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FORWARD

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
a wide 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 maximum performance from this engine, you should com-
pletely understand its functions, construction and capabilities, as well as
proper use and servicing.

Use this manual as a handy reference in daily inspection and maninte-
nance,and as a text for engineering guidance.
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Chapter 0 For Safety

1. For Safe Servicing
4LHA Series

1. For Safe Servicing

@ Most accidents are caused by failing to observe basic safety rules and precautions. To

prevent accidents, it is important to recognize the signs of approaching problems, and eliminate
the problems in the early stage before they can cause accidents.
Please read this manual carefully before starting repairs or maintenance to fully
understand safety precautions and appropriate inspection and maintenance
procedures. Attempting a repair or maintenance job without sufficient knowledge
may cause an unexpected accident.

@ It is impossible to cover every possible danger in repair or maintenance in the manual.
Sufficient consideration for safety is required in addition to the matters marked
A CAUTION. Especially for safety precautions in a repair or maintenance job not
described in this manual, receive instructions from a knowiedgeable leader.

@ Safety marks used in this manual and their meanings are as follows:

DANGER indicates an imminently hazardous
situation which, if not avoided, will result in
death or serious injury.

A DANGER

WARNING indicates a potentially hazardous
situation which, if not avoided, could result
in death or serious injury.

A\ WARNING

CAUTION indicates a potentially hazardous
situation which, if not avoided, may result in
minor or moderate injury.

A\ CAUTION

® Any matter marked [NOTICE] in this manual is especially important in servicing. If not
observed, the product performance and quality may not be guaranteed.

0-1



Chapter 0 For Safety
2. Precaution For Safe Servicing

4LHA Series
2. Precaution For Safe Servicing
(A) Service Shop (place)
® Place allowing sufficient ventilation R

Jobs such as engine running, part welding and polishing the paint with
sandpaper should be done in a well-ventilated place.
%g [Failure to Observe]
= Very dangerous for human body due to the possibility of inhaling poi-
\_ sonous gas or dust. )

o Sufficiently wide and flat place )

The floor space of the service shop for inspection and maintenance
should be sufficiently wide and flat without any holes.

[Failure to Observe]

k An accident such as a violent fall may be caused. )

® Clean, orderly arranged place
No dust, mud, oil or parts should be left on the floor surface.
[Failure to Observe]
An unexpected accident may be caused.

~ ™
® Bright, safety illuminated place

The working place should be illuminated sufficiently and safely.

For a job in a dark place where it is difficult to see, use a portable safety
lamp.

The bulb should be covered with a wire cage for protection.

[Failure to Observe]

The bulb may be broken accidentally causing ignition of leaking oil. )

® Place equipped with a fire extinguisher

Keep a first aid kit and fire extinguisher close at hand in preparation for fire
emergencies.
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Chapter 0 For Safety

2. Precaution For Safe Servicing 4LHA Seri
eries

(B) Working Wear

(w .
® Wears for safe operation

Wear a helmet, working clothes, safety shoes and other safety protectors
suited to the job. It is especially important to wear well-fitting work clothes.
[Failure to Observe]

A serious accident such as trapping by a machine may occur.

\

J

(C) Tools to be Used
/ ® Appropriate holding and lifting

Never operate when the engine is supported with blocks or wooden pieces
or only with a jack.

To lift and hold the engine, always use a crane with a sufficient allowance in
limit load or a rigid jack.

[Failure to Observe]

A serious accident may occur.

\_ J
® Use of appropriate tools R

Use tools appropriate for the jobs to be done. Use a correctly sized
tool for loosening or tightening a machine part.

@ g@j') . [Failure to Observe]

~

A serious injury or engine damage may occur.

(D) Use of Genuine Parts, Oil and Grease

J
® Always use genuine parts. J
d)

[Failure to Observe]
Shortening of engine life or an unexpected accicdent may arise.

(E) Bolt and Nut Tightening Torque

® Always tighten to the specified torque if designate
in the manual.

% @ U““’ [Failure to Observe]

Loosening or falling may cause parts damage or injury.
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Chapter 0 For Safety
2. Precaution For Safe Servicing

4LHA Series
(F) Electrical Parts
(w - )
PG ® Harness short-circuit
o ® Disconnect the battery negative () terminal before starting the service job.
/{ [Failure to Observe]
Short-circuiting of a harness may occur to start a fire.
- J
( W] e Battery charging )
Since flammable gas is generated during battery charging, keep anything
(r"" P which could cause a fire away from the battery.
G [Failure to Observe]
Explosions may occur.

- Y,

® Battery electrolyte )

Since the electrolyte is diluted sulfuric acid, do not let it be splashed onto
%

the clothes or skin.
(G) Waste Treatment

[Failure to Observe]
The clothes or skin may be burnt. )

( Y] Observe the following instructions with regard to waste disposal.\
Negligence of each instruction will cause environmental pollution.

