
therefore assuring stabilized injection. (Fig. 13)

The above operations are performed in the
order of injection for each (pump) revoiution.
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#

Cylinder A Cylinder B

Cam lift

EE O mEm ) .

HEEm Compression stroke
[ Suction stroke

—> <=
NORMAL REVERSE
DIRECTION BIRECTION

Fig. 14 Plunger strokes for cylinders A and B

E— 4LH Series

Reverse rotation prevention

While the plunger is moving in the normal
direction of rotation, the inlet port is open dur-
ing the plunger's return stroke and sufficient
fuel oil is sucked into the pressure chamber.
During the compression stroke the inlet port is
closed and injection is performed.

However, should the engine rotate in the re-
verse direction {e.g. when a stationary, parked
vehicle begins to roll backwards and the engine
is rotated, etc.) the plunger barrel’s inlet port
and the plunger's inlet slit will align during
plunger lift, the fuel oil cannot be pressurized
and non-injection will result.

Because of this the engine will immediately
stop.

Injection quantity control

Fuel injection gquantity is increased or de-
creased by the effective stroke, which is varied
by the position of the control sleeve.

Control sleeve

Plunger’s
Cut-off port.

ii;lii@

ANHA

ooooop‘l

[B’oooo H

Decreasing injection quantity <:I

H
Shorter effective stroke/

\
|
- 1

[—— > Ingreasing injection quantity

Longer effective stroke

Fig. 15 Plunger’s effective stroke
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This effective stroke is the plunger stroke from
the plunger’s cut-off port to the control
sleeve's end-face during the delivery stroke, af-
ter the plunger barrel's inlet port and the plung-
er's inlet slit are closed.

it is proportional to the fuel injection quantity.
As can be seen in Fig. 15, control sleeve travel
to the left decreases the effective stroke, and
conversely control sleeve travel to the right in-
creases the effective stroke and the fuel injec-
tion quantity.

Although the beginning-of-injectton position is
constant, end-of-injection varies according to
the control sleeve position. The control sleeve
position is determined by the governor.

Delivery Valve and Damping Valve

When the increased fuel oil pressure resulting When the plunger has lifted and injection has
from the plunger's compression stroke has ended, the pressure in the pressure chamber
overcome the delivery valve spring's set force suddenly decreases and the delivery valve
and the injection pipe’s indine residual pres- spring closes the delivery valve. in order to pre-
sure, the delivery valve opens and fuel ail is vent delayed injection it is necessary to main-
delivered to the nozzle holder and the nczzle. tain the residual pressure of the fuei oil in the
{Fig. 16-A) injection pipe for the next iniection. The deliv-
Then, when nozzle opening pressure IS ery valve functions to prevent reverse fuel oil
reached, initial injection into the engine cylinder flow during the plunger’'s suction stroke.
OGCuUrs.
5 e
=0 T e
S =P >
GZ=0 " Delivery valve spring T==p >
[Qj:QI Seating portion (V/o
- Delivery valve \—/‘ ’
S o N——["—<¢— ~—31 Retraction
__ Piston 1 stroke
Delivery valve seat
A B C
Fig. 16 Delivery valve operation
in the centre of the delivery valve is a piston. . . o
After injection has ended and the piston edge [n(pmton diameter) X retraction stroke]
is contacting the top of the valve seat {Fig. 16- 4
B). the amount by which the injection pipe’s in-
line pressure is reduced is proportional to the Because of this, cut-off of injection occurs im-
volume of fuel retracted up to the time that the mediately after the end-of-injection and subse-
delivery valve is completely closed, quent dripping is prevented. (Fig. 16-C)
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Delivery valve holder

Damping valve
sprifg

Qrifice

Damping valve

Detlivery valve
spring

Delivery valve

Fig. 17 Damping valve operation
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The damping valve is a component of the deliv-
ery valve and its construction is shown in Fig.
17.

The damping valve compresses the damping
valve spring and opens almost simultaneously
with the opening of the delivery valve. Fuel oil
delivered by the plunger through the injection
pipe is then delivered to the nozzle holder and
the nozzle. After the end-of-injection the damp-
ing valve is closed more quickly (seated) than
the delivery valve by the set force of the damp-
ing valve spring.

Following this, because only the retracted fuel
oil is returned through the small orifice in the
centre of the damping valve up until the time
that the delivery valve is seated, a sudden re-
duction in the injection pipe's in-line pressure
can be prevented.

A sudden reducticn in pressure may some-
times result in negative pressure, thereby
causing cavitation. This may result in corrosion
of the injection pipes and finally the danger of
pipe breakage.

The damping valve is instalied to prevent the
above problems.
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6. Governing Mechanism
Depending on the purpose of use, mechanical
governors (those utilizing a flyweight) are di-
vided into three types:
1. The variable speed governor
2. The combination governor
3. The minimum-rmaximurn speed governor
Variable Speed Governor Construction and Operation
Control lever Governor spring
; Idling spring
: =/ B3 Corrector lever
Flyweight holder 1’35 Y Tension lever
Flyweight i‘g Full-oad adjusti
Gear r = ',.. I“”.‘.'i'l_'.:\ StL; ;-oa a -]US mng screw
covenr o ([ VM= 1] e i
overnor sha - b Starting lever
Feed pump ) ,‘4 Governor lever assembly
R g
- [ LN )
_’%\ ] @‘ Plunger
SRSy @\N
IR oe(
\ Ball joint Spring
Drive shaft Gear Control sleeve
Cam disk Governor sleeve
Fig. 18 Variable speed governor construction
The construction of the variable speed gov- two rubber dampers) is conveyed through an
ernor is shown in Fig. 18 acceleration gear to the flyweight holder
The rotation of the drive shaft {equipped with mounted on the governor shaft.
3-16
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) Tension lever
idiing spring

Governar
spring

Control
lever
shaft

Carrector
lever

Mh {fulerum; fixed by pivot bolt)

Fig. 19 Variable speed governor lever assembly
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Four flyweights are mounted in the flyweight
holder, and with rotation these open ocutward
through centrifugal force. This movement
moves the governor sleeve in an axial direc-
tion, resulting in the governor sleeve pushing
the governor lever assembly.

The governor !ever assembly consists of the
cofrector lever, tension iever, start lever, start
spring and the ball joint. (Fig. 19)

The corrector lever's fulcrum M is fixed at the
pivot bolts in the pump housing and as its bot-
tom portion is being pushed by the springs in
the distributor head, and the top portion is
being pushed by the full-load adjusting screw,
the corrector lever canncet move at all.

The starting lever, separated from the tension
lever by the starting spring only at engine start-
ing, moves the governor sleeve to close the
flyweights. As a result of this the ball joint at
the bottom of the starting lever, pivoting
around the tension and starting levers’ com-
mon fulcrum M2, can move the control sleeve
in the fuel-increase direction (i.e. toward the
distributor head side) for engine starting.

During engine operation the starting lever and
the tension lever are in contact and move
together as a single component. The top of the
tension lever is connected to the control lever
through the governor spring.

An idling spring is mounted on the retaining pin
at the top of the tension lever.

Governor construction is such that governor
control over the entire speed range is per-
formed by the operation of all these springs.
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Engine starting
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Maximum-speed
adjusting screw

Control lever

Starting lever

M: (fixed); pivot balt

M tfulcrum)

//

Governor spring

Governar sleeve

Idling spring

% /[M
H— Point A

™~ Starting spring

Control sleeve e

l -

\<:| Plunger

Fig. 20 Variable speed governor operation: engine starting

To improve starting characteristics at engine
starting, the normal full-load injection quantity
is exceeded and excess fuel for starting is sup-
ptied.

When the accelerator pedal is depressed while
the engine is stationary, the starting lever is
separated from the tension lever by the start-
ing spring and moves to push the governor
sleeve.

Because of this the control sleeve is moved to
the night {the maximum injection quantity direc-
tion; Fig. 20) by the starting lever pivoting
around Maz.

Therefore, through lightly depressing the
accelerator the engine can be easily started.

3-18

After engine starting centrifugal force is gener-
ated by the flyweights, the governor sleeve
acts to compress the weak starting spring and
the starting lever is pressed against the ten-
sion lever.

Through this movement the control sleeve is
moved in the fuel-decrease direction, injection
Is returned to the fullload injection quantity
range and the supply of excess fuel for starting
is completed. Following this, the tension lever
and the starting lever, in contact at point A (Fig.
20), move together as a single component.
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Idling operation
dl - idling spring
ing adjusting screw e otaki el cdhid-2
Governor spring /
/
Flyweight 71 <
d -
Governor sleeve
Starting lever
Mz (fulcrum) ey
Contro! s eeve / /EL‘L@
Fig. 21 Variable speed governor operation: idling operation
Once the engine has started the accelerator The control sieeve then travels in the fuel-
pedal is returned to its original position. The decrease direction and stops in the position
control lever is also returned to its original posi- where the flyweights’ centrifugal force and the
tion and the governor spring tension becomes idling spring force are balanced. Inthis position
"0". The flyweights then open, the starting le- stable idling operation can be obtained.

ver is pressed against the tension lever and
compression of the idling spring begins.
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Full-load and no-load maximum speed control
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Maximum-speed
adjusting screw

Flyweight %

Governor spring

Starting lever
M (fixed)

Mz (fulcrum)

Control sleeve

ldling spring

-
e

Vvl
o~

U Tension tever

~._ Corrector lever
e
. M3 {fixed)

\ Full-load adjusting sgrew

Fa

~

OUNVRNNRN LN

Fig. 22 Variable speed governor operation: full-load operation maximum speed control

When the accelerator pedal is fully depressed
and the control lever has contacted the max-
imum speed adjusting screw, the tension lever
contacts the pin {Mzs} press fitted to the pump
housing {i.e. where the full-load injection
guantity is obtained) and can move no further.
At this time the governor spring set force is at
a maximum. Because of this, the idling spring
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is fully compressed and the flyweights, being
pushed by the governor sleeve, are closed.
Then, although the centrifugal force of the
flyweights increases with the increase in en-
gine speed, the flyweights cannot move the
governor sleeve until the governor spring’s set
force has been overcome.
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Maximum-speed
adjusting screw

mE

Governor spring

Ty
]

—
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Governor sleeve

Starting lever
M (fixed)

Mz {fulcrum)

Control sleeve

Idling spring

Full-load adjusting screw

NN Corrector lever

Tension lever

Mz (fixed)

N N
OSNSNN OO

Cut-off port

Fig. 23 Variable speed governor operation: no-load maximum speed control

Furthermore, with an increase in engine speed
after both are balanced, the flyweights’ centri-
fugal force will overcome the governor spring's
set force, and will extend the spring while
moving the governor lever assembly.
Therefore, the fuel injection quantity will be de-
creased and high speed control will be per-
formed so that the specified maximum speed
15 not exceeded.

When the accelerator pedal is not fully de-
pressed, the governor spring set force may be
varied freely so that governor control may be
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performed in response to partial load condi-
tions.

The full-load injection quantity is determined
according to the amount that the fuli-load ad-
fusting screw is screwed in. When the full-load
adjusting screw is screwed in, the corrector
lever pivots to the left {Fig. 22; counterclock-
wise direction) around point M1 and the control
sleeve moves in the fuelincrease direction.
Unscrewing the full-load adjusting screw
moves the control sleeve in the fuel-decrease
direction.
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Combination Governor Construction and Operation

Partial load spring

Governor spring

Tensiaon lever

Damper spring.

Control lever Yoke

N

Flyweight holder

Flyweight

Gear Lo w—

Governor shaft

Feed pump

Corrector lever

Full-load adjusting screw

Start-idling spring

ag Starting spring

Starting lever

Governor lever assembly

Plunger

Drive shaft

M (fixed): pivot bolt
Mz (fulcrum)

\ % Control slegve

\ Governor sleeve

Fig. 24 Combination governor construction

Damper spring Tension lever

Control lever shaft

Partial load spring
Governor spring

Carrector lever Starting lever

Fig. 25 Combination governor lever assembly
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When comparing the construction of the com-
bination governor with that of the variable
speed governor, the governor spring and the
governor lever assembly of the combination
governor differ from those of the variable
speed governor.

As shown in Fig. 24 a yoke is attached to the
control lever shaft assembly, and the governor
spring and the partial load spring, with a pre-
set force, are installed inside the yoke. A
damper spring is installed at the end of the
yoke.

Idling control is performed by the start-idling
spring. which is installed between the top of
the tension lever and the starting lever in the
governor lever assembly.
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Engine starting

4LH Series

Flyweight

Governor sleeve

Starting lever

Mz {pivoty .~

Control sleeve

Ball joint

Plunger

\ P

Tension lever

Fig. 26 Combination governor operation: engine starting

Depressing the accelerator pedal lightly at en-
gine starting results in the control lever shaft
assembly pulling the tension lever to the left
(Fig. 26), and through the action of the starting
spring (leaf spring) the starting lever pushes
the governor sleeve. Through this movement
the ball jeint, with point M2 as the fulcrum,
moves the control sleeve to the position where
excessive fuel for starting can be obtained, and
the engine can be easily started.
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Once the engine has been started, the centri-
fugal force generated by the flyweights pushes
the governor sleeve against the weak force of
the starting spring. The control sleeve is then
moved in the fuel-decrease direction and the
supply of excessive fuel for starting is com-
pleted.
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Idling operation

4LH Series

Tension lever

Starting lever /

Mz [pivot)

Caontrol sleeve

Governor sleeve S,

i

i

Start-idling spring

1 ~._ Starting spring

Fig. 27 Combination governor operation: idling operation

On releasing the accelerator pedal the caontrol
lever is returned to the idling position and the
tension lever is freed.

Through the flyweights’ centrifugal force the
governor sleeve pushes the starting lever. Af-
ter the start-idling spring has contacted the
tension lever, the combined forces of the start-
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idling spring and the starting spring balance the
flyweights' centrifugal force and the starting
lever becomes stationary.

This starting lever movement moves the con-
trol sleeve directly in the fuel-decrease direc-
tion and stabilized idling operation can begin.
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Partial load operation

w 4LH Series

Partial load spring

Control lever shaft
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i
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Governor steeve

Starting lever

Damper spring

E

\\ Start-idling spring

A

Point A

Starting spring

_ Mz (pivot)

Control sleeve

Y .
N
. jensmn Ie\mf_err

Fig. 28 Combination governor operation: partial load operation

In the speed range exceeding idling the start-
ing spring and the start-idling spring are already
compressed, and the starting lever and the
tension lever, which are in contact at the con-
vex point A, both move together as one. (Fig.
28)
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Therefore, during partial load operation the
damper spring and the partial load spring are
acted upon by {and oppose) the flyweights’
centrifugal force.
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| : Damper spring operation range
Il: Partial load spring cperation range
S1: Damper spring stroke
T S2: Partial toad spring stroke

c ~ | I Accelerator variation
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Fig. 29 Combination governor characteristics

Governor spring Partial load spring

Yoke ' Damperspring

Tension lever

Sa || l_ S

. _Control lever shaft

S1: Damper spring stroke
Sz: Partial load spring stroke

Fig. 30 Control lever shaft assembly
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In low speed range | the control sleeve's posi-
tion is controlled by the balance of the
flyweights' centrifugal force and the damper
spring force.

{e.g. control sleeve movement from {1) to (2) in
Fig. 29)

In the intermediate-high speed range Il (where
the flyweights’ centrifugal force exceeds the
damper spring force, but is less than the gov-
ernor spring's set force) the damper spring is
fully compressed, and the partial load spring in
the yoke is compressed an amount equal to
AS2 (Fig. 29). AS2 varies according to the bal-
ance of the flyweights’ centrifugal force with
each spring’s set force {i.e. engine speed and
engine load).

If an uphill slope is negotiated after travelling
on a level road with the control lever position
fixed and the control sleeve positioned at point
(3), because the engine speed decreases, the
control sleeve position will shift in the direction
of point (2) through the action of the partial
load spring and the fuel injection quantity will
be increased.

Conversely, if a downhill slope is negotiated,
the fuel injection quantity will be decreased as
engine speed increases.

Furthermore, if the amount that the accelerator
pedal is depressed is altered, the control
sleeve position will move in the direction of the
arrow in Fig. 29.
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Fuli-load and no-load maximum speed control

Partial load spring

Governor spring
Damper spring

ka s s hdRaQid
HHA[ R i
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L
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fae ]
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Flyweight

é ] - Tension lever
1\1 ™ M fixed)

— o
Starting lever @I\ L il ;

[T

D)

M (fixed) L) -
Mz {pivot) __
Control sleeve E> L:

Yoke

Fig. 31 Combination governor operation: full-load maximum speed operation

On moving the control lever until it contacts Following this engine speed increases and, at
the maximum speed stopper bolt, the tension the point where the flyweights' centrifugal
lever contacts the pin(or the stop lever of the force balances the combined forces of the
BCS or ACS)Ms press-fitted to the pump hous- yoke springs {point (5) in Fig. 29), the full-load
ing and can move no further. Consequently, the maximum speed of maximum engine output
damper spring and the partial load spring are Is reached.

fully compressed and the control sleeve travels
to the position where the full-load injection
quantity can be obtained.
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-
Eul ui
RAfpAdRaad ] V‘I/
Flyweight == /
E) ! H : Tension lever
Cut-off port
Control sleeve S T T
Governor spring Partial load spring
L
_ Tension lever
Fig. 32 Combination governor operation: no-load maximum speed control
Tp_prevent_ the engine from exceeling the spe- wise around point Mz to move the control
cified maximum speed whe_:n_pum_p speed in- sleeve in the non-injection direction.
creases further, due to variations in load etc, The governor therefore controls the engine
the flyweights begin to compress the governor speed so that it does not exceed the engine’s
spring and the tension lever is pivotted clock- specified maximum speed.
3-28
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Variable Speed Governor and Combination Governor

Full-load position

1 17 2 3\ a4 s

A

—

Control sleeve position
{injection quantity)

Injection pump speed —

Fig. 33 Variable speed governor characteristics

| : Damper spring operation range
Il : Partial load spring operation range
Sz : Partial load spring stroke

—_—

Control sleeve position
(injection quantity}

(=]

Injection pump speed ——»

Fig. 3¢ Combination governor characteristics
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The governor spring’s set force in a variable
speed governor changes in accordance with
changes in the accelerator pedal position. {Fig.
33: points 1-5).

For example, when the flyweights’ centrifugal
force and the governor spring's set force are
balanced (Fig. 33; point A) and the accelerator
pedal is released a little to decrease speed, the
control sieeve will move to the non-iniection
position as shown by the solid line in Fig. 33.
Then, in response to the change in the gov-
ernor spring’s set force (gradient 3), the control
sleeve will move in the fuel-increase direction
and will stop in the positon where the injection
quantity necessary for the load at this time can
be obtained (i.e. point B ; the flyweights’ centi-
fugal force and the governor spring’s set force
are balanced). The variable speed governor
governs in the engine’s all-speed range in re-
sponse to accelerator pedal position or varia-
tions in engine load.

With the combination governor the set force of
the partial load spring and the control sleeve
position (Fig. 34 : lines 1-5) are varied in re-
sponse to accelerator pedal position to regulate
the fuel injection guantity.

If the accelerator pedal is released slightly to
decrease speed during partial load operation
{(Fig. 34 : point A), when the flyweights’ centri-
fugal force and the partial load spring’s set
force are balanced, the control sleeve will
move from point A to point B, as shown by the
solid line in Fig. 34.

As can be seen from the solid line in Fig. 34
showing control sleeve movement when
speed decreases, the combination governor's
control sleeve travel is less, and the variation in
fuel injection quantity is also decreased.

This results in a reduction in the shock caused
by sudden variations in fuel injection guantity
and an improvement in accelerator “feeling”
when speed is reduced.
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Governor Equipped with Negative Torque Control Device

Partial load spring Tension lever
il . 7 e
Governor spring / Damper spring
? T Lwamper spring
Control lever Yoke / Corrector lever
= e _j' i ."I ; /, : A,‘% )
"y — / ! / // . Full-load adjusting screw
i / o
Flyweight holder / / Start-idling spring
Flyweight
Gear N i ;
= R J. Starung spring
Governor shaft o - Starting lever
SRR fart!
\ N O Governor lever assembly
Feedripruirpip
NI
= =l Plunger
- N ]
Drive shaft Gear ;,-" s | Spring
Governorsteeve ;| i\ \ . Control sleeve
!
_Camdisk | . \_Torgue control spring
| Torque control lever
Fig. 36 Construction of governor equipped with negative torque control device

A negative torque control device is provided
through the installation of a torgue control lever
to the governor lever assembly’s starting lever.
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The torgue control lever is fitted with a torque
control spring, the set force of which varies
according to the torque control stroke.
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Fig. 36 Governor lever assembly equipped with
negative torque contro! device
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Fig. 37 Negative torque control characteristic
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4LH Series

The negative torque control device moves the
control sleeve through the torque control
stroke (Saz in Fig. 37) in the governor's
intermediate-speed control range to increase
the injection quantity in proportion to engine
speed and therefore prevent insufficient en-
gine output resulting from insufficient fuel in-
jection at high speeds. (Refer to Fig. 37.)
Figure 37 shows the control characteristics of a
combination governor equipped with the nega-
tive torque contral device.
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Engine starting

4LH Series
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Governor sleeve

Starting lever

Torque controk lever

Control sleeve -~
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Starting spring
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Fig. 38 Operation of governor equipped with negative torgue control device: engine starting

As in the variable speed governor or the com-
bination governor, the governor equipped with
the torque control device controls starting
through the action of the starting spring (a leaf
spring) mounted on the starting lever.

At starting the action of the starting spring
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pivots both the starting lever and the torque
control lever {connected at Ma) in a counter-
clockwise direction around point Mz, thus
moving the control sleeve in the fuelincrease
direction to supply a fuel injectton gquantity
sufficient for starting.
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Idling operation

4LH Series
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|
Governor sleeve
Starting lever
M2

Torque control lever {pivot}

| ==|

Start-idling spring

Tension lever

Point A

Pushrod

3

Control sleeve

Fig. 39 Operation of governor equipped with negative torque control device: idling operation

On starting, the centrifugal force of the
flyweights causes the governor sleeve to move
to the right (Fig. 39). The governor sleeve then
contacts and moves the torque control lever,

The torque control lever pushrod then contacts
the tension lever at point A, and the torgue
control lever then pivots around point A to
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compress the start-idling spring untit its set
force is overcome by the flyweights’ centrifu-
gal force. Consequently the starting lever will
pivot clockwise around M2, thus moving the
control sleeve in the fuel decrease direction un-
til an injection quantity suitable for idling is
attained.
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Fig. 40 Operation of governor equipped with negative torque control device: partial load operation

In the speed range exceeding idling operation,
and the range where the control lever is posi-
tioned between the idling position and the
maximum speed position, the starting spring
and start-idling spring are already fully com-
pressed, and the torque control lever and the
tension lever {which are in contact at points A
and B through the torque control lever pushrod
and stopper pin), and the starting lever, move
together as one (Fig. 40).

Therefore, during partial load operation the
damper spring and the partial load spring are
acted upon by {and oppose} the flyweights’
centrifugal force.

If the speed increases during partial load opera-
tion in accordance with a change in the control
lever position (i.e. the control sleeve position)
after the accelerator pedal is depressed, the
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consequent increase in the flyweights' centrif-
ugal force moves the governor sleeve to the
right, thereby pushing the torque control lever
to the right. Then, as the torque control lever,
the starting lever and the tension lever behave
as one component, movement of the governor
sleeve by the flyweights’ centrifugal force
compresses the damper spring and the partial
load spring, and pivots the starting lever
around Mz. Thus, the control sleeve is moved
to the left to decrease the fuel injection quanti-
ty. As a result of this, the speed is decreased
to maintain a suitable engine speed, and an in-
jection quantity corresponding to the engine
load etc. is obtained at the point where the
flyweights’ centrifugal force is balanced with
the combined forces of the damper and partial
load springs.
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Full-load maximum speed operation
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Fig. 41 Operation of governor equipped with negative torque control device: full-load maximum

speed operation

When the control lever is moved untit it con-
tacts the maximum speed stopper, engine
speed is increased until the full-load maximum
speed is reached. At this time the yoke is
pulled to the extreme left {refer to Fig. 41), the
partial load spring is fully compressed, the gov-
ernor spring is compressed and the tension
lever is pulled to the left untit it contacts the
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stopper pin Mz {i.e. where the full-load injection
guantity is obtained).

With an increase in speed the flyweights’ cen-
trifugal force increases and the governor
sleeves acts to move the tension lever against
the force of the governor spring to move the
control steeve and maintain full-load maximum
speed operation.
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Negative torque control stroke operation

4LH Series
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Torque controf lever
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Fig. 42 Operation of governor equipped with negative torque control device: negative torgue control

stroke operation

When the engine speed exceeds N1 rp.m {re-
fer to Fig. 37) the centrifugal force of the
flyweights will continue to increase, resulting
in compression of the negative torque control
spring.

The torque control lever will therefore pivot
counterclockwise around point B {the torque

control lever stopper pin), pivoting the starting
lever counterclockwise around M2 to move the
control sfeeve in the fuel-increase direction.
The increase in the fuel injection quantity is de-
termined by the negative torque control stroke
S3 (refer to Fig. 41).
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No-load maximum speed operation
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Governor sleeve
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Torque control lever
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/ Cut-off port
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Fig. 43 Operation of governor equipped with negative torque control device: no-load maximum

speed control

When the negative torque control stroke is
completed and engine speed increases further,
the flyweights' centrifugal force will move the
governor sleeve to the right (Fig. 43). The start-
ing lever and the tension lever (through the tor-
que control lever) are then moved to compress
the governor spring until the governor spring
tension is balanced with the flyweights’ centrif-
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ugal force in the no-foad maximum speed posi-
tion. If engine speed further increases, the
control sleeve will move to the left until the
plunger's cut-off port enters the pump cham-
ber, resulting in non-injection so that the
engine’s specified maximum speed will not be
exceeded.
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7. Timer Construction and Operation

It is well-known that the relationship between
fuel Injection timing and engine performance
{power, exhaust gas, engine vibration) is very
important.

If actual fuel injection timing differs only slight-
ly from the standard specified timing, then
diesel engine performance will be adversely

Standard Type Timer {Speed Timer)

effected.

Because the ignition lag arising during diesel
engine combustion increases as engine speed
increases, it is necessary to compensate for
this ignition lag by advancing injection timing.
To do this, a timer is installed at the bottom of
the injection pump.

Drive shaft

Roller holder assembly

Roller

Timer piston

—_—

7
Timer spring \ Pin Low pressure chamber/ High pressure chambex

T
Orifice

Fig. 44 Speed timer construction and operation

As shown in Fig. 44, a timer spring is installed
in the low pressure chamber of the timer.
Pump chamber pressure, passing through the
timer piston orifice, acts on the high pressure
side of the timer piston.

This timer piston orifice acts to prevent timer
piston pulsation generated by fuel pressure
fluctuations.

Timer piston movement results in the pin mov-
ing the roller holder assembly in the direction

3-38

opposite to injection pump rotation.

When pump chamber pressure exceeds the
set force of the timer spring due to an increase
in pump speed, the timer piston compresses
the timer spring and turns the roller holder
assembly in the direction opposite to that of
infection pump rotation. With this movement
the cam disk’s face camscontacttheroller hold-
er's rollers more quickly and injection timing is
advanced.
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Fig. 45 Servo valve timer construction
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When pump speed decreases and the timer
spring set force exceeds the pump chamber
pressure, the roller holder assembly is moved
in the direction tc retard injection timing.
Additional devices such as the solencid timer,
cold start device {C.5.0} and the lcad timer
etc. are also used with this standard-type timer
to vary the injection timing in the specified
range of engine speeds and loads.

As shown in Fig. 45, through the addition of
some parts (e.g. servo valve), the alteration of
other parts (e.g. timer piston, cover and spring)
and alterations to the fuel oil transfer passage,
the servo valve timer differs from the standard
type timer.

With the servo valve timer, pump chamber
pressure does not act directly on the timer’s
high pressure chamber, but flows through the
servo valve before acting on the timer's high
pressure chamber,

The timer spring force does not push the timer
piston, but pushes the servo valve against
pump chamber pressure. The servo valve posi-
tion depends on the balance of these two
opposing forces, and timer characteristics in
turn depend on the servo vaive position.

For example, if the timer piston is moved in the
retard direction by fluctuations in the driving
reaction force, the servo valve position will not
change, as the pump chamber pressure does
not change. The servo valve then functions to
compensate for the fluctuations in the driving
reaction force by allowing the supply of pump
chamber pressure to the high pressure side of
the timer piston. The timer piston is therefore
returned to its original posttion. |n other words,
the timer piston position is dependant on the
servo valve position.

From the above, the servo valve timer's
absorbing of the effect of the driving reaction
farce on injection timing can be seen.

As the effective pressure area directly acted
upon by the pump chamber pressure de-
creases, and correspondingly the spring con-
stant decreases, an improvement in response
and a decrease in hysteresis can be obtained.
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Fig. 46 Servo valve timer operation: when
advance angle is “0”
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Fig. 47 Servo valve timer operation: when

pump chamber pressure has increased
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Fig. 48 Servo valve timer operation: stable
condition (balanced)
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When advance angle is “0”
(Low pump chamber pressure}

The pump chamber pressure, compared to the
timer spring force, is still low, and the servo
valve and the timer piston are pushed fully in
the retard direction by the timer spring. The
passage between the pump chamber (high
pressure side} and the timer's high pressure
chamber is closed, and the timer’'s high press-
ure chamber is connected to the timer's low
pressure chamber (fuel inlet side) by the servo
valve,

When pump chamber pressure has
increased

The pump chamber pressure has increased,
the pump chamber pressure exceeds the timer
spring set force, and the servo valve has been
moved to the left (Fig. 47).

The passage between the pump chamber and
the timer's high pressure chamber is open and
the pump chamber pressure acts on the tim-
er's high pressure chamber. Due to this the
timer piston is moved in the advance direction
(to the right in Fig. 47).

Stable condition (balanced)

The pump chamber pressure and the timer
spring force are balanced, and the servo valve
is stationary in a suitable position. The timer
piston moves until the bushing hole is closed
by the servo valve.

When the bushing hole is completely closed,
there will be no change in the timer's high
pressure chamber pressure and the timer pis-
ton will be stationary.
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Timer spring Servo valve

— \ Bushing -
fThoi
SR = N
i - T

ow pressure chamber

/ High pressure chambei\
L

Fig. 49 Servo valve timer operation: when
pump chamber pressure has decreased

Timer spring Servo valve

Bushing

f
{

High pressure chamb:\
Low pressure chamber

Fig. 50 Servo valve timer operation: maximum
advance position
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When pump chamber pressure has
decreased

From the stable condition, pump chamber
pressure has decreased and the servo valve is
moved to the right (Fig. 49) by the timer spring
force. The timer's high pressure chamber and
the timer's low pressure chamber are con-
nected through the passage in the servo valve.
Therefore the timer high pressure chamber’s
high pressure escapes to the timer's low pres-
sure chamber and the timer piston moves in
the retard direction {to the right in Fig. 49), and,
as in the above, a stable condition results.

Maximum advance position

As the pump chamber pressure has completely
overcome the timer spring force, the timer pis-
ton moves until its end face contacts the timer
cover's low pressure chamber side. That is, if
pump chamber pressure further increases, the
timer piston cannot move further in the ad-
vance direction. This position is the maximum
advance position.

According to the above, if the timer piston is
moved through the driving reaction force, op-
erations identical to the above {when pump
chamber pressure has increased or decreased)
will be repeated until the stable condition is
attained.
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1 4LH Series

Load Timer

Governor shaft

Control port

Governor sleeve

/
] )

Feed pump

Low pressure side

Flyweight

Fig. 51 Load timer construction and operation

The load timer functions to retard injection tim-
ing under partial loads in the low and in-
termediate speed range, and to reduce exhaust
emission and engine noise.

With the load timer, the governor sleeve, the
governor shaft, and the injection pump housing
are specially constructed to facilitate the
escape of fuel cll in the injection pump cham-
ber from the governor sleeve control port,
through a passage in the governor shaft and
pump housing to the low pressure side,

When the flyweights are closed, the control
port and the governor shaft passage are not
aligned.

3-42

When the flyweights begin to open with an in-
crease in the engine speed, the control port
and the governor shaft passage barely align
and injection pump chamber pressure begins
to decrease as the pump chamber fuel oil
flows to the fuel inlet {i.e. low pressure side}
through this passage. When fully open pres-
sure reduction is complete.

As a result, the timer's advance angle is only
retarded an amount equal to the value of the
pressure reduction.

Furthermore, the flyweights’ {(governor
sleeve’s) position changes in accordance with
control lever position {engine load).
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4LH Series
8. Magnet Valve

__Magnet vaive

Spring

Fuel oi! passage %
N Armature
\
a=ai W
= A \“__
St ELCJLUTT ]

During Operation

At Stopping

Fig. 52 Magnet valve construction and operation

The magnet valve is turned on and off by the
vehicle’s ignition switch to cpen and close the
fuel oil passage leading to the plunger barrel’s
inlet port.

When the ignition switch is ON, current flows
through the magnet valve, the armature in the
centre of the magnet valve is attracted up-
wards and fuel oil from the pump chamber is
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supplied to the plunger barrel’s inlet port.
When the ignition switch is turned OFF, the
force of the spring inside the armature moves
the armature downwards. Therefore, the fuel
passage leading to the plunger barrel's inlet
port is blocked and, as fuel oil injection to the
engine combustion chamber is prevented, the
engine can be stopped immediately.
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4LH Series

9. Pump Reassembly, Adjustment and Inspection

Rotor

Fig. 1

Fig. 2
SN 1 Center
RIS
Lo ] plug
\\\ O \\ IR
Plunger BRI NN
. . \‘\\ N .
f/ oy / ,_// _\ .
\
.
4 //z B . y \\ >
N
Barrel N
L
s
Fig. 3

1. Feed Pump Assembly

Set the rotor and blades inside the tiner as a
unit, so that their axial clearance wilt be within
the specified tolerance. {The feed pump is deli-
vered as a pre-adjusted assembly.)

Clearance between liner and rotor : A
0.010-0.020 mm.

Clearance between liner and blades: B
0.010-0.020 mm.

2. Roller Height

When reassembling the roller holder, select
the roller so that the difference in height {See
Fig. 2) will be within the specified tolerance.
(The roller holder is delivered as a pre-adjusted
assembly.)

Difference in roller height:
+0.02 mm.

3. Distributor Head Inspection

a) Plunger barrel movement.
With the center plug tightened to the head
at the specified torque (6-8 kg.m) insert the
plunger into the barrel. Confirm that in any
position the plunger slides smoothly in the
barrel.
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9. Pump Reassembly, Adjustment and Inspection
4LH Series

b) Plunger control sleeve movement
Move the control sleeve 4 mm in an axial
direction either side of the cut-off port. Ro-
tate control sleeve and repeat. The control
sleeve must slide smoothly in any position.

Fig. 4

4. Timer Movement Inspection

Position the plunger in the bottom dead center
O position. Push the timer piston from the retard

3 side and cbserve timer movement. The timer
‘ must move smoothly. The force required for
this movement should not exceed the speci-
fied value (Max 0.1 Kg.)

Fig. 5

5. Visual Inspection of Timer Lock
Pin

Visually check that the timer connection lock
pin [(25) in Fig. 25] is set correctly. Ensure a
new clip {26} is installed at every service.
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l(ey way

Knock pin

Drive disc

Fig. 8

Fig. 9
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6.

4LH Series

Drive Shaft Key Way and Pin
Groove

Visually check that the drive shaft key way and
plunger pin groove are properly aligned.

7.

a

Plunger Position Adjustment

VE type pump without plunger pre-stroke
Adjust the plunger position in the distributor
head so that the dimension "K" is as speci-
fied. "K" is the distance from the end face
of the distributor barrel to the plunger tip
when the plunger is in the bottom dead
center position. Adjust the shim [(52) in Fig.
25] on the plunger bottom, referring to the
specified “K" dimension.

Clearance “K*: 3.3 =1 mm

VE type pump with plunger pre-stroke

The plunger position must be adjusted by
checking the port closure point hydraulically
on a pump test bench. With the plunger in
the bottom dead center position, apply feed
pressure of 0.2 Kg/cm?. Test oil should flow
out of the measuring device over-flow tube.
Manually rotate the pump in the proper
direction. Read the dial indicator when test
oil stops flowing, and adjust the shim [(52)
in Fig. 25] on the plunger bottom so that
the dial reading is as specified.
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e 4LH Series

Spring seat Plunger spring Barrel

A

Y Y

.
HEY
B 5
/ "KF”
Shim / Distributor head
Fig. 10
1.5-2mm

Governor shaft

ar
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8. Measurement of Plunger Spring
Set Length

Install the plunger and plunger spring in the
distributor head without the shim [(48)} in Fig.
28]. Push the plunger bottem lightly in an axial
direction and measure the dimension “KF”.
"KF" is the distance from the end face of the
distributor barrel to the plunger tip. Adjust the
shim (48} refering to the specified “KF" dimen-
sion.

Cam Lift {mm) Dimension “"KF” {mm)
53 *1

5.3
53
58
6.0

I+

L

I PO
|

OO

[#)]
ey
o))
D

"+

[N

9. Governor Shaft Installation

Install the governor shaft [{(108) in Fig. 25] so
that the distance from the end face of the
pump housing flange to the governor shaft end
face is 1.5-2.0 mm.

For an injection pump installed with a Load
Timer, screw in the governor shaft so that the
distance from the end of the governor shaft to
the pump housing flange surface is 3 mm.
After adjustment, tighten the locknut to the
specified torque.

10. Testing Governor Lever Action

After reassembly, manually check the move-
ment of the start lever, governor lever
assembly and control sleeve.
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Fig. 13

Block gauge
Part No. 157829-1100

Fig. 14

3-48

4LH Series

11. Flyweight Assembly Clearance

Using a thickness gauge measure the clear-
ance between the flyweight holder end face
and the stopper pin (marked in Fig. 13.) Adjust
the clearance using the shim [(110} in Fig. 25]
at the back of the governor flyweight
assembly.

Clearance:
With straight pin: 0.16%%2 mm
With stepped pin : 0.357%2 mm

12. Starting Stroke “MS” Adjustment

"MS” is the distance from the closing plug
installed on the governor sleeve to the starting
lever, and determines the fuel injection
quantity for engine starting. Method of
measurement varies, depending on the type of
governor lever assembly, as shown below.

a} Standard type
Hold the corrector lever against the block
gauge (Part No. 157823-1100) installed as
shown in Fig. 15, and keep the tension
lever against the stopper pin press-fitted
into the pump housing.
Then, hold the starting lever against the
tension lever with the start spring com-
pressed.
Using a thickness gauge measure
dimension “MS”
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Part No. 157829-3520

Part No. 157828-1100

<, ‘
\ & Part No. 157829-8620
Trre B8 AT )
(A oz Part No. 157829-3520
A SIS 5w
S
(G

Fig. 18
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b) Negative torque control type

{1} Use "MS" measuring device (Part No.
157829-8620), block gauge (Part No.
167829-1100) and Plunger lift stroke
measuring device (Part No. 157829-3520.)
Before measurement, the pin of the plun-
ger lift stroke measuring device {Part No.
157829-3520) must be replaced with the
pin of the “MS" measuring device {Part
No. 157823-8620.)

S

Position the pump upright, loosen the nut
{(107) (See Fig. 25) and remove the
governor shaft (108).

Install the shaft of "MS” measuring device
{(Part No. 157829-8620) in place of the
governor shaft.

Take care not to drop the washer {(111) and
shim (110} (See Fig. 25}, by holding the
flyweight.

For an injection pump installed with a Load
Timer, screw in the governor shaft so that
the distance from the end of the governor
shaft to the pump housing flange surface is
3 mm. After adjustment, tighten the lock-
nut to the specified tarque.

(3

-

Install the block gauge (Part No. 157829-
1100) as shown in Fig. 18. Insert the pin of
the plunger lift stroke measuring device
{Part No. 157829-3520) into the measuring
device shaft, already fixed in step b-{2).
Secure the dial using the nut. To set the
dial's zero point, slightly push the dial so
that the dial reads between 2 to 3 mm (the
tip of the pin touches the rear side of the
closing plug.) Ensure the governor sleeve is
pushed toward the flyweight side.

Hold the corrector lever against the biock
gauge, and push the tension lever against
the stopper pin, press-fitted into the pump
housing. Next, push the sieeve until the
start lever contacts the tension lever, and
will not move any further.

Next, read the dial and select the proper
sized closing plug, to ensure dimension
"MS" is as specified.
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Part No. 157828-7620

Part No. 157829-8620

Part No. 157829-3520

Fig. 19

4LH Series

c} Boost compensator stopper and aneroid
compensator type
Install the block gauge (Part No. 157829-
7620) as shown in Fig. 19. Insert the pin of
the plunger lift stroke measuring device
(Part No. 157829-3520) into the device
shaft, already fixed in step b-(2). Secure the
dial with the nut. To set the dial's zero
point, lightly push the dial so that the dial
reads between 2 and 3 mm (the tip of the
pin touches the rear side of the closing
plug.) Ensure the sleeve is pushed toward
the flyweight side.
Hold the corrector lever against the bfock
gauge and push the tension lever against
the stopper pin press-fitted into the block
gauge. Next, push the governor sleeve until
the start lever contacts the tension lever,
and will not move any further. Then, read
the dial and select the proper sized closing
plug to ensure that dimension MS is as
specified.

13. Governor Spring Installation
(Variable governor)

Attach the governor spring to the control lever
shaft so that the hook faces downward.
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14. Testing Governor Lever
Assembly Movement

Position the cam in the top dead end position,
and manually check governor lever assembly
{control sleeve} movement. Perform this test
over the entire cam profile.

Fig. 21

15. Air-tightness Test

8lind piug

After completion of assembly, perform an air-

tightness test as described below.

a) Tightly screw in the pump cover overflow
outlet plug {with a gasket).

b) Supply compressed air {approx. 4 Kg/cm?)
to the pump through the suction inlet.

¢} Immerse the pump in light oil.

d) Check for bubbles indicating pump leakage
{particularly at the drive shaft oil seal).

Suction inlet

16. Handling of O-Rings

Fig. 22 a) Rubber O-rings must be stored unex-
panded.

b) When reassembling the pump after test

immersion or actual use, replace ali O-rings.
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4LH Series
10. Test Bench Adjustment of VE Pump
* For adiustment specifications, refer to the Nozzle opening
individual test standards. pressure 150 Kg/em?
. A o Injection line 1 6X2-840 mm
Adjustment conditions: Test oil : SAE Standard Test Oil
Nozzle - DKKC Part No. {SEA J967d) or SO
106780-0000 4113 test oil
{NP-DN125D12T) Fuel oil temperature
Nozzle holder : DKKC Part No. (fuel tank) 1 45%5°C
105780-2080 Supply pressure - 0.2 Kg/cm?
(EF8511/9A)
0~80°C
150ke fcm?

ERrursr ) )| ’
DclaAm (D

{1) Pre-supply pump {4) Accumulator {5) Nozzle opening pressure 150 Kg/cm?
{2) Filter P1: Test oil inlet pressure 0—1 Kg/cm? (6) Measuring cylinder for overflow fuel
{3) Regulator valve inlet  P2; Pump chamber pressure 0—15 Kg/cm?® volume
P3: Positive & Negative pressure; {7} Fuel tank
Positive: Boost comgensator (8) Overflow valve
0-2 Kgfermn {9) Thermometer (fuel tank)
Negative: Aneroid compensator
0-76 cmHg

Fig. 23 TEST BENCH PIPING DIAGRAM FOR PUMP PERFORMANCE TEST
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* Warm-up operation: refer to the following:

1.

Standard Type VE Pump

Attach the pump to the pump test bench and
connect the injection lines.

Using the thermometer (see Fig. 23) measure
the fuel oil temperature in the fuel tank. Before
starting operation, fill the pump with test oil.

a)

b)

c)

Apply the specified voltage to test the
pump’s magnetic valve.

Fix the control lever in the maximum-speed
position.,

Operate the pump at the rated speed for
approx. 10 minutes.

Timer adjustment

Install the timing measuring device and
connect the pressure gauge.

Total timer stroke is determined by the
timer piston length.

The start of the timer piston stroke de-
pends on the spring tension force and the
fuel oil feed pressure; the spring tension
force is determined by the shims inside the
timer cover. Usually, at least one shim (0.6
mm} is placed on each side of the timer
spring.

Adiust the regulating valve so that the timer
advances at the specified speed.

Supply pressure test

During timing adjustment, the pump cham-
ber pressure must be within the specified
range.

Full-load fuel injection quantity adjustment

Adjust the full-load fuel injection quantity
through the full-load adjustment screw, and
by adjusting the tension lever attached to
the control sleeve.

Before adjustment, confirm that at the
measuring point speed is as specified. Set
the control lever to the maximum-speed
position by rotating the adjusting screw.
Adjust the full-load point by measuring the
fuel injection quantity and referring to the
specifications. The measuring point at all
speeds must be within the specified range.
The fuel injection quantity for each cylinder
must not exceed the specified quantity.
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e)

f)

g)

h)

4LH Series

ldling adjustment

Adjust the idling fuel injection quantity us-
ing the control lever.

The fuel injection gquantity for each cylinder
must not exceed the specified quantity.

Governing adjustment

Adjust the governing performance using
the control lever. The governing point is
reached when the full-load fuel injection
quantity begins to decrease, provided the
adjusting screw I1s set at a position ensuring
governor operation.

Measurement of overflow quantity
Measure the overflow quantity at the speci-
fied speeds using a measuring cylinder.
Compare the measurement with
specified guantities.

the

Measurement of fuel injection quantity for
engine starting

Control the starting fuel injection quantity at
the specified speeds. Set the control lever
to the maximum-speed position to adjust
the starting stroke.

Contro! lever angle (see Fig. 24)

Adjust the control lever angles and
dimensions given below, referring to the
specifications.

. ldling position/center position angle

. ldling/maximum-speed position angle

. ldling/partial load position angte

. Distance from the end of idling stopper
10 1ts boss portion

Distance from control lever idling posi-
tion 10 maximum-speed stopper

¢; Distance from control lever partiat load
position to idling stopper

B~ R

c
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™ Idling
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IdIing& Maximum-speed
B

Maximum-speed

\&}

Fig. 24

VE Pump Special Specifications

Pump equipped with load timer

For a pump equipped with a load timer,
move the controf lever in the idling direction
until the specified fuel injection quantity is
reached at the specified test speed, and fix.
Then, adjust the governor shaft so that the
timer advances as specified.

3-54

b) Electrical shut-off
(1} Actuating voltages.

Check, as follows, at speeds as specified in
the test standard.

Raise the voltage from O wvolts until the
magnet actuates. Note the voltage and
compare with the specifications.

(2} Fuel injection stop control

Cut off the voltage at the specified speed
and ensure the fuel injection gquantity is
zero.
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11. Troubleshooting

Malfunctions

Causes

Remedies

The engine does

not operate

1. Fuel cil is not
injected from
the injection
pump

2. Injection timing
is incorrect

3. The nozzle does
not operate

The engine
operates, but
only for a short
time

The engine
“knocks”

1.
2.

3.
4.

5.
G.
7.

2.
3.

1.

2.

There is no fuel oil in the fuel
tank

The fuei line from the fuel tank is
blocked

The fuel filter is clogged

There is air in the fuel filter or the
pump chamber

The accelerator linkage is not
properly connected

The magnet valve wiring is
broken or its armature is sticking
The feed pump blades are
sticking, and therefore not
operating

. The drive gear or woodruff key is

broken

. The drive gear or belt

connections are incorrect

. The injection pump is incorrectly

installed on the engine

.The rolter holder assembly's roller

or pin is worn excessively

. The plunger is worn excessively

. The nozzle or nozzle holder is

functioning incorrectly

. The pipe{s} to the njection pump

is blocked, or the fuel filter is
clogged

The fuel oil contains air or water
The feed pump’s delivery
guantity (or pressure} is
insufficient

The injection timing 1s 0o
advanced

The nozzle or nozzle holder is
functioning incorrectly

Supply fuel and bleed the system
Clean or replace

Clean or replace
Bleed the system

Repair
Repair or replace

Repair or replace

Replace

Repair

Repair and adjust injection timing
Replace the assembly

Replace the distributor assembly
Inspect, then repair or replace
Ciean or replace the pipe(s) or
fuel filter

Bleed of air or replace the fuel cil
Repair or replace

Readjust the timing

inspect, then repair or replace
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11. Troubleshooting

# 4LH Series

Malfunctions

Causes

Remedies

The engine
exhaust contains
smoke and the
engine “knocks”

The engine
output is unstable

Insufficient

output

1. The injection
guantity is
insutficient

2. The injection
timing is too
advanced and
the engine is
"knocking”

1.The injection timing is incorrect

2.The nozzle or nozzle holder is
functioning incorrectly

3. The injection quantity is
excessive

1. The fuel filter element is clogged
and fuel oil delivery is poar

2. The amount of fuel or pressure
delivered by the feed pump is too
little

3. The injection pump is sucking air

4.The regulating valve is stuck in
the open position

5. The plunger is sticking and does
not travel its full stroke

6. The plunger spring is broken

7. The control sleeve is not sliding
smoothly

8. The governor lever is not
operating properly or is worn
excessively

9. The delivery valve spring is
broken

10. The delivery valve is not sliding

properly
11. The nozzle or the nozzle holder
is not functioning properly
12. The injection timing s incorrect

1. The specified full-load injection
guantity is not delivered

2.The control lever is not reaching
the maximum speed position

3. The governor spring is weak and
therefore the governed speed is
too low

4. The plunger is worn

5. The delivery valve seating
portions are damaged

Readjust the timing
Inspect, then repair or replace

Readjust

Clean or replace

Inspect and repair

Inspect and repair

Replace

Replace the distributor assembly

Replace
Repair or replace

Repair or replace

Replace
Repair or replace
[nspect, and then repair or replace

Readjust

Readjust
Readjust

Replace

Replace the distributor assembly
Replace

Readjust

3-56
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11. Troubleshooting

e

Malfunctions

Causes

Remedies

3. The injection
timing 1s to0

engine is
overheating or
the exhaust
contains smoke
4. The nozzle or
the nozzle
holder i1s not
functioning
properly

The engine
cannot reach its
maximum speed

The engine’s
maximum speed
is too high

Idling is unstable

retarded and the

1. The governor spring s too weak
or is improperly adjusted

2. The control lever is not reaching
the maximum-speed position

3. The nozzle's injection operaticn is
poor

1. The governor spring is 10c strong
or is improperly adjusted

2. The governor flyweights or
governor sleeve movement is not
smooth

1. The injection gquantities are not

uniform {the delivery valve is not

operating properly)

. The governcr’s idling adjustment

is improperly adjusted

. The plunger is worn

. The plunger spring is broken

. The rubber damper is worn.

. The governor lever shaft pin is

wWOorn excessively

7.The feed pump blades are not
operating properly

8. The regulating valve is stuck in
the open position

3. The fuel filter element is clogged
and therefore fuel oil delivery is
poor

10. The nozzle or the nczzle holder

is not functioning property

N

(8% RNy IV

Readjust

Inspect, and then repair or replace

Readjust or replace
Readjust

Repair or replace

Read|ust or replace

Repair or replace

Inspect or replace

Readjust

Replace the distributor assembly
Replace

Replace

Replace

Repair or replace

Replace

Clean or replace

Inspect and then repair or replace
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B e e 4LH Series
Malfunctions Causes Remedies
The engine 1. The magnet valve armature is Repair or replace
cannot be stuck in the open position
stopped
2. Foreign matter is lodged on the Repair
magnet valve armature’s seating
portion

Note: Main points related to troubleshooting are noted above. ltems related to “Additional
Devices are not included.
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12. 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 combustion effi-
ciency, engine performance and fuel economy.
Accordingly, the fuel injection nozzles must be kept in top-
condition to maintain performance and operating efficien-

cy.

(1) Hole type fuel injection nozzle

— - F.O. return pipe joint
o) /e
=

. Nozzle cover mounting groove

i

(

Applicable engine modef——
1. D.mark

Nozzle holder

; Fuel starting pressure adjusting shim

- - Nozzle spring
Nozzle spring seat
Stop plate

=
=
e , E Nozzle valve
Positioning pin- .
¢ Nozzle
Nozzle body
fj

MNozzle clamp nut
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41 H Series

12-1 Functioning of fuel injection nozzle

Fuel from the fuel injection pump passes through the oil
port 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 fuel is injected.

il that leaks from between the nozzle valve and nozzle
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.

Nozzle holder - F.0. return pipe joint

Nozzle cover

Fuel starting pressure
Adjusting shim

Nozzle spring =

Nozzle spring seat - - ~Paositioning pin

o Stop plate
Nozzle valve

Nozzle body Nozzle clamp nut

Hole —
Nozzle valve
F.O. reservoir — -
--——Nozzle body
/ Injection hole

Spray angle
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{3) 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
Y DLL A — 150 P 244J0

I——— Design code

Nozzle size P size
Ssize

Spray angle

Mounting angle
of nozzle on
cylinder head

Code A: atangle
No code: not at angle

Type (DLL: semi-long type)

YANMAR @

Identification number

12-2 Fuel injection nozzle disassembly

NOTE: 1. Disassemble fuel injection nozzle in a clean area
as for fuel infection pump.

2. When disassembling more than one fuel injection
nozzle, keep the parts for each injection nozzle
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 leakage
pipe, etc., the injection nozzle retainer nut, and then the
fuel injection nozzie.

Q)

) . )
’% Fuel injection nozzle retainer
=

Fuel injection nozzle

\

4LH Series

(2) Put the nozzle in a vise

NOTE: Use the special nozzie holder for the hole type injec-
tion nozzie so that the high pressure mounting
threads are not damaged.

(3) Remove the nozzle nut

Box spanner

Holder

NOTE: Use a special box spanner for the hole type (the
thickness of the two nozzie nuts is 15mm (0.5906in.))

{(4) Remove the inner parts

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

12-3 Fuel injection nozzle inspection
12-3.1 Washing

{1} Make sure to use new diesel oil to wash the fuel injec-
tion nozzle parts.

(2) Wash the nozzle in clean diesel oil with the nozzle clean-
ing kit.

Nozzle cleaning kit

1) Diesel Kiki nozzle cleaning kit:
Type NP-8486B No.5789-001

2) Anzen Jidosha Co., Ltd. nozzle cleaning kit:
Type NCK-001

(3} Clean off the carbon on the outside of the nozzle body
with a brass brush.
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12, Fuel Injection Nozzle

4LH Series
(4) Clean the nozzle seat with cleaning spray.
Nozzle contact surtace Sin
Seal surface
Hole type
I ff the carbon on the tip of nozzle with a piece of mm (in.}
(5) Clean off the P P Nozzle contact surface wear limit | 0.1 0.0039)

wood.
(6) Clean hole type nozzles with a nozzle cleaning needie.

Nozzie cleaning needle (piano wire)
02mm dia. wire, 22mm leng x5 wires

L

Part code no. |

ppey
L

28210-000010

12-3.2 Nozzle inspection

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

(2) Check nozzle sliding
Wash the nozzle and nozzie body in clean diesel oil, and
make sure that when the nozzle is pulled out about half
way from the body, it slides down by itself when releas-
ed.
Rotate the nozzle a little; replace nozzle/nozzle body as
a set if there are some places where it does not slide
smoothiy.

{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 con-
tact with the nozzle; replace if stop plate is excessively
worn.
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{4} Inspecting nozzle spring
Replace the nozzle spring if it is extremely bent, or the
surface is scratched or rusted.

(5) Nozzle holder
Check oil seal surface for scratches/wear; replace if
WEear is excessive.

12-4 Fuel injection 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/nozzle set and
tighten the nut.

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

Nozzle nut tightening torque kg-m (ft-Ib)

Hole type nozzie 4~ 45 (289 ~ 32.5)
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I12. FuelInjection Nozzle
4LH Series

12-5 Adjusting fuel injection nozzle

12-5.1 Adjusting cpening pressure

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

Nozzle tester

Spray from each nozzle
hole is uniform

Poor

Injection starting pressure
kglem? (Ibfin.?)

Injection starting pressure | 195 ~ 205 (2773 ~ 2915) / %
12-5.2 Injection test

After adjusting the nozzle to the specified starting

*Excessive difference

pressure, check the fuet spray condition and seat oil in spray angle (8)
tightness. * Excessive ditference
{1) Check seat oil tightnt_as.s . . _::ég‘;‘gg’;i?gfﬁé‘gﬁm
After two or three injections, gradually increase the *Sluggish starting/stopping
pressure up to 20 kgicm? (284 tbfin.?) before reading the ofinjection
starting pressure, maintain the pressure for 5 seconds,
and make sure that no oit is dripping from the tip of the
nozzle.
Test the injection with a nozzle tester; retighten and test
again if there is excessive oil leakage from the overflow
coupling.
Replace the nozzle as a set if oil feakage is still ex-
cessive.
(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 follow-
ing conditions:
+ Proper spray angle (6}
+Correct injection angle (o}
* Complete atomization of fuel
« Prompt starting/stopping of injection
3-62 Printed in Japan
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13. Fuel Filter

13. Fuel Filter

The fuel filter is installed between the fuel tank and fuel
injection pump, and removes dirt/foreign matter and water
from the fuel from the fuel tank.

Fuel from the tank enters filter housing inlet and fills the
sediment bowl. The tuel is filtered as it passes through the
filter element, leaves the housing at outlet, and flows to the
fue! injection pump. Sediment and water settle to the bottom of
the sediment bowl.

Filter housing @
®
e

Priming pump

Sediment bowl

(@),
==

Drain cock
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= JLH Series

13-1 Maintenance

Every 50 hours operation, remove drain cock and drain
sediment bowl.

Fuel outlet

Fuel inlet

Cediment bow!

Drain cock
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12. Fuel Injection Nozzle
e 7. [ Series

ALH-HTE
Pre-stroke 0.45 mmt 0.02 mm
. Pump Speed . Charge-air Difference in
1. Settings {rpm) Settings press {mmHg) delivery {cc)
1.1 Timing device travel 1000 11— 15 mm
1.2 Supply pump pressure 1000 37— 43 Kg/em?2
full load delivery without 1000 80.0-- 81.0 cc/1000st 47
13 charge-air pressure
Fult-loac] delivery with cc/1000st
charge-air pressure
1.4 Idle speed regulation 400 11.0— 15.0 c¢c/1000st 2.5
1.5 Start 100 100.0 — 140.0  cc/1000st
1.6 Full-load speed regulation 1840 13.0-- 19.0 cc/1000st
1.7 Load Timer Adjustment cc/1000st
1.8 cc/1000st
2. Test Specifications
- . N = rpm 1000 1500
2.1 Timing device mm 11-158 20-29
N =rpm 1000 1500
2.2 Supply pump |y orom2 37— 43 48— 5.4
. N = rpm 1000
Overflow delivery cc/10s 45.0 — 88.0
2.3 Fuel deliveries 3. Dimensions
Speed control lever Pump Speed Fuel delivery cc/1000sts Charge-air Qesigna- for assembly
{rpm}) press. (mmHg) tion and adjustment
End stop 1900 Max. 40 mm
' 1840 125 - 19.5
1650 83.5 — 90.5 K 30-32
1500 848 - 91.8
KF 54 -5,
1000 795 —81.5 4 6
MS 09-—1.1
o 21 - 29 deg.
Switch-off 100 0 A mm
400
0 g 35 — 45 deg.
Idle stop 400 11.0 — 15.0 B mm
500 Max. 8.0 ¥ deg.
C mm
Observations:
Partial load
. max. cut-in voltage: 8V 16V
2.4 Solenoid test voltage: 12V-14V  24V_26V
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1. Fuel Supply System

FUEL INJECTION EQUIPMENT YPES-AL

1. Fuel Supply System

1-1 Fuel supply system

The YPES-AL fuel injection pumps are in-line. The
engine gears drive the camshaft via the timing gears.
The camshaft then drives the feed pump, pumping
fuel from the tank to the filter at a pressure of 1-2
kg/cm?. The filtered fuel is fed to the reservoir in the
pump housing, where the plunger raises its pressure.
The fuel then passes through the injection pipe for
injection into each cylinder via the fuel injection

nozzle,
: -;’
—e{ ]
] » » ]
: Fuel
A Water Fuel Fuel F?El . injection
feed . tnjection nozzles
separator filter
pump pump '
Return fuel line
. 1 .
Fuel tank l -- -- - -
The Model YPES-AL fuel injection pump is an in-line 1-2 Fuel injection pump specitications
pump with a governar,
A camshaft is built into the pump. There are a drive
cam for the fuel feed pump and tappet-drive cams for Type
the plunger.
A pump driving gear is mounted on the drive side of Specifications See separate
the camshaft, and a governor weight on the opposite service data
side.

As the plunger rises, the fuel oil 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 controls the amount of
fuel injected.
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FUEL INJECTION EQUIPMENT YFPES-AL

Fuel Injection Pump Construction

No.4 NoJ3d No.2?2 No.1

0£01 VOV
urdep ug pajutid

4-.1!!1‘:’:%’ ‘I .N

D 0

Governor

Fuel Injection Pump

Ors

Delivery valve
Plunger barrel

Plunger

Control rack

=
’ i g i H Control sleeve I
Tl |
] S 3 f Tappet |
| L )
BT ) .
7 V T L — m
= 7 j
jramsg
Fuel feed pump Fuel cam
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FUEL INJECTION EQUIPMENT YPES-AL

1-3 Functioning of fuel injection pump

T 5

4 1 J 1] i——ﬁl— P

22— -€I> [ 10
3

1 5 '. 9

7

O WE | 8

AMOUTT

1. Plunger 6. Delivery valve seat

2. Plunger barrel 7. Control sleeve

3. Lead groove 8. Control rack

4. Intake port 9. Fuel leak return groove
5. Delivery valve 10, Protector

The fuel injection pump supplies pressurized fuel to
the injection nozzles 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 lead
groove is helically cut in the plunger, and this leads to
a connecting groove which rises to the top of the
plunger.

There is a port in the plunger barrel which serves as
both an intake and discharge port. The fuel comes
through this port into the plunger chamber, 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

chamaber. Fuel injection ends when the pressurized

fuet has been discharged. This happens when the lead
groove lines up with the port, {as the plunger rises and
the pressure in the fuel injection pipe drops).

The control sleeve groove is fitted to the plunger
flange. The ball on the control sleeve is fitted in the
control rack groove,

The rack controls the plunger, allowing continuous
changes in the volume of fuel injected from zero to
maximum. A fuel leak return hole is provided in the
plunger barrel. This returns fuel which leaks through
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the gap between the plunger and the barrel to the fuel
lines, preventing dilution of the lubricant in the cam
chamber.

Intake/discharge
port

Plunger barrel

Helix

{Lead groove) |-~ Connecting groove

Plunger
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Fuel Supply System

1-4 Injection volume control

(1

{2

—

(3)

Full injection volume position

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

This setting is normally used for starting and max.
output operation.

Effective stroke

Half injection volume position

Discharge ends earlier as the rack is moved to-
wards zero from the maximum setting.

The fuel injection volume is decreased accordingly.

Effective stroke ﬁ

SISV

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).

FUEL INJECTION EQUIPMENT YPES-AL

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

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

¢
/

(1

|
!
a
Suck-back
stroke

At the same time, the suck-back collar {1) blocks
off the fuel injection pipe and the delivery cham-
ber, and the valve continues descending until the
seat (2) comes in contact with the barrel. The fuel
oil pressure in the fuel 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.
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FUEL INJECTION EQUIPMENT YPES-AL

1-5 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 controlling the fue!
injection quantity. It quickly responds to changes in
rpm by adjusting the position of the control rack.

YPES-AL fuel injection pump is equipped with the all
speed type governor. The governor is available in 2
types: one has the torque rise spring [angleich spring)
{Fig. 1), and the other has the smoke cut spring
fangleich spring) (Fig. 2}.

Fig. T Governor with torque rise spring

=

Governor
lever

Governor
shaft

lever

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 cutwards by the centrifugal force acting on the
weight.

The thrust force on the cam shaft due to this cen-
trifugal 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 to the right
upper end of the tension 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 control lever towards
full, the governor spring is pulled and the load gradual-
ly rises.

The tension lever can 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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Fuel limit bolt A i
{Stopper)

™~
Speed control

Angleich spring

n: ;
/,/ i
Shifter O

Excess fuel spring
(Start springr

Governor |
spring

Tension lever

T

h
E‘
o
11

) N —

)

Sleeve / Governor weight Camshaft

The governor lever rotates smoothly on the same
governor shaft. The bottom part of this lever is in
contact with the sleeve through the shifter, which is
itself in contact with the bottom of the tension lever
through the excess fuel 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
movement of the lever controls the volume of fuel
injected by the pump. As the speed increases, the lever
rotates clockwise and moves the control rack to reduce
fuel, and when the speed falls the lever rotates counter-
clockwise 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 governor case to limit
the maximum fue! injection volume,
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Fig. 2 Governor with smoke cut device

| —

7

-

AR

‘-.
AS r]
1 dr—
i
s

I
;

§
—-ln.l
T 1T

lever
Pin

Smoke cut

Fuel limit bolt
for start

Tension lever

Fuel limit bolt
{Stopper)

Pin
53

Rear cover

Idle sub-spring

Angleich spring
{Smoke cut spring)

FUEL INJECTION EQUIPMENT YPES-AL

LUl

_,
=
=

Angleich lever
(for smoke cut}

Excess fuel spring

for start
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Types of governor according to structure

A number of different governors are equipped with

the YPES-AL series fuel injection pump. Each is

designed in accordance with individual engine struc-

tures and parts.

{1) Shape of control and stop levers
The control and stop levers that operate the
governor have different shapes depending on
engine design and method of attachment, as seen
in the pictures below. The motion of the control
lever is regulated by the maximum speed adjust-
ment bolt and the idling adjustment bolt. These
maintain the necessary engine speed.

Maximum speed

adimtm?f g—g: |
B
)
EF L
PN
| @ O '!‘I\, ‘ S

{dling adjustment bolt
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{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 on the intended purpose.

—

]
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{3) Torque rise equipment
This governor can be equipped with an angleich
spring for torque rise.
It is therefore suitable for use with varicus engines.

/ .
0
: —_
i 5
=t/ — T

Rated output
rack position
Without torque
rise device

Rack position: R (mm)

Cam speed: N¢ (rpm}

FUEL INJECTION EQUIPMENT YPES-AL

{4) Smoke cut device

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

The smooke cut spring decreases fuel injection to
minimize black smoke, which would otherwise occur
just after the engine is started or an idling engine is
started rapidly, (the speed control lever is turned to
“FULL.™, as for a marine engine.

Governor
rear cover

PRI e I

N\

Tension lever Angleich lever
{for smoke cut)

Angleich spring
(Smoke cut spring}

Fuel decreasing stroke

for srnoke cut
Rated output

rack position

Rack position {(mm)

Cam speed {rpm)
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1-6 Function of Governor

{1) Function of governor

The following is a representation of the movement
characteristics of the control rack at respective
speeds rising from 0, with the governor control

lever at the maximum speed position.

(2)

Starting control

Moving the control lever to the max. speed posi-
tion pulls the governor spring, and moves the
tension lever until it comes in contact with the
control stopper. When this is done, the excess fuel
spring located between the tension lever and
governor lever holds the control rack at the max.
starting injection volume position Ra 8.

After the engine is started, the excess fuel spring is
compressed as the centrifugal force of the governor
weight overcomes the set load of the excess fuel
spring. As the speed exceeds Nb, the speed changes
from B to C' {on models with an angleich spring)
or B to C {on models without an angleich spring).
The rack reaches the position of Rc, at which the

A Max. control lever position
I Low-idle control lever position
c c / b
[%:]
g
S K
£ hacelany
— 1
£ 3
T ({8 No Ioad ra
Ck positio

g : (2K position |

R

{iM

Cam speed ———=
A-B: Fuel volume condition during starting. Volume is

B-C:

C-D:

D-E:

E-F:

F

TT @

controlled by excess fuel spring.

The rack moves to decrease injection after the
engine starts and the speed increases, (as the load
of the excess fuel spring is overcome by the
centrifugal force of the governor weight).

High torque at low speeds is obtained by increas-
ing the fuel injection volume in keeping with the
angleich stroke.

The condition when the thrust force exceeds the
force of the angleich spring on the bottom of the
tension lever, This gradually pushes the rack to
lower fuel injection as the engine speed increases.
The condition when both the right and left ends
of the shifter come in contact with the sleeve and
the bottom of the tension lever, and the control
rack is held in the normal position by the stopper,
{max. injection volume paosition on models not
equipped with an angleich spring).

The point at which the governor spring starts to.

take effect. This is the rated output of the engine.
The point at which the governor starts to take
effect on models with a torque spring.
Continuous rating point {(usually 85—90% injec-
tion volume of F point).

No load max, speed

Low-idle position
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governor lever and tension lever are interlocked.

Ra.B
RC

ey

RSt

Injection volume

Control tever p—?ffor\ _____ Increase  Decrease
Rated speed satling ﬁ

Full load stopper |
Tension Iever/ I

Angfeich spring assembly

Excess fuel spring

A mm
RSt
Ra-B

Shifter

(models with angleich spring}

“RGC

Rack position

No

Nc

Cam speed
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(3) Idling }-ﬁf—Rated rack position
idling is controlled by the governor and excess | o
fuel springs because this governor is not equipped Cantrol lever E‘_“‘ rjection volume
uei springs because this g quipp! rated speed position i ‘Increase Decrease
with an idling spring (however some engines are S &+ —
equipped with an idle control spring for torque A

decrease). As the control 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 excess fuel spring load in
equilibrium to maintain the idling speed at {R1 ).

Rt | Tension lever

_ﬂ_T._No load rack position
po!

Control lever Pl Injection volume
rated speed pasition '-_,,- Increase Decrease

Ay .'-’\‘ '@' Ig H

Cantral lever ~
idling position n {5} Importance and function of angleich
Full load stopper The engine air intake efficiency falls as the speed
O increases, while the pump injection characteristics
tend to rise with speed. Accordingly, the governor
must satisfy the injection curves represented in the
Tension lever diagram below in order to obtain sufficient output
at low speed, and not to emit black smoke at high
L speed. The angleich spring was devised to provide
for maximum torgque at low speed by setting the
injection volume at point A, and shifting the injec-
tion volume to point B' at high engine speed.

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

Required injection volume curve

{4) Maximum speed

The angle of the control lever is set for the engine
speed, The governor keeps the engine speed con-
stant 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.
output, the governor spring tension increases, the
tension lever is pulled until it comes in contact Engine speed ——e=
with the full load stopper, the movement of the
governor lever is transmitted to the control rack
via the link, maintaining the full load rack posi-
tion, and engine speed increases until the governor
weight thrust load and governor spring tension
come into equilibrium at full load max. speed.

Injection volume per stroke——s—

The angleich spring is mounted on the lower part
of the tension lever (however some engines are not
equipped with an angleich spring, depending on
usage and speed range utilized].

If the engine speed is low, the governor weight
cannot compress the angleich spring because the
angleich spring load is larger than the governor
weight thrust load, and the control rack is held at
a position (Rc) to increase the injection volume,

10
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Furthermore, the angleich spring is gradually com-

pressed as the engine speed rises, This is because
the increased governor weight thrust load exceeds t with angleich spring
the angleich load before high speed control is ef- il
T ——
fected. When the governor lever and the bottom of E J——
the tension lever come into contact (end of angleich = 1T
stroke}, the injection volume is reduced by that g - [
amount, and the rack reaches the rated position 2 no angleich spring
{Re ).
RC —d
Rag AE
Engine speed ——
. . - j E% Injection volume
Control lever po.rﬂfn o N/ nnl Increase Decrease
Rated speed setting e 4 (6} Necessity of torque spring and function
! Engines used in construction machinery are sub-
”' jected to sudden loads which cause a decrease in
I speed and sometimes result in stopping of the
Full load stopper P pee > e _ Stopping
) ! engine. A torque spring is provided to move the
Tension lever control rack for a higher injection volume when
== 0O engine speed falls. The higher tarque can withstand
_ _ 2 overloads and prevent the engine from stopping.
Angleich spring assembly = The governor control lever is fixed at point G in
\ _ ! the diagram on the right, the continuous rated
E 5 output position. If the engine is loaded, the tension
- IJ = lever encompasses the torque spring, the control
S s rack comes away from full load stopper, and this
Governor lever ) fluctuates between G and H according to engine
—=— Angleich stroke
load.
If the load on the engine exceeds the continuous
rated output, the speed falls and the governor
spring tension exceeds the governor weight thrust
load to overcome the torque spring set load. The
- tension lever then gradually causes the control rack
: to increase the injection volume. The torgue rise
Angleich \ stroke ends when the control rack reaches F'.
£ ;‘é set position} C D
E & - \E F -~ RF°
T w T Rack set position
© ? RG
c \ E Injection volume
8 H Control lever RS o 2
= \ ated speed position T N g “% Increase Decrease
] G o
E 9
3 \ ' N
- g
nc no ne | HOTT s
T ; i Jb=xXT
Cam speed orque spring | Iz
Torque rise stroke -
= O
g D A
a1
b
1
i [
3
|| St
a5 —H-

11
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——
£ |
: \
« \c . F' F
: K3
0 )
= G (Continuous
g8 rated output}
-
[+
L]
[+
o> H
!
ne| nef ng
Cam speed

)

o

=]

[=%

=]

=}

Engine speed ——e=

The torque spring thus pravides for increasing
injection volume as the speed falls. This increases
the engine torgue and in turn prevents engine stop-
ping due to sudden increases in load. This also
contributes to strong engine output characteristics,

{7) No-load maximum speed

When the load decreases from full load max. speed
and engine speed increases, the increased thrust
load of the governor weight acting on the governor
spring through the tension lever exceeds the set
ioad of the spring. The tension lever and governor
lever descend clockwise; the control rack is pushed
to the no-toad injection volume position {(RH} and
the engine is operated at no-load max. speed.

When the engine is being used at a partial load, the
governor spring functions in the same way at a
lower speed (i, i""—j) as for full load max. speed,
{because the governor spring set load is also
smaller).

R mm

Rack position

FUEL INJECTION EQUIPMENT YPES-AL

——RE
= RG

Injection volume

S e

Governor lever

T
'\ {with angleich spring}
0
e
w 'I\ [
o© —- — D
Rated rack set position Li
'
L ]
L]
[
[ ]
Iy
| —————— — HES— .
No ioad rack position '
[ 3
1

Cam speed NC rpm

{8} Stopping the engine

The engine stops when you turn the governor con-
trol lever all the way to stop.

On engines equipped with a stop device, the engine
can be stopped by moving the control rack to the

stop position, regardless of the control lever posi-
tion,
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2. Disassembly, Reassembly and Inspection
of Governor

. Governor case

Governor case cover

. Contral lever

. Governor lever assembly

. Governor lever

. Tension lever

. Bushing

. Spring pin

. Excess fuel spring

10. Shifter

11. Washer

12. Governor shaft

13. Control lever shaft

14. Governor spring

15. Stop lever

16. Stop lever shaft

17. Angleich spring assembly

18. Fuel stopper assembly
{limit bolt}

19. Governor weight assembly

20. Governor weight

21. Pin

22. Governor weight support

. . ; . 23. Governor weight nut
The figure shows the governor with torgue rise spring. 24. Gavernor sleeve

13
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2. Disassembly, Reassembly and Inspection of Governor FUEL INJECTION EQUIPMENT YPES-AL

2-1 Governor disassembly {7) Put a rod {10 mm (0.3937 in.} in dia. or less) in
one end of the governor lever shaft, and tap the
. i governor shaft until the O-ring comes out from the
{2) Remove the angleich spring assembly. other side of the governor case.

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

(1) Remove the governor case cover,

(3) Remove the governor case bolt. Remove the
governor case (parallel pin} from the fuel pump
unit while fightly 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.

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

{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) Remave the snap-rings on both ends of the governor Note: The governor assembly consists of the governor
lever shaft, lever, tension lever, bushing, throttle spring
and shifter, and is normally not disassembled.
The spring pin is removed when you replace

the shifter or throttle spring.