@ Waste fluids such as engine oil and cooling water shall be discharged
into a container without spillage onto the ground.
@ Do not let waste fluids be discharged into the sewerage, a river or the
sea.
@ Harmful wastes such as oil, fuel, solvents, filter elements and battery
shall be treated according to the respective laws and regulations.
\_ Ask a qualified collecting company for example. )
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Chapter 0 For Safety
2. P tion For Safe Servici
recaution For Safe Servicing ALHA Series

(H) Handling the Product

NN @ Supplying the Fuel

When supplying the fuel, always keep any fire source like a cigarette or
match away.

QL
/
[Failure to Observe]

A fire or explosion may arise.

FNU/:NINe] @ Pay attention to hot portions.

Do not touch the engine during running or immediately after it is stopped.

# [Failure to Observe]
_*m Scalding may be caused by a high temperature.
L )
-
PNI/GINIYe] @ Pay attention to the rotating part.
Never bring clothes or a tool close to the rotating part during engine
running.
[Failure to Observe]
Injury may be caused by entrapping.
AN

A CAUTION ® Safety Label Check

Pay attention to the product safety label.

A safety label (caution plate) is affixed on the product for calling
special attention to safety.

If it is missing or illegible, always affix a new one.

California California
Proposition 65 Warning Proposition 65 Warning

Battery posts, terminals, and related

Diesel engine exhaust and some of its . X
accessories contain lead and lead

con'stltu.tlons are known to t.he State of compounds, chemicals known to the
California to cause cancer, birth defects, State of California to cause cancer and
and other reproductive harm. reproductive harm.

L » . )
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Chapter 0 For Safery

3. Location of Prouduct Safety Labels ALHA Series

3. Location of Product Safety Labels

To insure safe operation, warning device labels Warning device labels, Parts numbers
Part Code No.
128296-07300
120324-07240
128296-07260
128296-07350

have been attached. Their location is shown in the

drawings below and the next page. Keep the labels

from becoming dirty or torn and replace them if they

are lost or damaged. Also, replace labels when parts

® oo oF

are replaced, ordering them in the same way as for

the parts

Name plate
@
3 DANGER
(A =’ DANGER
EEHICEFry TEMI !
MY muTTL. emAHRE T

Em BLPPEETRENBD.
o Never remove the cap while the engine
is still hot. ®Hot water may spurt out
and burn you. 128296-07260

mRD®Y) LTIz
CHhADBEITRR
ZREALTTFE,
When lifting the engine.
lift only as shown in

|} diagram.
l EROAR 1.0 ton
‘\twmght 120324 07240 4
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Chapter 0 For Safety
3. Location of Prouduct Safety Labels

A ¥E WARNING

o BERRBEOVWCFEPLEEANBVTTEL,
CTHETIENNHBDET:

eExposed moving parts.

eCan cause injury. 128296-07360

0-7

E4k
24 E
N—

AixE
CAUTION

5 &
P [z 3
®Hot surface

®May cause burn
128296-07300

4LHA Series
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Chapter 1 General
1. Exterior Views

1. Exterior Views

1. Location of component
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Cooling fresh water pump

Fuel injection pump

Turbocharger

Marine gear

sea water pump

Starter moter

4LHA Series

[Note] Above drawings show the 4LHA-STE/STP engines.

1-1



Chapter I General

1. Exterior Views
e < 1A Series

Mixiing elbow

Stern driving devices
BRAVO, MERCRUISER N

o:oo
o050,
o

© O " Q

[Note]
Above drawings show the 4LHA-STZE/STZP engines




Chapter 1 General
1. Exterior Views

o | |. Pump side

® Exhaust side

Alternator

Air cooler

Lube oil cooler

AA

Fuel injection valve

Fuel oil filter

Lube oil filter

Heat exchanger
(Fresh water cooler)

Exhaust manifold cooler

&

Aok ® [
- 5 [—1
(SININEE g
Fuel injection pump
Turbocharger

Marine gear

Cooling fresh water pump

Sea water pump

Starter moter

[Note] Above drawings show the 4LHA-DTE/DTP engines.
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Chapter 1 General

1. Exterior Views
4LHA Series

Mixiing elbow

o:ao
o100,
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Stern driving devices
BRAVO, MERCRUISER

[Note] Above drawings show the 4LHA DTZE/DTZP engines.
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Chapter 1 General
1. Exterior Views )
4LHA Series

o I |. Pump side
Fuet injection valve

Air cooler
Lube oil cooler
Fuel oil filter
Name plate
% T 7 M‘“
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|
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== =T ! F

Marine gear Lube oil filter Fuel injection pump

® Clutch side Turbocharger

Alternator

[Note] Above drawings show the 4LHA HTE/HTP engines.



Chapter I General

1. Exterior Views .
“4[1‘114 Series

o F. |. Pump side . Aircooler Fuel injection valve
Lube oil cooler
Fuel oil filter
“\ s
=
Stern driving devices e
BRAVO, MERCRUISER s _© )
Al AR = -
O -
—/ z /
T iy
LB 0L
(0 == o
| & .
;‘5 \ Lube oil filter Fuel injection pump

® Clutch side

Mixing elbow

Alternator

Exhaust tube

[Note] Above drawings show the 4LHA HTZE/HTZP engines.
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Chapter 1 General
2. Specifications

4LHA Series
» L] -
2. Specifications
| Engine Model 4LHA-STZE |  4LHA-STE

Type Vertical 4-cycle water cooled diesel engine
Combustions system Direct injection
Aspiration Turbocharger with air cooler
Number of cylinders 4
BoreXstroke mm (in) 100X110(3.94X4.33)
Displacement ¢ (cu.in.) 3.455(210.82)

Output KW/rpm 169 ./ 3300
One hour /crankshaft speed |  (HP/rpm) (230.7°3300)
rating output

Brake mean MPa
(DING270B) | gfective pressure | (kgtcmz) 1.78(18.2)

Piston speed m/sec(ft/sec) 12.10(39.70)

) Output kW/rpm 140,73100
Continuous | /e ankshaft speed | (HP/PM) (190.73100)
rating output Bk ViPa
rake mean

(DIN6270A) effective pressure | (kgfiem?) 1.57(16.0)

Piston speed m/sec(ft/sec) 11.0(36.09)
Compression ratio 15.2

Fire order 1807 180° 180° 1§0°1
Fuel injection pump t}:}"éesti’:\el_
Fuel injection timing (b.T7.D.C) degree 13° + 1°(FID)
9
Fuel injection pressure (kg;\?/i?m) 26.5 fg'ga (270 i‘g )

Fuel injection nozzles

Hole type
model YDLLA-PL

Crankshatt Counter-clockwise viewed from stem
Direction of rotation P'flo te"er Clockwise or counter clockwise
sha
Power take off Full power flywheel side
. Fresh water : Centrifugal pump
Cooling system Sea—water . Rubber impeller pump
Lubrication system Forced Iubricztgc‘))r:J m;vithtypg?choid pump
Starting Starting _motor DC 12V,2.5kW
system AC generator 12V,55A
Tvoe RHC61W
Turbo-charger Yp (IHlI make)
cooling system Water cooling
Air cooler System Type Sea—water cooled, plate fin type
Lubricating oil capacity min./max. £ (quart) 5/13(5.29/13.74)
Cooling Fresh water tank £ (quart) 14(14.8)
water capacity
(Fresh water) Sub tank £ (quart) 0.8(0.85)
Engine lube oil requirment A.P.I CD Class

Fuel recomended

Diesel fuel Cetane value :over 45

Fresh water capacity £ (quart)

Engine:15 Sub tank:0.8

Idle speed Low/High pm

750/3700

1-7



Chapter 1 General

2. Specifications

e </ A Series
Engine Model 4LHA-STZE 4LHA-STE
MERCRUSER
Model HURTH-HSW630A1
Bravo 1 Bravo 2 Bravo 3 .
1.36/1.36
1.36/1.36 1.50/1.50 £ 50150 1.22/1.21
. 1.65/1.65 : : 1.56/1.58
Reduction(Forward.” Reverse) 1.50/1.50 1.65/1.65
1.81/1.81 1.81/1.81 2.04/2.10
‘ 1.65/1.65 2.00/2.00 2.00/2.00 2.52/2.53
Marine gear Qick silver high-perf
. . ick silver high-performance )
system Lube oil requirment gear lube ATFII-D
Lubricating oil capaci
9 pacity £ (quart) 2.0(2.11) 3.0(3.17) 2.0(2.11) -/3.0(-/3.17)
min/max
Clutch Mass kg(Ib) 88(184) 94(207) 98(216) 44(97)
Overall length mm(i'l;) - ~1039(40.9) B 1059(41.7)
Dimensions Overall width mmyin.) 714(28.1) 686(27.0)
Overall height mm(in.) . 782(308) 741(29.2)
Engine mass with clutch(dry) kg(lb) 473(1043) _1 479(1056) | 483(1065) 410(904)




Chapter 1 General

1. Specifications .
s /1A Series

Engine model 41 HA-STP 4LHA-STZP
Type Vertical water cooled 4-cycle diesel engine
No. of cylinders 4
Bore X Stroke mm 100X110
Displacement 2 3.455
Fuel stop power at crankshaft *177 (240) / 3300
kw(hp)/rpm **169 (230) / 3300

Cont. power at crankshaft. cw(h)om 140 / (190) / 3100
High idling rpm 3700 + 25
Low idling rom 750 *+ 25
Combustion system Direct injection
Starting system Electric starting (12V-2.5kW)
Charging system kg Regulator built in Alternator DC12V-55A
Cooling system Constant high temperature fresh water cooling (2 systems : sea & fresh water)
Lubrication system Forced lubrication system with trochoidal gear pump
Direction of rotation Counter-clockwise (viewed from flywheel side)
Lube oil capacity AI.I g 13.0

Qil pan 2 10.0
Cooling water capacity J/ 15 (Engine) , 0.8 (Sub-tank)