14
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2. Disassembly, Reassembly and Inspection of Governor FUEL INJECTION EQUIPMENT YPES-AL

{13) Remove the governor weight assembly from the

{10) When you need to pull out the control lever shaft,
fuel pump cam. Use the governor weight pulling

remove the control lever tightening nut, lightly

tap the control lever shaft with a wooden hammer, tools.
and pull it out from the inside of the governor
case.

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

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

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

{12) Remove the governor weight nut and washer with
a box spanner, stopping it with the hole in the fuel
pump coupling or holding the coupling with a vise.
Screw the governor weight nut back in, {two or

three times). Replace if:
{1) It does not open and close smoothly.

2-2 Inspection of governor
Inspection of governor weight assembly

{2) The contact surface with governor sleeve is ex-
tremely worn.

{3) The governor weight support/pin is worn or the
caulking is loose.

{4) The governor weight support stopper is excessively
worn,

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

15
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2. Disassembly, Reassembly and Inspection of Governor

Inspection of governor sleeve

Contact surface with shifter

Contact surface with
governor weight

AN
L

/
1
N

Sleeve inner dia.

Replace if:
(1) The contact surface with the governor weight is
worn or there is pitching.

(2} The contact surface with the shifter is consider-
ably worn or there is pitching.

(3) The governor sleeve does not move smoothly
above the cam shaft due to governor sleeve inner
dia. wear or other reasons.

Inspection of governor lever assembly

(1) Measure the clearance between the governor shaft
and bushing, and replace if it exceeds the limit.

mm (in.)
Standard Standard Limi
Dimension Clearance Imit
Governor shaft — 0065 ~
outer dia. 9.986 ~9.995 0124 0b
Bushing inner dia.| 10.060~10110 | @30 | (0.019€)

(2) Inspect the shifter contact surface, and replace the
shifter {always disassemble by removing the pin) if
it is worn or scorched.

{3} Disassemble and replace excess fuel springs that are
settled, broken or corroded by pulling the spring
pin.

{4} Check link parts for bends or kinks that will cause
malfunctioning, and replace any parts as necessary.

NOTE: 1. Side gap on top of governor lever shaft.
mm {in.)

0.4~ 08 (0.0157 ~ 0.0315)

Standard side gap

2. Replace the governor lever, tension fever,
bushing, shifter and throttle spring as
an assembly.

FUEL INJECTION EQUIPMENT YPES-AL

Inspection of springs

{1} Check the governor spring and other springs and
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 governor spring.

S

Inspection of angleich spring assembly

Replace if:
{1} There is wear to the sliding surface of the piston
or the surface which contacts with the shifter,

{2} If the assembly is broken.

/
Angleich
spnng i
I
= -
Contact
rf
Piston suriace

Inspection of torque spring assembly.

Replace if:
{1) The tip of the piston or the contact surface are
worn.

{2) The torgue spring is broken,

Torque spring

Contact surface

o R[

Printed in Japan
AQA 1030



2. Disassembly, Reassembly and Inspection of Governor
FUEL INJECTION EQUIPMENT YPES-AL

2-3 Assembling the governor (3) When the control lever shaft has been removed,
lightly tap the control lever shaft and washer from
inside the governor case, using an appropriate
plate.

{4) If the governor has been disassembled, tap in the

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 to obtain spring pin.
the specified performance. (5) Mount the governor link to the governor lever
{1} Insert the governor weight assembly to the taper assembly.
portion at the end of the fuel pump camshaft. NOTE: 1. Make sure that the correct governor link
Stop it through the hole in the fuel pump coupling mounting holes are used, and that it is
or by holding the coupling with a vise. Mount the mounted in the correct direction.
spacer, and tighten the governor weight nut, 2. Make sure that the governor link moves
- smoothly.
Governor weight 40 ~45kgm {6) Hook the governor spring on the control lever shaft

tightening torgue

and tension lever hooks.

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

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

17
Printed in Japan
AOA 1030



2. Disassembly, Reassembly and Inspection of Governor FUEL INJECTION EQUIPMENT YPES-AL

{9) 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, and
connect the governor link with the rack link,

{7} Put the governor lever shaft assembly in the
governor case, insert the governor lever shaft until
the Q-ring groove protrudes from out the opposite
side of the governor case, and fit the O-ring.

/] Spring set bar

%
Fuel

injection

G
Governor case

% L
A

Link connecting spring

—TRT

Spring pin um——y)

Rack fink —//

Governor link

7
| |
NOTE: 1. Fit the O-ring to the side you tapped it {10} Fit the link connecting spring to the spring pin
in from. at the rack link with the spring set bar by pushing
2. Coat the O-ring with the silicon oil for the rack link into the governor link.
protection during insertion,
3. D_on’t forget to place washers on both {11} Mount the governor case to the fuel pump unit,
sides of the governor lever. lightly tapping it with a wooden hammer, and
(8} After mounting the O-ring, tap the governor lever tighten the bolts.
in the opposite direction, and mount the E-shaped
stop rings on the grooves at both ends. (12) Mount the governor case cover.
NOTE: After mounting the governor lever assembly, (13) Insert the control lever to the control lever shaft,

make sure that it moves smoothly. and tighten the nut.

NOTE: Move the control lever back and forth to
make sure that the entire link moves smooth-

fy.

18
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3. Disassembly, Reassembly and Inspection of
Fuel Injection Pump

]

o—s
T—a
g—=5
G—71 4
B—o—
&g

1. Fue! injection pump body 12. Plunger 23. Roller guide

2. Delivery valve holder 13. Protector 24. Roller

3. O-ring 14. Fuel injection pump camshaft 25. Bushing

4, Delivery valve stopper 15. Bearing 26. Plunger spring seat B
5. Delivery valve spring 16. Bearing 27. Plunger spring

6. Delivery valve assembly 17. Bearing holder 28. Plunger spring seat A
7. Delivery valve 18. Qil seal 29. Control sleeve

8. Delivery valve seat 19. Adjusting shims 30. Control rack

9. Packing 20, Tappet stepper 31. Aux. spring
10. Plunger assembly 21. Tappet assembly 32. Adjusting shims
11. Plunger barrel 22. Pin 33. Pumgp bottom cover

19
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

FUEL INJECTION EQUIPMENT YPES-AL

3-1 Disassembly of fue] 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 NOTE: Do not disassemble the fuel feed pump. See
up. instructions for fuel feed pump for details.

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

Preparation

1. Wash off the dirt and grease on the outside of the
pump with cleaning oil (kerosene or diesel oil)
befare disassembly.

2. Perform the work in a clean area.

3. Take off the fuel pump bottom cover and remove
the lubrication oil.

4. Turn the fuel pump upside down to drain the
fuel oil.

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

20
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

FUEL INJECTION EQUIPMENT YPES-AL

{4) Turn the camshaft and push the roller guide
support pin into the hole on the stopper groove of
the roller guide.

NOTE: If the carnshaft does not turn, put double NOTE: 1. Be careful not to damage the oil seal with
nuts or a coupling on the end of camshaft. the threaded part of the camshaft.
2. Be careful not to lose the shims between
the pumo and bearing holder.

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

Roller guide and drive side bearing.
support pin

(5) Remove the camshaft woodruff key.
(6} Remove the 4 holts of the bearing holder.

(7) Place a screwdriver in the two grooves on the
camshaft bearing holder mounting surface, and
pul! out the camshaft bearing holder.

21
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3. Disassembly, Reassembly and Inspection of Fuel Infection Pump FUEL INJECTION EQUIPMENT YPES-AL

{9) Install the fuel injection pump on the pump {11} Remove the parts of the roller guide by hand in
the following order: plunger spring seat B, plunger,

fixture base.
spring, plunger spring seat A and control sleeve.

. .y

MY

Fixture base

{10} Push the roller guide from underneath with the
roller guide push lever and pull out the pushed
support pin [item {(4}] .

NQTE: All of the roller guides will fall out when the
fuel pump is stood up. So, first remove the
rotffer guide support pin and roller guide for
one cylinder at a time.

NOTE: The plunger spring may make the roller guide
and plunger, etc. fly out when the plunger
support plate is removed.

22
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump
FUEL INJECTION EQUIPMENT YPES-AL

{12) Remove the control rack, (15} Push up the lower part of plunger barre! from the
bottom of the pump, and take out the plunger
barrel from the top of pump.

NOTE: Be careful not to lose the spring and seats
attached to the control rack.

{13} Remove the delivery valve holder.

NOTE: Keep each plunger barrel and plunger taken
out before as a set.

(14} Remove the delivery valve assembly.

NOTE: 1. Be careful nat to lose the delivery valve
packing, delivery valve spring, delivery
valve stopper and other small parts.

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

23
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump FUEL INJECTION EQUIPMENT YPES-AL

3-2 Inspection of fuel injection pump 2) Inspect the plunger barrel seat. .
{1) Inspection of plunger If there are burrs or discoloration, repair or replace

as this will lead to dilution of the lubricant.
1} Thoroughly wash the plungers, and replace plungers
that have scratches on the plunger lead or are {4) Inspection of fuel camshaft and bearings

discolored. S 1} Fuel camshaft
2) The plunger is in good condition if it slides down Inspect for scratches or wear of camshaft, deforma-

smoothly when it is tilted at about 60°. Repeat tion of key grooves and deformation of screws on
this several times while turning the plunger. Repair both ends, and replace if necessary.
or replace if it slides down too quickly or if it stops 2) Bearings

part way. Replace if the taper rollers or outer race surface
are flaked or worn.

[

NOTE: Replace fuel camshafts and bearings together.

(5} Inspection of roller guide assembly

1) Roller
Replace if the surface is worn or flaked.

{2} Inspection of delivery valve

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

1) Replace as a set if the delivery valve suck-back 3) Replace if the play of the roller guide assembly
collar or seat is scratched, scored, scuffed, worn, pin/roller is 0.2 mm {0.0078 in.) or more.
etc. 4} Roller pin

2} The valve is in good condition if it returns when Replace the roller pin if its play in the radial
released after being pushed down with your finger direction is great.

{while the holes in the bottom of the delivery
guide seat are covered). Replace if necessary.

3) Likewise, the valve 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 parts, wash with diesel oil
and perform the above inspection.

{3) Inspection of pump

1} Inspect for extreme wear of the roller guide slid-
ing surface. Scratches on the roller pin sliding sur-
face are not a problem.
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

FUEL INJECTION EQUIPMENT YPES-AL

{6) Inspection of rack and control sleeve

1} Rack
Inspect the bending of the rack and wear or defor-
mation of its fit with ball of control sleeve.

2) Control sleeve
Inspect for wear or deformation of the ball and fit

1o the plunger.

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

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

{8) Inspection of oil seals
inspect oil seals to see if they are burred or scratch-
ed.

{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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3-3 Reassembly of fuel injectio pump

Preparation

After inspection, arrange and clean all parts.

See Inspection of Fuel Pump for 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.

28~ 28kg'm

tightening torque

NOTE: Coat the silicon oil with the O-ring.

B

L

Match mark

25



3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

(2} Insert the packing, delivery valve assembly, spring,
and stopper from the top of the pump, in that
order, and tighten the delivery valve holder.

Delivery value holder

tightening torque 4.0 ~45kg'm

{3) Place the control rack.
NOTE: 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 cycie.

{5) Mount the plunger 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.

26

FUEL INJECTION EQUIPMENT YPES-AL

{7) Mount the plunger spring seat B on the head of
the plunger, and fit the plunger in the lower part
of pump. The match mark R-1 on the plunger
flange should be on the left as seen from the
driving side of the pump.

NOTE: This is important, because if the plunger is

mounted in opposite direction, the spill way

will be reversed.

TR
o 30 J_/

Plunger insert device
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{8) Insert the rolier guide, pushing it up from the {9} Fit the bearings to both ends of the camshaft, and
bottom of the pump with the roller guide push insert from the driving side,
lever, and insert the support pin in the hole on the
roller groove.

{10} Fit the oil seal on the inside of the bearing holder
and mount the bearing holder.

NOTE: Coat the camshaft and the Gil seal with silicon
oil to prevent the oil seal from being scratch-
ed.

tightening torque ! 0.6 ~0.7kg'm

NQTE: Check the movement of the rack. If the move-
ment 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
assernbly and tighten then lightly.

{11) Tap in the camshaft woodruff key.

27
Printed in Japan
AOA 1030



3. Disassembly, Reassembly and Inspection of Fuel Injection Pump FUEL INJECTION EQUIPMENT YPES-AL
1 -

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

{13) Make sure that the roller guide stop groove is in the
correct position, and tighten the roller guide stop
bolts.

tightening torque l 0.6 ~ 0.7 kg*m
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4. Adjustment of Fuel Injection Pump and Governor

FUEL INJECTION EQUIPMENT YPES-AL

4. Adjustment of Fuel Injection Pump and Governor

Adjust the fuel injection pump after completing re-
assernbly. The pump itself must be readjusted with a
special pump tester when you have replaced major
parts such as the plunger assembly, roller guide assemb-
ly, fuel camshaft, etc. Procure a pump tester like the
one illustrated below.

4-1 Preparations
Prepare for adjustment of the fuel injection pump as

follows:
(1} Adjusting nozzle assembly and inspection of injec- )
i tarting pressure. mm {in.
tion starting p Tester used £, [ Part code number
110 150
Y .
anmar (4.3307) | (5 90665 121978-51010

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

kgfem? {Ib/in ?)

Adjusting nozzle type .
See separate

Injection starting pressure service data

{2) Adjusting injection pipe.

mm (in.} Rack indicator
: : See separate
Inner dia./fouter dia, x length service data
Minimum bending radius 25 {0.98}

{3) Mount the fuel injection pump on the pump tester
platform.
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4. Adjustment of Fuel Injection Pump and Governor

FUEL INJECTION EQUIPMENT YPES-AL

(7} Complete fue!l oil piping and operate the pump
tester to purge the line of air,

(8) Set the oil feed pressure from the pump tester to
the injection pump at the pressure specified in the
separate service data sheet.

R

I = Gy

F {Stroke)
4-2 Adjustment of pre-stroke
— {1} Remove the delivery valve holder of No.1 cylinder.
Rack indicator Remove the delivery valve spring, delivery valve
Part number 121978-51500 and gasket.
(2} Screw the pre-stroke measuring device in the screw
hole on the top of pump.

(5} Check the control rack stroke {3) Set the control rack to the full throttle position,
Make sure the rack position is at 1420.5 mm on find the bottom dead center of the plunger while
the indicator scale when the governor control rotating the pump by hand, and set the dial in-
lever is set at the maximum operating position. dicator to zero.

If it is not at this value, change the link connect-
ing the governor and control rack.
NOTE: Links are available in 1 mm (0.0394 in.)
increments.
{6) Remove the plug in the oil filler port of the gover-
nor case, and fill the pump with about 400 cc of
pump oil or engine oil.

Pre-stroke measuring device
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4. Adjustment of Fuel Injection Pump and Governor

FUEL INJECTION EQUIPMENT YPES-AL

A

(4) Slowly rotate the pump in the normal rotation
direction by hand, and measure the plunger lift
until fuel flow stops from 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.

Adjusting shims thickness

PRNAI AR b =
nhrwh-ooNG,

(6) Repeat the above procedure to adjust the pre-
stroke of each cylinder,

{7) After adjustment is completed, insert the gasket,
delivery valve, delivery valve holder and spring.
Tighten the delivery valve holder.

Delivery valve holder _
tightening torque 4.0~ 4.5kgm

4-3 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 injec-
tion range}, turn the camshaft clockwise, and
check the injection starting 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 looking from drive side

(2) Now set the tester needle on the flywheel scale in a
position where it is easy 1o read, and check the
injection timing several times according to the
injection order.

. ) N
Printed in Japan
AOA 1030

No. of cylinders 3 4
Injection order 1-2-3-1 | 1-3-4--2-1
Iniection interval 120° 90°
Allowable deviation +30°

3

Readjust the prestroke 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
adjusting shims is as follows:

—

Change in injection timing
Cam angle | Crank angle

Change in shim thickness

0.1 mm (0.0039 in)) 0.4° 0.8°




4. Adjustment of Fuel Injection Pump and Governor
L

4-4 Plunger pressure test

{1) Mount the pressure gauge to the delivery retainer
of the cylinder to be tested.

1000 kgiem?
{14223 Ibfin )

M12x15

Max. pressure gauge reading

Connecting screw dimensions

{2} Set the governor control lever in the stop position,
operate the injection pump at about 200 rpm, and
make sure that the pressure gauge reading is 500
ka/em? (7110 ib/in?) or more. All the time
lightly move the control rack towards 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 oil is not leak-
ing from the delivery retainer or fuel injection
piping, and that there is no extreme drop in pres-
sure.

4-5 Delivery valve pressure test

(1) Perform the plunger pressure test in the same way,
bringing the pressure to about 120 kg/em?® (1706
Ib/in.?}, and then stopping injection.

Pressure gauge

{2) After the pressure has risen to the above value,
measure the time it takes to drop from 100 ~ 90
kg/cm? (1422 ~ 2702 Ib/in2).

32
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100 + 90 kg/cm?
(1422 + 1280 Ib/in?)

5 seconds
(to drop 10 kg/cm? {142 I6/in.?))

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

4-6 Adjusting injection volume
{uniformity of each cylinder}
The injection volume is determined by the fuel injec-

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

4-6.1 Measuring injection volume
{1) Preparation

Set the pump rpm, rack position and measuring
stroke to the specified value and measure:

Pump RPM
Pump rotating direction

Rack indicator scale
reading

See separate service data
Right logking from drive side

See separate service data

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

Measuring stroke

Specified injection volume
at standard rack position
Nonuniformity of cylinders

See injection pump
service data

4-6.2 Adjustment of injection volume

{1) Adjustment of injection volume: loosen the two
nuts on the flange of the plunger barrel, and turn
the plunger barrel to the right or left.

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

(3) After completing the measurements, retighten
the nuts of plunger barrel fiange.

Tightening torgue 26~ 2.8kgm

{4) If not aligned with the match mark, make a new
match mark.
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4-7 Adjustment of governor

4-7 .1 Adjusting the fuel limit bolt

(1) Adjust the tightness of the fuel limit bolt to bring
the rack position to the specified value (R, ) with
the governor control lever ali the way down
towards the fuel increase position. Keep the pump
at rated rpm N, .

14t0.5
I
| Full load position
|
2 :
21{R) v———':'—*
2 |
™ |
&2 | [ T
€ i | L
x g, ,__4_,___ |
L R T S N | _}_
1 L 1
] i [
1 1 ot
0 A 2 1 |
N, Ny N, N

Pump {rpm)

{2) Measure fuel injection volume at rack position
{R:).

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

4-7 2 Adjusting RPM limit bolt

{1) Gradually loosen the governor control lever while
keeping the pump drive condition in the same
condition as when the fuel limit bolt was adjusted,
and adjust the tightness of the RPM limit bolt to
the point where the rack position just exceeds the
specified value (R, ).

Caontrol lever
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{2) Check maximum RPM at no load
Further increase rpm, and make sure that rack
position (R, = R, — L} corresponding to maximum
rpm at no load is within specified value (N, ).

No 1oad max. RPWM

(Purnp RPM) See separate service data

4-7 .3 Adjusting idling
{1} Maintain the pump rpm at specified rpm (N3 ).

idling adjustment bolt

Control lever

tdling rem {Pump RPM) See separate service data

{2} Measure the injection volume as you lower the
governor control lever to the idling position, and
adjust the position of the contro! lever with the
idling adjustment bolt to bring it to the specified
value.

Measuring stroke
Idling injection volume

See separate service data

4-7 4 Check the injection volume when starting

{1} Make sure the control rack moves smoothly as
you gradually reduce idling rpm.

(2} Nexty. fix the governor control lever at full load
position with the pump at the specified rpm (N, }.
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.

For models with a fuel limit bolt for starting,
adjust to the specified injection volume with the
fuel limit bolt.
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Pump rpm {Na4) 200 rpm

Rack indicator scale 135145
Measuring stroke 500st
Injection volume See separate service data

4-7.5 Check injection stop

Drive the pump at no load maximum rpm (N, }. With
governor contro! lever in the full load position, operate
the stop lever on the governor case, and make sure that
injection to all cylinders is stopped.

4-8 Adjustment of torque rise
There are some models which obtain torque rise with
angleich and torque springs incorporated in the fuel

injection pump as an injection volume increasing
mechanism.

J ¥ b~
Fuel limit bolt b © /_ O
o b
1 | )
; V =
Angleich spring”’ L

4-8.1 Models with angleich spring

For models with an angleich spring, perform this
adjustment after finishing the speed limit bolt adjust-
ment.

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

{2) Bring the governor control lever to the full load
position, and keep the pump speed at the specified
peak torque (N ),

{3} Remove the governor case cover in this state and
screw the angleich spring assembly to the tension
lever. Screw in from the contact position with the
governor lever {(when controf lever starts to move),
so that the injection volume at torque rise is within
the specified values {§ deg.)

E +0.5
E 14
‘g Torque rise stroke
L]
< R .
s ll \
2 : !
= (R.} : ! X
ﬁ + I t :
& ! ' 1
Ropnfooe : o
! ! : | '
' ' ! P
¢ 1
R?“"'—"";_—_“' ——————— - r—"-T
! { ! ‘L !
1 i | } !
: ; l I
[ Ny, Nj N, N, N

Pump speed (rpm)

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

kg-m {Ib-ft)
25~ 31808~ 21.69)

Lock nut tightening torque

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

(5} Bring the fuel injection pump back to the rated
speed. Make sure that the control rack smoothiy
displaces the torque rise stroke, and that rack
position (R,} and injection value are within the
specified value at (N, ) rpm.

4-8.2 Models with torque spring

The torque rise spring is corporated in the fuel limit
bolt, and is used as an assembly.

Perform this adjustment after finishing the speed
limit bolt adjustment.

Dummy nut in contact
with torque spring.

Neaiia Al

e

Dummy nut

Torque rise
stroke clearance

Use the dummy nut during adjustment as shown in the
fig., without torque rise stroke, and remove it after
completing adjustment,
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4.8.3 Smoke cut spring

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

Fuel decreasing stroke
E for smoke cut
£ |-
2 1
8 Raf-—--- \
N | |
e !
b= I
8 ! 1
2 l i
= | 1
% I
] ! |
o |
1 |
Ng N,
Pump speed (rpm)
FEC
Rear cover

Tension lever

Angleich lever
. [for smoke cut)
Smoke cut spring

Smoke cut spring
control revolutions

Smoke cut spring
control injections

See separate service data

Before Adjusting the smoke cut spring assembly,

adjust (1} the fuel limit bolt, and
(2) the revolution limit bolt.
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(1) Turn the contro! lever to “"FULL LOAD,” and
keep the fuel injection pump at the specified
smoke cut spring control revolutions (Ns ).

{2) Remove the rear cover from the governor, Screw
the smoke cut spring assy. in the thread of the
tension lever until it comes into contact with
the angleich lever. Further screw in the smoke
cut spring assy. to the position in which the
specified injection is attached (Re). {The smoke
cut lever moves in the direction of “DECREASE
of injections’}.

{3) Tighten the lock nut to the specified tightening
torque. Attach the governor rear cover,

Lock nut tightening torque 25-3.0kgm

{4) Run the fuel injection pump at the rated revolu-
tions (N1} once again. Check whether the control
rack smoothly changes fuel decreasing strokes.
Finally, make sure that rack position {(R1) and
injection at revolutions (N1) meet the specification.
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5. Automatic Advancing Timer

5-1 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 to high speed, the
injection timing must be changed according to engine
speed to maintain it at the optimum timing.

The automatic timer uses centrifuga! force to auto-
matically adjust injection timing.

Model
{dentification code
Advanced angle

See separate service data

Timer assy.

Circlip—ap

Spring retainer —&

Spring guide

Shims-E@

Timer hub

Retainer Spacer

Flyweight Circlip

|dentification code

36

5-2 Function and characteristics of timer

The flyweights are pressed against the center of the
flyweight by the springs. As speed increases, the
centrifugal force of 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 com-
pressed (according to the rise in speed advancing the
timing}, the advancing angle remains proportional
to speed.

Advancing angle

1 1 1 I i

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
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5-3 Timer disassembly

Timer assy,

{1} Remove the camshaft box nut.

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

(3) The retainers and weights can be removed when
you take off the circtip and plate tightening bolts
and separate the timer gear and timer hub.

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

5-4 Timer inspection

{1) Inspect the timer spring, and replace if there is
excessive settling or corrosion.

{2) Inspect the retainer guide groove of the timer
weight, retainer, and gear it comes in contact
with, and replace if wear is excessive or move-
ment is not smooth.

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

wear.

Note: Recheck advancing angle when replacing weight
or spring, and readjust as necessary with adjust-
ing shims.
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Timer weight

Circlip
Timer spring

Retainer

Retainer guide
groove

Timer gear

Plate tightening
balt

Plate

55 Timer reassembly
{1} Fix the plate by the tightening bolts.

kg-m{ftlb)

Tightening torque 23-271166-195)

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

kg-m{ft-ib)
125-135(904 - 97.6)

Tightening torque
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6. Fuel Feed Pump

5-1 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 quide,
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.

When the cam is lowered, the piston is pushed back by
the piston spring and the fuel behind the piston
chamber is forced to the fuel pump. The negative pres-
sure which develops in the piston chamber makes the
suction valve open and fills the piston chamber with
fuel.

Holder —— @

Valve spring

Valve—@

Gasket

Pump housing

Gasker

Plug

=

N

Piston spring

Priming pump

Valve spring

-Valve
Gasket O-ring
!
Snap ring
bfbKﬁﬂuer

Roeller pin

Interspindle olier guide
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Automatic pressure control mechanism

As the delivery pressure of the fuel pump climbs,
the pressure at the back of the piston also rises, over-
coming the piston spring force, and hindering the
lowering of the piston. Thus, the fuel flow automatical-
ly stops, and the fuel pressure is maintained within
a fixed range.

o -
Qutlet :ﬂ —l Inlet
(* D\
L Inside chamber
Inside chamber » Inlet
Qutside chamber inside chamber
Qutside chamber
Qutside chamber [i ! |:
y allg Cutlet
At rated pressure rise
When the outside chamber pressure
overcomes the piston spring force,
the piston is pushed up and separated
from the push rod.
5-2 Fuel Feed Pump Disassembly NOTE: Play in the valve seat hinders the opening and
Follow the procedure below to disassemble the fuel closing of the valve, causing insufficient fuel
feed pump. supply and abnormal wear of the tappets and
(1) Remove the piston spring stopper plug, and pull camshaft.

out the piston and piston spring. 5-4 Fuel Feed Pump Reassembly

2} R h i
(2) Remove the snap ring, and pull out the tappet {1} To reassemble the fuel feed pump, follow the as-

assembly, .
(3) Pull out the int i sembly procedure in reverse order,
vt od e|n.er-.spm 8. (2} When the pump has been reassembled, perform
(4) Remove the priming pump. the air-tightness test.
{5) Remove the discharge valve spring stopper, and Apply 3 kg/cm? of air pressure to the discharge
remove the valve and spring from inside. outlet of the pump, and check for air leaks from
(6) Remove the O-ring. the O-ring. If air is leaking, replace the O-ring.

5-3 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,

—
Air pressure kgliem®

Container filled
with diesel fuel

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

(5) When there is play in 2 valve seat which has been
calked into the feed pump body, the whole fuel
pump body must be replaced.

. . 39
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5-5 Fuel Feed Pump Adjustment
1. Testing procedures for the fuel feed pump

Set the fuel feed pump on the injection pump, and
operate the assembled unit on the pump tester.

Fuel piping should be provided directly from the tank,

not 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. If 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 Tm

- Withi trokes
Suction pipe dia. ¢8 ithin 30 stro

Start of delivery

Pressure gauge
0 — 10 kg/em?

Valve (A)
Valve (B)

Feed pump

Equipment for feed pump test

40

{2) Max. delivery feed volume test

You will need the special equipment for conduct-
ing max. delivery pressure and delivery volume
tests.

Max. delivery pressure test

NOTE: 1. Do not run the eguipment for more than

5 minutes since the fuel injection pump
may be damaged if operated in non-
injection condition.

2. Operate the injection pump at the speci-
fied rpm, and read the pressure gauge
indicator when valve B is tightened
completely. Tighten valve A so that the
pressure gauge indicator does not move
when the pressure is applied.

e Volume pressure {kg/cm?): 2.2 — 3.2
¢ rpm: 600

Replace the piston spring if it is defective.

(3) Delivery test

Operate the fuel injection pump at the specified
rpm, open valve {B) until the pressure gauge indi-
cator shows 1 kg/fem?, and measure the delivery
rate for one minute.

* Volume {(¢/min.}: over 1.8
* Back pressure {(kg/cm?}: 1
e rpm: 1000

Delivery test
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7. Fuel Injection Nozzle
[

7. 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 combustion efficiency, engine performance and
fuel economy.

Accordingly, the fuel injection nozzles must be kept in
top condition to maintain performance and operating
efficiency.

6-2 Type/construction of fuel injection nozzle
{1) Hole type fuel injection nozzle

Identification Mark

Nozzle holder

Fuet starting pressure adjusting shim

Nozzle spring

Nozzle spring seat
Stop plate

Nozzle

Nozzle body

Nozzle clamp nut
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6-1 Functioning of fuel injection nozzle

Fuel from the fuel injection pump passes through the
oil port 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 fuel is injected.

Oil that leaks from between the nozzle valve and
nozzle 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,

FO.return pipe joi
Nozzle holder eturn pipe joint

jl// Nozzle cover
i

Fuel starting pressure —__ |
Adjusting shim

Nozzle spring — |

Dowel pin

Nozzle spring seat

Stop plate
Nozzle valve

Nozzle nut
Nozzle bedy



7. Fuel Injection Nozzle

Hole

F.O. reservoir

Nozzle vaive

Nozzle body

=s-——— Injection hole

—

Nozzle opening

200 — 210 Kg/em?

pressure

Nozzle angle 160°

No. of nozzles x dia. 5 x0.26

ldentification No. 150P265K0
{Nozzle type) (YDLLA-P}

Engine maodel 3,4TN100

{2) 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

{Sampte}

DLL A — 150 P 24400

YANMAR

Mounting angle
ol nozzle on
cylinder head

Code A: atangle
No code: not at angle

Type (DLL: semi-long type}

|——De5ign code

{——Nozzle size Psize

Ssize

Spray angle

Identification number

FUEL INJECTION EQUIPMENT YPES-AL

6-3 Fuel injection nozzle disassembly

NOTE:

1.

2

Disassemble the fuel injection nozzle in
a clean area as for fuel injection pump.
When disassembling more than one fuel
injection nozzle, keep the parts for each
injection nozzle separate {i.e. the nozzle
for cyiinder 1 must be remounted in
cylinder 1).

(1} When removing the injection nozzle from the
cylinder head, remove the high pressure fuel pipe,
fuel leakage pipe, etc., the injection nozzle retainer
nut, and then the fuel injection nozzle,

Fuel injection nozzl

Protector

{2} Put the nozzle in a vise

Seat

NOTE: Use the special nozzle holder for the hole
type injection nozzle so that the high pressure
mounting threads are not damaged.

{3) Remove the nozzle nut

Box spanner
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NOTE: Use a special socket wrench for the hole type
{the thickness of the rwo nozzle nuts is 15

mm (0.5906 in.)).
{4) Remove the inner parts

NQOTE: Be careful not to loosen the spring seat, ad-
justing shims or other small parts.

6-4 Fuel injection nozzle inspection

6-4.1 Washing

{1) Make sure to use new diesel oil to wash the fuel
injection nozzle parts.

(2) Wash the nozzle in clean diesel oil with the nozzle
cleaning kit.

Nozzle cleaning kit

1) Diesel Kiki nozzle cleaning kit:
Type NP-B4868 No. 5789-001

2} Anzen Jidosha Co., Ltd. nozzle cleaning kit:
Type NCK-001

(3) Clean off the carbon on the outside of the nozzle

body with a brass brush.
{4) Clean the nozzle seat with cleaning spray.
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{5) Clean off the carbon on the tip of nozzle with a
piece of wood.

{6) Clean hole type nozzles with a nozzle cleaning
needle.

Nozzle cleaning needle (piano wire}
0.2mmdia. wire, 22mm long * 5 wires

/e i}

28210-000010

Part code no, I

6-4.2 Nozzle inspection

{1} Inspect for scratches/wear
Inspect the 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 ciean diesel
oil, 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 places where it does not
slide smoothly,

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

Hole type
Nozzle contact surface .

Seal surface =~

mm {in.}
0.1 {0.0039)

Nozzle contact surface wear limit

{4) Inspecting the nozzle spring

Replace the nozzle spring if it is extremely bent,
or if the surface is scratched or rusted.

(5) Nozzle holder
Check the oil seal surface for scratches/wear;
replace if wear is excessive.

6-5 Fuel injection nozzle reassembly

The fuel injection nozzie 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/nozzle
set and tighten the nut.

(2) Use the special holder when tightening the nut for
the hole type nozzle, as in disassembly.

Nozzle nut tightening torque kg-m [ft-Ib)

Hole type nozzle 445 (289~ 325)

44

6-6 Adjusting fuel injection nozzie

6-6.1 Adjusting opening pressure

Mount the fuel injection nozzle on the nozzle tester
and use the handle to measure injection starting pres-
sure. If it is not at the specified pressure, use the adjust-
ing shims to increase/decrease pressure {both hole and
pintle types).

Hole type

Nozzle tester

Injection starting pressure kg/fcm? (ibfin2)

Injection starting pressure ] 195~ 205 (2773 ~ 2915)
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6-6.2 Injection test

After adjusting the nozzle to the specified starting
pressure, check the fuel spray condition and seat oil
tightness.

{1) Checking the seat oil tightness

After two or three injections, gradually increase
the pressure up to 20 kg/cm? (284 Ib/in.?). Before
reading the starting pressure, maintain the pressure
for 5 seconds and make sure that no oil is dripping
from the tip of the nozzle,

Test the injection with a nozzle tester, retighten
and test again if there is excessive oil leakage from
the overflow coupling.

Replace the nozzle as a set if oil leakage is still ex-
cessive.

Injection spray condition

Operate the nozzle tester lever once or twice a
second and check for abnormal injection.

{2

T

1) Hole type nozzles
Replace hole type nozzies that do not satisfy the
following conditions:

Proper spray angle {6}

Correct injection angle («)

Complete atomization of fuel

Prompt starting/stopping of injection

[

Spray from each nozzle
hole is uniform

Poor *Excessive difference
in spray angle (8)
*Excessive difference
in injection angle {a)
*Incomplete atomization
*Sluggish starting/stopping
of injection

"
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8. Troubleshooting

8—1 Troubleshooting of Fuel Injection Pump

Complete repair means not only replacing defective
parts, but finding and eliminating the cause of the trou-
ble as well. The cause of the trouble may not
necessarily be in the pump itseif, but may be in the
engine or the fuel system. If the pump is removed
prematurely, the true cause of the trouble may never
be known. Betore removing the pump from the engine,
at least go through the basic check points given here.

Basic check points
* Check for breaks or oil leaks throughout the tuel
systemn, from the fuel tank to the nozzle.

» Check the injection timings for all cylinders. Are they
correctly adjusted? Are they too fast or too slow?

* Check the nozzle spray.

*+ Check the fuel delivery. Is it in good condition? Loosen
the fuel pipe connection at the injection pump inlet, and
test operate the fuel feed pump.