Model RHC61W (IHI made)
Turbocharger ) ;

Type Water cooled turbine housing
Dimensions (L XW XH) (gear less) mm 1001X686 X741 1039X714X782
Dry mass (gear less) kg 365 385
Recommended battery capacity 12V X120Ah
Recommended type of remote control )

Single lever type only

handle
Engine installation style On the flexible engine mount

(Note) 1. Rating condition : 1SO 3046-1,8665 2. 1hp = 0.7355 kW
3. Fuel condition : Density at 15°C = 0.860, Fuel oil temperature *: 25°C at the fuel injection pump inlet
**: |SO 8665 (Fuel oil temp. 40°C at the fuel injection pump inlet)

® Marine gear (Option)

HURTH MERCRUISER
Model HSW630A1 Bravo X-1 Bravo X-2 Bravo X-3
Type Eiy d(rjgrllig Stern drive
Available engine 4LHA-STP 4LHA-STZP

1.22/1.21 1.36 1.50 1.36
Reduction ratio 1.56/1.58 1.50 1.65 1,50
;'f::gf’gt‘;r; 2.04/2.10 1,65 181 1,65
Bravo X-12.3 2.52/2.53 2.00 1.81
Both Ahead and Astern 2.20 2.00

2.20
For further detail, refer to the maker's manual
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Chapter 1 General
2. Specifications

P00 s /[ /1A Series

Engine Model 4LHA-DTZE ] 4LHA-DTE
Type Vertical 4-cycle water cooled diesel engine
Combustions system Direct injection
Aspiration Turbocharger with air cooler
Number of cylinders 4
BoreXstroke mm (in.) 100X110(3.94<4.33)
Displacement ¢ (cuin) 3.455(210.82)

Output kW/rpm 140 / 3300
One hour /crankshaft speed | (HP/rpm) (190./3300)
rating output Brake mean MPa 1.47
(DINg270B) | effective pressure (kgticmz) (15.0)

Piston speed m/sec(ft/sec) 12.10(39.70)

Output kW/rpm 116,/3100
Continuous /crankshaft speed | (HP/rpm) (158.73100)
rating output | Brank mean MPa 1.29
(DING270A) effective pressure (kgf/cm2) (13.2)

Piston speed m/sec{ft/sec) 11.0(36.09)

Compression ratio 15.8
180° 180° 180 ° 180°

Fire order 1 =3 — 4 — 2 — 1
L Inline type,

Fuel injection pump YPES-4AL

Fuel injection timing (b.T.D.C) degree 12° £ 1°(FID)

2457098

Fuel injection pressure MPa(kgf/cmz) (250 +1 8 )
L Hole type

Fuel injection nozzles model YDLLA-PL

Crankshaft Counter-clockwise viewed from stem
Directi f rotati
Irection of rotation g”:g?tener Clockwise or counter clockwise

Power take off Full power flywheel side

Fresh water
Sea—water

. Centrifugal pump

Cooling system . Rubber impeller pump

Forced lubrication with trochoid pump

Lubrication system (2pump  type)

Starting Starting motor DC 12V,2.5kW
system AC generator 12V,80A
Type RHCB1W
Turbo-charger (IHI make)
cooling system Water cooling
Air cooler System Type Sea—water cooled, plate fin type
Lubricating oil capacity min./max. £ (quart) 5/13(5.29/13.74)
Cooling | Freshwatertank | £ (quar) 15(15.9)
water capacity
(Fresh water) Sub tank ¢ (quart) 0.8(0.85)
Engine lube oil requirement — A.P.I CD Class
Fuel recomended Diesel fuel Cetane value :over 45
Idle speed Low/High pm 750/3700

19



Chapter 1 General

2. Specifications

e </ /1A Series

Engine Model 4LHA-DTZE 4LHA-DTE
ERCRUSER
Model M HURTH-HSW450A2
Bravo 1 Bravo 2 Bravo 3
‘ 1.36/1.36 1.50/1.50 1.36/1.36 1.26/1.26
Reduction { Forward,” Reverse) 1 501 50 1.65/1.65 }ggﬂ ‘(552 1.51/1.51
U 1.81/1.81 1.81/1.81 2.03/2.03
, 1.65/1.65 2.00/2.00 2.00/2.00 2.43/2.43
Marine gear
. . Qick silver high-performance ;
system Lube oil requirment gear lube ATFI-D
Lubricating oil capacit
¢ pacll " ¢ (quart) 2.0(2.11) 3.0(3.17) 2.0(2.11) 2.0(2.11)
min/max
Clutch Mass kg(lb) 88(184) 94(207) 98(216) 28(61.7)
Overall length mm(in.) 1039(40.9) 937(36.9)
Dimensions Overall width mm(in.) 787(31.0) 686(27.0)
Overall height mmin.) 830(32.7) 741(29.2)
| Engine mass with clutch(dry) kg(ib) 476(1049) | 388(855) | 388(855) 398(877.4)




Chapter 1 General
2. Specifications

4LHA Series
Engine model 4L HA-DTP 4L HA-DTZP
Type Vertical water cooled 4-cycle diesel engine
No. of cylinders 4
Bore X Stroke mm 100X110
Displacement 3.455
Fuel stop power at crankshaft *147 (200) / 3300
kw(hp)/rpm **140 (190) / 3300
Cont. power at crankshaft. cw(hpYrpm 116/ (158) / 3100
High idling rpm 3700 *+ 25
Low idling rpm 750 + 25
Combustion system Direct injection
Starting system Electric starting (12V-2.5kW)
Charging system Regulator built in Alternator DC12V-55A
Cooling system Constant high temperature fresh water cooling (2 systems : sea & fresh water)
Lubrication system Forced lubrication system with trochoidal gear pump
Direction of rotation {crankshaft) Counter-clockwise (viewed from flywheel side)
, , All 13.0
Lube oil capacity :
Oil pan 10.0
Cooling water capacity 15 (Engine), 0.8 (Sub-tank)
Model RHC61W (IHI made)
Turbocharger - )
Type Water cooled turbine housing
Dimension (L XW XH) (gear less) mm 937 X686 X741 1039X787 X830
Dry mass (gear less) kg 365 388
Recommended battery capacity 12V X120Ah
Eaer?glr:mended type of remote control Single lever type only
Engine installation style On the flexible engine mount

{Note) 1. Rating condition : ISO 3046-1, 8665

2. 1hp = 0.7355 kW

3. Fuel condition : Density at 15°C = 0.860, Fuel oil temperature *: 25°C at the fuel injection pump inlet
**: |SO 8665 (Fuel oil temp. 40°C at the fuel injection pump inlet)

® Marine gear (Option)

Model HURTH MERCRUISER
HSW450A2 Bravo X-1 Bravo X-2 Bravo X-3

Type ay d?gt:\l/ir(\: Stern drive

Available engine 4LHA-DTP 4LHA-DTZP
1.26 1.36 1.50 1.36
1.51 1.50 1.65 1.50
Reduction ratio 2.03 1.65 1.81 1.65
(Both ahead and astern) 2.43 2.00 1.81
2.20 2.00
2.20

For further detail, refer to the maker's manual
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2. Specificati
WW‘“ 4LHA Series

Engine Model 4LHA-HTZE | 4LHA-HTE
Type Vertical 4-cycle water cooled diesel engine
Combustion system Direct injection
Aspiration Turbocharger with air cooler
Number of cylinders 4
BoreXstroke mm (in) 100X110(3.94X4.33)
Displacement £ (cu.in.) 3.455(210.82)
Output/ kW/rpm 110 3300
One hour crankshaft speed (HP/rpm) (150./3300)
; Brake mean MPa 1.16
rating output .
kgf/cm? 11.8
( DING270B) effective pressure ( rg/sec ) ( )
Piston speed (ft/sec.') 12.10(39.70)
Output/ kW/rpm 91.2/3100
. 1.02
rating output | Brake mean MPa
kgf/lcm2 .
(DIN6270A) effective pressure (kgf/cm?) (10.4)
Pist d m/sec. 11.4
Iston spee (ft/sec.) (37.4)
Compression ratio 16.2
| Fire order 180° 180° 180° 180°
S Distributor type,
Fuel injection pump VE-HDI
Fuel injection timing (b.T.D.C) degree 6" = 1°(FIT)
20.6 +0.98
Fuel injection pressure (kg/fI/lZ;Z) ' 1(1)0
(210 Z47)
Fuel injection nozzles m o?;'igff A-P
Crankshaft Counter-clockwise viewed from stem
Direction of rotation Pr;)r;l)aefltler Clockwise or counter clockwise
Power take off Full power flywheel side

Fresh water : Centrifugal pump

Cooling system Sea-water: Rubber impeller pump

Lubrication system Forced lubrication with trochoid pump
Starting Starting motor DC 12V,2.5kW
system AC generator 12V,80A

Type RHC 61W (IHI make)
Turbo-charger

Cooling system Water cooling
Air cooler System Type Sea-water cooled, plate fin type
Lubricating oil capacity min./max. £ (quart) 5/13(5.29/13.74)
Cooling Fresh water tank 2 (quart) 14(14.8)
water capacity
(Fresh water) | Sub tank £ (quart) 0.8(0.85)
Engine lube oil requirment — A.P.I CD Class
Fuel recomended Diesel fuel Cetane value :over 45
Fresh water capacity £ (quart) Engine:15 Sub tank:0.8
Idle speed Low/High rpm 750/3700
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HWWW 4LHA Series