8—2 Major Faults and Troubleshooting

Fault Cause Remedy
1. Engine Fuel not (1) No fuel in the fuel tank. Resupply
won't delivered to {2} Fue! tank cock is closed. Open
start. injection {3) Fuel pipe system is clogged. Clean
pumg. (4) Fuel filter element is clogged. Disassemble and clean,
or replace element
(8} Air is sucked into the fuel due to defective connections Repair
in the piping from the fue! tank to the fuel pump.
(6) Defective valve contact of feed pump Repair or replace,
(7) Piston spring of feed pump is broken. Replace
{8) Inter-spindle or tappets of feed pump are stuck. Repair or replace
Fuel (1} Defective connection of control lever and accel. rod of Repair or adjust
delivered injection pump.
to injection {2) Plunger is worn out or stuck. Repair or replace
pumgp. (3) Delivery vaive is stuck. Repair or replace
(4} Control rack doesn't move. Repair or replace
(5) tnjection pump coupling is damaged, or the key is broken, Replace
Nozzle (1) Nozzle valve doesn't open or close normally. Repair or replace
doesn't work. | (2} Nozzle seat is defective. Repair or replace
(3) Case nut is loose. Inspect and tighten
(4) Injection nozzle starting pressure is 100 low. Adjust
{5) Nozzle spring is broken. Replace
(6) Fuel oil filter is clogged. Repair or replace
{7) Excessive oil leaks from the nozzle sliding area. Replace the nozzle assembly
Injection {1) Injection timing is retarded due to failure of the coupling. Adjust
timing is {2) Camshaft is excessively worn, Replace camshaft
defective. {3) Roller guide incorrectly adjusted or excessively worn, Adjust or replace
(4) Plunger is excessively worn. Replace plunger assembly
2. Engine starts, but {1} Fuel pipe is clogged. Clean
immediateiy stops. {2) Fuel filter is clogged. Disassemble and clean,
or replace the element,
(3) Improper air-tightness of the fuel pipe connection Replace packing; repair pipe
or pipe is broken and air is being sucked in.
{4) Insufticient fuel delivery from the feed pump. Repair or replace
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Fault Cause Remedy
3. Defective (1) Knocking sounds caused by improper {too fast) injection timing. Inspect and adjust
Engine's injection {2) Engine overheats of emits large amount of smoke due Inspect and adjust
output is timing, and to improper {too slow) injection timing.
insutficient. | other failures. (3) Insufficient fuel delivery from feed pump. Repair or replace
Nozzle (1) Case nut is loose. Inspect and retighten
maovement (2) Defective injection nozzle performance. Repair or reptace nozzle
is defective {3} Nozzle spring is broken. Replace
(4) Excessive oil leaks from nozzle, Replace nozzle assembiy
Injection (1} Max. delivery limit bolt is screwed in too far. Adjust
pump is {2} Plunger is warn, Replace
defective. {3) Injection amount is not unifarm, Adiust
(4) Injection timings are not even. Adjust
(5) The 1st and 2nd levers of the governor and the control Repair
rack of the injection pump are improperly lined up.
(6) Delivery stopper is loose. Inspect and retighten
{7} Delivery packing is defective. Replace packing
{8) Delivery valve seat is defective. Repair or replace
(9) Delivery spring is broken. Replace
4. ldhng is rough. {1} Movement of control rack is defective.
1} Stiff plunger movement or sticking. Repair or replace
2) Rack and pinion fitting is defective. Repair
3} Movement of governor is improper. Repair
4} Delivery stopper is too tight. Inspect and adjust
{2) Uneven injection volume. Adjust
{3) Injection timing is defective. Adjust
{4} Plunger is worn and fuel injection adjustment is difficult. Replace
(5) Governor spring is 100 weak. Replace
(6) Feed pump can't feed oil at low speeds. Repair or replace
(7) Fuel supply is insufficient at low speeds due to clogging Disassemble and clean,
of fuel filter. of replace element
5, Engine runs at high (1) The wire or rod of the accelerator is caught. Inspect and repair
speeds, but cuts out {2) Control rack is caught and can't be moved. Inspect and repair
at low speeds.
8. Engine doesn't reach {1} Governor spring is broken or excessively worn. Replace
max. rpm. {2) Injection performance of nozzle is poor. Repair or replace
7. Loud knocking. {1} Injection timing is too fast or too slow. Adjust
(2} Injection from nozzle is improper. Adiust
Fuel drips after each injection.
(3) Injection nozzle starting pressure is too high. Adjust
(4) Uneven injection. Adjust
{5) Engine overheats, or insufficient compression. Repair
B. Engine When exhaust | {1} Injection timing is too fast. Adjust
emits smoke is {2} Air volume intake is insufficient. Inspect and repair
;orr?oT:ch black: (3} The amount of injection is uneven. Adijust
(4) Injection from nozzie is improper. Repair or replace
When exhaust | (1} Injection timing is too slow. Adjust
srmoke is (2) Water is mixed in fuel. inspect fuel system,
white: and clean
(3) Shortage of lube oil in the engine. Repair
{4) Engine is over-cooled. Inspect
47
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9. Tools

Name of tool Shape and size Application

Pump mounting support
for Yanmar tester
121978-51010

Measuring device
{cam backlash)

121978-51050

Plunger insert
121978-51100

Pump fixture base
121978-51150

Roller guide push lever
121978-51250

Roller guide support pin
121978-51200
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Name of tool

Shape and size

Application

Rack indicator
121978-51500

Control rack blind cover

Rack indicator

Weight extractor
158090-51400

Nozzle plate
158090-51700

Prestroke measuring device
121978-51350
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Name of tool

Shape and size

Application

Pressure gauge
121820-92540

Pressure gauge
0 — 1000 kg/cm®

M12x 15

Spring set bar
121978-51610

Timer extractor
144626-92700
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10. Fuel Injection Pump Specifications
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Model

4LH-DTE

Fuel injection equipment assembly code number

(1) +(2} + (3)

719173 - 51300

(1) +{2) + {3) + (4}

Assembly code number

{1) | Fuel injection pump

Part code number

119100 - 51101

Plunger diameter mm ¢9.5
Plunger barrel assembly - .

Lead angle deg 457 Lower lead {right}

ldentification number R4

Part code number 128400 - 51300

Suck back volume: Qg mm?/st 51
Delivery valve assembly

Angleich cut mm 0.20

ldentification number

Cam shaft

Part code number

119187 - 51030

(2} | Governor

Assembly code number

Governor weight

’_Part code number {type}

119173-61200 (2 weights)

Part code number

120323 - 61710

Governor spring Spring constant kg/mm 0.963
Free length mm 51
Type Angleich spring for smoke cut

Smoke cut device

Part code number

119187 - 61550

Engine stop davice

Pulling stop lever

(3) | Fuel feed pump

Assembly code number

719000-52700

Type Piston type
- Assembly code number
{4} | Automatic advancing timer _Advan(;ed angle: @ carﬁ. deg. 1.5° -
o ldentification number 7 o 7“15
Injection order {Count from driv;je) 17 :3 -4 -2-1 o
Injection interval - _E);: N

Remarks

Governor with smoke cut device

Printed in Japan
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11. Service Data FUEL INJECTION EQUIPMENT YPES-AL

11. Service Data

Adjustment Procedure of Fuel Injection Pump/Governor Model 4LH-DTE
Adjustment specification Engine spec. Calibration spec.
Adjust the following procedures Nozzle type 150P315K0T
1. Models with angleich spring or torque spring Injection start pressure Kg/em? 240
1} Pre-strpke adjustment Fuel injection pipe D/d x L mm #6/¢1.8 x 500
2} Checking the rack position at full open of the governor ~ . _ -
3)  Adijusting injection volume when starting (N4, R4} Prestroke - _mm 1.0 (4.5)
4) Adjusting injection volume at rated (N1, R1) Pump speed: N1 rpm 1650
Mode! with torque spring: tentative limitation
5} Adjusting uniformity of injection volume at low idling (N3, Q3} Bacl; position mm —25
6} Adjusting injection volume when torque rise {N5, Q5) Rated (indicator scale): R1 ,
. load Measuring stroke st 1000
2. Models with smoke cut spring .
1) Pre-stroke adjustment Injection volume: Q1 B cc 97
2} Checking the rack position at full open of the governor Variation +3%
3} Adjusting injection volume at rated (N1, R1) p 1830
4) Adjusting uniformity of injection volume at fow idling (N3, Q3) No load ump speed: N2 L rpm
5) Adjusting fuel decreasing device max. Rack position mm _
6) Adjusting injection volume when starting (N4, R4) speed (indicator scale): R2
{by fuel limit bolt for start) Pump speed: N3 rpm 395
Idling Measuring stroke ' st 1000
. : ; ; ; position
Test fuel: Diesel fuel JIS No. 2 or SAE J967d {Calibration fluid) Injection volume: Q3 ce 9
Fuel oil temperature: 40 — 43°C (104 — 110°F
P ( ) Variation 120%
Fuel feed pressure: See data in the table. s
Pump speed: N4 rpm 100
Fltac!_< position mm _
Starting (indicator scale}: R4
Measuring stroke st 1000
Injection volume: Q4 cc 110 O
e -
408 T Pump speed: N pm 660
- . £ Fuel decreasing stroke ’ .
% Torque rise stroke @ i for smoke ¢t - Screw-in angle: 8 deg. -
- [ PR O P Angleich
g N ! spring Measuring stroke st 1000
3 N i ’
2 g UT:U\ ! :L Injection volume: Q5 ce 70
- 2 oo I ‘ '
8 PR SO S A S Variation
¢ R :
o ) | 1
} ) : N, N,
Purmnp speed (rpm} Pump specd {rpm}
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Chapter 4 Intake and Exhaust System

1. Intake and Exhaust System
4LH Series

1. Intake and Exhaust System

1-1 Intake and exhaust system for 4LH-TE

Air goes from the air sitencer, through the turbocharger and a
rubber hose to the intake manifold and is fed to each cylinder.
Exhaust gas goes from the heat exchanger (fresh water Mixing elbow
cooler) to the turbocharger connected to the heat exchanger
(fresh water cooler), to the mixing elbow mounted to the
turbocharger, and is discharged from ship along with waste
cooling water.

Turbocharger

Air Imake air silencer Heat exchanger (Fresh water cooler)

Intake manifold

NOTE: ¢ Charging Air 3
# Exhaust gas and sea water

Printed in Japan 41
AOA 1030



Chapter 4 Intake and Exhaust System
. Exh
1. Intake and Exhaust System ALH Series

1-2 Intake and exhaust system for 4LH-HTE/4LH-DTE

Air introduced from the intake air silencer passes through the
air duct to the air cooler where it is cooled, and is then distri-
buted to each cylinder via the intake manifold.

Exhaust gas goes from heat exchanger(fresh water cooler),
through the water-cooled turbocharger to the mixing elbow
and is discharged with the sea water.

Mixing elbow

Turbocharger

Intake air silencer

Air duct

Heat exchanger

Air cooler

<¥ M A3
- _s \ ’)

Air Cooler Specifications Intake ranifold )

Type [ Seawater cooled, plate fin type

NOTE: = Charging Air
= Exhaust gas and Sea-water

Printed fn Japan
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Chapter 4 Intake and Exhaust System
2. Intake Silencer

41LH Series
"
2. Intake Silencer
2-1 Construction 2-2 Intake silencer inspection
The intake silencer has mesh to reduce noise. (1) Wash the steel mesh of the intake silencer with a neutral

detergent every 300 hours operation. If welds are cracked
or corroded, repair or replace as necessary.

Turbocharger

Intake air silencer

Printed in Japan 4-3
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Chapter 4 Intake and Exhaust System
3. Intake Manifold

3. Intake Manifold

3-1 Inspection

(1) Make sure that air flows through smoothly and clean
out any dirt. Replace if it is excessively corroded,
cracked or otherwise damaged.

{2) Inspect the gasket packings and replace if damaged.

(3) On modeis equipped with an air heater between the
manifold and coupling, inspect the nickel-chrome wires
for breakage, damaged contacts, etc.,

4LH Series

Cylinder head

Y
Intake manifold

Printed in Japan
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Chapter 4 Intake and Exhaust System
4. Turbocharger

4-1. Turbocharger for 4LH-TE, 4LH-HTE

1 Specifications

41LH Series

Turbocharger maker

ISHIKAWAJIMA-HARIMA HEAVY INDUSTRIAL CO., LTD.

Turbing type Radial flow
Blower type o _ Gentrifugal
Bearing type Full floating

Quter lubrication
Water cooled
140,000rpm
RHC61, Spec. No.MY58
© 4LH-TE, 4LH-HTE

Lubrication system
Cooling system
Rated speed at eng. max. rating ouﬁt-;_:ou!
Turbocharger model
Applicable engine mdijel 7

2 Construction

Air outlet

L J
D i Gil inlet
}
o O =0
) o — Air inlet
Gas outlet <l - - ‘ -5 < @
@
RO,
®

\ " 11

Qil outlet

v 1

Gas inlet
e e 19 2 20 23

1. Turbine shaft 13. M6, bait

2. Thrustbush 14. Clamp plate, blower side
3. Oilthrower 15, Turbine chamber

4. Sealring, blower side (Large) 16. M6, bolt

5. Sealring, blower side{Small)  17. Clamp plate, turbine side
6. Sealring, turbine side 18. Bearing chamber

7. Locknut 19. R-ype, stopring

8. Blower wheel 20. M3, screw

9. Sealplate 21. M4, screw

10. Floating bearing 22. Heatinsulating boad
11. Thrustbearing 23. Liquidgasket

12. Blowerchamber

Printed in Japan
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Chapter 4 Intake and Exhaust System
4. Turbocharger

4L.H Series

3 Function

Clamp (Compressor side}

/E;\;he
M6, bolt

Thrust busing a

Retaining ring

Bearing chambert

Turbine chamber

M8, bolt

Clamp (Turbine side)

{1) Turbine
Exhaust air from the engine is accelerated by the
nozzle of the turbine chamber and is blown onto the
turbine {blade) to drive the turbine shaft.
This mechanism is calied the turbine, and is provided
with a seal ring(s) and heat shield to prevent the gas
from adversely affecting the bearings.

{2) Blower
The turbine shaft drives the blower blade mounted on
the shaft. This sucks in and compresses the air and
feeds it to the supply pipe.
This mechanism is called the blower.

(3) Bearings

1) Thrust bushings
The thrust bushings prevent the turbine shaft from
rotating due to the constant centrifugal force.
2) Radial bushings

Floating type radial bushings are used. When com-
pared with the narmal fixed type, this kind of bushing
provides for an innerfouter double oil film, and as the
bushings rotate with the shaft, the bushing surface
sliding speed is less than the turbine shaft rotating
speed. This in turn facilitates increased dynamic
stability.

Printed in Japan 4-7
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,»\.
\\\; Blower wheel chamber
A M4, screw

Seal plate

Seal ring (Small)

Sealring (L.arge)

M3, screw
Thrust bearing

Floating bearing

{4) Blower side seal mechanism

A double-walled sealing plate is provided at the back of
the blower blade to prevent air or oil leakage.

{5) Water-cocled type
‘Turbocharger with fresh water cooling piping in the
turbine housing.

-

Coaling water

Charging air Exhaust gas




Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series

4 Turbocharger model name plate

Cooling water Turbocharger model name plate

Spec. MY58 L

Production date

Turbocharger spec. name

Serial No. RHCE L

Parts No. [

iy

L __ “IHI" serial No.

Yanmar part No.

Charging aw Exhaust gas

48
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Chapter 4 Intake and Exhaust System

4. Turbocharger

4LH Series
5 Disassembly, assembly
5.1 Preparations for disassembly
The foliowing special tools are required for disassembly of
the turbocharger, in addition to the standard tools.
Name of tool Use lltustration
mim {in.)
| 106 (417} ————— @10
(0.39)
Bar To remove thrust metal and thrust bushings
Material:  Copper or brass
Pliers To remove floating bushing stop ring
Pliers To remove seal ring
Torque driver
5 ~ 50 kg-cm To mount thrust metal and seal plate C:Cﬂ@

(0.36 ~ 3.62 ft-1b)

Standard Model

Box wrench

To tighten turbine shaft
11mm x 12 square

| —

Box only may be used

Torque wrench

For following bolis
M&: 10mm
54 ~ 125kg-cm {3.9 ~ 9.04 ft-Ib}

Indicator

To measure play in shaft and axial direction
{horizontal and vertical}

———————} [ @30t

M2.6 x P0.45

92 ’
(0.3149) (3.6220} I

Mount to dial gnuge

Printed in Japan
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Chapter 4 Intake and Exhaust System

4. Turbocharger .
4LH Series
Name of tool Use and illustration
To measure play in shaft and axial direction 25 {0.1968) .
{horizontal and vertical) A10 mm {in.)
(0.3937} ]
_ I B
- 20(0.7874
/ N R5 {0.1968) ( )
Indicator — o 8
M2.6 x P0.45
8 60 11 24
(0.3149) (23622) (0.4331) {0.9449) Mount to dial gauge

To take ¢ut seal plate

) 80 (3.1496) @6 (0.2362)
M6, thread l o 50 (1.9685) T
Pulling out device g . !_ / I

& - \ ! ' | 1| e 20-25mm

Y ! L0 | (0.7874 ~ 0.9843)

) Ll ! 11
! | 1

‘ 110 {4.3307)
4-10 Printed in Japan
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Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series

5.2 Inspection prior to disassembly

(1} Make sure that the turbine and blower blades are not in
contact and that the rotor rotates smoothly.

{(2) Measuring rotor play. mm (in.)
Standard Wear limit
Rotor play in radial 0.10~0.14 0.18
ofshatt ... | .{00039~00055) | (0.007%)
Rotor play in axial 0.05~0.08 0.11
direction {0.0020 ~ 0.0032) (0.0043)

5.3 Disassembly

Make match marks before disassembling the turbocharger
to show how the super charger is mounted on the engine.
This determines the angle at which the turbine chamber,
bearing chamber and blower chamber are mounted.
(1) Removing blower chamber

1) Remove the M6 mounting bolts, and blower side clamp

piate.
2) Remove the biower chamber.

NOTE: 1. The blower chamber and bearing chamber moun-
ting surfaces are coaled with a liquid gasket.
2. Be careful not to scratch the blower blade when
disassembling the blower chamber.

(2) Removing blower wheel.
1) Fit a box wrench 11mm (0.4331 in.) to the end of the
turbine side of the turbine shaft and remove the shaft
end nut.

NOTE 1: The box end nut has feft handed threads.

NOTE 2: Turbine shaft, blower wheel and shaft-end nut all
carry maching marks scribed after unbalance
adjustment.

When re-assembling, it must be made sure all
marks match.

2) Remove the blower wheel.

(3) Removing turbine chamber
1) Remove the turbine chamber mounting Mé bolts.
2) Remove the turbine chamber.

{4) Pulling the turbine shaft
1) Lightly hold the heat shield by the hand and pull out
the turbine shaft.

NOTE: If the turbine shaft is hard to pull out, lightly tap
the blower side end of the shaft with a wood
mallet.

2) Remove the heat shield.

NOTE: If the heat shield is hard to remove, tap it lightly
with a caulking chisel.

(5) Removing the seal plate
1) Loosen the M4 flat seal plate mounting screws with a
plus torque driver and remove them along with double
grip (tooth} washers.
2) Remove the seal plate.
NQTE: The seal plate and bearing chamber mounting
surfaces are coated with a liquid gasket.

3) Remove the oil ring seal from the seal plate.
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(6) Remaving the thrust metal and thrust bushing
1) Loosen the M3 flat seal plate mounting screws with a
plus torque driver and remove them along with the
double grip washers.
2) Use a copper rod to remove the thrust metal and thrust
bushing.

{7) Removing the floating metal (bushing)
1} Remove the round R stop ring from the bearing
chamber with stop ring pliers.
2) Remove the floating metal frormn the bearing chamber.
{8) Removing seal ring
1) Remove the turbine side seal ring from the turbine
shaft.
2) Remove the large and small blower side seal rings
from the oil seal.

5.4 Preparations for reassembly

{1) When the turbocharger is reassembled, special tools,
liquid gasket (Three Bond N0.1207S or Three Bond
No0.1215} and burning preventative agent are needed in
addition to the standard tools.

(2) Always replace the following with new parts when
reassembling the turbocharger:

Turbine side seal rings
Blower side seal rings (large)
Blower side seal rings (smali)
M3 and M4 flat screws

5.5 Reassembly

{1) Reassembly of floating metal
1) Mount the inside round R stop ring in the bearing
chamber with stop ring pliers,
2) Fit the floating metal in the bearing chamber.
3) Mount the outside round R stop ring in the bearing
chamber.

NOTE: 1. The round R stop ring opening should be mount-
ed as shown in the illustration. The round part
of the stop ring should be mounted on the
metal

Lube oll inlet

g
=
@
3
o
&

Near the turbine

‘Match up contact surface

All other cases

NS

Looking from turbine side



Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series

NOTE 2: When mounting, coat the floating metal with engine
oil.

{2) Reassembly of the turbine shaft
1) Insert the seal! ring in the turbine shaft.
2} Mount the heat shield on the turbine side bearing
chamber.
3) Coat the journal of the turbine shaft with engine oil
and insert from the turbine side of the bearing
chamber.

NOTE: Take adequate care not to scratch the floating
metal with the turbine shaft.
The seal ring opening should face the oil intake
and be inserted aligned with the turbine shaft
center.
Lube oil inlet

{}

dhY
./

Seal ring {turbine side)

{3) Reassembly of the thrust metal
1) Insert the thrust bushing in the turbine shaft.
2) Coat the thrust meta! with engine oil and mount it in the
bearing chamber.
3) Fit the thrust metal mounting M3 flat screws and tighten
with the torque driver.

kg-cm (ft-Ib)
| 12 ~ 14 (0.86 ~ 1.01)

Tightening torque

{4} Mounting seal plate
1) Insert the seal ring in the oii thrower.
2) Insert the seal plate in the oil thrower.

NOTE: The seal ring opening should face the direction indi-
cated in the illusiration below.

Lube oil intake side

z
AR\

Leoking frorm blower side

Rotation of turbine

3) Coat the blower side seai plate mounting surface of the
bearing chamber with the liquid gasket (Three Bond
No.1207S or Three Bond No.1215).

4-12

i

Tk

Coat here

L
|

|
Bearing chamber-—1""|

Be careful that the
liquid gasket does
not leak towards
this area.

mm {in.}
0.1 ~ 0.2 (0.0039 ~ 0.0078)

Coating thickness [

NOTE: See the illustration for where to coat it.

4) Mount the sealing piate on the bearing chamber.
5) Put the double grip washers on the sealing plate mount-
ing M4 flat screws and tighten with the torque driver.

kg-cm (ft-1b)
35 ~ 41(2,.53 ~2.97)

Tightening torgue |

{5) Mounting blower wheel.
1} Put the blower wheel on the turbing shaft.
2) Tighten the turbine side shaft end nut of the turbine shaft
with a box wrench {(11mm (0.4331in.}}

NOTE: The shaft end nut has a left handed thread.
kg-cm (ft-1b}

50 ~ 58 (3.62 ~ 4.20}

Tightening torque |

{6} Mounting turbine chamber
1} Mount the turbine chamber, aligned with the match
marks made before disassembly.

NOTE: When replacing parts, mount after checking the oil
intake/discharge and exhaust gas intake positions.

2) Put on the turbine side clamp plate for tighten with the
M8 hex bolt.
Make sure to bend the washer after tightening the M6
bolt.
kg-cm (ft-1b)
120 ~ 130 (8.68 ~ 9.40)

Tightening torque {

(7Y Mounting blower chamber
1) Coat the blower side flange surface of the seal plate
with the liquid gasket (Three Bond No.1207S or Three
Bond No.1215).

mm {in}

0.1 ~ 0.2 (0.0039 ~ 0.0078)

Coating thickness |

2) Align the match marks made before disassembly and
mount the seal plate in the blower chamber.
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Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series

NOTE: When replacing parts, mount only after checking
oil intakeldischarge and air discharge positions.

3) Replace on the blower side clamp plate tighten with the
M6 bolt.

Tightening torque I

kg-cm (f1-1D)
75~85(5.42 ~6.15)

(8) Measuring rotor play
See on inspection procedure — the measuring procedure
is the same.
Rotor play above the standard is usually due to improper
assembly or use of the wrong part — reassemble.

S mm {irm)
et e e e B Standard
0.05~0.08
Rotor play in direction of shaft ’ (0.0020 - 0.0032)
- o 0.10~0.14
Rotor play in axiat direction ‘ (0.0039 ~ 0.0059)

5.6 Disassembly/reassembly precautions

Observe the following during and after mounting the
turbocharger on the engine.

Be especially careful to prevent the entrance of foreign
matter into the turbocharger.

{1) Precautions on mounting the turbocharger.

Lube oil system

1) Run new engine oil through the oil intake holes before
mounting on the engine, turn the turbine shaft by hand
and lubricate the journal metal (bushings) and thrust
metal.

2) Wash the engine oil intake pipe and oil discharge pipe,
check for damage and make sure it is not clogged up
with dirt or other foreign matter.

3) Make sure that there is no oil leakage from the oil
pipes and joints after assembiy.

Intake system
1) Make sure that there is no dirt or other foreign matter
in the air intake system.
2) Make sure that there is no air leakage from the air sup-
ply duct/air cleaner connections.

Exhaust system

1) Make sure that there is no dirt or other foreign matter
in the exhaust gas system.

2) Make sure not to mix up the special heat resistant
bolts and nuts with the regular bolts when mounting
the parts. Coat the bolts, nuts, etc. with burning
preventive agent.

(Heat resistant hex bolts are used for the turbine
chamber.)

3) Make sure that there is no gas leakage from exhaust
piping/connections.

Printed in Jipa.
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6 Inspection and maintenance

6.1 Washing

(1) inspection prior to washing
Make a visual inspection of disassembled parts before
washing to check for burning, wear, foreign, matter and
carbon build-up. Make an especially thorough in-
spection in case of breakdowns as a step towards
determining the cause of the breakdown.

Major items

Inspection Location

1) Turbine shaft turbine side seal ring and
back of blade.

2) Around the heat shield mounting of the
bearing chamber and the inside wall of
the bearing chamber.

Carbon build-up

1} Turhine shaft journal, thrust bushing,
oil drain,

2) Floating metal and thrust metal.

3) Around the inner bearing race of the
bearing chamber.

Lubrication
{twear, burning,
discoforation)

1} Inside wall of the turbine chamber,

2) Quter circumnference of the bearing
chamber and arcund the heat shield
mounting.

3) Turbine side seal ring of the furbine
shaft and the back of the blade.

4) Inside wall of the blower chamber.

5) Back of the blower blade,

6} Back of the seal piate and portion
where the seal ring is inserted.

Qil leakage




Chapter 4 Intake and Exhaust System

4. Turbocharger

4LH Series

(2) Washing procedure

Keep the following in mind when washing the parts.

Itam

ToolsiCleaning Agent

Procedure

(1) Turbine shaft

1. Tocls
(1) Bucket
(500 x 500)
(2) Heat source
steam or gas burner
{3} Brush

2. Solvent.
Solvent for removing
carbnized material

{1) Bail the turbine shaft in the washing bucket. Do not hit the
blade to remove the carbon.

{2) Soak in the cleaning agent until the carbon and other
materials adhering to the surface become soft.

(3) Use a plastic scrubber or hard hair brush to remove the
softened foreign matter.

{4) Be very careful not to scratch the turbine shaft bearing surface
or the seal ring grooves.

{8) Any foreign matter will unbalance the turbine shaft,
so be sure to clean it well. Do not use a wire brush,

{3) Turbine chamber

1. Tools
same as for turbine shaft

2. Solvent
same as for turbine shaft

{1) Boil the turbine chamber in the washing buckel.

(2) Soak in the cleaning agent until all the material adhering to
the surface becomes soft.

{3} Use a plastic scrubber or hard hair brush to remove the foreign
matter.

(3) Blower blade,
blower chamber

1. Tools

(1) Bucket
(500 = 500)

(2) Brush

2. Solvent

(1) Soak in the cleaning agent until the foreign matter adhering
to the surface becomes soft.

{2) Use a plastic scrubber or hard hair brush to remove the
softened foreign matter.
Do not use a wire brush,

(4) Other parts

(1) Wash all other parts with diesel oil.

(2} Clean all lube oit lines with compressed air.
(3) Be careful not to scratch parts or allow them to rust.

AQA 1030
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Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series

6.2 Inspection procedure

{1) Blower chamber
Inspect for scratches caused by contact with the
blower blade, scratches in the mounting surface, any
galling or cracks.
Replace if necessary.

(2) Turbine chamber
Inspect for scratches caused by contact with the tur-
bine blade, flaking due to oxidation of the skin, and
deformation due to heat or cracks.
Replace if necessary.

{3) Blower blade
Inspect for scratches caused by contact, and for
breakage, corrosion or deformation.
Replace if necessary.

{4) Turbine shaft

1) Inspect the portion around the turbine blade for scrat-
ches, breakage, discolcration or deformation, and in-
spect the shaft for bending, discoloration of journal,
abnormal wear, seal ring groove scratches or wear.
Replace if necessary.
2) Measure the outer diameter of turbine shaft journal (A}

and seal ring groove width (E), and replace if beyond
the wear limit.

V-block

mm (in.}
Wear limit
Journat outer dia. A 10.39 (0.4091)
Seal ring groove width E 1.34 (0.0528)

3) Measure turbine shaft undulation and replace if it
exceeds 0.011mm (0.0004in.).
{5) Heat insulating board
Inspect for scratches due to contact, deformation due to
heat, and corrosion.
Reptace if necessary.
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{6) Thrust bushing, coi! seal and thrust metal. Inspect for
wear, scratches, discoloration, etc., and replace if
necessary, even if they remain within the wear limit.

G, G,
Thrust bushing

|
!
i
|

il seal

1) Thrust bush
Measure the thrust bush groove clearance (K}, and

replace if it exceeds the wear limit.
mm (in.)

Wear fimit
4.09 (0.1610)

Thrust bush groove clearance K

2) Qil ring
Measure the seal ring groove width {Gi), (G2} and
replace if it exceeds the wear limit.

mm {in}
Wear limit
. ) G, 1.27 (0.05)
Seal ring groove width
99 G, 1.48 (0.0583)

3) Thrust metal
Measure the thrust metal width (J), and replace if it

exceeds the wear limit.
mm {in.)

Wear limit
3.98 (0.1566)

Thrust metal width J

(7) Floating metal
1} Inspect for abnormal wear, discoloration, scratches,
etc., and replace if necessary.
2) Measure the inner diameter (C) and outer diameter (D)
of the metal, and replace if either exceeds the wear

limit,
mm {in.}
Wear limit
Floating metal inner dia. c 10.45 (0.4114)
Floating metal guter dia. D 14.98 (0.5898)

(8) Bearing chamber

1) Inspect for flaking due to oxidation of the skin, galling
and scratches, and replace if necessary.

2) Inspect the round R stop ring for breakage or cracks
and replace if necessary.

3) Measure the (B) and (F) dimensions of the bearing
chamber as shown in the illustration on the right, and
replace if either exceeds the wear limit.



Chapter 4 Intake and Exhaust System
4. Turbocharger

Inner plate

mm {ir.}
Wear limit
15,10 (0.5945}

17.05 (0.6713)

Bearing chamber inner dia. B

Turbine side seal ring F
area inner dia.

(9) Seal plate
1} Inspect for scratches due to contact, scratches in
mounting surface, galling and cracks and replace if
necessary.
2) Measure the blower side seal ring area (Hs, Hz) and
replace if either exceeds the wear limit.

Seal plate
—4— »
/]
[
H, T H;
Bz
77
. mm {in.)
Wear limit
Blower side seal ring H, 14.05 (0.5532)
area inner dia. Ha 12.45 (0.4902)

(10) Sealring
inspect for wear or deformation and replace if
necessary. (3 pcs)

{11) Inspect retaining plates, bolts and spring washers for
deformation and replace if necessary. Always replace
the M3 and M4 flat screw bend washer and grip washer.

4LH Series

6.3 Pericdic inspection
{1} Periodically inspect the overall condition of super-

charger and the amount of dirt build-up. Inspect at the
intervals specified in the following chart.

Interval
Item 3 months or | & months or | 12 months or
1500 hours | 3000 hours 6000 hours
Rotation of rotor O
Rotor play (o)
Disassembly, cleaning
and inspection of O
entire unit
Cleaning and
inspection of air filter Every 300 hours

(2) Inspection Procedure

1) Rotation of rotor
The rotation of the rotor is checked by listening for any
abnormal noise when it is rotating. Use a listening bar,
placing the tip of the bar firmly against the turbo-
charger and gradually increasing engine rpm. If a loud
noise is emitted every 2 or 3 seconds, rotation is ab-
normal. The turbocharger should be replaced or
repaired as something may be wrong with the metal or
rotor.

2) Rotor play
Remove the turbocharger from the engine and check
the play in the shaft axial and radial directions as
shown below.

3} Rotor play in the shaft axial direction.

Magnet basé
Turbine wheel chember

¢

Dial gauge

Move the turbine shaft

. in the shaft axial direction
Rotor play in the shaft

axial direction

]
mm {in.)
Standard Wear limit
Rotor play in 0.05~0.08 0.11
shaft axial direction (0.0020 ~ 0.0032) (0.0043)
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4) Rotor play in shaft radial direction.
Magretic base
Diai gauge @
Lube oil outlet
1 _ Move the turbine shafl both ways
Play in radial direction
™ Lube oil inlet
mm {in.)
[ Standard | Wearlimit
Aotor playin the I 0.10~0.14 0.18
__ shaftradialdirection | (D.0039~0.0055) | (0.0071)
5)Boost pressure
mmHg{inHg}
| Standard Lower limit
" Eng. Mode! 5 4LH-TE ALH-HTE 4LH-DTE
) §00~737 747~-913 1200~ 1500
Boost pressure (23.62~29.02) {29.41~35.95) (47.24--59,06)
- 477 ~583 639~781 1260~ 1560
Exhaust gas pressure at turbocharger inlet (18.78~22.95) (25.16~30.75) (49.60~61,42)

Testing condition

Max. rating output and back pressure 300mmAq (11.81 inAqg)

NOTE 1) Standard value: Average initial value at YANMAR

test bench.

Lower limit value: The value at which the blower
must be cleaned in order to prevent poor combus-

tion performance (bad exhaust color).

NOTE 2} Make sure to record the boost-pressure figures at
the sea-trial. This figure al the sea-trial shall be
taken as the standard value and 90% value of this
standard value is to be the lower limit value. These
values may be used to examine the engine perfor-
mance in the field where a test bench is not

avaliable.
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J
/ %
7 - %’4
1 (o ?*ﬁDﬁ
HaLgr i I
] g
Ef
E
mm (in.)
itemsto check Standard Wear limit
Turbine shaft journal outer dia. (A) 10.397 ~ 10403 (0.4093 ~ 0.4096) 10.39 (0.4091)
! Turbine side seal ring groove width (E) 1.28~1.30 ) (0.0504 ~0.0512) I 1.34 (0.0528)
Turbine shaft | Blower side seal ring groove width (G,) 1.43~1.44 (0.0563 ~ 0.0567) 1.48 (0.0583)
Blower side seal ring groove width (G,) 1.22~1.23 (0.0481 ~ 0.0484) 1.27 {0.050)
e Turbine shaft play oot {0.0004) 0.011 {0.0005)
Floating bearing inner dia. {C) 10.42 ~10.44 {0.4102 ~0.4110) 10.45 (0.4114)
Bearing _Floating bearing inner dia. (D) 14.99~15.0 (0.5902 ~ 0.5906) 14.9_8 (0.5898)
Bearing set ring inner dia. {B) 15.03 ~15.09 (0.5937 ~ 0.5941) . 15,10 {0.5945)
. Thrust bearing width {J) 3.99~ 4.0t (0.1571 ~0.1579) 3.98 (0.1566)
Thiust bearing - " -
Thrust bushing groove dimension (K) 4'0§f" 4.07 (0.1598 ~ 0.1603) 403 (0.1610)
Turbine side {Bearing wheel chamber) (F) 17.00~17.02 (0.6693 ~ 0.6701) 17.05 (0.6713)
Seal ring tixing area Blower side (seal plate) (H,) 13.99~14.03 (0.5508 ~ 0.5524) 14.05 (0.5532)
Blower side (seal plate) (H,) 12.39~12.43 (0.4878 ~ (0.4894) 12.45 (0.4902)
Play of rotor in shaft axial direction 0.05~0.08 {0.0020 ~- 0.0032) 0.11 {0.0043)
__Play of rotor in radial direction ) 0.10~0.14 (0.0038 ~ 0.0055) 0.18 (0.0071}
Tightening torque
Screw dia. Tightening torque
mm kg-cm (ft-Ib)
Turbine housing 120~130
set bolt Mé (8.68 ~ 9.40)
Blower housing 75 ~85
set bolt M6 (5.42~6.15)
Thrust metal 12~14
set screw M3 (0.86~1.01)
Seal plate 3B-~4
set screw M4 (2.53~2.97)
left hand screw 50~ 58
Blower blade nut M6 (3.62 ~ 4.20)
4-18 Printed in Japan

AOA 1030



Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series

7 Troubleshooting

The engine will not produce the required output if the
turbocharger breaks down. If the engine output drops, first
check the engine to see if anything is wrong, and then
check the turbocharger according to the following pro-
cedure if there is nothing wrong with the engine.

7.1 Excessive smoke
(1} Insufficient air intake

Cause

Remedy

1} Air cleaner is clogged up.
2) Air intake is closed.
3} Leakage from air intake system conneclions.

+ Replace or wash the element.
+ Open to proper position.
* Inspect and repair

{2) Turbocharger does not rotate

Cause

Remedy

Build-up of foreign matter in il on seals inhibiting turbine
shaft rotation.

1}

2} Burned metal
»Insufficient oil or clogging up of supply pipe.
»Qil temperature too high. Rotating parts are out of batance.
+ Insufficient warming up or sharp stopping.

3) Turbine or blower blade knocking something or broken.

* Excessive rpm

s Excessive exhaust gas temperature rise.
+Entrance of foreign matter.

= Worn metal (bushings}

¢ Improper reassembly

* Disassemble and clean turbocharger and change engine oil.

+ Disassemble turbocharger and repair.

* Inspect engine oil supply system, repair any parts as necessary
and change the engine oil.

* Wash or replace rotating parts.

* Read operation manual and operate engine accordingly.

*» Inspect engine parts and adjust.

s Disassemble and thoroughly remove any foreign matter, inspect
the air cleaner, and engine parts, and repair as necessary.

= Disassemble turbocharger and repair.

+ Reassemble

(3) Excessive exhaust gas drag {resistance}

Cause

Remedy

Insufficient turbocharger rpm due to leakage of exhaust gas
before entry into turbocharger.

1

+ Inspect fittings and repair.

2) Insufficient turbocharger rpm due to deformation of * Repair
exhaust system piping.
7.2 White exhaust smoke
Cause Remedy
1) Oil leaking on blower side or turbine side due to clogging * Repair or replace pipe.
or deformation of return piping.
2) Seal ring excessively worn or broken due to excessive + Disassembile turbocharger and repair.
metal wear.
7.3 Excessive oil consumption
Cause Remedy
1) Seal ring excessively warn or broken due to excessive » Disassemble turbocharger and repair.
metal wear.
7.4 Decrease in (engine) output
Cause Remedy
1) Gas leakage from exhaust gas system. « Inspect parts and repair
2)  Air leakage from blower side discharge. pect parts and repair.
3} Air cleaner element clogged up. + Clean or replace element.
4} Turbocharger dirty or damaged. » Disassemble turbocharger and repair, or replace.
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7.5 Poor (slow) turbocharger responsiveness (staring)

Cause

Remedy

1) Carbon build-up on turbine side {blade seal} inthibiting
turbine shaft rotation.

2) Incomplete combustion,

« Disassemble and wash turbocharger and replace engine oil.

« Inspect engine fuel system and improve combustion efficiency.

7.6 Abnormal noise or vibration
{1) Abnormal noise

Cause

Remedy

1) Blower discharge air flows back {surges) when the gas line
area is considerably reduced due to closing of the turbine
chamber nozzle or during acceleration.

2) Rotating parts knocking something.

+ Disassemble and clean turbocharger.

+ Disassemble turbocharger and repair or replace,

{2) Vibration

Cause

Remedy

1) Fittings connecting turbocharger and exhaust gas piping/oil
pipe have become loose.

2) Rotating parts making contact with susrounding parts
because of metal failure, or turbine blade or blower blade
damaged due to entrance of foreign matter.

3) Rotating parts out of balance.

* |nspect fittings and retighten/repair as necessary.

¢« Disassemble turbocharger and repair or replace.
Thoroughly remove any foreign matter.

s Repair or replace rotating parts.

8 Turbocharger blower washing procedure

8.1 General

(1) Use "Blower Wash™ and clean water to wash the
blower.

(2) Make it a general practice to wash the turbocharger
blower when the air supply pressure has decreased by
about 10 percent. The frequency of this will differ great-
ly depending on working conditions, but about once a
week is generally sufficient.

{3} This prodecure cannot be used for cleaning the entire
turbocharger. It must be periodically disassembled and
cleaned.

(4) Only remove the inlet cap when washing the blower—it
must not be removed under any other circumstances.

8.3 Blower washer parts cord

Cord number | Volume X Q'ty
919200~ 10000 4 liters X 4 cans
919200-20000 160 cc % 6 bottles X 15 sets
919200—-3000C 18 fiters X 1 box

8.2 Procedure

(1) Run the engine at normal load {3/4 ~ 4/4 load) and app-
ly Blower Wash for 4 ~ 5 seconds with a 20cc standard
oiler.

(2} 3 ~ 5 minutes after application of the Blower Wash the
dirt will be loosened up. Slowly put in 20cc of water
{over about 4 ~ 10 seconds).

(3) Use a vinyl container to feed in the cleaning agent or
water. If too much cleaning agent or water enters sud-
denly there might be a breakdown or breakage of the
blower blade. Be sure to feed in the cleaning agent or
water at the correct speed.

(4} If there is no change in the air supply pressure or

exhaust gas temperature after washing, repeat the
washing after about 10 minutes.
No change after washing the blower 3 ~ 4 times
indicates that either the blower is extremely dirty or
something else is out of order. Disassembie and clean
the washer, and take any other action as necessary.

(5) Run the engine under load to dry for at least 15
minutes after feeding in the agent or water.

Olp

CEEE—— — r

\E:Lg__‘ o

Ciean the blower: Every 6 months (Ever 300 hours)

|
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4-2. Turbocharger for 4LH-DTE

Turbocharger, K range, watercooled v’ N

4LH Series

@ Compressor housing

@ Compressor wheel

@ Thrust bearing

@ Compressor backplate

Pressure oil from )
engine @ Turbine housing
watercooled

@ Shaft & turbine wheel assy

® Bearing

Bearing housing
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Turbine housing watercooled

Valid: 5326 011 3002 09.88 E
Replacing: 5326 011 3002 10.85E +

. Description of parts

Bearing housing

Snap ring

Bearing bush

Shatft & Turbine wheel assy.
Piston ring

Thrust ring

Spacer sleeve

Thrust bearing

Flinger sleeve

oil deflector ring

Qil deflector

O-Ring

Backplate

Boit, eyl.

Compressor wheel
Locknut

Compressor housing
Clamp plate/compressor side
Bolt, hex.

Turbine housing

Bolt, hex.

Nut, hex.

Clamp plate/turbine side
Nameplate

Blind rivet

Heat shield

O-Ring

Overhaul kit
Core assembly
Rotor assembly

sealing element
corresponding to
version

&

29
0+
+

ST T T T T
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DO NO REPAIRS WITHOUT HAVING AN ORIGINAL SET OF KKK
SPARES!

The numbers in brackets are the itern nos. of the parts concerned. (See:
Turbocharger parts description and sectional illustrations).

1.  DISMANTLING

1.1 Turbine housing (25) and compressor housing (22).

« Mark the position of the housing with respect to the bearing housing
{1) and backplate (17). IHustration 1.1

* Using a vice, clamp the turbine housing (25} at the gas inlet flange.
(Use vice jaw guards).

« Remove the fixings (23, 24, 27, 28) from the compressor housing
(22) and turbine housing (25). lllustration 1.2

* Remove the turbine housing (25) {when tight, heat at the tight sec-
tions)

* Remove the compressor housing (22), when tight loosen, using =
rubber hammer.

Attention:
Danger of blade damage when tilted.

1.2 Compressor Wheel (20)

s Ciamp the hub of the shaft and turbine wheel assy. (5) in the special
vice jaw plates (See: Repair Tools). lllustration 1.3

* Remove the shaft nut (21), using T spanner.

* When the shaft nut is jammed heat to a max. temperature of 130° C,
using hot air blower (the threads of the shaft and turbine wheel assy.
(5) must be protected from overheating during this process).

Hlustration 1.4

Attention:
Shaft nut (21) is secured with LOCTITE 640.
Take care not to bend shaft during shaft nut removal.

14
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13

Heat compressor wheel (20) to a max. temp. of 130 ° C, using hot
air blower (See: Repair Tools) (Protect the rotor threads from over-
heating), and carefully push out shaft and turbine wheel assy. (5),
using a press (a vertical drilling machine). lllustrations 1.5—1.5.1

Attention:
Fit heat shield (31) concentricaily.

Bearing Housing {1)

Carefully remove the shaft and turbine wheel assy. (5) from the
bearing housing (1).

Remove piston rings (6) from shaft and turbine wheel assy. (5).

llustration 1.6
Remove heat shield (31). stratt

Clamp bearing housing (1} in vice between the oil feed and return
flanges.

Remark: Use vice jaw guards. ]
Remove the fixing screws (18). " IHustration 1.7
Attention:

Fixing screws (18) are secured with LOCTITE 640.

424

4LH Series
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« Remove backplate (17) from bearing housing (1).
* Press fiinger sleeve (11) out of backplate (17).

» Remove O-rings (16, 34), from backplate.

* Remove piston rings (6) from flinger sleeve {11).

*» Remove oil deflector ring {11}, oil deflector (13) and thrust bearing
(10) from bearing housing (1). lllustration 1.8

* Remove spacer sleeve (9) and thrust ring (8) from bearing hous-
ing (1). IHustration 1.9

* Remove snap rings (2) and bearings (3). (For snap ring pliers see:
Repair Tools). llustrations 1.10—1.11
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2.2
2.21

222

23

CLEANING AND INSPECTING OF THE PARTS.

Cleaning of the parts

Carefully clean all parts:

housings (1, 22, 25), shaft and turbine wheel assy. (5), compressor
wheel (20), backplate {17) and heat shield {31) must be wet sand-
blasted.

Threads of the shaft and turbine wheel assy: remove the LOCTITE
residues!

ATTENTION:

The bearing holes and piston ring sealing surfaces of the
bearing housing (1), the shaft of the shaft and turbine wheel
assy. (5) and the piston ring sealing surface of the backplate
{17), must be protected from the blasting medium.

Checking the parts

Visual check

Examine housings (1, 22, 25}, heat shield (31} and turbine and com-
pressor wheels for cracks, any foreign matter and scratches. Inspect
the oil feed heles in the bearing housing (1) for foreign matter. Inspect
piston ring sealing surfaces and bearing areas for damage.
Examine the turbine housing (25) for scaling.

Examine the gas inlet and outlet flanges of the turbine housing (25)
for distortion.

Examine the turbine and compressor wheels (5, 20), for bent or
broken blades and the shaft for scoring at the bearing seats.
LIMITS OF REUSAGE:

Wear parts which have excessive wear (see: permissible wear), as
well as rotating parts with cracks must be replaced.

Turbine housing: Radial cracks up to 10 mm long are permissible in
the vicinity of the tongue and the partitioning wall.  Fig. 2.1, 2.1.1
Light scratching at the contour is permissible.

When scaling occurs at bridge of the gas inlet flange and contour, the
part must be replaced.

When deformity occurs at the gas inlet and outlet flanges, such parts
must be replaced.

Shaft and turbine wheel assembly: Do not straighten any bent
blades. When blades are bent, the shaft and turbine wheel assy. must
be replaced.

Shaft and turbine wheel assy. with scratching and cracks must be
replaced.

Checking of dimensions

Place the shaft and turbine wheel assy. (5), supported at the bearing
points, in the twin Vtblocks (see “Repair tools”).

Set the clock gauge feeler on the shaft, 5 mm from the compressor
wheel end of the shaft.

During measurement, press shaft firmly into Veblocks, distributing the
pressure equally.

When it is more than 0.008 mm out of truth, replace the shaft and tur-
bine wheel assy. (5). Fig. 2.2
Dynamic balancing check of rotor assy.

When the rotating parts are be used again a dynamic balance check
is necessary. Refer to the service information leaflet, code no:
7/103/007/d/e.

4-26
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3. ASSEMBLY
= ABSOLUTE CLEANLINESS IS NECESSARY

* The following bearing parts must be ciled before fitting:

Shaft and turbine wheel assy. (5)
Bearings {3)

Thrust bearing (10)

Flinger sleeve (11)

Qil deflector ring (11)

Thrust ring (8)

Piston rings (6)

Spacer sleeve (9)

3.1 Bearings (3)

+ Fit bearings (3) and snap rings (2) in the bearing housing.

INMustrations 3.1—3.3

Attention:
During installation of bearings, particular attention should
be paid to cleanliness.

3.2 Bearing housing (1)

« Clamp shaft and turbine wheel assy. (5) in the vice jaw plates equip-

ped with the six/twelve edged cutouts.

* Fit the two piston rings (6} to shaft and turbine wheel assy. (5). Atten-

tion must be paid to concentricity.

The piston ring slots must be positicned at 180 ° to another.

ustration 3.4 §
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Place heat shield (31) concentrically on shaft and turbine wheel
assy. (5).
Hlustration 3.5

Guide bearing housing (1) carefully onto rotor shaft. i1
INustration 3.6 .

CHECK:
Piston rings (6) are properly seated, when heat shield (31)
and bearing housing (1} turn freely.

Guide thrust ring (8) and spacer sleeve (9) onto rotor shaft.
Hlustration 3.7

Place thrust bearing (10) in bearing housing (1). lHustration 3.8

Place a new oil defiector plate (13) on thrust bearing (10).

Arrangement with oil deflector ring: IHustration 3.9

Guide the oil deflector ring (11) onto the rotor shaft with the large col-
lar at the top.

Fit oneftwo piston rings (6) onto flinger sleeve (11). Position piston
ring slots at 180 ° to one another. '

4.28
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Insert flinger sleeve (11), complete with piston rings (6) into back-
plate (17). When necessary press piston rings together using screw

driver. Nustration 3.10
Sealing backplate (17) to bearing housing: Coat seating face of
backplate (17} with LOCTITE 573. lllustration 3.11

For constructions with O-ring seals, coat the O-ring (16) with acid-
free grease, e.g. SKF ball bearing grease and place in groove pro-
vided.

Place backplate {(17) on bearing housing.

Fix backplate (17) to bearing housing (1), using the screws (18) and
washers (18). The screws must be secured with LOCTITE 640
Hiustration 3.12

For tightening torques see: Data Sheet.

Compressor Wheel (20)

Heat compressor wheel (20} to a max. temp. of 136 © C, using hot
air blower (See: Repair Tools), or, in a warm/dry oven.

Oil the compressor wheel seat of the shaft (e.g., with Shell Ensis 20
W 20).

Push compressor wheel (20} onto shaft and turbine wheel assy. (5)
and tighten a new shaft nut (21) to tightening torque after pre-
heating.

When cooled to room temperature bring up LOCTITE 640 (see
sketch). Loosen the shaft nut (1 or 2 turns) and tighten to the speci-
fied torque and angle setting. lllustration 3.13

For tightening torques and angle settings see; Data Sheset.

shaft.

Plug shaft nut and projecting
threads of shaft with security
patnt.

Measure the axial und radial
play (see: Determination of
bearing play).

313
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Compressor housing (22)

Coat O-ring (34) with brake cylinder paste, e.g. ATE and place in
groove in backplate (17).

Fit compressor housing (22) to backplate (17) in the marked po-
sition, using corresponding fixing components (23, 24).

For tightening torques, see: Data Sheet.

fllustration 3.14

ATTENTION:

Avoid tilting when positioning housing (22).

Turbine housing (25).

Instal turbine housing (25) in the marked position, using corre-
sponding fixing components (27, 28).

ATTENTION:
Avoid tilting when positioning housing {25).

Coat fixing screws with heat resistant lubricating paste, eg.
NEVER SEEZ.

For tightening torques, see: Data Sheet.

Nameplate (29).

For turbochargers which have been repaired the blue nameplate
(29) must be replaced by a red one, which is fixed with rivets (30).

4-30
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REPAIR TOOLS.

4.1 Standard tools.

* Ring spanners — 10 mm & 13 mm AF

* Socket spanner — with T extension.
10 mm, 12 mm, 14 mm AF

* Torque spanner, Range: 0—80 Nm
Sockets: 10 mm, 12 mm, 14 mm AF
Square-drive hexagon socket wrench ¥s”’

* Snap ring pliers
KKK Order No: 1550 155; Points: 0,7 mm

* Screw driver, hammer, rubber hammer,
vice jaw guards.

* Dial gauge: Scale increment 0,01 mm
DIN 878, Al

* Dial gauge: Precision indicator 0,001 mm

To loosen compressor and turbine housing
fixing screws.
To loosen shaft nut.

To tighten shaft nut and fixing screws.

To extract and fit bearing shap rings.
Auxiliary tools.
To check radial and axial play.

To check trueness of shaft and turbine
wheel assy.

DIN 879, B1-20

4.2 Special tools.

* Splined internal wrench insert.
{Company: Ribe) WN 22000

Splined screw driver insert for internally splined
socket screws Ribe CV from the company Hommel.
Make: Hazet. Order No: 8809-6 (MB).

* Socket insert (open-ended) for the MANOSKOP
torque spanner 10 mm, 13 mm AF

To loosen and tighten fixings for backpiate.

To tighten the fixing screws
on the turbine side.

* Hot air blower
e. g. Co. Leister: Leister Hot Air Tool
Type ,Ghibli 2“
Order No: 08 L 130

* Transition piece with angle settings, V2" drive.
¢ Vice jaw plates, Drg. No: 1550013

To fit and remove compressor wheel,

To tighten shaft nut.

To clamp hub of shaft and turbine wheel
assy. during repair.

To check trueness of shaft and turbine
wheel assy.

* Inspection device, Drg. No: 1582036

* Support tube K24/K26: DI
K27: DI
K28: DI

66 mm, 100 mm long
84 mm, 100 mm long
94 mm, 100 mm long

To support the cartridge assy.
when compressor wheel seizes.

o

¢ Punch & 68 mm Used together with the supporting tube to
dismantle the shaft and turbine wheel

assy. when compressor wheel seizes.
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Vice Jaw Plates (15500 13)
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Material: C85W2
Hardened: 65 RC
Stress Relieved:
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Inspection device for checking rotor truth (1582036)
-0 40
15 130
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Part 1: Bracket
90° Material: St 37
6n6

one holder
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2 Parts 2, 3: Holder with soldered
_M%_ HSS-Prisms
t Material: 90 Mn V8

) Hardened: 60 RC
Holes 1o suit part 1 Stess relieved: 265° C

part 2 hard soldered to part 3
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Inspection device for checking rotor truth (1582036)
210
15 180 15
@ 5H7 s i en L 4 A
§ ! / 4 /
. 1
2he \2 |
g | 10
M *
2
3
75 bk
— 75
‘HI N .
> 10 130
O erl - *
n Y — _‘ _3
ép"‘! Part 1 + 2 drilled and reamed to {?_
? gether
T 2
80_.-..-—1-—-—-—————1!-——-——-———-————-—-_1- ——————— ——— ——
2’3HB 1LHB
4 1 —4+— 130
no AvaY.v]
I A S S .+, S S
ﬁ 15 thick ’
L0 !
& @ 1 @ A4
@ &)
4
W(v V\N) Part 2 + 3 drilled and reamed together __/

Pos. | Piece Description Material Dimension DIN
1 2 flat steel St-50K 180 x 60 x 15 17100
2 2 flat steel St-50K 210 x 60 x 10 17100
3 2 flat steel St-50K 130 x 16 x 15 17100
4 0 socket head screw 109 M6 x 18 7984
5 8 cylindrical stud St-50K 5mé x 20 7
6 2 T-tongue St-50K i4 508
7 2 socket head screw 10.9 M12 x 25 912
8 4 cylindrical stud St-50K 5m6 x 15 7
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Chapter 4 Intake and Exhaust System
4. Turbocharger

4LH Series
piston rings and
bearing bushes must .
always be replaced shaft and turbine wheel assy
) Detail X
bearing housing o C2 wear at the
! C» piston ring groove
: /
/L
A - 4 Re X
r 77T 7 v {1
i1 =
& VA A
vl 2 Z 7 R
thrust bearing
thrust ring rotation
Rz4
7
d /2
-
F
]
-
D the thrust surfaces may
only show running traces
of up to % = 30°
flinger sleeve
2 piston rings 1 piston rin .
e PeR e Detail Y
F
- Ea F2 wear at the
v (' R, Y ( R 1 2 Fa piston ring
. . groove
dimensions A to F in mm
R,;to R,sin um.
Series A B CT 02 D E1 Eg F1 FZ Hz1 HZQ st HZ4
K2 16064| 995 | 289 | 294 | 147 | 289 [ 294 [ 149 (154 | 4 | 16 | 4 4
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Chapter 4 Intake and Exhaust System

4. Turbocharger 4LH Series

measuring point —

1. Measuring the axial play

* Place measuring point of clock gauge on top face of turbine
wheel hub.

Hustration 1.1

1.1

* Press down shaft and turbine wheel assy. and set the clock )
gauge at ,0".

* Press shaft and turbine wheel assy. against clock gauge and
note indicator ,throw".

* The permissible axial plays can be seen in the data sheet.

2. Measuring the radial play

+ Determination of radial play is only necessary at turbine side.

* Place clock gauge measuring point on the centre of the cone !
on the turbine wheel. -
llustrations 2.1, 2.2

21

* Pull turbine wheel downwards using spring scale. Measuring

force: 50 N. Set clock gauge at ,O"!
contact surface

* Pullturbine wheel upwards using spring scale. Measuring force for clock gauge

50 N.

+ Note the clock gauge ,throw".

» Take this measurement again, with shaft and turbine wheel
assy. turned through 90°.

» The permissible radial plays can be seen in the data sheet.

measuring force

2.2

4-36 Printed in Japan

AQA 1030



Chapter 4 Intake and Exhaust System

4. Turbocharger

1. Tightening torques in Nm

41L.H Series

S2€ | ko4 | K26 | K27 | K28
part
tightening torque +
SW10/12mm | aer preheating 5+
self-locking
Mé tightening torque 12+
tightening torque 7+2
SW 10112 mm | after preheating -
M6 : :
- tightening torque
2 + angle sstting S +60°5° -
E tightening torque 7+2
® |swiamm |after preheating _
M6 : .
tightening torque
+ angle setting - S +6075°
tightening torque 5+2
SW10mm | after preheating - _ -
M5
tightening torque 6+0° - - —
backplate fixing
without washer 8 8 8 8
backplate fixing
with washer 10 10 10 10
compressor housing 7 7 7 7
turbine housing (M 6) 8 8 — —
turbine housing (M 8) 20 20 20 20
2. Axial play in mm
size K24 K26 K27 K28
max. play 0,16 0,16 0,16 0,16
3. Radial play in mm
size K24 K26 K27 K28
max. play 042 042 046 046
4-37
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Chapter 4 Intake and Exhaust System
5. Mixing Elbow

5. Mixing Elbow

5-1 Mixing elbow inspection

(1) Clean dirt and scale cut of the air and cooling water
lines.

(2} Repair cracks or damage to welds, or replace.

{3} Inspect the gasket packing and replace as necessary.

4LH Series

[Standard type] Sea water

' ——— 233mm {©1.30in.)

Exhaust gas

2890mm (23.54 in.)

4

Qutlet

[Option type] /— 233mm {1.30in.)

Sea water »

Exhaust gas

Qutlet

4-38 Printed in Japan
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Chapter 4 Intake and Exhaust System

6. Breather .
4LH Series

6. Breather

6-1 Construction 6-2 Breather inspection

The mist in the crank chamber goes past the tappets in the (1) Checkto see whetherthe breather pipe is clogged up, and

cylinder block to the valve arm chamber, through the breather clean if necessary. Replace the pipe if damaged or

hose on the bonnet (head) cover, and to the outside. cracked.

Breather hose

A

BT
#13mm
(?0.51in.)

( h Cylinder head cover
I &——

Baffle plate

Printed in Japan 439
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Chapter 5 Lubrication System
1. Lubrication System

1. Lubrication System

The lube oil in the oil pan is pumped up through the intake
filter and intake piping by the lube oil pump, through the
holes in the cylinder body and on to the discharge filter.
The lube oil which flows from the holes in the cylinder
body through the bracket to the oil element is filtered and
sent to the oil cooler. It returns from the cil cooler to the
bracket, the pressure is regulated, and it is fed back to
the main gallery in the cylinder body.

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

Qil is sent from the gear case camshaft bearings through

4LH-T, -HTE

Rocker shaft

l Turbo charged

—1 Crank shaft

Qil gallery

Qil cooler

Regulator valve

4 + 0.5 kg/cm?

rOiI filterJ l Safety valve I

Safety valve
12.5 + 1 kg/em?

Qil strainer

Printed in Japan
AOA 1030

the holes in the cylinder body and cylinder head to the
valve arm shaft to lubricate the valve arm and valves.

Oil is also sent from the main gallery to the piston cooeling
nozzle to cool the piston surface, and is sent through the
intermediate gear bearing (oil} holes to lubricate the in-
termediate gear bearings and respective gears.

Part of the lube oil is sent from the oil cooler discharge to
the supercharger in engines fitted with one, and is then
piped back from the supercharger to the oil pan.

4L H-DTE

Rocker shaft

Turbo-charger

Crank shaft

Qil gallery

Oil cooter

Regulator valve 1.._—ﬁ
4 + 0.5 kg/em? I Oil filter ] rSafetv valveJ
Y |

I Safety valve ]I

\12.5 = 1 ka/cm? lT)il pump (‘l]! IOiI pulmp (2)]

I I
IEI strainer I F)il strainer |




Chapter 5 Lubrication System

1. Lubrication System
4LH Series

1-1 Constraction

Flywheel housing

Cylinder block

Cil pressure regulator valve

Lube oil filter

Lube qil suction tube

5-2
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Chapter 5 Lubrication System
2. Lube Oil Pump

2. Lube Oil Pump

2-1 Lube oil pump construction

The trocheid type lube oil pump is mounted on the gear case
side cylinder block and the rotor shaft gear is driven by the
crankshaft gear through the idle gear.

The lube oil flows from the intake filter mounted on the bottom
of the cylinder block through the holes in the cylinder block
and gear housing, and out from the holes in the gear housing
and cylinder block to the discharge filter. The lube oil pump is
fitted with a pressure safety valve which maintains the dis-
charge pressure at 4 kg/cm? (56.88 ib/in.2).

4LH Series

Intake

Exhaust

Quter rotor

Cylinder block

Qil pressure safety vaive

Printed in Japan 5-3
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Chapter 5 Lubrication System

2. Lube Oil Pump AL Seri
eries

Gear
) Quter rotor
L
(._J
r Inner rotor
N T —
- - 7 -
\ "™ Rotor shaft
Pump body

f

Side cover
Qil pressure safety valve
2-2 Specifications of lube oil pump

4LH-T,-HTE 4. H-DTE
Engine speed 3400 rpm 3400 rpm
Gear ratio _ 24/22=1.02
{crank gear/pump gear) 24/22=1.02 24/27 =0.89
Pump speed at 3300 rpm {Engine)} 3468 rpm 3468/3026 rpm
Discharge volume 2600 ¢/H Total 3700 2/H
Discharge pressure 4 kg/em? [566.88 Ib/in.?) 4 kg/cm? (56.88 Ib/in.?)
Safety valve openning pressure 12 kg/em? 12 kg/em?

5-4
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Chapter 5 Lubrication System
2. Lube Qil Pump
4LH Series

2-3 Lube oil pump disassembly

{1) Remove the lube oil pump assembly from the engine _\
plate.

(2) The lube oil pump cover may be disassembied, but
do not disassemble the rotor, rotor shaft or drive gear.
The oil pressure regulating valve plug is coated with
adhesive and screwed in, so it cannot be disassembled. Inner rotor
These parts cannot be reused after disassembly. )\

Replace if necessary as an assembly.

Clearance

Quter rotor

2.4 Lube oil pump inspection o i)

{1) Clearance between outer rotor and pump body Standard > —n
Insert a feeler gauge between the outer rotor anq pump Outer Totor and 0.050 ~ 0.105 015
body to measure the clearance, and replace if it ex- inner rotor clearance (0.0019 ~ 0.0041) {0.0059)

ceeds the limit.

(3) Clearance between pump body and inner rotor side of
outer rotor
Place a straight-edge against the end ot the pump body
and insert a feeler gauge between the straight-edge
and the rotor to measure side clearance. Replace the
Outer rotor assembly if the clearance exceeds the limit.

Body /Straight scale

Feelar gauge

Body

mm {in.}
Standard Wear limit
Quter rotor and 0.100~0.155 0.20
pump body clearance (0.0039 ~ 0.0061) (0.0098) Feeler gauge

{2) Clearance between outer rotor and inner rotor
To measure clearance, insert a feeler gauge between

the top of the inner rotor tooth and the top of the outer mom (0)

rotor tooth, and replace if it exceeds the limit. Standard Wear limit
Pump body and inner rotor, 0.05~0.10 0.13
outer rotor clearance (0.0020~0.0039} | (0.0051)

(4) Check for looseness of driver gear/rotor shatft fitting, and
replace the entire assembly if loose or wobbly.

(5) Push the oil pressure regulating valve piston from the oil
hole side, and replace the assembly if the piston does not
return due to spring breakage, etc.

(6) Make sure that the rotor shaft rotates smoothly and easily
when the drive gear is rotated.

Inner rotor

Outer rotor

Feeler gauge
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Chapter 5 Lubrication System
3. Lube Oil Filter

3. Lube Oil Filter

3-1 Lube oil filter construction

The lube cil filter is a full-flow paper element type, mounted to
the side of the cylinder block. It is an easy to remove cartridge
type filter. To prevent seizure in the event of the filter clogging
up, a bypass circuit is provided in the oil filter. The bypass
valve in the filter element opens when the difference in pressure
in front and behind the paper element reaches 0.8 ~ 1.2 kgicm?
{11.38 ~ 17.06 Ib/in.?).

4LH Series

Connecting screw

Cytlinder block

Lube ail filter

By-pass valve

I - R |
Cutlet =+ \\\ L o
N

Inlet

i

]

1

[
e

.
~ By-pass

Element
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Chapter 5 Lubrication System

3. Lube Qil Filter
e e - 4LH Series

Type Full flow, paper element
0.19m? (294.5in.2)
41.H-DTE {0.3 m? /465 in*)

Filtration area

Discharge volume 40 £ /min (2440 in.3/min)
0.3 ~ 05 kg/cm?
Pressure loss (.26 ~ 7.1 Ibjin?)
By-pass vaive 0.8 ~ 1.2 kglem?
regulating pressure {(11.37 ~ 17.06 Ibfin3)

3-2 Lube oil filter replacement

(1) Period
The paper element will gel clogged up with dirt after
long hours of usage, and eventually unfiltered oil will
be fed to the engine through the bypass circuit.
Replace the filter according to the following standard,
as the dirt in unfiltered oil will of course have a
detrimental affect on the engine.

Every 300 hours of

Oil titter replacement period engine operation

(2} Replacement

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

2) Clean the filter mounting surface on the cylinder block

and mounting screws.

3) Coat the filter rubber packing with lube oil.

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

Run the engine after mounting the filter, and make sure
that there is no cil leakage.

=
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Chapter 5 Lubrication System
4. Oil Pressure Control Valve

4LH Series

4. Oil Pressure Control Valve

4-1 Oil pressure control valve construction

The oil pressure control valve built into the oil cooler housing
controls the oil pressure when the lube oil passes through the
oil cooler housing. When the pressure of lube oil exceeds the
setting, the control valve piston opens the bypass hole and
lube oil flows back into the oil pan.

/0 cooler housing

Pressure control valve

i
. %‘g Spring
\ @7Packing

Cylinder block
Ptug

. ‘ 3.5~45k 2
Regulating pressure l {49.78 ~ Bi_o%lfbn;;nlz} at 3,400 rpm

4-2 Qil pressure control valve replacement

The control valve has been adjusted and assembled at the

factory, so it should not be disassembled without good
reason.

58 Printed in Japan
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Chapter § Lubrication System
5. Lube Qil Cooler

5. Lube Oil Cooler

5-1 Lube oil cooler construction

The lube oil cooler is comprised of cooling pipes and
internal baffle plates.

The lube oil flows through this passageway and is cooled by
the cooling water (sea water) flowing through the inner pipe.

4LH Series

Cooling pipe:

H - Sea water injet 4LH-T, -HTE: 26 pes.

4LH-DTE: 26 pcs.

T ——r
| - — e -y 1111 ),
- gl L1111

i R — . T

il
: o o)
B

—® " NN
‘ | ] \ 73 ’t» Lube oil outlet
RSN
Baffle plate: Lube oil outlet Y
4LH-T, -HTE: 9 pcs. it
4\ H-DTE: 13 pes. L
A4LH-T, -HTE 4 H-OTE
Coaling area 0.442m? 0.739 m?
Cooling water 6000 ¥/hr

discharge volume

Lubrication oii

discharge volume {3300 rpm} 2600 /b 3700 &/he

5.2 Inspecting the lube oil cooler

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

(2) If the rubber hose conneclion or weids are corroded,
repair or replace the cooler.

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

Test pressure
Lubricating oil circuit 16kg/em? {213.30 Wb/in.?)
Sea waler circuit 4 kglem? (56.89 Ibfind)

v

Lube il cooler
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Chapter 5 Lubrication System
6. Piston Cooling Nozzle
4LH Series

6. Piston Cooling Nozzle

6-1 Piston cooling nozzle construction 6-2 Inspection of piston cooling nozzle
A nozzle made from steel piping is mounted on the lower part (1) Check the nozzle tip hole to see if it is clogged up with
of cylinder body main gallery. Lube oil from the main gallery is dirt or other foreign matter, and clean.
sprayed out in a jet from the steel tip of this pipe. {2} Inspect the pipe mounting to see if it is or may become
This jet spray cools the piston surface when the piston goes loose or come off due to vibration, etc., and replace if
down. necessary.

4LH-T, -HTE

-Piston

Splash

Cylinder body
main gallery

Piston cooling nozzle

Cylinder block
Piston cooling nozzle @

{Dia. 1.77 mm])

Qil injection volume 1.3 #/min. (79.32 in.*/min)
Qil injection pressure 3.5 kglcm? (49.78 Ib/in?}
4LH-DTE
Piston
Splash
Cylinder body
main gallery
Piston. cooling nozzle
{Dia. 1.9 mm)
5-10 Printed in Japan
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Chapter 5 Lubrication System

7. Rotary Waste Oil Pump (Optional)
4LH Series

7. Rotary Waste Oil Pump (Optional)

A rotary waste oil pump to 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 fube oil.

Rotary waste oil pump

Rubber hose

7-1 Construction

Body
Cover

Vane

Spindle

Spring

Rotary waste oil pump 7-2 Inspecting the waste oil pump

Delivery capacity 0431 (793 in’) (1} Disassemble the waste oil pump and ch_eck for spring
of one stroke ) ) ) breakage or vane damage when there is an extreme
Delivery pressure 1.5 kg/cm? (21.33 Ibfin2) or below drop in discharge volume, and replace if necessary.
Suction head less than 1m (39.37 in) {2) Replace the oil seal if there is excessive oil leakage
Part No. 124413-39100 from the handle shaft.
(3) Replace the impeller if there is an excessive gap
Rubiber hose between the impeller and the covers on both sides of
) 212 x 1000mm casing. This will cause a drop in discharge volume.
tnner dia. x length (0.4724 x 39.37 in } {4) The hose coupling is coated with adhesive and screw-
Part No. of rubber hose 43720-001220 ed in. It therefore cannot be disassembled.
Printed in Japan 5-11
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Chapter 6 Cooling Water System
1. Cooling Water System

1. Cooling Water System

The cooling water system is of the indirect sea water cooled,
fresh water circulation type. The cylinders, cylinder heads,
turbocharger and exhaust manifold are cooled with fresh
water, and the lube oil cooler, air cooler (only 4LH-HTE) 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 oil cocler and then goes to the
heat exchanger, where it cools the fresh water. Theniitis sent
to the mixing elbow and is discharged from the ship with the
exhaust gas.

Fresh water is pumped by the fresh water pump from the fresh
water tank to the cylinder jacket to cool the cylinders, turbo-
charger and then the cylinder head. The fresh water pump
bedy also serves as a discharge passageway (line) at the
cylinder head outlet, and is fitted with a thermostat.

Fresh water circuit
Heat exchanger

Fresh water cooler)
] & i

4LH Series

The thermostat is closed when the fresh water temperature is
low, immediately after the engine is started and during low
load operation, etc. Then the fresh water flows to the fresh
water pump inlet, and is circulated inside the engine without
passing through the heat exchanger.

When the temperature of the fresh water rises, the thermostat
opens, fresh water flows to the heat 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 a constant range by the thermostat.

Filler cap

Fresh water sub tank

=
-

—-
Mixing elbow
Fresh water tank -
& -
Cooling water
{p temperature switch _l
/ . = Marine gear oil cooler
. [l & - <t
Thermostat | Cylinder head ? ? | ‘l
Cooling water Lube oil cooler
By-pass—f O temperature sendor T Turbocharger
Fresh water pump Cylinder block Air coolder
> > o (For 4LH-HTE/-DTE}

Sea water pump

Kingston cock

1

Sea water ——

NOTE: Air cooler is only for model 4LH-HTE/-DTE.
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I Sea water circuit
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Sea water



Chapter 6 Cooling Water System

L. Cooling Water System
4LH Series

1-1 Fresh water line

Turbocharger

Sub tank

PT 3/8 Connector Q
Outlet for Inlet of

water heater Turbocharger
cooling water

PT 1/2

6-2
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Chapter 6 Cooling Water System

1. Cooling Water System
4LH Series

1-2 Sea water line for 4LH-TE

Mixing elbow ] Marine gear oil cooler inlet

Heat exchanger

Clutch oil cooler outlet

Sea water pump

Kingston cock

Sea waler strainer (Option)

1-3 Sea water line for ALH-HTE/-DTE

Mixing elbow r)\. 7%\‘
v
Air cooler

R
IO
@ﬁ;./,—— Marine gear oil cooler inlet

Heal exchanger

Clutch oil cooler outlet

Sea water pump

Kingston cock

Sea water strainer {Option)
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Chapter 6 Cooling Water Systern
2. Sea Water Pump

2. Sea Water Pump

2-1 Sea water pump construction and functioning

The sea water pump has a rubber impeller. The sea water
pump is 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.

4LH Series

Side cover

Waear plate

Mechanical seal

Pump body

Oil seal

o/ ; Pump shaft
: Circlip

Gear housing

(<)

Bearing

Bearing

O-ring
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Chapter 6 Cooling Water System

. Water Pum )
mpm 4LH Series
7 8 9 101 11 5 & 4 3 12 2 13

1. Sea water pump body 6. Mechanical seal 11. Water seal ring
2. Side cover 7. Circlip 12. O-ring

3. Impelier (C-type) 8. Bearing 13. Hexagonal bolt
4. Wear plate 9. Bearing

5. Pump shaft 10. Qil seal

2-2 Specifications of sea water pump

Gear ratio (crank gear/purnp gear) 24/27

Pump speed 3000 rpm

Suction head 0.5m (1.66 1)

Total head 89.5m{31.16ft)

Delivery capacity 6000£/h (198315in.3/h)

2-3 Sea water pump disassembly

(1) Remove the rubber hose from the sea water pump remove the pump shaft, bearings, and drive gear as a
outlet and then the sea water pump assembly from the set.
gear case. {6} Remove the oil seal and mechanical seal if necessary.

(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. 2-4 Sea water pump inspection

(4) insert pliers from the drive gear long hole and remove (1) Inspect the rubber impeller, checking for splitting

the stop ring that holds the bearings. around the outside, damage or cracks, and replace if
(5) Lightly tap the pump shaft from the impeiler side and necessary.

mm {in.)
Standard Clearance at assembiy Maxirgltégaaglcoewable Wear limil
impeller width 31.6 ~ 31.8 (1.2440 ~ 1.2519} 31.3{(1.2322)
Wear plate thickness 2 {0.0787) 1.8 (0.0708)
~ 0. ~ 0.011 0.8 (0.0314
Housing width 33.8 ~ 33.9 (1.3307 ~ 1.3346) 0~ 03(0~0.018) ( ) —_—
Side plate thickness 2 (0.0787) 1.8 (0.0708}
6-5
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Chapter 6 Cooling Water System
2. Sea Water Pump

(3} Inspect the mechanical seal and replace if the spring is
damaged, or the seal is corroded. Also replace the
mechanical seal if there is considerable water leakage
during operation.

Cooling water leakage I less than 3 ccfh {0.18 in2/h)

Parts No. of mechanical seal ] 123472-42060

{4) Make sure the ball bearings rotate smoothly. Replace if
there is excessive play.

2-5 Sea water pump reassembly

(1) When replacing the mechanical seal, coat the No.1101
oil seal and pressure fit. Coat the sliding surface with a
good quality silicon oil, taking sufficient care not to
cause any scratches.

{2) When replacing the oil seal, coat with grease and in-
sert,

(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.

Rotational direction

/ of rubber impeller
~

NOQTE: 1. When inserting the impeller in the pump, make
sure that the impeller lies in the proper direction.
2. Coat the inside of pump body impeller housing

with grease.

(5} Mountthe O-ring between the pumpbody and side cover.
NOTE: Replace the O-ring.

4LH Series
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Chapter 6 Cooling Water System
3. Fresh Water Pump

3. Fresh Water Pump

3-1 Fresh water pump construction

The fresh water pump is of the centrifugal (volute) type,
and circulates water from the fresh water tank to the
cylinders and cylinder head.

The fresh water pump consists of the pump body, im-
peller, pump shaft, bearing unit and mechanical seal. The
V pulley on the end of the pump shaft is driven by a V belt
from the crankshatt.

The bearing unit assembled in the pump shaft uses grease

© Cylinder head

Printed in Japan
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Water temperature switch Pump assembly QZ%

4LH Series

lubricated ball bearings and cannot be disassembled.

The totally enclosed mechanical seal spring presses the
impeller seal mounted on the impeller side away from the
pump body side. This prevents water from leaking along
the pump shaft,

As the impeller and pulley flanges are press fit assembled,
they cannot be disassembied.