Engine Model 4LHA-HTZE 4L HA-HTE
MERCRUSER HURTH-
Model HSW450A2 KM5A
Bravo 1 Bravo 2 Bravo 3
1.36/1.36
Reduct 136/1.36 | 190150 1 o550 | 128126 | 5571087
uction 1.50/1.50 1.65/1.65 1.65/1.65 1.51/1.51 5.07/2.07
Mari (Forward /Reverse) 165/165 1.81/1.81 1:81/1.81 2.03/2.03 146/146
arine gear o9 2.00/2.00 | 2.00/2.00 | 2.43/2.43 | "
system
Lubricating oil
; 29 3.7 2.9 2.0 2.11.8
t rt
capacity £ (quan) | 37y (3.9) (31) @11) | (2.2)(1.9)
Clutch Mass kg 88 94 98 28 48
Overall length mm (in.) 1039(40.9) 937(36.9) |1058(41.65)
Dimensions | Overall width mm (in.) 756(29.76) 686(27.0) | 681(26.81)
Overall height mm (in.) 830(32.7) 741(29.2) | 741(29.17)
Engine mass with clutch (dry) kg 476 482 486 388 408




Chapter 2 Basic Engine
4. Cylinder Head

-~~~ - 4LHA S(’rl’(’;\‘

Engine model 4LHA-HTP 4LHA-HTZP
Type Vertical water cooled 4-cycle diesel engine
No. of cylinders 4
Bore X Stroke mm 100X110
Displacement 3.455
Fuel stop power at crankshaft *118 (160) / 3300
kw(hp)/rpm *+113 (154) / 3300
Cont. power at crankshaft. ewlhoom 91.2/(124) / 3100
High idling rpom 3700 + 25
Low idling rpm 750 + 25
Combustion system Direct injection B
Starting system Electric starting (12V-2.5kW) '
Charging system Regulator built in Alternator DC12V-55A
Cooling system Constant high temperature fresh water cooling (2 systems : sea & fresh water)
Lubrication system Forced lubrication system with trochoidal gear pump
Direction of rotation (crankshaft) Counter-clockwise (viewed from flywheel side)
, , All 13.0
Lube oil capacity 5
Oil pan 10.0
Cooling water capacity 15 (Engine) , 0.8 (Sub-tank)
Model RHC61W (IHI made)
Turbocharger ) .
Type Water cooled turbine housing
Dimensions (L XW XH) (gear less) mm 937 X681 X741 1039 X777 X830
Dry mass (gear less) kg 360 ‘ 388
Recommended battery capacity 12V X 120Ah
Recommended type of remote control Single lever type only
handle
Engine installation style On the flexible engine mount

(Note) 1. Rating condition : 1SO 3046-1, 8665

2. 1thp = 0.7355 kW

3. Fuel condition : Density at 15°C = 0.860, Fuel oil temperature *: 25°C at the fuel injection pump inlet
**: 1SO 8665 (Fuel oil temp. 40°C at the fuel injection pump inlet)

e Marine gear (Optional)

HURTH MERCRUISER
Model HSW450A2 Bravo X-1 Bravo X-2 Bravo X-3
Type Eiy d?gl\.ll\llir(]: Stern drive
Available engine 4LHA-HTP 4L HA-HTZP
1.26 1.36 1.50 1.36
1.51 1.50 1.65 1.50
Reduction ratio 2.03 1.65 1.81 1.65
(Both ahead and astern) 2.43 2.00 1.81
2.20 2.00
2.20 |
For further detail, refer to the maker's manual
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Chapter 1 General
3. Service Standards

3.Service Standards

4LHA-STE,-DTE,-HTE
Normal Lub. Qil press. At Max. output MPa(kgf/cm?) 0.34~0.44(3.5-4.5)
Eve clearance in/Ex. mm 0.1/0.5
Fuel injection timing deg. b.T.D.C.12
Fuel injection pressure MPa(kgf/cm?) 245 +0@98 (250 100 )

Tightening torque of bolts and nuts

Unit:N(kgf)-m

\\ __Tightening Torque | Wrench
Bolt & Nut size ALHA-STE,-DTEHTE
' Cylinder head bolt T qst108(11) 17mm
M13X1.5 2nd:167(17)
3rd:186(19) 7

Connecting rod bolt M11X1.0 L 113-123(115-125) 17mm ]

Main bearing cap bolt M14x1.5 186~206(19~21) 19mm |
* Crank shaft V-pulley clamp bolt M14%1.5 108-127(11~13)
" Flywheel clamp bolt Mi4x15 | 186-208(19-21) | ——
" Fuelinjection nozzle clamp nut MEX1.0 5.9~6.9(0.6~0.7) —_— |

Fuel injection driving gear,clamp nut M14x1.5 -
| M18X1.5 118-137(12-14) _—

4LHA Series
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4. Performance Curve
4LHA Series

4. Performance Curve

4L HA-STE
gkW Specific Fuel Consumption g/hp-h
260 F190
240 180
T~ Max.output 1 F170
220 160
200 -150
Nm Torque kgf-m
700 2 70
600 60
e ]
500 - -50
y Max.output w/o marine gear
400 40
300 7
kW Output
180 I T P S S A hp
X -t i
&, 214 o 200
140 ST T e o 1180
w4 N Y &F
120 SOTA %Qp“% { s 160
| Lg © o i
100 —N o S 140
\S) )
& A -120
80 N W
°°\QI ¥ F100
60 W o 80
40 PO 60
1| [« 40
20 1 1|
1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
Speed of Crankshaft:rpm
Note:Above data are measured at crankshaft and show the averege
performance as tested at our laboratory.
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4. Performance Curve
e [ /A Series