OPTION

Water temperature switch




Chapter 6 Cooling Water Systemn

3. Fresh Water Pump o 4LH Series

_o To heat exchanger Outlet for water heater
) {fresh water tank)
Tap for water temperature switch

Tap for water temperature
sender unit

Inlet for water heater

From heat
—

exchanger

{fresh water tank}

Cyli. head

Thermostat ~ 3 - Pump plate
Bearing unit : 3
\ _—G ket
3-2 Specifications of fresh water pump Vpulley askef
Crank shaft speed (max.) 3600 rpm — Impefier
Pulley ratio #134/2120 ™ Bypass port
{crank shaft/pump shaft) $134/$120 = 1,083 | N S — o | |
Pump shaft speed 2970-3030 rpm
Delivery capacity 150 timin (5284 in.}/min)
Total head 5m (16.4 fi) V pulley flange s
Pump body
3-3 Fresh water pump disassembly Mechanical seal ;
(1) Do not disassemble the fresh water pump. It is difficult ~ To cylinder body
to disassemble and, once disassembled, even more dif-

in the event of trouble.
(2) When removing the fresh water pipe as an assemnbly
from the cylinder and cylinder head, replace the

ficult to reassemble. Replace the pump as an assembly f E O ring
Gasket

Pipe flange

. . . h (3) Check the holes in the cooling water and bypass lines,
cylinder intake pipe O-ring. . . clean out any dirt or other foreign matter and repair as
(3) When the fresh water pump body and cylinder intake necessary.
flgnge and/or fre§h water pump a,nfj pump plate are (4) Replace the pump as an assembly if there is excessive
disassembled, retighten to the specified torque. water leakage due to mechanical seal or impeller seal
Tightening torque for 70 ~ 110 kg-cm wear or damage.
pump setting boits (5.06 ~ 7.94 ft-Ib} (5) Inspect the fresh water pump body and flange, clean
off scale and rust, and replace if corroded.
(6) Measure the clearance between the impeller and the

3-4 Fresh water pump inspection pump body, and the impeller and the plate.

(1) Bearing unit inspection Measure the clearance between the impeller and the
Rotate the impeller smoothly. If the rotation is not pump body by pushing the impeller ali the way towards
smooth or abnormal noise is heard due to excessive the body, and inserting a thickness gauge diagonally
bearing play or contact with other parts, replace the between the impeller and the body.
pump as an assembly. Measure the clearance between the impeller and the

{2) Impeller inspection plate (pump body bracket) by placing a straight-edge
Check the impeller blade, and replace if damaged or against the end of the pump body and inserting a
corroded, or if the impeller blade is worn due to contact thickness gauge between the impeller and the straight-
with pump body. edge.

6-8
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Chapter 6 Cooling Water System

3. Fresh Water Pump 4LH Series
L

Measuring clearance between impeller and pump body.

™ Thickness gauge

Measuring clearance between impeller and pump body
bracket.

Thickness gauge

mm (in)
Standard Wear limit
Ciearance between 03 ~11 15
impelier and body (0.0118 ~ 0.0433) {0.0590)
Clearance between 15 _
impeller and plate {0.0590)

Printed in Japan 6-9
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Chapter 6 Cooling Water System
4. Heat Exchanger

4. Heat Exchanger

4-1 Heat exchanger construction

The heat exchanger cools the hot fresh water that has
cocled the inside of the engine with sea water.

The inside of the heat exchanger cooling pipe consists of
36 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.

Sea water outlet

Side cover

N
&

.

Cylinder head

73
(yi-)> Heat exchanger
o {/ 38 ?
C

4LH Series

There is a resevoir at the bottom of the cooling pipe which
serves as the fresh water tank. There is an exhaust water
passageway (line} in the reservoir which forms a water
cooled exhaust gas manifold.

The filler cap on top of the heat exchanger has a pressure
valve, which lets off steam through the overflow pipe
when pressure in the fresh water system exceeds the
specified value. It also takes in air from the overflow pipe
when pressure in the fresh water system drops below the
normal value.

Cooling pipe

Sea water inlet

Side cover

Zp
&) Fresh water outlet

6-10 Printed in Japan
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Chapter 6 Cooling Water System
4. Heat Exchanger

L~ 4LH Series

4-2 Specifications of heat exchanger

Radiation area me (in.2) B 0.593 (919}
Fresh water discharged volume £/hr{in.3/hr) 8.000 (488.160)
Seawaterdischargedvolume £/mr(in.3hr) - 6.000 (366.119)
Fresh water flow speed in cooling pipe m/s (fi/s) 1.5 (4.9)
Sea water flow speedin cooling tube m/s (fi/s) | 217 (7.12)

4.3 Disassembly and reassembly of the heat
exchanger
{1) Remove the covers on both sides and take out the cool-
ing pipe and O-ring(s).

NOTE: Replace the O-ring(s) when you have removed the
cooling pipe.

(2) Remove the filler assembly.

4-4 Heat exchanger inspection
{1} Cooling pipe inspection
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 both ends of the tubes for
looseness or darnage, and repair if loose. Replace if
damaged or corroded.

3) Check tubes and replace if leaking.

4) Clean any scale or rust off the outside of the tubes.

{2) Heat exchanger body inspection

1) Check heat exchanger body 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 joints as necessary and clean the insides
of the pipes.

3) Check the exchaust gas intake flange and line, and
replace if corroded or cracked.

Printed in Japan
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{3) Heat exchanger body water leakage test
1) Compressed airfwater tank test
Fit rubber covers an the fresh water and sea water in-
fets and outlets. Place the heat exchanger in a water
tank, feed in compressed air from the overflow pipe
and check for any (water) leakage, {air bubbles).

Pressura gauge

Air hose

Rubber

Filler cap cop

© o T Test tank
9]} < e} )

Heat exchanger

Rubber cap

Test pressure l 2 kglcm? (28.44 Iblin.?}

2) Use of the tester

Fit the fresh and sea water inlets and outlets with rub-
ber covers and fill the fresh water tank with fresh
water. Fit a pressure cap tester in place of the
pressure cap, operate the pump for one minute and
set the pressure at 1.5kg/em? (21.331b/in.2), if there are
any leaks the pressure will not rise. If there are no leaks
the pressure will not fall.

Pressure tester

Pressure gauge

ﬁ/'Hubber cap

Rubber cap




Chapter 6 Cooling Water System
5. Pressure Cap and Sub Tank

4LH Series

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 mounted
on the filler neck cam by placing it on the rocking tab and
rotating. The top seal of the cap seals the top of the filler
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 pressure in the fresh water system is within
the specified value of 0.9kg/cm? (12.80ibfin.?). This seals
the fresh water system.

When 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 value, atmospheric
pressure opens the vacuum valve, and air is drawn in
through the overflow pipe.

Pressure valve operation

( j
:)
.
Overflow tube
=N y7s

Pressure vaive

\Flubber seal

Vacuum valve operation

Vacuum valve spring

Vacuum vaive

The sub tank, (which will be described later), keeps the
water level from dropping due to discharge of steam when
the pressure vaive opens.

Action of pressure control valve
Pressure valve Qpen at 0.9 kgicm*G (12.80 Ibfin.?}
Vacuum valve Open at 0.05 kg/em?G (0.71 Ibfin?} or below

Prassure valve spring

6-12

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 water has

had a chance to cool down.

(1) Remove scale and rust, check the seat and seat valve,
etc. for scratches or wear, and the spring for corrosion
or settling. 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 specitied
pressure range (0.75 ~ 1.05kg/em? (10.67 ~ 14.91Ibfin.?))
and note the gauge reading. The cap is normal if the
pressure holds for six seconds. If the pressure does
not rise, or drops immediately, inspect the cap and
repair or replace as necessary.

Parts No. of cap tester | 120445-44600

5-4 Function of the sub tank

The pressure valve opens to discharge steam when the
steam pressure in the fresh water tank exceeds 0.9kg/cm?
{12.801b/in.2).

This consumes water. The sub tank maintains the water
level by preventing this discharge of water.

The steam discharged into the sub tank condenses into
water, and the water level in the sub tank rises.

When the pressure in the fresh water system.drops below
the normal value, the water in the sub tank is sucked back
into the fresh water tank to raise the water back to its
ariginal 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 becase the
pressure cap does not need to be removed.

Printed 1n Japan
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Chapter 6 Cooling Water System
5. Pressure Cap and Sub Tank )
4LH Series

5.7 Precautions on usage of the sub tank

Filr cap (1) Check the sub tank when the engine is coal and refill
with fresh water as necessary to bring the water leve!
r = between the low and full marks.
Sub tank - 5f: :?:D\ {2) Check the averflow pipe and replace if bent or cracked.
Clean out the pipe if it is clogged up.

30 (1.18) mm (in)
©8(0.31) 9 -
| o =
- -}
3 e
_ & LW
H’és (z.sé\)d s ]
. 3 s
b o g
L] 2 '3
; i Lo —
] 8
60 (2.36) =
[ ]
61 (2.40)
@120 (4.72)
5-5 Specifications of sub tank
Overall capacity 1.254 (76.27 in.%)

Subtank capacity Full-scale position 08¢ (48.81in?)
Low-scale position 02¢ (1220 in.%)

Part No. of subtank 120445-44530

5-6 Mounting the sub tank

{1) The sub tank is mounted at approximately the same
height as the heat exchanger (fresh water tank).
(allowable difference in height: 300mm {11.8110in.} or

less)
(2) The overflow pipe should be less than 1000mm
(32.3701in.) long, and mounted so that it does not sag

or bend. /

Overflow tube
Mounting plate

Sub tank

NOTE: Make sure that the overflow pipe of the sub tank is
not submerged in bilge. If the overflow pipe is
submerged in bilge, water in the bilge will be
siphoned into the fresh water tank when the water
is being cooled.
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6. Thermostat

6. Thermostat

6-1 Functioning of thermostat

The thermostat opens and closes a valve according to
changes in the temperature of the fresh water inside the
engine, controlling 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 level.

The thermostat is bottom bypass type. it is located in a
position connected 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 cir-
culates in the engine.

When the fresh water temperature exceeds the above
temperature, the thermostat opens, and a portion of the
water is sent to the heat exchanger and cooled 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.

Thermostat cover

Thermostat valve

From cylinder head

Impeller

When valve is closed (by-pass passage is opened)

6-14

4LH Series

:l/ Thermostat valve

From cylinder head

When valve is opened (by-pass passage is closed)

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 con-
struction is used to open and close the valve.

6-3 Characteristics of thermostat

Opening temperature 71°C
Full open temperature 85°C
Valve lift at full open 8 mm {0.31 in}

Printed in Japat
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6. Thermostat

L 4LH Series

6-4 Thermostat inspection

Remove the thermostat cover on top of the fresh water
pump and take out the thermostat. Ciean off scale and
rust and inspect, and replace if the characteristics
{performance) have changed, or if the spring is broken,
deformed or corroded.

Thermostat cover

Thermostat

ik

Packing

|

Fresh water pump body

Part No. of thermostat 121850-49810

Printed in Japan
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6-5 Testing the thermostat

(1) Put the thermostat in a beaker with fresh water, and
heat it on an electric stove. The thermostat is function-
ing normally if it starts to open between 75 ~ 78°C, and
opens Bmm (0.3150in.) or more at 90°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 cooling 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).




Chapter 6 Cooling Water Systemn
7. Kingston Cock (Optional)

7. Kingston Cock (Optional)

7-1 Construction

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

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

Suction pipe

Hull

Kingston cock cover

Kingston cock cover

Screw

7-2 Handling precautions

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

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

On the other 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.

6-16

4LH Series

7-3 Inspection

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

If water leaks from the cock, disassemble the cock and in-
spect if for wear, and repair or replace it.
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Chapter 6 Cooling Water System
. Wi Filter (Opti
8. Sea Water Filter (Optional) ALH Series

8. Sea Water Filter (Optional)

When operating the engine in areas where the sea water
comains a large armount of mud, sand or other foreign
matter, a sea water filter should be provided between the
kingston cock and the sea water pump.
Occasionally inspect the sea water filter and clean the dirt Sea water pump
and scale off the element. Remove the dirt and sand from
the bottom of the filter, / .
S

Sea water strainer

Element

From kingston cock

To sea water pump

Printed in Japan 6-17
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9. Bilge Pump and Bilge Strainer (Optional) JLH Serics

9. Bilge Pump and Bilge Strainer (Optional)

Cable connector

Strainer

5
} 3 48(1.8893)
N e—e{ 3-245 (0.1772) Holes
Pump &
; S—
/
S 6 --@

.

.‘\
Cable connecter

90 (3.5433)
|
\
|
|
|
!

|

4-855 (2.1654) Holes 50 (1.9685) __

217.5 (0.6890)
Cooling water outlet  Cooling water inlet
9-1 Bilge pump 9-2 Bilge strainer
9-1.1 Specifications
Code No. 120345-46010 (with strainer) mm {in.)
Model No. BP190-10 169 (6.6535)
Rating 60 min. g
=] —
Voltage 12v & ~ 8
-4 @€
Output 90W o ANR4 — N2
Weight 3.0kg (6.6 Ib) 9
9-1.2 Performance of pump (in pure water) ‘ 124 (4.8819)
Voltage 11.5v
Suction —
performance Max. suction litt 1.2m (394 ft)
Suction time 4 sec.
Voltage 115V
Pumping lift Current BA
performance Total lift 1m (3.28 ft)
Lifting volume of water 17 Himin
6-18 Printed in Japan
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Chapter 7 Reduction and Reversing Gear
1. Construction

4LH Series

Marine Gear Model
KM5A

1. Construction

1-1 Construction
The clutch is a cone-type, mechanically operated clutch.
When the drive cone (which is connected to the clutch shaft
by the lead spline) is moved forward or backward, its taper
contacts with the clutch gear and transfers power to the
output shaft.
The construction is simple when compared with other types
of clutch and it serves to reduces the number of compo-
nents, making for a lighter, more compact unitwhich can be
operated smoothly, Although it is small, the power trans-
mission efficiency is high even under a heavy load. It is
also durable and reliable because high grade materials are
used for the shaft and gear, and a taper roller bearing is
incorporated. Power transmission is smooth because
connection with the engine is made through the damper
disc.

e The drive cone is made from special aluminum bronze
which has high wear-resistance and durability. The
drive cone is connected with the clutch shaft. The taper
angle, diameter of the drive cone, twist angle, and dia-
meter of the involute spline, are designed to give the
greatest efficiency, thus ensuring that the drive cone can
be readily engaged or disengaged.

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

# The clutch case and mounting flange are made from an
aluminum alloy of special composition to reduce weight.
This is non-corrosive in seawater.

¢ The damper disc is fitted to the input shaft, so power
can be transmitted smoothly. Springs of different streng-
ths are used for the damper disc so that two stages of
torgue and twist angle are applied. That is, in the first
stage, only the weak spring is used, and the strong spring
comes into action for a torque higher than a predetermin-
ed value,
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This prevents gear noise due to torsional vibration, as
well as absorbing shock when engaging.

Stage arrangement

p——Absorbs shock
when engaging

T-torque

Normal condition

Twist angle ©

There is a small clearange between the dipstick and the
inside of the dipstick tube. A small hole in the dipstick
works as a breather.

¢\When the load on the propeller is removed, the engage-
ment of the drive cone and the clutch gear is maintained by
the shifter and V-groove of the drive cone. Evenwhen the
drive cone’s tapered area and V-groove are worn, this
engagement is maintained by the shift lever device.
Accordingly no adjustment of the remote control cable is
required.

«The cup spring on the rear of the clutch gear absorbs
rotational fluctuations and stabilizes the engagement of
the drive cone and the clutch gear. Thus, the durability
of the cone against wear is enhanced.
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1. Construction

4LH Series

e A torgue limiter is built into the input shaft gear to
prevent damage caused by excessive torque.

s The lube oil temperature can be controlled because in
addition to the input shaft gear which functions as a
centrifugal pump, an oil cooler is also equipped.

»The oil cooler is equipped with a cooling water drain
cock to pravent cracks caused by freezing in cold weather.
It is therefore easy to drain the water.

e The propeller shaft can rotate in both counter clockwise
(C.C.W.) and clockwise (C.W.) directions.

NOTE: Since the difference in reduction gear ratio bet-
ween C.C.W. and C.W. rotations is within 0.13%,
no problem occurs in operation.

1-2 Specifications of Angle Drive Marine Gear

Model

KM5A

For engine models

4L H-TE, 4LH-HTE, 4LH-DTE

Down angle

7 degree

Clutch

Constant mesh gear with servo cone clutch

{wet type)

Input shaft

Counter-clockwise, viewed from stern.

Direction of rotation
Output shaft

Bi-rotation

Reduction ratio

257 | 2.07 |146

Propeller shaft rpm at cont, rating

1245 | 1546 | 2187

Control head

Single lever control

Cable

Morse, 33-C {Cable travel 76.2mm or 3 in.)

Remote control
Clamp

YANMAR Made, standard accessory

Cable connector

YANMAR Made, standard accessory

Outer diameter

$130mm (5.18"}

Output shaft coupling Pitch circle diameter

$108mm (4.25")

Cohnecting bolt holes

4—¢12.3mm (4—$0.48")

Position of shift lever

Right side, viewed from stern

Lubricating oil

Same as Engine lube oil

Lubricating oil capacity

2.6¢

Lube oil cooler

Sea-water cooling

7-2
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1. Construction
[

1-3 KMB5A Sectional View

46 45 44 43

42 a1

Detail of part A

i 23 4 56789 1011
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1213 1415 16 17

Option parts
Wireharness

Cable bracke

Locator

18

19
20

21
22

23

7-3

I

50 49 48 47 40 38 38 37 36 35 34

24

25
26
27
28
29
30

a1

32
33

DR NRWRD =

4LH Series

Cluteh case
Thrust celiar {A)
Spring retainer
Cup spring
Clutch gear (A)
Neeadle bearing
Thrust collar (B}
Snap ring

Drive cone
Clutch gear (B)
Needle bearing
Cup spring
Spring retainer
Inner race
Thrust collar (A)
Driving gear
Kay

Shim

Bearing

Clutch shaft
Name plate

End nut
Qutput shaft cover
O-ring

Output shaft coupling
Bearing

Cil seal

O-ring

8olt

Coupling retainar
Shim

Output shaft
Bolt

Drain plug
Bearing

Shim

Qil seal

Bearing

Snap ring
Bearing

Cup spring
Spacer

Plate {A)

Plate (B)

Lock nut
O-ring

Bearing

Boilt

Bearing

Shim

Qil saal

1nput shaft
Dumper disk
Filter

Pin

Bearing

Filter case
Mounting flange
Spring pin
Location pin
Shift lever shaft
O-ring

OQ-ring

Washer

Split spaca pin
Pivot

Oil seal

Spring

Shim

Stopper bolt
Shifter

Baolt

Side cover
Dipstick
Qil-cooler body
Pipe

Cooler

Cock

O-ring

O-ring

O-ring

O-ring

Covar

End nut
Washer

Shim

Bearing
Intarmediate shaft
Bearing
Intermadiate shaft gear
Spring pin

Lock nut
Washer

Bolt

Washer

Cable bracket
Shift lever

Bolt



Chapter 7 Reduction and Reversing Gear
[. Construction

1-4 Power Transmission System

1-4-1 Arrangement of shafts and gear

KM5A

Clutch shaft Clutch gear A

Clutch gear B

Intermediate shaft

idle gear B

idle gear A
Input shaft

Input shaft gear
Quiput shaft gear

Clutch gear A

Clutch shaft Clutch gear B

Drive cone

Drive gear

Input shaft

{ntermediate shaft

Idle gear A

Input shaft gear
Shaft arrangement viewed from the propeller

Idle gear B

1-4-2 Reduction ratio

4LH Series

Output shaft
with gear

Input shaft Clutch gear Intermediate shaft Drive Output shaft Reduction
gear A B Idle gear A | Idle gear B gear with gear ratio
36 50 1.46
37 39 41 38 40 29 57 2,07
25 61 2,57
7-4
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2. Shifting Device

- 4LH Series
- n ) ]
2. Shifting Device
_,/-- \‘\
2-1 Construction of shifting mechanism L RN
I3
{
P P
Spring pin ..‘\\@
Cable cl Lock nut m
able clamp Lacation pin B
Balt 0 lg 5 ‘
LSS e @\\'\\
Cable bracket ! Shifter
Washer Split pin Spring
Shift lever | !
Pi\lrut ﬁ / Shift lever shaft
- Qil
@ ’ Se O O-ring
” Side cover
Bolt (M8 x 30)
Stopper bolt
Bolt {M8 x 25}
N
The shift lever shaft is installed on the side cover with ? N I
neutral, clutch gear {A) and clutch gear (B) positions / ( - \
provided on the cover. The neutral, clutchgear (A) and
clutch gear (B) lacation pins of the shift lever shaft are ! ‘
constantly inserted into their respective grooves on the ! Location i
shift lever by the tension of the shifter spring. The shifter ) ! oin .
is set on the eccentric hole of the shift lever shaft and Side cover N
moves the drive cone in the neutral position either to the . :
clutch gear (A} or clutch gear (B} positions, and then _ 0
back to the neutral position. (The shift lever shaft moves T A
Cone —_ N 5\

slightly to the shift lever (or drive cone) side when the
shift lever is placed in the clutch gear (A) or clutch gear
{B} positions.)

NOTE:! Ciutch gear (A) pos'r'tian: clockwise propeller
rotation viewed from propeller side (C.C.W.)

NOTE:2 Clutch gear (B] position: Counterclockwise
propeller rotation viewed from propelier side
C.W.)

Drive shaft center

VLT |
Eccentric- L 0/ : | T |1 . — 3 — E

Shifter installation’

£
center - A

if
Shitter Shift lever shaft

Spring

7-5 . .
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device

2-2 Clutch gear (A) and clutch gear (B) operation
(Neutral = clutch gear (A}, Neutral = clutch
gear (B} )

When the shift lever is moved to the clutch gear {A} po-
sition from the neutral position, the shift [ever shaft starts
to revolve, and the location pin disengages from the neutral
V-groove position of the side cover. (Shift lever moves
approx, 0.5mm to the drive cone side.) At this time the
shifter, which is set on the eccentric hole of the shift iever
shaft, moves the drive cone’s V-groove to the clutch gear
(A).

When the location pin of the shift lever shaft falls into the
clutch gear (A} position groove on the side cover, the
shift lever shaft moves approx. 3mm to the shift lever side,
and the shifter starts to press the drive cone V-groove to
the clutch gear (A} side by spring force.

2-3 Engagement and disengagement of clutch
{Clutch gear {A) = Neutral, Clutch gear (B) =
Neutral)

When the shift lever is moved to the clutch gear {A) po-
sition from the neutral position, the shift lever shaft starts
to revolve, and the location pin disengages from the clutch
gear {A)} position groove on the side cover. (The shift
lever shaft moves approx. 3mm to the drive cone side.}
At this time, the shifter which is set on the eccentric hole
of the shift lever shaft, is moved to the neutral side [clutch
gear (B} side}. The drive cone, however, is engaged with
the clutch gear [A) as the torque force produced by the
revolving centrifugal force.

Further, when the shift lever shaft starts to revolve, and the
positioning pin falls into the neutral V.grocve position of
the side cover (the shift lever shaft travels approx. bmm to
the shift lever side), the shifter moves to the shift lever side
fto the spring side) while moving the V-groove of the drive
cone to the clutch gear {B} side. The movement of the
shifter to the shift lever side, however, is stopped when the
shifter end contacts the stopper bolt. The shifter only
works to press the V-groove of the drive cone to the clutch
gear {B) side. Thus, the drive cone is disengaged from the
clutch gear (A). After this disengagement, the transmis-
sion torque of the drive cone is decreased to zero and the
shift lever is returned to the neutral position by spring
force.
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L
Shifter center
{Cone center)
] Shift lever shaft
Clutch gear (A ;
e gear (A} Shift lever center
A
T
L Z\ .
—=[ ]
Clutch gear {B)
side
(Shift lever
shaft moves Side cover
approx. 0.5mm) Lo tral position
(V-groove)

Clutch gear (A} Shifter center

side Shift lever shaft
\ Cone center
[

S A

L

(Shift lever shaft
moves approx. 3mm)

Clutch gear (B}
sicle

At clutch gear (A} engagement position

Clutch gear {A)
side
Cone center

]
I

Shifrer center

Shift lever shaft

|
)

-
—

£

1

Clutch gear {B)
side ‘(Shift tever shaft

maoves approx, 3mm)

Shifter center
Cone center

Shift lever shaft

Ctutch gear (A)

side Shift lever center

dnll

Clutch gear {B)
side

{Shift lever
shaft moves
approx. 0.bmm

Side cover

neutral position
(V-groove)
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2. Shifting Device

I — P s T

2-4 Clutch shifting force

Shifting position
Shifting direction

Shift lever posi-
tion at 56mm

Remote control handie
position at 170mm
{Cable length, 4m)

Engaging farce 3~4kg 4 ~5 kg

at 1000 rpm (6.6 ~ 8.8 Ibs} {88 ~ 11.0 lbs)
Disengaging force 6~ Bkg 7~95kg

at 1000 rpm {13.2 ~ 17.6 1bs) {15.4 ~ 209 lbs}

_@_.

2-5 Adjustment of shifting device

Whenever the side cover, shift Jever shaft, shifter, stopper
bolt or drive cone is replaced, be sure to adjust the clear-
ance between the shifter end and the stopper bolt with
shims. If the adjustment of this clearance is inadequate,
the drive cone may not connect properly when the shift
lever is moved to the neutral position, either from the
clutch gear {A) or clutch gear {B) position.

35

=
@

165 (6.496)

'.(51.1381

-

- 70(2.756)

Clutch gear {A) side

43.6[]_,?1_7)
56{2.205)

50{1.969) .

S

mm {in.}

Clutch gear (B) side

77

Shifter top clearance
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2. Shifting Device

4LH Series

2-5-1 Measurement and adjustment of clearance

{1)Assemble the shifting mechanism {without installing
the stopper bolt of the shifter} to the marine gear case.

NOTE: Ensure the correct alignment of the shifter before
assembly.

Top side

¢

Shift lever _

shaft center

Shifter center -

}

Bottom side

(2)Turn the shift lever 10 ~ 15 degrees either to the clutch
gear {A) or clutch gear (B) position from the neutral
position.

(3YMeasure the L-distance between the shift lever shaft end
surface and the shifter end.

{4)Measure the H-distance {the distance from the neck of
the stopper bolt to its end).

{5)Obtain the shim thickness “T" by the following formula.

T={H-L+1.25)})%0.1mm {0.003%in.}

NOTE:Shim set includes one each of Tmm, 0.4mm, 0.3mm,
0.265mm shims.
{YANMAR Part No. 177088-06380)

{6)1nsert shim (s} of proper thickness to the stopper bolt
side and tighten to the shift lever shaft.

NOTE:When tightening the stopper bolt, apply either a

non-drying type liquid packing (THREE BOND
No.1215), or a seal tape around the boft threads.

—
)

Approx.

Bmm (0.1968in.) L

Do not apply
liquid packing
or seal 1ape to
this area.

2-5-2 Inspect for the following points
(to be inspected every 2-3 months)

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

{2)Looseness of the attaching nut of the cable connector
and the shift lever,
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{mm}

& Mark

Stopper bolt

—I=
=

H
137.4 ~ 37 6}

mm ]

5011 569) N

16516 496)

ICW, 56
v L I (,ztm5|

NQTE. Shift fever must be installed in the direction of the
A-mark ensuring the specified installation angle

{6).
6 = 90°
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2. Shifting Device

4LH Series
2-6 Adjustment of the remote control head
Marine gearbox control side B ; e Gt
{1)Equal distribution of the control lever stroke. T
Neutral
S 82
|
!
C.CW. cw. |
o 50{1.969) !
Remote Control Head ; T
I
i e
- C.W. / 1
35 o~ R
f0.138) ’7\ ) ; -
T ‘/ - - T ™ &b
1 TTE e \
1 ims (& vy O \ \
The stroke between the neutral position — C.W. posi- i a . i S - { By el
tion (S2), and the neutral position - C.C.W. position - 2 Neutral |l / :
(81) must be equalized. . ‘B: N
When either stroke is too short, clutch engagement ]:II ll. cé.,\.\ & % e |
becomes faulty. \/ P
(]
17, 438071170
c.cw. 5612.205)
{2)Equalizing the travel distance of the control cable. ¥ -

After ensuring the equal distribution of the stroke
described in (1), connect the cable to the control head.
Adjust so that the cable shift travel of the S1 and
S2 control lever strokes becomes identical.

Neutrat

51 S2

c.c.w. C.W.
Remote Control Head
Note; (#) Cable shift travel
81 = More than 36mm (1.42"")
§2 = More than 36mm {1.42")
Clamp
rd

To engine speed

2-7 Cautions

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

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

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

{4}Set the idling engine speed at between 800 and B50
rpm,

NOTE: The dual{Two) lever remote control device cannot
be used.
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3. Inspection and Servicing

- A — 4LH Series

3. Inspection and Servicing

3-1 Clutch case and cover

{1}Check the clutch case and cover for cracking with a
test hammer.
Perform a color check when required.
If the case and cover are ¢cracked, replace those together.

{2)Check for staining on the inside surface of the bearing
section.
Also, measure the inside diameter of the case and cover.
Replace the case and cover if these are worn beyond
the wear limit.

3-2 Bearing

(1) Rusting and damage.
If the bearing is rusted or the taper roller retainer is
damaged, replace the bearing.

{2y Make sure that the baarings rotate smoothly.
If rotation is not smooth, if there is any binding, or if any
abnormal sound is evident, replace the bearing.

3-3 Gear

Check the surface, tooth face conditions and backlash of

each gear. Replace any defective part.

{1)Tooth surface wear.
Check the tooth surface for pitting, abnormal wear,
dents, and cracks. 1Repair the lightly damaged gears
and replace heavily damaged gears.

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

{3)Backlash.
Measure the backlash of each gear, and replace the gear
when it is worn beyond the wear limit.

Clutch shaft

Input shaft
Intermediate shaft

Pick-up gauge

Magnetic stand

mm (in.}
Maintenance .
Standard Wear limit
Clucramor ™ | 08880 | 0558
Idle gear ‘ ' :
Drive gear 0.12~0.20 0.3
Output shaft gear {0.0047 ~ 0.0079) (0.0118)
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3-4 Clutch gear (A} and (B)

{1)Contact surface with drive cone.
Visually inspect the tapered surface of the clutch gears
{A) and (B) where they make contact with the drive
cone to check if there is any abhormal condition or
sign of overheating.
1t any defect is found,
replace the gear.

3-5 Drive cone

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

contact surface

Helica! involute spline

{2)Check the helical involute spline for any abnormal con-
dition on the tooth surface, and repair or replace the
part should any defect be found.



Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

-

{3)Measure the amount of wear on the tapered contact
surface of the drive cone, and replace the cone when the
wear exceeds the specified limit.

-

V-

\
Drive cone Drive cone

Ciutch gear 1A} Clutch gear (B}

mm {in.}

Standard dimension Limited dimension

327~ 333 316

Dimensions {1.2874 ~ 1.3110) (1.2441)

NOTE: When dismantled, the forward or reverse direction
of the drive cone must be clearly identified.

{4)If the wear of the V-groove of the drive cone is exces-
sive, replace the part.

c

NOTE:When replacing the drive cone, the drive cone
and clutch gears (A) and (B) must be lapped prior
to assembly.

The lapping procedure is described below.

4LH Series
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v 4LH Series

3-5-1 Lapping Procedure for Drive Cone

(4}Push and turn the clutch gear about 5 times both clock-

{1) Coat the lapping powder onto the cave of the clutch
wise and counter-clockwise.

gear {Lapping powder: 67 micron silicon carbide #280).

3
s
)
(2)Set the clutch gear on the clutch shaft with a needle {5) After lapping them, wash them with washing oil.
bearing and then set the drive cone on the clutch shaft. The lapped parts should be cleaned completely.

(3)Lap the clutch gear’s cave and drive cone, pushing them
together by hand.

Small

~ |.D. mark 0.

NOTE: Do not mix the combination of the lapped parts.
The washing oil should be changed frequently in
order to prevent residual powder being left on the

parts,
When assembling the drive cone, be sure to check

its alignment.
The larger chamferring face should be on the

clutch gear A} side.

7-12
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3. Inspection and Servicing .
A e 4LH Series

3-6 Thrust coller A and B for clutch shaft

Qii filler il filler case

$nap ring

Clutch shaft

3-7 Cup spring and spring retainer

{1)Check for cracks and damage to the cup spring and
spring retainer. Replace the part if defective.

(2)Measure the free length of the cup spring and the thick-
ness of the spring retainer. If the length or the thickness

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

{2)Measure the thickness of thrust collar A or B, and
replace it when the dimension exceeds the specified deviates from the standard size, replace the part.
limit.
Thrust collar A Thrust collar B Cup spring Spring retainer
1
il ﬂ ~
|l-=—Sliding surface .

lw— Sliding surface

T
T
J'L ™ »
t,
t, |
It
mm (in.} mm {in.)
Stepped wear Standard Limit Standard Limit
0.1 0.05 2.86 ~ 3.06 266
h llar A, t t i ’ :
Thrust coller A, 1, ' {0.0039) (0.0020) Cup spring, T (01126 ~0.1208) | (0.1047)
Aty 1.0 0.7 2.92 ~ 3.08 28
r t . . - o o
Thrust collar B, t, 2 (0.0394) {0.0276) Spring retainer, T (0.1160 ~ 0.1213} 0.1102)
7-13
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e ————————meeen. 1 LH SeTieS

3-8 Input shaft

Input shaft gear with torque limiter

l

Roller bearing

Input shaft

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

replace with a new part.

(2} Surface of oil seal.
If the sealing surface of the oil seal is worn or scratched,

replace.

(3} Torque limiter parts.
If the torgue limiter has slipped due to excessive torque,
measure the size of the inner parts listed top right. If
the parts are excessively damaged replace.

© T Nut

@ Plate (B)
w Plate {A)
vl
—_—
— Spacer

—=——=—=_>—"Cup spring

Input shaft gear

Ball bearing

Snap ring

{4)Plates (A) & (B)
Plates (A) & (B) will be worn in stepped configuration as

shown below. Replace if the measurement is found to
be over the wear-limit.
t,

tl —

t,
Plate (A) Plate (B) mm (in.)
Stepped wear Limit Q'tyfunit
Plate (A) 0.03 29
{t, +t,} {0.0012}
Plate (B) 0.03 23
{t, +1,) (0.0012)
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(b)Cap spring mm {in.}
Standard Limit
Cun soring. T 35~38 3.35
up spring, (0.1378 ~ 0.1496) {0.1319)

\

Cup spring

3-9 Output shaft

{1)Visually inspect the spline, oil seal and O-ring, and
repair or replace a part when any abnormal condition

is found on its surface.

7-14
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—— 4LH Series
3-10 Intermediate shaft
D2 D1
Nut
Washer /
Shim b
Raoller bearing -
1
Intermediate shaft J
Intermediate gear
mm (in.}

Spring pin——{] Standard Limit

D1 6.69 ~6.70 6.60
(0.2634 ~ 0.2638} (0.25659)

02 11.966 ~ 11.984 11.95
wsually i he shaf d . | + (04711 ~ 04718} (0.4705)

eplace r
H)VII:ua ¢ m::)mctm‘E IECSn:li:ic?: is rf:::larlmzzl g; irtspsurfa:e P Shift lever shaft, 120 ~12.018 12.05
when an NOY| .

any abnorma Shifter insertion hole (0.4724 ~ 0.4731) (0.4744)

3-11 Shifting device

3-11-1 Shifter

Spring pin

Location pm——ﬂ l ﬂ

'S-\’\\

Spring

Shift lever shaft

{1)Visually inspect the surface which contacts with the
drive cone, and replace the shifter when signs of over-
heating, damage or wear are found.

(2}Measure the shaft diameter of the shifter. Replace the
shaft if the size deviates from the standard.

Sliding surface of shifter

7-15

3-11-2 Shift lever shaft and location pin

{1)Check the shift lever shaft and location pin for damage
or distortion, and replace defective parts. If the location
pin must be replaced, replace it together with the shift
lever shaft.

(2)Measure the diameter of the shift lever shaft and the
shifter insertion hole. Replace the part if the size
deviates from the standard value.

¢4, Location pin

mm (in.)

Standard Limit

4y 27.959 ~ 27.98 2790
{1.1001 ~ 1.10186) (1.0984)

ds 12.0 ~ 12018 12.05
{0.4724 ~ 0.4731) (0.4744)

Side cover, 28.0 ~ 28.021 28.08
Shift insertion hole (1.1024 ~ 1.1032) (1.1055)
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3-11-3 Shifter spring

(1)Check the spring for scratches or corrosion.
{2)Measure the free length of the spring.

4LH Series

Shifter spring Standard

Limit

Free length 226 mm {0.880in.}

19.8 mm {0.78Gin.)

Spring constant 0.854 kg/mm {1.88 Ibs/0.04in.}

Length when attached 1435 mm {0.5650 in.}

Load when attached

7.046 kg {15.54 Ibs}

6.08 kg

(13.41 lbs}

3-11-4 Stopper bolt
Check the stopper bolt. If it is worn or stepped, replace.

Check point

e

- Tap

—
I

=
=

3-11-5 Side cover and oil seal

{1)Check the neutral, clutch gear (A) and clutch gear (B)
position grooves. Replace if the grooves are worn.
{2)Measure the insertion hole of the shift lever shaft.
Replace if the size deviates from the standard value.
{3)Check the oil seal and the O-ring for damage.
Replace if the part is defective.

TS
«—— Clutch gear (B)
-—— Neuytral
-a— Clutch gear (A}
] _]_‘J/

Printed in Japan

AOA 1030

7-16

3-12 Damper disc

Spline

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

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

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

{(4) Whenever a crack or damage to the spring slot is found
replace the defective part with a new cne.
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—— M— 4LH Series
3-13 Shim adjustment for output and input shafts {2} Intermediate Shaft
Check the thickness of the shims for the intermediate, Measure the distance C and thickness D

clutch, input and output shafts. When the component
parts are not replaced after dismantling, the same shims
can be reused. When the clutch case, mounting flange and
ciutch case cover or any one of the following parts is re-
placed the shim thickness must be determined in the
following manner.

0
,={C—-D) 01mm

For input shaft parts : input shaft, bearing.
For output shaft parts: output shaft, bearing.
For intermediate
shaft parts : intermediate shaft, spacer, gear
hearing.
For clutch shaft parts : clutch shaft, thrust collar {A),
{B), gear, bearing.

Intermediate shaft

[ —

| NS E—

™
(1} Input Shaft D 1,
Measure the distance A and B. C
Thickness of Shim t,
{3)Clutch Shaft

_ +0.05
t, = (A-B) mm Measure the distance H, [ and J.

te=(H — 66 — 2L —gyEeos

Then measure distance E, F and G,

ty=(E—F —G)*%%q
Input shaft

y KB _*C:f @)

Clutch shaft

AN

NOTE: When measuring the distances I and J, the clutch

gears must be pushed in the direction of the drive
cone,

717 Printed in Japan
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{4)Output Shaft

Adjust the thickness of Shim t; to make the backlash
of gear at 0.12 ~ 0.20 mm {0.0047 ~ 0.0079 in.}
Then measure the distances K, L and M.

0.1
te=(M+L—-K?™¥0 mm

{(5)Standard size of parts mm {in.)
Drive cone
A D neutral
B C E F G H | J K L M center
position

410~ (394~ |21~ 1.9~ 26.0~ 9.0~ 14.6~ 188.0~ 23.3~ 1086~ |23.9~ 1048~ (2279~
412 40.9 33 21 26.2 10.0 15,6 188.2 242 109.7 241 106.1 22.8 66

{1.614~ }(1.551~ |{0.0827~ [{Q.075~ | (1.0236~ |{0.3543~ | (0.5748~ | (74016~ |{0.9173~|(4.2756~ (0.9409~ |(4.1260~ (0.8937~| (2.6984)
1622} 16100 0.1299) | 00827)] 1.0315) | 03937} 0.6142})| 7.4094) | 0.9528)| 4.3189)( 0.9488)| 4.1772)| 0.8976)

NOTE: Compare your measurements with the above standard
size. If your measurements differ greatly from the
standard sizes, the measurements may not be correct,
Check and measure again.
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3. Inspection and Servicing 4LH Seri

Adjusting point Part No. Thickness. mm (in.} No, of shims

0.1 {0.0039)
0.3 (0.0118)
0.5 {0.0197)
1.0 {0.0394)

0.1 (0.0039)
0.3 (0.0118)
0.5 (0.0197)
1.0 (0.0394)

0.3 {0.0118)
13 & 14 17707502150 0.4 (0.0157)
0.5 {0.0197}

0.1 (0.0039)
0.3{0.0118)
0.5 {0.0197)
1.0 {0.0394)

th 177095-02150

- N = N

t2 177074-03410

t5 & t6 177074-02350

N NN R AR == N

7-19 Printed in Japan
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4. Special Tools ALH Series

4.Special Tools

Name of tool

Shape and size

mmi{in.}

Application

Inserting tool

Part No. 177099-09040

10 {0.394)

$32 (1.260)
$38 (1.496)
¢45 {1.772)

For installing clutch shaft
bearings

(Commen use marine gear
model, KBW10}

Inserting tool

Part No. 177075-09030

10 (0.394)

—— _ $35.2 {1.386)
T 40 {1575)

»42.7 11.681)

For installing input and
intermediate shaft bearings
{Common use for marine gear
modal, KBW20, 21 & KM4A}

Spline socket

Part No. 177073-09020

5 {0.197)

For checking limiter torque of the
torque limiter

{Common use marine gear

model, KM4A}

Ring nut wrench

Part No, 177074-09010

P12
{0.472)

For removing and tightening the
torque limiter
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4LH Series

5.Disassembly

5.1 Disassembling the clutch and accessories.

{1}Remove the remote-control cable and the C.W. hose
of L.O. cooler.

{2)Dismount the clutch main body from the mounting
flange.
{3)Drain the lubricating oil

Drain the lubricating oil by loosening the plug at the
bottom of the clutch case. Also remove the dipstick
from the clutch case at the same time.

{4)Remove the drain plug and pull out the L.O.

7-21

{6)Remove the fastening bolts of the
coupling.

output shaft

Remove the clamp plate and O-ring.

O-ring Clamp plate

Remove the output shaft coupling.

Printed in Japan
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3. Disassembly
- e 4LH Series

{7)Remove the fixing bolts on the side cover of clutch (9)Remove the output shaft.
case, and also remove the shift lever shaft assembly.

—

(10} Removing the mounting flange

Remove the fastening bolt of the mounting flange
and then remove the mounting flange.

Remove the rear cover from the clutch case.

{11)Removing the input shaft assembly.
Draw out from the mounting flange side of the case.

Clutch shaft assembly

Intermediate shaft
assermnbly

Printed in Japan 7-22
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— ERS— T 1 ; GV g T

(12)Remove the clutch shaft assembly.

Roller bearing

Intermediate gear /

ZII ntermediate shaft
&
N

Spring pin—-ﬂ

{14) Remove the oi! cooler.

(13)Draw out the intermediate shaft tapping to the
mounting flange side with a aluminum bar.

7-23 Printed in Japan
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= O — ——— 4LH Series

(15}Draw out the outer bearing reces.

1} Remove the outer bearing races of the mounting
flange, the case cover and the case.

NOTE: Remove the outer bearing races with a special
tool

- Special ool

Case body

~Quter bearing race

{16) Remove the oi! seals of the mounting flange and

the case cover.
‘——Outer bearing race

Qil seal

Rear cover

Printed in Japan 7-24
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Outer bearing race

Shims
Er
Mounting flange @-—Oil seal
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— 4LH Series

6-2 Disassembling the clutch shaft {3)Remove the pin.

5-2-1 Clutch gear {A} side

{1) Loosen the catking of the end nut and remove the
nut. Remove the nut by a torque wrench, fixing the
clutch shaft in a vice.

{4}Withdraw the thrust collar (B}, inner needle bearing
by pulley extractor.

Lt

Inner needle bearing
<~ Thrust collar (B)

5-2.2 Clutch gear (B) side

NOTE: Remember that the nut has a counterclockwise (1)Loosen the calking of the end nut and remove the nut,
thread. Remove the nut by a torque wrench, with the clutch
shaft fixed in a vice.

{2)Take out the clutch gear (A}, Thrust collar (A}, cup
spring, spring retainer and inner bearing trace. The
clutch gear {A) must be withdrawn using a pulley
extracter, with the clutch shaft fixed in a vice.

NOTE: Remember that the nut has a left-handed thread.

7-25 Printed In Japan
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S ——— 4LH Series

{2)Withdraw the large gear (B), thrust collar (A), cup-
spring, spring retainer, drive gear and inner bearing
race.

Use a pulley extracter, with the clutch shaft fixed

in a vice.

{3}Remove the key.

{4)Withdraw the thrust collar {B) and inner needle bearing
race with the pulley extractor.

_tnner needle bearing
Thrust collar {B)
Drive cone

Printed in Japan 7-26
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{5)Remove the snap rings.

Snap ring plier

Snap ring

Drive cone
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4LH Series

5-3 Disassembling the input shaft

{1)Draw out the input shaft tapping to the small roller
bearing side with a steel bar.

Steelbar —____|

Input shaft

(2)Fix the input shaft gear in a vice, and remove the
lock nut with a special tool.

e
-

Special toot

Lock nut

Plate (B}
Plate (A)

Cup spring

Input shaft gear

7-27

5-4 Disassembling the output shaft

{1YRemove the bearing inner race from the output shaft.
Use a pulley extracter, fixing the output shaft in a
vice,

5-5 Disassembling the intermediate shaft

{1)Remove the lock nut with the intermediate shaft
fixed in a vice.

BRI

(2)Withdraw the gear and bearing by pulley extractor,
with the gear fixed in a vice.
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5-6 Disassembling the shifting device {4)Remove the shift lever to the anti-shift lever side.

(1) Take out the shifter and shifter spring.

{5)Remove the oil-seal and O-ring.

{2)Remove the stopper bolt of the shifter and shim.

A
N

O-ring Qil seal

{3)Loosen the belt of the shift lever and remove the
shift lever and cable bracket.
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Chapter 7 Reduction and Reversing Gear
6. Reassembly

4LH Series

6.Reassembly

6-1 Reassembly of clutch shaft

B-1-1 Clutch gear (B} side

{1}Fit the clutch gear {B} side snap ring and thrust
collar {B) onto the shaft,

Thrust collar (B)

Snap ring

NOTE: 1) Insure that slots in thrust washer face gear side.
2} Position slots in thrust washer on the oil holes of

the shaft.
(2)Drive in the inner needle bearing race using the
inserting tool.

Inserting tool

Inner bearing race

{3)Assemble the needle bearing and clutch gear (B).

Clutch gear (B}

NQOTE:Check that the clutch gear (B) rotates smoothly.

7-29

(4)Fit the cup spring, spring retainer, thrust collar (A).

NOTE: 1) Drive in with a plastic headed hammer. Do not
hit hard,

2) When fitting the thrust collar {A), note the
fitting direction. Fit it keeping the stepped
surface toward the drive gear side.

3) Check that the clutch gear (B) rotates smoothly.

4} Cup spring is installed with slope facing in toward
spring retainer.

{5)Fit the keys.

Printed in Japan
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Chapter 7 Reduction and Reversing Gear

6. Reassembly
- - 4I.H Series

{6)Drive in the driving gear and inner bearing race using (8)Calking the end nut and cluich shaft.
the inserting tool.

Inserting tool

6-1-2 Clutch gear {A) side
(1) Insert the drive cone, snap ring and thrust collar {B).

(7)S{3t and tighten the clu'tch gear (B} end.nut. @Thrust collar (B)
Fit the clutch shaft in a vice, and tighten the nut
with a torque wrench, @‘ Snap ring

Drive cone

Torgue wrench

Q-stamped
- . mark

NOTE: Insert it keeping the O-stamped make surface
toward the clutch gear (B) side.

{2)Drive in the inner needle bearing race, using an insert-
ing tool.

Inserting too!

Tightening torque 40 kg-m
(289.4 ft-1b}

NOTE: 1) Remember it is a left-handed thread.

2) Use the clutch gear {A) side nut which is used
before dismantling for the clutch gear (B) end
nut. This is not to make the calked portion to
the same point.
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Chapter 7 Reduction and Reversing Gear
0. Reassembly

— 4LH Series

{3) Assemble the needle bearing and clutch gear {A).

‘: __-Clutch gear {A}

N,
T

LI

NOTE: Check that the clutch gear (A) rotates smoothly.

{4}Insert the pin.

J(.-!;;/Iy T

{BIFit the cup spring, spring retainer and thrust collar
{A) and drive in the inner bearing race using the in-

serting tool.

NOTE: 1} When fitting the thrust colfar (A), note the
fitting direction. Fit it keeping the stepped
surface toward the roller bearing side.

2) The pin cannot be fitted after the inner bear-
ing race has been driven in.

3) Check that the large gear (B) rotates smoothly.

{6)Set and tighten the clutch gear (A) end nut. Fix the
clutch shaft in a vice and tighten the nut with a
torque wrench.

40 kg-m

Tightening torgue
ghtening forq i (289.4 ft-1b)

NOTE: 1) Remember it is a left-handed thread.

{7)Calk the end nut and clutch shaft,

NOTE: Use the clutch gear {A) side nut which is used be-
fore dismounting for the clutch gear (B) end nut.
This not to make the calked portion to the same
point.
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6. Reassembly

- 4LH Series

6-2 Reassembly of input shaft
{1)Drive in the ball bearing and fit the snap ring into the
input shaft gear.

(2)Insert the cup springs, spacer, plates {A) and plates
(B} and temporarily lock the lock nut.

Special togl for Ring nut wrench

NOTE: Apply lube oil to each insert part.

(3}Fit the O-ring onto the input shaft.

{4)Drive the ball bearing and the inner bearing race
using a inserting tool.

{5)Insert the input shaft into the plate {A).

-]
v

{6)Take out the input shaft again.

(7)Tighten the nut firmly by using a special tool, then
return the nut to 45 — 90 degrees.

Special tool for
ring nut wrench

Printed in Japan
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{8)Insert the input shaft, then measure the torgue of
the input shaft using a torque wrench.

E: T =
Plate {B) t=0.4mm 23 pieces
Plate {A) 1= 1Tmm 22 pieces

Cup spring

—_—, YV

Wrong

Correct

Torgue wrench

| ! = 1

| Special tool

80 — 90 kg-m

Torque: {679 — 651 ft-Ib.)

MNOTE:Match up the teeth of plate {A).

(2)Take out the input shaft and calking the lock nut
end of the thread.

(10}Insert the input shaft into the input gear assembly.
{(11}Drive in the inner bearing race onto the input shaft
end.

7-32
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6. Reassembly

4LH Series
6-3 Reassembly of the clutch case {3)insert the shim and collar.
6-3-1 Reassembly of the intermediate shaft

{1)Drive in the outer bearing race using the inserting
tool.

Tighten the lock nut.

{2)Drive in the bearing, inserting the gear and drive in
the bearing for opposite side. - 0

f fj\fl;’

6-3-2 Reassembly of the bearing outer races and
shims in the clutch case

{1}Drive the input shaft outer bearing race and clutch
shaft outer bearing race into the clutch case.

NOTE: Check that the gear rotates smoothly.

7-33 Printed in Japan
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Chapter 7 Reduction and Reversing Gear

6. Reassembl
cassenioy 4LH Series

{3}Insert the clutch shaft shim, tube oil filter case and
filter into the mounting flange.

@—Outer bearing race

Shim

6-3-3 Reassembly of the clutch shaft assembly,
intermediate shaft assembly and input shaft
assembly into the clutch case

Filter case

Intermediate shaft Filter

O—
&

Clutch shaft

——]

P

3 iy
N {\Hﬁﬂlﬂ)\

= !'
R oW %,
o

]
™~

Clutch shaft

Intermediate shaft

Input shaft . .
P (4)Fit the mounting flange onto the clutch case, and

tighten the bolt.

6-3-4 Reassembly of the mounting flange

{1)Insert the oil seal and the shim into the mounting
flange.

(2)Drive the outer bearing race into the mounting flange.

@—Outer bearing race
23-2. -
Tightening torque 3-28kgm

{16.6 — 20.3 ft-Ib}

Mounting flange
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Chapter 7 Reduction and Reversing Gear

6. Reassembly
4LH Series

NOTE: Apply non-drying liquid packing to the matching 6-3-6 Reassembly of the rear case
surface of the mounting flange and the clutch
case.

{(1}Insert the oil seal, shims and outer bearing race into
the rear cover.

{2)Insert the outer bearing race into the clutch case and
output shaft.

. - 5 — 6 kg-m
Tightening torqu
gntening torgue (36.2 — 43.4 ftb)
7-35 Printed in Japan
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6. R bly
eassemos . 4LH Series

{4)Insert the output coupling, O-ring and clamp plate 6-3-7 Reassembly of the shifting device
into the output shaft.

(1)Fit the oil seal and O-ring to the side cover.

7
0\ ./

O-ring Qil seal

{2}Insert the shift fever shaft to the side cover.

(3)Fit the shift tever to the shift lever shaft.
NOTE: Check the direction of the shift lever &2 mark.

Tighten the bolts.

{4}Insert the shifter spring and shifter to the shift
lever shaft,

Shifter Spring
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Thapter 7 Reduction and Reversing Gear

6. Reassembly
A 4LH Series

6-3-8 Reassembly of the lube oil drain plug

{5)Fit the side cover assembly and the remote control
and the dipstick

bracket to the clutch case.

NOTE: 1) Check the direction of the shifter (Top and

bottom side).
2) The shift lever may not turn smoothly if the
clutch case is not filled with lubricating oil,

{B}Fit the shim and stopper bolt to the shift lever shaft.

NOTE: Apply non-drying liquid packing or seal tape to
the thread of the stopper bolt.

-
-

Apprax.

smm (0.1968in.}

Do not apply
liquid packing
or seal tape to
this area.

{7)Fit the pivot to the shift lever,

Split pin

Washer
Shift lever “

Pivot
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Chapter 8 Remote Control
1. Remote Control System

1. Remote Control System

1-1 Construction of remote control system

The remote control permits one handed control of the
engine speed, changing from forward to reverse, and stop-
ping.

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 a
remote contro! head, are also provided for. The device to
stop the engine is electric and will be explained under the
section on electrical equipment.

1-2 Remote control device components

Yanmar

Morse description Part No.

Morse MT2 top mounting 41730-000680

Remote single lever
control head Morse MV side mounting
Single lever 128170-86500
Remote Marse 33C x 4m (13.12ft.} 41710-000360
control cable Morse 33C x Tm {23.00ft.) 129470-86500
Engine Yanmar 4m (13.12{t) 129470-67550

stop cable Yanmar 7m (22.96ft) 129470-67560

(1) Remote control handle

MT-2 Type

The model MT-2 remote control has been designed so
that operation of the clutch (shift) and governor (throt-
tle) can be effected with one lever.

Two cables are required for the MT-2 single, one for the
clutch and the other for the governor.

When warming up the engine, to freely control the
governor separately from the clutch, put the leverin-
neutral, the central position, and pull the knob in the
center of the control lever. When the lever is returned
to the neutral position, the knob automatically returns
to its original position, and the clutch is free. The gover-
nor can then be operated freely.

Printed 1n Japan
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ree— L. H Series

The MV type controller has been designed so that
operation of the clutch and throttie can be effected
with one lever. When the button next to the control
lever is pulled out with the lever in the central position,
it holds the clutch in the neutral position so that the
throttle 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. Con-
trol of the clutch and throttle is thus effected with one
handle.

(2) Remote control cable

33C

Use only Super-Responsive Morse Ceontrol Cables.
These are designed specifically for use with Morse con-
trol heads. This engineered system of Morse cables,
control head and engine connection kits ensures
dependable, smooth operation with an absolute
minimum of backlash.

(3) Engine stop cable
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2, Remote Control Installation
4LH Series

2. Remote Control Installation

2-1 Speed control

Lube oil cooler

Cable bracket

Speed control cable
Cable joint

Idle speed adjust screw

Fuel injection pump

Max. speed adjust screw
Speed control lever

8-2
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Chapter 8 Remote Control

2. Remote Control Installation
4LH Series

2-2 Clutch control
Shim set

Shift lever
Shift shaft

Oil seal

Side cover

. 70mm (2.756 in.)

8-3
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Chapter 8 Remote Control
2. Remote Control Installation
4LH Series

2-3 Engine stop

Fuel injection pump

Coupler for electrical engine stop

Engine stop lever

Set bolt

Lock nut

~ \\
Cotter pin

Engine stop cable

Cable connector

8-4 Printed in Japan
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Chapter 8 Remote Control

3. Remote Control Inspection
4LH Series

3. Remote Control Inspection

(1) When the control lever movement does not coincide
with operation of the engine, check the cable end stop
nut to see whether or not it is loose, and readjust/
retighten when necessary.

Neutral
Reverse Forward

%’uﬂ n -- SmN
\f—_/'
Throttle / il \ Throttle

Free throttle

{2) Too many bends (turns) in the cable or bends attoo
extreme an angle will make it difficult to turn the
handle. Reroute the cable to reduce the number of
bends or entarge the bending radius as much as
possible (to 200mm or more}.

{3) Check for loose cabie bracket/clamp bolts or nuts and
retighten as necessary.

{(4) Check cable connection screwheads, cable sleeves and
other metal parts for rust or corrosion. Clean off minor
rust and wax or grease the parts. Replace if the parts
are heavily rusted or corroded.
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4. Remote Control Adjustment
4LH Series

4. Remote Control Adjustment

{1} Shift lever adjustment
Move the lever several times—the movement of the
clutch lever on the engine from forward, neutral and
reverse must coincide with the forward, neutral and
reverse on the controf lever. If they do not coincide,
adjust the fittings as necessary (first engine side, then
controller side).
(2) Throttle lever adjustment

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 switch when it is
returned. If it is properly adjusted, the knob can be easi-
ly pulled out when the lever is in the neutral position,
and will automatically return when the control iever is
brought back to the neutral position. if the control lever
presses too hard against the knob, it may not return
automatically, in which case the cable end must be ad-
justed 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 joint

8-6 . .
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Chapter 9 Electrical System
1. System Diagram
4LH Series

1. System Diagram

1-1  System diagram of electric parts (B2-type)

Lube oil pressure switch

Starting motor
Starter refay

Battery

Battery switch
. %

Water temperature switch

Printed in Japan 8-1
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1. System Diagram : 4LH Series

1-2 C-type, D-type and E-type

E-type
instrument panel

D-type
instrument panet

Lube oil pressure switch

Extension wireharness

Boost pressure sender unit

@ {only E-type panel)

2 /
s Starting motor

= tarter relay

Tachometer sensor

Alternator
Battery switch

Water temperature
sender unit

Water temperature switch

g9-2
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Chapter 9 Electrical System
2. Battery

2. Battery

2-1 Construction

Terminal

Negative plate

Separate plate

Battery case "~ Glass mat

~ Positive plate

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

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

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

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

2-2 Battery capacity and battery cables

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

minimum 12V — 100AH
Battery capacity standard 12V — 120AH

cold weather 12V — 150AH
Full charged specific gravity 1.26

2-2.2 Battery cable

Wiring must be performed with the specified electric wire.
Thick, short wiring should be used to connect the battery
to the starter, (soft automotive low-voltage wire [AV wire]).
Using wire other than that specified may cause the fol-
lowing troubles:
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4LH Series

! Wire thinner than specified_] [ Single conductor wire J

| wire longer than specified J

r High wiring resistance J

Open circuit caused
by vibrations

| Low current J

I r Faulty charging _!

-
8

I Faulty starting

Battery swilch

%

o-

Key switch

®

Starter
Battery motor
oE
©

P

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 to the following table.

Allowable Conductor
Voltage wiring Cross- aalig\Bat)I?e
system voltage section length
drop area g
20mm? Ugs to2.5m
0.0311in.? A3in,
12v |02vorlessioon | — ) (6,43 in)
40mm? Up to5m
(0.062 in.%) (196.87 in)

Note: Excessive resistance in the key swilch circuit
(between the battery and start [S] terminals) can
cause improper pinion engagement. To prevent this,
follow the wiring diagram carefully.

2-3 Inspection

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

2.3.1 Visual inspection

{1) Inspect the case for cracks, damage and electroiyte
leakage.

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

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

(4 Inspect the caps for cracking, electrolyte leakage and
clogged vent holes.
Correct any abnormal conditions found. Clean off rusted
terminals with a wire brush before reconnecting the bat-
tery cable.
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2, Batter,
> 4LH Series
2-3.2 Checking the electrolyte {60%). If the specific gravity is below 1.200,
(1) Electrolyte level recharge the battery.
Good Low High 4) If the difference in .the specific gravity.among the
) \__ m M cells of the battery is 0.01, the battery is OK.
= — E — 5) Measure the temperature of the electrolyte.
T f— | - Since the specific gravity changes with the
temperature, 20°C is used as the reference
temperature.

Reading the specific gravity at 20°C
S = St+0.0007 (i ~ 20)

Check the slectrolyte level every 7 to 10 days. The Sz: Specific gravity at the standard temperature of

electrolyte must always be 10 ~ 20mm (0.3937 ~ 20°C
0.7874in.) over the top of the plates. St: Specific gravity of the electrolyte at t°C
, n . 0.0007: Specific gravity change per 1°C
NOTES: 1. The "LE VElrT Ifne on & trans;?arent plastic bat- t: Temperature of electrolyte
tery case indicates the height of the elec-
trofyte. 2-3.3 Voltage test
2. Always use distilled water to bring up the elec- Using a battery tester,the amount of discharge can be
trolyte ievel. determined by measuring the voltage drop which occurs
3. When the electrolyte has leaked out, add dilute while the battery is being discharged with a large current.
sulfuric acid with the same specific gravity as

the electrolyte.

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

Hydrometer

Battery tester

{1} Connect the tester to the battery.
12V battery tester
Adjust the current (A).

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

terminal.
{3) Push the TEST button, wait 5 seconds, and then read
the meter.
2) Take the specific gravity reading at the top of the * Repeat the test twice to make sure that the meter
scale of the hydrometer. indication remains the same.
Rupber bulb 2-3.4 Washing the battery

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

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

Glass tube Read top of scale

Float acid.
{3) Check the vent holes of the caps and clean if clogged.
(4) After washing the battery, dry it with compressed air,
connect the battery cable, and coat the terminals with
3) The battery is fully charged it the specific gravity grease. Since the grease acts as an insulator, do not
is 1.260 at an electrolyte temperature of 20°C. The coat the terminals before connecting the cables.

battery is discharged if the specific gravity is 1.200
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2. Battery

2-4 Charging

2-4.1 Charging methods

There are two methods of charging a battery: normal and

rapid.

Rapid charging should only be used in emergencies.

e Normal charging...Should be conducted at a current of
1110 or less of the indicated battery
capacity (10A or less for a 100AH
battery).

* Rapid charging...Rapid charging is done over a short
period of time at a current of 1/5 ~
1/2 the indicated battery capacity
(20A ~ 50A for a 100AH battery).
However, since rapid charging
causes the electrolyte temperature
to rise too high, special care must
be exercised.

2-4.2 Charging procedure

Check the specific gravity and adjust the electrolyte
level.

Discennect the battery cables.

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

M

@
(3)

Charger

{4) Set the current to 110 ~ 1/5 of the capacity indicated
on the outside of the battery.

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

2-4.3 Charging precautions

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

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

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

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

(Before disconnecting the (+} battery cable, disconnect
the (-} battery cable [ground sidej.)

14
3

4
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2-5 Battery storage precautions
The life of a battery depends considerably on how it is
handled. Generally speaking, however, after about two
years its performance will deteriorate, starting will become
difficult, and the battery will not fully recover its original
charge even after recharging. Then it must be replaced.
(1) Since the battery will self-discharge about 0.5%/day
even when not in use, it must be charged 1 or 2 times a
month when it is being stored.

&
g \\
4 50°C
Self-discharges N \\
day (%) 3 <
40°C
2 ‘ s S
. ™ ae°C
~__l2oc |
0

1 2 3 4 ]
Number of days after charging

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

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

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

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

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

aging.
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3. Srarter Motor
4LH Series

2 Features
3- Starter MOtor (1) The starter motor is compact and produces high output

through high speed revolutions. It has increased torque

The starter motor is insta”ed on the flyWhee' hOUSing. with emp|oying a reduction gear to reduce the speed
When the starting button is pushed, the starter motor between the armature and the pinion

pinion flies out and engages the ring gear of the flywheel. (2) The use of ball bearings at the armature shaft (front and
Then the main contact is closed, current flows, and the rear sides) and the needle bearings for the gear shaft
engine is started. (rear side} has boosted the durability of the starter motor.

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

1 Specifications and Performance

~ Engine model 4LH-TE,4LH-HTE
Mode! S13-41A

h Rating (sec.) Lo ﬂ N
Output W) T 28

Direction of rotation

(viewed from pinion side) __ Clckwise
~ Weight kg (b)) ! 73 (16.)
_ Clutch system ) Overrunning
Engagement system | Magnetic shift
__No. of pinion teeth 15
Pinion flyout voltage (V) | Borless
| Terminal voltage (V) 12 -
No-load Current (A} 150 or less
.. _Speed {pm)__ . 3800 or greater
| Terminal voltage V) [ 8.25 L
Loaded | Current (A) ... S00A
characleristics  Speed (rpm) ﬁ 1000 or_greater
2.0 {14.47)
| Toraue kg-m (ft-db) | or greater
=
@
= &
— € P =
: 2 5 2
= s o 2 —= Battery Y 180-10, -20T 4/4 Charge
2 E" 3 E —-—— Battery Y 160-10, 15C 2/4 Charge
= o a LT
s} = 2] [
304 660004 12 —1 -~
agy A,V Output
251 5{5000{ 10 B 2 vo, e 1
Tyl BN e
o o {
204 4440001 8 ~T= =
v, ks TR e \
/'/ -..‘._\/ = \
151 3130007 6 \ ‘s P SN
3 4 ‘&dy = \'{'--. \\
1.0 242000 4 o \""‘-. M o
/' 3T L~ Y ~4
054 141000 2 T Soeeq :
/ s AN
0 o 0 0 / == '--...:::"‘--—.__,

0 100 200 300 400 500 60O 70O 8LO 900 1000 1100 1200
Current (A)

513-41A Performance curves
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3. Starter Motor

3 Construction

Shift lever

Gear case

Dust cover

Armature

Brush

Ball bearing
0O-ring

Pinion/ -
o Brush helder

4LH Series

Magnetic switch

Center bearing hausing

Brush spring

Through bott

Brush {-)

Yoke Brush(+)

Field coil

Magnetic switch
Gear case

Shift lever

Pinion

Gear shatt

J

I
| _ |
Terminal, E
S
(- - £ i ‘ l Pinion stopper
B 7 =
Through bolt Needle bearing
Qil seal
Rear cover Armature Yoke Ball bearing
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3. Starter Motor
4LH Series

4 Disassembly
(1) Disconnect the magnetic switch wiring.
Loosen the M8, nut and disconnect the magnetic switch

wiring.

(3) Remove the rear cover.
1) Remove the two screws holding the brush holder.
2} Remove the two M5 through bolts.
3) Remove the rear cover, using the minus () driver.

{2) Remove the magnetic swtich.
Remove the two M6 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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{5) Remove the center bearing housing. (7} Remove the dust cover.

1) Remove the three M6 boits from the gear case. 1) Remgve the two M5 bolts.

2) Remove the center bearing housing and oil seal from the 2) Remove the dust cover from the gear case.

gear case.

{6) Remove the shift lever pin. (8) Rernove the pinion.

1) Remove the M6 bolt from the gear case. 1) Slide the pinion stopper to the pinion side.

2) Remove the shift lever pin from gear case. 2} Remove the pinion stopper clip, using the minus (-}

driver.

3) Remove the pinion from the gear shatt.

9-10
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5 Maintenance standard

4LH Series

Model S13-41A .
Standard spring load kg {Ib) 3.2 {7.056) .
Brush Standard height mm{in.) 18 (0.7087) _
Woear limit mmi (in.) 7 (0.2756)
Magnetic switch | Series coil resistance Q 0.33 at 20°C (68°F)
Shunt coil resistance Q 0.7 at 20°C (68°F) B
. ) Maintenance standard mm{in.} 38 (1.4961)
_O”ts‘de diameter Wear limit mm (in.) 36.6 (1.4409)
) Repair limit mm{in.) 0.1 (0.0039)
Commutator Deflection Repair accuracy mm in.) 0.05 (0.0020)
Mica undercut Maintenance standard mm{in.) 0.2 (0.0079)
Repair limit mm (in.) 0.5~0.8 (0.0197~0.0315)
- Front side mm (in.) 25 (0.9843)
Réar side mm(in.} 12 (0.4724)
Armature shaft diameter o Front side | mm(in.} 24.90 (0.9803)
Repair limit ™Bearside | mm(in.) 11.90 {0.4685)
Standard dimension Deflection mm (in. below 0.08 (0.0031) o
- . ) Shaft diameter mm (in.) 13.950~13.968 (0.5492--0.5499)
Pinion sliding section - -
L ] Hole diameter mm (in.} 14.03--14.05 (0.5524~-0.5532)
. Goarcase Shaft diameter mm {in.) 13.950~13.968 (0.5492~0.5499)
B | Hole diameter mm (in.) 14.0~14.018 (0.5512~0.5519)
9-1
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e ————————————————————— L Serics

6 Inspection

6.1 Armature
(1) Commutator

(3) Armature shaft outside diameter

Inspect the surface of the commutator. If correded or
pitted, sand with #500 ~ #600 sandpaper. ! the
commutator is severely pitted, grind it to within a surface
roughness of at least 0.17mm (0.0039 in) by turning it on a
iathe. Replace the commutator if damage is irreparable.

Measure the outside diameter of the armature shaft at
tour locations: front, center, end, and pinion. Replace the
armature if the shaft is excessively worn.

Check the bend of the shaft; replace the armature if the
bend exceeds 0.08mm (0.0031 in)

mm {in.)

Maintenance e

standard Repair limit
Armatureshaft | Frontside 025(0.9843) 1024.90(0.9803)
diameter | Rearside | 12(0.4724) \11.90(0.4685)

(4) Armature coil continuity and ground test

Using a tester, check for continuity between the

- commutator and the shaft {or armature core). Continuity
indicates that these points are grounded and that the

armature must be replaced.

Model S13-41A
Maintenance o
standard | 7\f\f¢ar limit
Commutator
outside diameter (38 (1.4961) (#36.6(1.4409)
i Repair limit Repair accuracy
Deflection 0.1(0.0039) |  0.05(0.002)

Checking commutator for insulation defects.

(2) Micaundercut
Check the mica undercul, correc

blade when the undercut is too shallow.

t with a hacksaw

Bad Good
=Ty —
] Hacksaw blade Hacksaw blade
Commutator
Facing
Commutator Segment mica W
Bad Good Kind of test Check point Normal Abnormal
; . Commutator NOQ (Brokenor
mm (1N
T i) Continuity betweenarmature | YES | disconnected coil)
iltl;:;:rr&ce Repair limit Commutator
Insulation betweenarmature | NO YES (Short-circuit)
Mi dercut 02 05~ 08 or shaft
Ica undercu (0.0079) (0.0197 ~ 0.0315)
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6.2 Field coil

(1) Field coil continuity and ground test. (2) Brush appearance and movement in brush holder
If the outside of the brush is damaged, replace it. If the
movement of the brushes in the brush holder is
hampered because the holder is rusted, repair or
replace the holder.

{3) Brush spring
Since the brush spring pushes the brush against the
commutator while the motor is running, a weak or
defective spring will cause excessive brush wear,
resulting in sparking between the brush and the
commutator during operation. Measure the spring
force with a spring balance; replace the spring when
the difference between the standard value and the
measured value exceeds +0.3kg (0.66 Ib)

Field coil continuity test l

Spring balance

Wear limit +£0.3kg (0.66 Ib}

String
Brush spring rush

o

{Measuring brush spring force}

S13-41A
Standard spring Joad 3.2kg (7.06 Ib)
Field coil insulation test
Kindoftest . Check point Normal Abnormal
Terminal Po {4) Brush holder ground test
Continuity betweenfieldcoil | YES | NO {Wiringbroken) Check for continuity between the insulated brush holder
_ . Field coil o and the base of the brush holder assembly. Continuity

Insulation | petween yoke NO | YES(Shon-circuit) indicates that these two (— between +) points are
grounded and that the holder must be replaced.

6.3 Brush

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

Replace the brush it it is
waorn up to the bottomn of
the Mitachi trademark
{approximately one-half its

Tm I original lengthy
Standard ;| ﬂ
height |
| Wear limit
NEW USED
mm {in.)
513-41A

Brush standard height 18(0.7087)

_ Wearlimit 7{0.2756)
Prinied in Japan 913
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6.4 Magnetic switch

(1) Shunt coil continuity test
Check for continuity between the S terminal and the
magnetic switch body (metal part). Continuity indicates
that the coil is open and that the swtich must be replaced.

Magnetic switch wirin_g

S13-41A

Coil resistance (at 20°C) 0.700

{2) Series coil continuity test
Check for continuity between the 3 terminal and M
terminal. Gontinuity indicates that the coil is open and
that it must be replaced.

S13-41A
Resistance value (at 20°C) 0.330

4LH Series

6.5 Pinion

(1} Inspect the pinion teeth and replace the pinion if the teeth
are excessively worn or damaged.

(2) Check if the pinion slides smoothly; replace the pinion if
faulty.

(3) Inspect the springs and replace if faulty.

6.6 Ball bearing

(1) Check whether the ball bearing makes any
abnormal sound and replace the ball bearing if
necessary.

7 Reassembly precautions
Reassemble the starter motor in the reverse order of
disassembly, paying particular attention to the following:

(1)} Lubrication
Lubricate each bearing and spline (peoints indicated in
the figure below) with high quality “Hitachi Electrical
Equipment Grease A”
The following lubricants may be used in place of Hitachi
Electrical Equipment Grease A.

Magnetic switch ptunger | Shell | AeroshellNo.7
"_ééaring and spline ‘ Shell | Albania Grease No.2
Reduction gear ! Shell | Aergshell No.7
_Siidingofshiftlever [ Shell | AeroshellNo7

8 Adjustment and performance test

(1} L-size measurement (gap between pinion and pinion
stopper})
When the pinion is at the projected position,
measure the gap between the pinion and pinion
stopper. This check should be made with the
pinion pressed back lightly to take up any play in

the engagement linkage. mm {in)

£ dimension

03~15
(0.0118 ~ 0.0591)

Starter motor

513-41A

Pressing the pinion

t dimensicn

Measuring of I dimension
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{2) Pinion movement
After complete assembly of the starter motor, connect up
the motor as in Fig.

{2 Bwitch
Ry
O
Battery Starter
— h
O B
O

(3) Plunger movement
Adjustment made by adjusting stroke of magnetic plunger
to the prescribed value.
1) Shim adjusting.
Adjust the ¢-dimension dust cover at the magnetic
switch attach section.

Dust cover
\

{4) Thrust gap of armature

No adjustment type.
{5) Thrust gap of gear shaft

mm (in.)
Normal gap Wearlimit | Kind of thrust washer
Thrust gap of 0.1~07 Over, 0.7 | Thickness, 0.15,0.25
gearshaft  |(0.0039~0.0275) |(Over, 0.0275)|  (0.0059, 0.0098)

Printed in Japan
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9 Testing

9.1 No load test
Test procedure
(1) Connect the positive side of the ammeter (A) to the
positive terminal of the battery, and connect the
negative side of the ammeter to the B terminal of the
starter.

Q_

Tachometer

1
]

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

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

(4} Attach the tachometer.

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

¢ The magnetic switch should begin operation, and the

speed, current, and voltage should be at the prescribed
values.