4LHA-DTE
pd
O
y
260
= ]
a ] 190
Z < 240 :180 EL_E
32 . 1470 T —— AtTypical
1 D 220 S s = = Propeller Load
w N 1 4160
T ] §
G 200 =150
i
a
%)
180
160 1220
, 4 oim—t———— T =, 4200 e Propeller
140 P Y 1180 Shaft Power
y AR
120 /’ 160
o / g _
0 — V4 1140 &= — Typical
%i 100 I/ 7 = i Propeller Load
a a 120
80 / < .
/| ) 1100
v = - - - - Crankshaft
60 ﬁl = 80 Power
= .
40 160
40
20
700 70
LD"' 600 =60 ,\
=R b =
O E 500 i 5 — At Crankshaft
% Z — ~ ~50 g
|_
400 440
300

16 18 20 22 24 26 28 30 32 34
SPEED of Crankshaft X 100 (rpm)

Note:Above data are measured at crankshaft and show the averege
performance as tested at our laboratory.
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4. Performance Curve
e </ /1A Series

4LHA-HTE
PERFORMANCE CURVE

> 260 .

o = 190 —— At Typical
d E 240 180 = Propeller Load
s —~ . o
L % é ~ <] = 4170 T
own=<g 22 = B
wZ B 1160 ~—
aO= =
wO 200 150

140
=180
- — Propeller
120 4160 Shaft Power
100 ] ” 3140 —— Typical
E . — ] 120 Propeller Load
—_ 4/,’ p —
Cg) E 50 5 ” d 100 % '''' Crankshaft
Q= 2 P ] ~ Power
60 ~ A 80
< =
40 ] 760
40
20 —
400
40
380

w €

2 _ 360 5, ==—— At Crankshaft

TE 2

O < 340 / 435

— \#

320
300

16 18 20 22 24 26 28 30 32 34
SPEED of Crankshaft x100 (rpm)

[Note] Above data are mesuned at crankshaft and show the averege
performance as testedat our laboratoly.
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Example of setup with HSW630A1 Hurth marine gear/
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[NOTE] Dimensions of the engine are the same with 4LHA-STE

1S-VH?Y

E Ki

suoisuaui(g ¢
[p13uan) [ 421dvy)



61-1

Example of setup with HSW450A2 Hurth marine gear/

310-VH1Y

WATER INLET 12
6—M10 DEPTH15
T anl e
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[NOTE] Dimensions of the engine are the same with 4LHA-DTE
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5. Dimensions
e /[ /A Series

4LHA-HTZE

alf

1038.8

574
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773.6

998
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v

v
N-
88¢ €68
SLL
8€2
(-]
¢ ~
[0
[aV)
oy g 2
S
(o] &
o N
596" XYW
G'06'NIN

[Note] Dimensions of the engine are the same with 4LHA-HTE
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Chapter 1 General
6. Piping Diagrams

6. Piping Diagrams

4LHA-STE

MARKS OF
PIPING NAME

——#— | (UNION) SCREW JOINT

—— FLANGE JOINT
—F EYE JOINT
— NSERTION JOINT
z====z DRILL HOLE
—————— COOLING FRESH WATER PIPING
— =~~— | COOLING SEA WATER PIPING

LUB. OIL PIPING
FUEL. OIL PIPING

WATER TEMP SWITCH

FUEL OVERFLOW

OIL PUMP
SAFETY VALVE

FROM WATER HEATER

FUEL OIL FILTER

FUEL INJECTION PUMP

OIL PRESSURE SENDER

OIL PRESSURE SWITCH

FUEL OIL INLET OIL PRESSURE REGULATER VALVE

FUEL FEED PUMP /
A

]

LUB. OIL FILT|
UB.0 ER FUEL INJECTION NOZZLE

/ TO WATER HEATER
/ |
; ' INTER COOLER

LUB. OIL COOLER

COOLING FRESH WATER PUMP

TO WATER HEATER

TN
e

T
J

#10

THERMOSTAT

WATER TEMP, SENDER

110

OlL PUMP (SUB)

3
|
|
|
[
I
|
gl
|
4
|
[
|
——tl— - — —]
1
J—

A

\(CLUTCH OIL COOLER)

>——
B o i
ANV ]

Z B

[ (
ROCKER SHAFT D

CAMSHAFT BEARING

A

c COOLING SEA WATER QUTLET
DETALOFPAR®  COOLING SEA WATER PUMP MAIN BEARING FRESH WATER COOLER
(SCALE 1/2) / TURBOCHARGER
COOLING SEA WATER NLET COOLING NOZZLE OF PISTON
From F.O. NOZZLE