+ Afully charged battery must be used.
» Since a large current flows when the starter is operated,

close the protection circuit switch before initial
operation, then open the switch and measure the
current after the starter reaches a constant speed.
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10 Troubleshooting

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

Problem

Cause

Corrective action

Wiring

QOpen or loose battery or switch terminal

Repair or retighten

Starting switch

Threaded part connected to pinion section of armature shaft

is damaged, and the pinion does not move

Repair contacts,
or replace switch

Starter motor

Threaded part connected o pinion section of armature shaft

is damaged, and the pinion does not move

Replace

Magnetic switch

Plunger of magnetic switch maifunctioning 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 motor

Torsion spring permanently strained

Replace

(4) Pinion engages ring gear, bu

t starter motor fails to rotate

Problem

Cause

Corrective action

Wires connecting battery and magnetic switch open

Repair, retighten,

Wiring or wire connecting ground, magnetic switch and motor .
terminals loose or repiace wire
Pinion and ring gear engagement faulty Replace
Motor mounting faulty Remount
Brush worn or contacting brush spring faulty Replace

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

Maaneti itch Contactor contact faulty Reptace

agnetic switc Contactor contacts pitted Replace

(5} Motor fails to stop when sta

rting switch is opened after engine starts

Problem Cause Corrective action
Starting switch Switch faulty Replace
Magnetic switch Switch faulty Replace

8-16
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4. Alternator

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

4-2 Specifications

Model of aiternator

LR155-20 (HITACHI}

beit. Model of IC regulator TRIZ-63 (HITACHI)
The type of alternator used in this engine is ideal for high Battery voltage 12v
speed engines with a wide range of engine speeds. It con- Nominal output 12V/55A

tains diodes that convert AC to DC, and an IC regulator
that keep the generated voltage constant even when the

Earth polarity

Negative earth (8}

Direction of rotation

engine speed changes. viewed from pulley end) Clockwise

4-1 Features Weight 4.3kg (35ib)
. . Rated 000

The alternator contains a regulator using an IC, and has the i speed 5000 rpm

following features. Operating speed 1000 ~ 9000

(1} The IC regulator is self-contained, and has no moving Speed for 13.5V 1000 or less

parts (mechanical contact points). It therefore has
superior features such as freedom from vibration, no
fluctuation of voltage during use, and no need for read-
justment.

Also, it is of the over-heating compensation type and
can automatically adjust the voltage to the most
suitable level depending on the operating temperature.

(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 output.

(4) A newly developed U-shaped diode is used to provide
increased reliability and easier checking and
maintenance.

(5) As the alternator is to be installed on board, the follow-
ing measures are taken to provide salt-proofing.

1) The front and rear covers are salt-proofed.

2) Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is connected
to the alternator, is nickel plated.

4.3 Characteristics
15 T

Qutput current at 20°C

over 53A/5000 rpm

Regulated voltage

14.5 0.3V (Standard temperature

voltage gradient, —0.01/°C)

I

100
B Regulated voltage
| T
121 80
z | =
g [g ®
= g // Qutput current for 13.5V
8 5 /
[+ [=%
3 8- 3 40 /
by i o
@ /
3 20 //
0

4LH Series

0 2 4 6 8 10 12 14 x 10°

Speed of alternator (rpm)
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4.4 Construction

This is a standard rotating field type three-phase alternator.
It consists of six major parts: the pulley, fan, front cover,
rotor, stator and rear cover. The IC regulator is an integral
part of the aiternator.

Brush
regulator assy

Stator

Capacitor assambly

Brush regulator assembly
Brush holder

Bolt M5

Rear cover assembly ‘ J} Diode assembly

Stator assembly

Front cover assembly Rotor assembly

Brush assembly
Bearing retainer IC regulator assembly

Ball bearing i Brush set Through bolt

/

Pulley nut assembly ;
) Ball bearing

.

Spacer
Rear cover

Spacer
Insulating bushing

Pulley assembly B B

Screw (M5 x 0.8 x 14)
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4-5 Alternator functioning

(1) IC reguiator
The IC regulator is the transistor (Tr,) which is series-
connected with the rotor. The IC regulator controls the
output voltage of the generator by breaking or conduc-
ting the rotor coil (exciting) current.
When the output voltage of the generator is within the
standard value, the transistor (Tr,} turns on. When the
voltage exceeds the standard value, the Zener diode
goes on and the transistor (Tr,) turns off.
With the repeated turning on and off of the transistor,
the output voliage is kept at the standard value. (Refer
to the circuit diagram below.)

(2) Charge lamp
When the transistor (Tr) is on, the charge lamp key
switch is turned to ON, and current flows to R,, R, and
to Tr, to light the lamp. When the engine starts to run
and output voltage is generated in the stator coil, the
current stops flowing to this circuit, turning off the
charge lamp.

(3) Circuit diagram

4LH Series

4-6 Handling precautions

(1} Be careful of the battery's polarity (+, — terminals), and
do not connect the wrong terminals to the wrong
cables, or the battery will be short-circuited by the
generator diode.

In this case too much current will flow, the 1C regulator
and diodes burn out, and the wire harness will burn.

(2) Make sure of the correct connection of each terminal.

(3) When quick-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 not conduct any tests using high tension insulation
resistance. (The diodes and C regulator will burn out.)

] o
Y
+ Charge lamp
D,—D, L
o—e
N lgnition
D,—Dy switch
Py
Stator P—— r !
; - 7 \7 Battery switch
Ll
r 3
Rotor coll
L D.—D. 1
— T
A i Battery

T

i Regulator
LE
AC generator __l
BAT: Generator output terminal D,—D,:+ Output commutation diode
D iC protecting diode R,—R.: Resistor
L: Charge lamp terminal D,-D0,: Charging lamp switching diode
ZD: Zener diode F: To supply current to rotor coil
E: Earth Rn: Thermistor
Tr,, Tra:  Transistor (Temperature gradient resistance)
9-19
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4.7 Disassembling the alternator
(1) Remove the through-boit, and separate the front as- {4) Rermove the nut, the brush-holder, and diode fixing nut
sembly from the rear assembly. at the BAT, and the terminal screws of the rear cover.
Separate the rear cover from the stator (with the diode

and brush holder).

(5) Disconnect the soldered joint of the stator lead wire,
and remove the diode and brush regulator assemblies
(2) Remove the pulley nut, and pull out the rotor from the from the stator at the same time.
front cover,

(6) Separating the regulator
1) To separate the regulator, remove the @3mm
{3) Remove the @5mm (20.1969in.) screw from the front {@0.1181in.) rivet which keeps the diode assembly and
cover, and then remove the ball bearing. the brushless regulator in place, and the soldered joint
of the L-terminal.

9-20
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2) To replace the IC regulator, disconnect the soldered
joint of the IC regulator and pull out the two boits. Do

not remove these two bplts except when replacing the

IC regulator.

4LH Series

After repeating the above test, if any diode is found to
be defective, replace the diode assembly. Since there is
no terminal on the auxiliary dicde, check the continuity
between both ends of the diode.

4-8 Inspection and adjustment

CAUTION: Do not use high tensile insulation resistance

such as meggers, etc. for testing. The diode
may burn ot.

(2) Rotor
Inspect the slip ring surface, rotor coil continuity and
insulation.
1) Inspecting the slip ring surface

(1) Diode
Between terminals BAT ( + side diode)
Tester wire + side - side
+ side No continuity
UV.W. ——
- side Continuity
Between terminals E (- side diode)
Tester wire + side — side
+ side Continuity
Uv.w, - —
— side No continuity

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
oil, ete., wipe the surface clean with alcohol.

+ side diode -»{_

L
_& i~ Auxiliary diode

v o BAT

3
- side diode ﬁis R T IR I
/ = el
+E

Cursrent direction

-

U.V.W.: terminal from the stator coil

Current flows only in one direction in the diode as
shown in Fig. 181. Accordingly, when there is continui-
ty between each terminal (e.g. BAT and U), the diode is
in normal condition (photo). When there is nc continui-
ty, the diode is defective.

When 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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Standard Wear limit
Slip ring outer dia. @31.6mm #30.6mm
{1.2441in}) (1.2049in .}

2) Rotor coil continuity test
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Replace
the rotor coil.

Resistance value I Approx. 3.34Q at 20°C
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3} Rotor coil insulation test 2) Stator 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
inside the rotor is defective, causing a short with the stator coll is defective. This will cause a short-circuit
earth circuit. Replace the rotor coil. with the earth core. Replace the stator coil.

4) Check the rear side ball bearing. If the rotation of the
bearing is heavy, or produces abnormal sounds,
replace the ball bearing. {4} Brush

The brush is hard and wears slowly, but when it is worn

beyond the allowable limit, replace it. When replacing

the brush, also check the strength of the brush spring.

To check, push the spring down to 2mm (0.0787in.)

from the end surface of the brush holder, and read the

gauge.
—
...
B eeaasi
C |
2mm (0.0787 in.)
(3) Stator
1) Stator coil continuity test
Check the continuity between each terminal of the o
stator coil. If there is no continuity, there is.a wire
break in the stator coil. Replace the stator coil.
Brush spring strength 255—345g (0.56 ~ 0.761b.)

{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.

Woear limit line (brush)

; Approx. 0.077Q at 20°C mmi{in.)
Resistance value 1-phase resistance Maintenance standard Wear limit
Brush length - 16 (0.6299) 9 {0.3543)
9-22
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{6) IC regulator
Connect the variable resistance, two 12V batteries,
resistor, and voltmeter as shown in the diagram.

1) Use the following measuring devices.

Resistor (R.) 100, 2W, 1pc.

Variable resistor (Rv} 0—300%Q, 12W, 1pc.

Battery (BAT,, BAT,) 12V, 2pcs.

DC voltmeter 0—230V, 0.5 class 1pc.
{measure at 3 points)

2) Check the regulator in the following seguence, accor-
ding to the diagram.

a)Check V, (BAT, + BAT, voltage). f the voltage is
20—26V, both BAT, and BAT, are normal.

b)While measuring V; (F-E terminal voltage), move Rv
gradually from the Q-position. Check if there is a
point where the V. voltage rises sharply from below
2.0V to over 20V. If there is no such point, the
regulator is defective. Replace the regulator. If there
is a sharp voltage rise when testing, return the Rv to
the 0-position, and connect the voltmeter io the V,
position.

c) White measuring V, (voltage between L-E terminals),
move Rv gradually from the 0-position. There should
be a point where the voltage of V, rises sharply by
2—86V. Measure the voltage of V, just before this
sharp voltage rise. This is the regulating voltage of
the regutator. If this voltage of V, is within the stan-
dard limit, the regulator is normal. If the voltage
deviates from the limit, the regulator is defective.
Replace the regulator.

R: — BAT,

[ a

— BAT,

I

——
0-position

@.__
-

4-9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly.

For reassembly, be careful of the following points. (Refer

to 4—7 disassembling alternator).

(1) Assembling the brush regulator

1) Solder the brush.

Position the brush as shown in the drawing and solder
it. Be careful not to let the solder drip into the pig tail
{lead wire).

Printed in Japan 9-23
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Wind the wire 1.5 times
arpund the terminal groove.

11+0.5mm
{0.413~0.4528in.}

1mm (0.03%in.}

Mount the insulation tube
on the terminal surface.

NOTES: 1. Use non-acid type paste.
2. The soidering iron temperature is 300 ~
350°C.

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.

{(If the bushing is left cut, the output terminal will be
earthed and the battery short-circuited).

Bushing M5 bolt

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

(2) Connecting the brush regulator assembly and diode
1) Check the rivets
Place the rivets as shown in the figure, and then calk
them using the calking toot.

Calking torque 500kg (1102 Ibs.)

2) Connect the brush to the diode.
Insert the brush side terminal into the diode terminal,
calk it, and then solder into place.

Rivetting pressure I 500kg (1102 Ibs)
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{3) Assembling the rear cover

Insert pins from the outside of the rear cover. Install the
brush on the brush holder, then attach the rear cover.
After assembly, pull out the pins.

{4) Tightening torques

Brush holder

Pin

Rear cover

4LH Series

{1) Measuring devices

Positions

Tightening torque
kg-cm ?ft-lb)

Brush holder fixing
Diode fixing

Bearing retainer fixing
Pulley nut tightening
Through-bolt tightening

32—40 {2.31 ~ 2.89)
32—40(2.31 ~ 2.89)
32—40(2.31 ~ 2.89)
400—600 (28.93 ~ 43.40)
32—40(2.31 ~ 2.89)

4-10 Performance test

Conduct a performance test on the reassembled AC
generator as follows, The following is the circuit for the
performance test.

Variable rasistor

Charge lamp

E;
W,
S i Battery
/"‘\ SW, T

—
&

—

0.25Q Resistor

Connect when
the batteries
are discharged

DC voltmeter 0—15V or 0—30V, 0.5 Class, 1pc.
DC ammeter 0—100A, 1.0 Class, 1pc.

Variable resistor 0—0.25Q, 1KW, 1pc.

Lamp 12V, 3W

100 resistor 3w

0.25Q resistor 25w

(2} Measuring the regulating voltage

1) When measuring devices are connected in the
performance test circuit as shown above, the charge
lamp lights.

2) Close 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 about
5,000 rpms.

NOTES: 1. Make sure that the ammeter indication at this
time is less than 5A. If the indication is over
5A, cunnect the 0.259 resistor. The voltmeter
indication at this time must be within the
prescribed regulating voltage value.

2. Raise the AC generator revolutions high to
make sure the regulating voltage does not
fluctuate along with changes in the revolution
speed.

(3) Precautions for measuring the regulating voitage
1} When measuring the voltage, measure the voitage
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 SW, open for measurement.
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4-11 Alternator 12V/80A (OPTIONAL)

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

The type of alternator used in this engine is ideal for high
speed engines with a wide range of engine speeds. It con-
tains diodes that convert AC to DC, and an IC regulator
that kee) the generated voltage constant even when the
engine speed changes.

4-11.1 Features

The allernator contains a regulator using an IC, and has the

following features.

{1) The IC regulator is self-contained, and has no moving
parts (mechanical contact points). It therefore has
superior features such as freedom from vibration, no
fluctuation of voltage during use, and no need for read-
justment.

Also, it is of the over-heating compensation type and
can automatically adjust the voltage to the most
suitable level depending on the operating temperature.

(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 output.

{4) A newly developed U-shaped diode is used to provide
increased reliability and easier checking and
maintenance.

{5} As the alternator is to be installed on board, the follow-
ing measures are taken to provide salt-proofing.

1} The front and rear covers are sait-proofed.

2) Salt-proof paint is applied to the diode.

3) The terminal, where the inboard harness is connected
to the alternator, is nickel plated.

4-11.3 Characteristics

4-11.2 Specifications

Modei of alternator

LR180-03 (HITACHI)

Model of 1C regulator

TRIZ-63 (HITACHI}

Battery voltage

12v

Nominal output

12V/B0A

Earth polarity

Negative earth (@)

Direction of rotation

(viewed from putley end) Clockwise
Weight 5.8kg (12.81b.}
Rated speed 5000 rpm
Operating speed 1000 ~ 9000
Speed for 135V 1000 or less

Qutput current at 20°C

over 78A/5000rpm

Regulated voltage

14.5 0.3V {Standard temperature
voltage gradient, —0.01/°C)
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Chapter 9 Electrical System
4. Alternator 4LH Series

4-11.4 Construction

This is a standard rotating field type three-phase alternator.
It consists of six major parts: the pulley, fan, front cover,
rotor, stator and rear cover. The IC regulator is an integral
part of the alternator.

Brush
regulator assy

Stator
A

Rear cover

Bearing retainer

Capacitor assembly

Brush regulator assembly

Brush holder

Rear cover assembly ¥} Diode assembly

Stator assembly

Front cover assembly Rotor assembly

Brush assembly

Bearing retainer IC regulator assembly
Through bolt

Ball bearing Brush set

Pulley nut assembly Ball bearing

Rear cover

Insulating bushing

Screw (M5 x 0.8 x 14}
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4. Alternator

4-11.5 Alternator functioning

(1) 1C requlator
The IC regulator is the transistor (Tr,} which is series-
connected with the rotor. The IC regulator controls the
output voltage of the generator by breaking or conduc-
ting the rotor coil (exciting) current.
When the output voltage of the generator is within the
standard value, the transistor (Tr,}) turns on. When the
voltage exceeds the standard value, the Zener diode
goes on and the transistor ({Tr,) turns off.
With the repeated turning on and off of the transistor,
the output voltage is kept at the standard value. {Refer
to the circuit diagram below.}

{2) Charge famp
When the transistor (Tr,) is on, the charge lamp key
switch is turned to ON, and current flows to R,, R, and
to Tr, to light the lamp. When the engine slarts to run
and output voltage is generated in the stator coil, the
current stops fiowing to this circuit, turning off the
charge lamp.

(3} Circuit diagram

4-11.6 Handling precautions

(1) Be careful of the battery's polarity (+, — terminals), and
do not connect the wrong terminals to the wrong
cables, or the battery will be short-circuited by the
generator diode.

In this case too much current will flow, the IC regulator
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 not conduct any tests using high tension insulation
resistance. (The diodes and 'C regulator will burn out.)

lBAT

TCharge lamp
0,0, L
C o—+¢
1 4 Ignition
A & Ao, switch
-ttt | a
L .
Stator Nl T ——
: A ot Battery switch
A X A
Rn
Rotor coil
f.\ Dt—Dl | —_——
l — T
] Batter
2\ d | Bate
-] -
T
\ |
1
!
1
‘ I
e)
T— Reguiator
E
"T‘
AC generator J
BAT: Generator output terminal D, —D,:+ Output commutation diode
Dy IC protecting diode R,—A.; Aesistor
L: Charge lamp terminal D,—D.: Charging lamp switching diode
Z0: Zener diode F: To supply current to roter coil
E: Earth Rn: Thermistor
Tr, T Transistor {Terperature gradient resistance)
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4LH Series

4-11.7 Disassembling the alternator

{1) Remove the through-bolt, and separate the front as- (4) Rermove the nut, the brush-holder, and diode fixing nut
sembly from the rear assembly. at the BAT, and the terminal screws of the rear cover.

Separate the rear cover from the stator (with the diocde
and brush holder).

& @
&
e s ) @ @
e e——— |
P e |
:H-—’__.,T__':—ﬂ) . .
{5) Disconnect the soldered joint of the stator lead wire,
and remove the diode and brush regulator assemblies
(2) Remove the pulley nut, and pull out the rotor from the from the stator at the same time.
front cover.

{6) Separating the reguiator

1) To separate the regulator, remove the &3mm
{(20.1181in.) rivet which keeps the diode assembly and

the brushless reguiator in place, and the soldered joint
of the L-terminal.

(3) Remove the @5mm (#0.1969in.) screw from the front
cover, and then remove the ball bearing.
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Chapter 9 Electrical System

4. Alternator 4LH Series
2) To replace the IC regulator, disconnect the soldered After repeating the above test, if any diode is found to
joint of the IC regulator and pull out the two holts. Do be defective, replace the diode assembly. Since there is
not remove these two bplts except when replacing the no terminal on the auxiliary diode, check the continuity
IC regulator. between both ends of the diode.

4-11.8 Inspection and adjustment

(1) Diode
Between terminals BAT { + side diode) ) o . .
- - - CAUTION: Do not use high tensile insulation resistance
Tester wire + side — side X X
- v — such as meggers, etc. for testing. The diode
UVW. + side o continuity may burn out.
~ side Continuity
{2) Rotor
Between terminals E{- side diode) !nspec? the slip ring surface, rotor coil continuity and
Toster wi T o o insulation.
ester wire side sde 1) Inspecting the slip ring surface
UvwW + side Continuity Check if the surface of the slip ring is sufficiently
T ~ side No continuity smooth. If the surface is rough, grind the surface with
No. 500—600 sand paper. If it is contaminated with
oil, etc., wipe the surface clean with alcohol.
u Standard Wear limit
Slip ring outer dia. @31.6mm @306mm
(1.2441in) (1.2049in.)

2) Rotor coil continuity test
Check the continuity in the slip ring with the tester. If
there is no continuity, there is a wire break. Replace
the rotor coil.

Current direction

U.V.W.: terminal from the stator coil

Current flows only in one direction in the diode as
shown in Fig. 181, Accordingly, when there is continui-
ty between each terminal {e.g. BAT and U), the diode is
in normal condition. When there is no continuity, the
diode is defective.

When the tester is connected in the reverse of above,
there should be no continuity, If there is, the diode is
defective. Resistance value | Approx. 2.58%2 at 20°C
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4LH Series
3) Rotor coil insulation test 2) Stator coil insulation test
Check the continuity between the slip ring and the Check the continuity between the terminals and the
rotor core, or the shafi. If there is continuity, insulation stator core. If there is continuity, insulation of the
inside the rotor is defective, causing a short with the stator coil is defective. This will cause a short-circuit
earth circuit. Replace the rotor coil. with the earth core. Replace the stator coil.

4) Check the rear side ball bearing. If the rotation of the
bearing is heavy, or produces abnormal sounds,
replace the ball bearing. (4) Brush

The brush is hard and wears slowly, but when it is worn

beyond the allowable limit, replace it. When replacing

the brush, also check the strength of the brush spring.

To check, push the spring down to 2mm {0.0787in.)

from the end surface of the brush holder, and read the

gauge.
ST
( {
2mm {0.0787 in.}
(3) Stator
1) Stator coil continuity test
Check the continuity between each terminal of the o
stator coil. If there is no continuity, there is a wire
break in the stator coil. Replace the stator coil,
Brush spring strength 255—345g (0.56 ~ 0.761b.)

(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.

Wear timit line {brush)

Approx. 0.0418 at 20°C me (in.)
Resistance value u, v-phase res'“a"‘:eo Maintenance standard Wear limit
Approx, 0.0361 a1 20°C Brush length 16 (0.6299) 9 (0.3543)
w-phase resistance
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Chapter 9 Electrical System

4. Alternator ALK Series
{6) IC regulator Wind the wire 1.5 times
. . . around the terminal groove.
Connect the variable resistance, two 12V batteries, 11+0.5mm
resistor, and voltmeter as shown in the diagram. {0.413~0.4528in.)

1) Use the following measuring devices.

Resistor (R} 100, 2W, 1pc. =y
Variable resistor (Rv) 0—300%, 12W, 1pc. —
Battery (BAT,, BAT,) 12V, 2pcs.
DC voltmeter 0—30V, 0.5 class 1pc.

1mm (0.039in.}

{measure at 3 points)

2) Check the regulator in the following sequence, accor-

ding to the diagram. . .

a)Check V., {BAT, + BAT, voltage). If the voitage is NOTES: ; ?;g ":;:;_’; ryﬁfoiasrff:n erature is 300 ~
20— 26V, both BAT, and BAT, are normal. " am00C g P

b)While measuring V. (F-E terminal voltage), move Rv )
gradually from the O-position, Check if there is a
point where the V, voltage rises sharply from below
20V to over 2.0V. If there is no such point, the
regulator is defective. Replace the regulator. If there
is a sharp voltage rise when testing, return the Ry to
the O-position, and connect the voltmeter to the V,
position.

c)While measuring V, (voltage between L-E terminals),
move Rv graduaily from the 0-position. There should
be a point where the voltage of V, rises sharply by
2—6V. Measure the voltage of V, just before this
sharp voltage rise. This is the regulating voltage of
the regulator. if this voltage of V, is within the stan-
dard limit, the regulator is normal. If the voltage
deviates from the limit, the regulator is defective.
Replace the reguiator.

Mount the insulation tube
on the terminal surface.

2) Mount the IC regulater 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.

{If the bushing is left out, the output terminal will be
earthed and the battery short-circuited).

M5 bolt

NOTES: 1. Insertion pressure is 100kg (220.5 1bs.}
2. Insert vertically.

{2) Connecting the brush regulator assembly and diode
1} Check the rivets
Place the rivets as shown in the figure, and then calk
them using the calking tool.

m
-

L

Calking torque 500kg (1102 Ibs)

2) Connect the brush to the diode.
Insert the brush side terminal into the diode terminal,
0-position calk it, and then solder into place.

-
1]

3.0 mm (¢.1181 in.) dia. rivet.
4-11.9 Reassembling the alternator

Reassembly is done in the reverse order of disassembly.

For reassembly, be careful of the following points. (Refer f (V
to 4—7 disassembling alternator).
{1) Assembling the brush regulator
1) Solder the brush.
Position the brush as shown in the drawing and solder C
it. Be careful not to let the solder drip into the pig tail
(lead wire).
Rivetting pressure [ 500kg (1102 Ibs)
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{3) Assembling the rear cover
Insert pins from the outside of the rear cover. Install the
brush on the brush holder, then attach the rear cover.
After assembly, pull out the pins.

Brush hoider

4LH Series

(1) Measuring devices

Pin
Rear cover
{4) Tightening torques
., Tightening torque
Positions kg-cm?ft-lb)

32-401{2.31~2.89}
60—70 (4.33~6.05}
32-40 (2.31~2.89}
400-600 (28.93~43.40}
32--40 (2.31~2.89)

Brush holder fixing
Diode fixing

Bearing retainer fixing
Pulley nut tightening
Through-bolt tightening

4-11.10 Performance test

Conduct a performance test on the reassembled AC
generator as follows. The following is the circuit for the
performance test.

2]

@B
O
O

Charge lamp

& Variable resistor @
w——.—d

sw,
7

Battery W

®

.
AN

S

OC voltmeter 0—15V or 0—30V, 0.5 Class, 1pc.
DC ammeter 0—100A, 1.0 Class, 1pc.

Variable resistor 0—0.259, 1kW, 1pc.

Lamp 12V, 3w

100 resistor w

0.25Q resistor 25W

(2) Measuring the regulating voltage

1) When measuring devices are connected in the
performance test circuit as shown above, the charge
lamp lights.

2) Close SW, while keeping SW, open and run the AC
generator. When the revolfutions 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 about
5,000 rpms.

NOTES: 1. Make sure that the ammeter indication at this
time is less than 5A. If the indication is over
BA, connect the 0.25Q resistor. The voltmeter
indication at this time must be within the
prescribed regulating voltage value.

2. Raise the AC generator revolutions high to
make sure the regulating voltage does not
fluctuate along with changes in the revolution
speed.

(3) Precautions for measuring the regulating 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 SW, open for measurement.

0.25Q Resistor
Connect when
the batteries

are discharged

}

250
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4. Alternator w 4LH Series

4-12 Troubleshooting
{1) Charging failure

Does the charge lamp go off
when the key switch is turned
{after engine starting)?

Defective
oReplace fan belt.
Check fan beit oAdjust fan belt.

Goes off OK

i

After stopping the engine, turn on the key switch.)

f

C Remove R-L generator coupler.

. o Check electrical wiring for defective
Defective | = ontinuity of the BAT, and R
Measure the voltage between BAT terminals.
terminai, and R-L coupler terminal, o Check the key switch and charge

lamp for defective continuity of the
L-terminal.

OK

BAT, R-L terminal
Voltage: 9—12Vv

4

( Insert R-L coupler to generator.

Y

C Turn on the key switch for engine starting.

)
)

y

/ Defective ogn grase of defective continuity of

. AT terminal, replace IC regulator.
Measure the voltage between [ Vil it

* Measuring condition generator BAT, and L terminal. O:I‘tcas‘? of defective continuity of

: -terminal, check or replace diode,
g:s;f?cl’m’ rp;“;:g 5,000 startor, and rotor.
page 99. 0K

y

Light the night i Meas Pefective

ig e night iamp. ure . - .
the BAT terminal voltage of IC:_?ck electrical wiring for night
generator; 6.3—2V is normal, amp.
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4. Alternator
4LH Series

{2} Overcharging

Defective
Turn on the key switch. * Measure BAT voltage of
(Start the engine) generator. Replace IC regulator or 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
. . Detective
After turning on the key switch o Repl fan belt
{after engine starting), check if Charge lamp is OK if it goes off. oAgFl a?? art‘)elt '
the charge lamp goes off. Just tan -
OK
Check the tan belt.
i
Defective
g‘e‘?;::gram voltage of Replace the charge lamp.
834
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5. Instrument Panel

5-1 B2-type instrument panel with wiring

@
] mm (in.)
™ N
o Water temperature warning lamp
- Tachometer ) . Oil pressure warning lamp
31 Light smich / Charge lamp
i [l \\ / / f $’
& EEEEEE)
< 0
Qi L
o«
L orr
Do = Tachometer
(4 Mo N
o, f\ i m .
= \ b Key switch
i ;\/@
i [Tyl
‘m
lm_ N 6'_5
Tl ol 53
B 128\(5 0303) | <0,
10 (039375, !276|108661)\ RET

\
For engine stop cable Alarm buzzer *Engine stop switch {0.3937)

5-2 C-type instrument panel

mm {in.)
Tachometer Coaling water thermometer

= Lube oil pressure gauge

o 336 (132283)

2 _[12ear2g 312 (12.2834) / 12(Q 4724’

pad g

= = 6L
] VA IR T ¥

==
&
o | @ Warning lamp
AR - C.W. temperature lamp
o= Engine L.O. pressure lamp
-\ . Charge tamp

= [usewais] i

o

5] -

[=]

<| &

I A [ ] A )

Integral hour meter
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Buzzer switch | Engine stop switch

Light swilch
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Chapter 9 Electrical System
5. Instrument Panel

5-3 D-type instrument panel

mm {in.}

B8-@7(0.2755)

13{0.5118)

§ Cooling water temperature thermometer
8 Lube oil pressure gauge
= Blinder cover Tachcmeter
e Integral hour meter
e
* ¥
|
= &
] w
3| e
o
P~ M 4 .
g
BE Bl
=] i .
™ .
=3 9
= b
135
13{0 5118} {53149 (5.3543) (5.3543)
432 {17.0078)

Clock /

& Warning lamps

Light switch| Starter switch
Buzzer switch

4LH Series

Y,

i e
P owal

1E
— n

~—86 (3.3465) —

C.W. temperature lamp. Fuse box * Engine stop switch
Engine L,0O. pressure lamp.
Charge lamp.
5-4 E-type instrument panel
mm {in.}
Lube oil pressure  Bargraph Turbocharger  Marine Charge lamp
meter tachometer boost meter quartz clock ;
- : ; J A 4-¢7 (0.2756)
‘ T —"lfr ; ;"Digital Ia" C.W. temperature | ‘4" @a
o [/ tachometer meter  Alarm lamp 1
1 R AR i Ay Sy S S Y R
‘ ‘ R ; ENGSPEED ; H Jututnn:m]‘ g }\.‘,;,.I [: [@ Dﬁ!,_cj
r pge 1000 | |
1o B 1 Py [ L ] wemtavamer
g5l B 2 8EEE. B s
[ ] LR e [ D ALARM  CHANGE| |
g g I QL\F. BOOST pritiiazasiizm EI‘.:.qo‘ .
s A PR P
— L v
oo 7 =
@ @ . -
- T ﬁ Lo Tz / TQTAL HOUR
i 77 E; LY
| 1 -‘u% ,EE @ R
L SR £ s J:-f*.:—:‘—,_,— =
N
C@j / / t]Fuse box hourmeter / /
! ! '
boofpmd——F—310 (12.2047) / | ™
,____/_N.., wfe —f—— 330 {12.9921) i f -

llumination Buzzer Alarm lamps

Engine stop Key switch

lamp switch re-5et e | ube oil pressure push-button (4-position type)

switc

h

® Fuel water trap
full

® C.W.remperature
rise

drop switch
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6. Warning Devices

6-1 Oil pressure alarm

If the engine oil pressure is below 0.1 ~ 0.3 kg/em? (1.42 ~
4.26 Ib/in2), with the main switch in the ON position, the
contacts of the oil pressure switch are closed by a
spring, and the lamp is illuminated through famp — oil
pressure switch — ground circuit system. If the oil
pressure is normal, the switch contacts are opened by the
Jubricating oil pressure and the lamp remains off.

Pilet lamp @

Main switch

E aAlarm buzzer -

ooy
g% [] Oit pressure switch

Fuse -

Battery

-

t {Qil pressure alarm circuit)

Oil pressure

Qil pressure switch

Contacts

4LH Series

Part No.

124060-39451

Rated voltage

12V

Qperation pressure

0.1 ~ 0.3kg/cm?
{1.422 ~ 4.2661b/in.?)

Qil pressure -
Lamp capacit SW
—  ~if— pactly
Inspection
Problem Ingpection item Inspection method Corrective action
1. Qil pressure lamp {1) Visual inspection Replace lamp

Lamp not illuminated when
main switch set to ON

blown out

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

2. Operation of oil pressure

Lamp illuminated when checked

Replace oil pressure switch

Lamp not extinguished
while engine running

switch as described in (2) above
1. Oil level low Stop engine and check oil Add oil
level with dipstick
2. Qil pressure low Measure oil pressure Repair bearing wear and

adjust regulator valve

3. Oil pressure faulty

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

Replace oil pressure switch

4. Wiring between lamp and oil
pressure switch faulty

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

Repair wiring harness
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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 therma! expansion material is set on the end of the
water temperature unit. When the cooling water tem-
perature reaches a specified high temperature, the con-
tacts are closed, and an alarm lamp and buzzer are ac-
tivated at the instrument panel.

Cooling water temperalure switch

Fresh water pump

Fuse Main switch

Battery

I

{Water temperature alarm circuit)

57.7mm {2.2716in.)
;——-’——:=[ L/,/,f Green

PT 3/8

[T

Lube oil

ON 93 ~ 97°C (199 ~ 206°F)
OFF | 88°C (190°F) or high
Electric capacity DC 12V, 1A

Response time with in 60 sec.

Indication calor Green

Part code No. 127610-31350

2.40 ~ 3.20kg-m
(17.35 ~ 23.141t-1b}

Operating temperature

Tightening torque

6-3 Sender unit for lube oil pressure gauge

The sender unit for the lube oil pressure gauge has a mount-
ing seat for mounting on the iube oil cooler.

Qil pressure is measured when the oil enters into the main
galiery after being fed from the lube il cooler and passing
through oil pressure controi vaive. Make sure to mount a
vibration damper when mounting the oil pressure sender
unit.
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Lube oil pressure sender unit
B2.4 (3.2440}
16.7 37 (1.4568) | 10.7 |8 (0.3149) mm (in.}
M5 x P°-3\ 10.6574) 0.4212) 10 {0.3937)
= e
=
e o & ﬂ N
= 2 e ]
2 mr _ . a4
oo [ =
: -
=}
[+2]
A
A
PT18
Damper
PT 1:‘8\7 g Type Resistance switch
° B Rated voltage DC 12/DC 24
= 1~ Max. operating pressure 8kg/em? (113.76 Ibiin?)
- Part code No. 144626-91560
&
o
b
&
-
®!o
=
PT 118 =
21 (0.0393)
6-4 Sender unit for the cooling water temperature
gauge Cooling water
. . 1 rature
The water temperature sender unit has a mounting seat sianr:g:r ulrllit
for mounting on the fresh water pump unit. Water tem-
perature is measured when the cooling water flows into
the thermostat housing after leaving the cylinder head. Coaling water
mm {in.) temperature
57.2 (2.2519) switch /
22.7(0.8037) 14 (0.5511)  20.5 (0.8070)
17 {0.6692) M5 x PO.8
’(é Tﬁ
e —
//f\‘.)\\ s @ 0|8
~ (3
K 2
@ 7
Black
PT 3/8
Type Thermistor switch
Rated voltage 12vi24V
Part code No. 144626-91570
9-39
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7. Tachometer

7-1 Construction of tachometer
The tachometer indicates the number of revolutions per

minute by means of an electrical input signal which is’

generated as a pulse signal from the magnetic pickup sen-
der{MPU sender).

The function of the sender is to convert the rotary motion
into an electrical signal by means of counting the number
of teeth of the ring gear connecting with the flywheel
housing.

Tachometer sensor

Redrblack
Orange

= -
Rotation Blueired
detecting sender Black

Tachometer

7-2 Specifications and dimensions of tachometer
(1) Specifications

Rated voltage DC 12v

Range of operating voltage 10 ~ 15V

lHlumination 3J4AWNH2V

Ring gear No. of teeth 127
Module 254

Part No. of tachometer Gggégggﬁgg)

Part No. of sender unit 128170-91160

(2) Sensitivity limit of sender unit

Ring gear speed

4LH Series

{misec)
10
& o
G zone | /
6 - /
4 -t R :
/ NG zone
2
o]
0.5 1.0 1.5 2.0 25
Sender unit and ring gear clearance C (mm)
t—C
Ring gear
Sender unit

(3) Dimensions of senderunit

2505
(09646 ~ 1.0039) 34.5 {1.3583) mm {in.)
5(0.1969) 4.5 (0.1772)
1.5 (0.0591) 3(0.1181) =
155 =)
{0.6102) 2
. ) 5 1s
— <) b}
g g \T 3|2
s © B T e
ol = L1 °
5| § £
h=
LY L z
M18x P15

{4) Dimensions and shape of tachometer

10 (0.3987)—1—

Identification mark

9-40

286.8 {3.4173)

72.3 (2.8485)

FT ] o
_1 g

b

3

4

(=]

B |8

)

:E w

oo

o

8

A
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7. Tachometer

4LH Series

7-3 Measurement of sensor unit characteristics
Synchroscope

(1) Measurement of output voltage

Rotation detecting sender FAN A

Qutput voltage

| 1.0V or higher

- 1

/\ IV or higher AMA
1.3mm 20k&

No. of teeth
127

Ring gear)

Qg

Measuring conditions

\/ AC 100V

*Check the output wave pattern and number of pulses
when carrying out the output voltage measurement.

Number of teeth of (2) Measurement of internal resistance
. 127
ring gear
Gap between the ring i Measuring conditions
gear and sender 1.3mm (0.0511in.} 9 _ .
Resistance 20kQ Measur!ng ?emperature 29 ‘C {68°F)
Speed of ring gear 500 rpm (approx. 800H2) Measuring instrument Digital tester
Measuring temperature 20°C (68°F) Digital tester
Measuring instrument Synchroscope
Rotation detecting sender ° ka
AC 100V
7-4
Fault Diagnosis Remedy
Does not function well. Check if there is an open-circuit cable connection at the Yes  Make good the connection.

1} Pointer does not move.

2) Functions intermittently.

rear of the meter, a loose or disconnected terminal, or bad
continuity due to corrosion.

Printed in Japan
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Disconnect at the instrument terminals, and measure the No If the input voltage is
voltage between the cable terminals. {To be 10 ~ 16V) abnormal, check the cause.
{e.g. short-circuit, disconnec-
+ Satisfactory tion, or blown fuse, etc.)
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7. Tachomerter

m 4LH Seﬁes
Check if the sender is loosely fitted. Yes  Fix the sender securely.
+ No
Measure the internal resistance of the sender. No Replace the sender.
(To be 1.6 +0.1kQ at 20°C)
}
Measure the output voltage of the sender. No Replace the sender.
(To be 1V or higher at 20°C)
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