FUEL OIL INLET FILTER

OUTLET #39 #102

JOINT } 1
U | o i
l o | 8

DETAIL OF PAR DETAIL OF PAR © DETAIL OF PAR ©

From F.O.PUMP * (SCALE 1/1)

(SCALE 1/2)

(SCALE 1/2)

4LHA Series
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6. Piping Diagrams

4LHA-STZE

MARKS OF
PIPING

NAME

(UNION) SCREW JOINT

FLANGE JOINT

EYE JOINT

NSERTION JOINT

DRILL HOLE

COOLING FRESH WATER PIPING

COOLING SEA WATER PIPING

LUB. OIL PIPING

FUEL. OIL PIPING

POWER STEERING OIL PIPING

COOLING FRESH WATER PUMP

FUEL INJECTION PUMP

4LHA Series

LUB. OIL FILTER

OIL PRESSURE SENDER

FUEL OVERFLOW FUEL OIL INLET

FUEL FEED PUMP

FUEL OIL FILTER

B

OIlL PUMP

SAFETY VALVE

OIL PRESSURE SWITCH

LUB. OIL COOLER

OIL PRESSURE
REGULATOR VALVE

FUEL INJECTION NOZZLE

| POWER STEERING CYLINDER

4 INTER_ COOLER

FROM WATER HEATER

TO WATER HEATER

WATER TEMP. SWITCH

TO WATER HEATER '

—~
|

"¢
=
L_g':::__';{__—:%:

———r—e-f--

@

1
$10 |
THERMOSTAT :
S s o i . = |
T8 G T Y S st s Sy s Saiisivaininhafn et Sniainidin ]
WATER TEMP. SENDER 7 ——--~—————————-—\--—\‘ L |
v { -—A— N i A - N _:_ '
I oo ] BAAA A AR A
OIL PUMP (SUB) kbl et I e Sl M s O el AN X
] - - -
CAMSHAFT A\ L\ -
BEARING
COOLING SEA WATER PUMP / 'E\sAEAK\r!-nNG COOLING SEA WATER OUTLET
c
DETAIL OF PAR ® D
.

From F.O0. NOZZLE

}

From F.O. PUMP

COOLING SEA WATER INLET

POWER STEERING PUMP\

URBOCHARGER

A
A'LLNK

ROCKER SHAFT

FUEL INLET OIL FILTER
OUTLET 439 $102
JOINT 1 .
! o o
] ™ i ©
DETAIL OF PAR DETAIL OF PAR © DETAIL OF PAR ©

EXHAUST MANIFOLD

FRESH WATER COOLER

COOLING NOZZLE OF PISTON
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6.

Piping Diagrams

4LHA-DTE

MEIPING NAME
—#— | (UNION) SCREW JOINT FUEL OVERFLOW
— FLANGE JOINT
—_— EYE JOINT
— NSERTION JOINT

s==== DRILL HOLE

FUEL OIL FILTER

COOLING FRESH WATER PIPING

— ——-— | COOLING SEA WATER PIPING

OIL PUMP

—_— - LUB. OIL PIPING

E— FUEL. OIL PIPING

SAFETY VALVE !

FROM WATER HEATER\
N

WATER TEMP SWITCH
COOLING FRESH WATER PUMP

TO WATER HEATER

FUEL INJECTION PUMP

FUEL OIL INLET

FUEL FEED PUMP

OIL PRESSURE REGULATER VALVE

Oll. PRESSURE SENDER

OIL PRESSURE SWITCH

LUB. OIL FILTER

LUB. OIL COOLER

FUEL INJECTION NOZZLE

TO WATER HEATER

|
| INTER COOLER

CAMSHAFT BEARING

=

Sk

FRESH WATER COOLER

COOLING SEA WATER OUTLET

TURBOCHARGER

COOLING NOZZLE OF PISTON

OIL INLET FILTER

410
t THERMOSTAT
|
WATER TEMP. SENDER
[em)
N =
OIL PUMP (SUB)
] c
DETAILOFPAR(®  COOLING SEA WATER PUMP MAIN BEARING
COOLING SEA WATER INLET /
From F.O. NOZZLE
\
FUEL
OUTLET $39 $102
JOINT | {
BE R
DETAIL OF PAR® DETAIL OF PAR © DETAIL OF PAR ©

From F.O. PUMP *
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6. Piping Diagrams

4LHA-DTZE

"RIENG NAME

—#— | (UNION) SCREW JOINT FUEL OVERFLOW
— FLANGE JOINT

—F EYE JOINT

~-~— NSERTION JOINT

DRILL HOLE FUEL OIL FILTER
----------- COOLING FRESH WATER PIPING

— =~ | COOLING SEA WATER PIPING

LUB. OIL PIPING

OlL PUMP

FUEL. OIL PIPING

POWER STEERING OIL PIPING

SAFETY VALVE

COOLING FRE

FROM WATER HEATER

WATER TEMP. SWITCH

SH WATER PUMP

$10

- —t

DETAIL OF PAR &

TO WATER HEATER

FUEL INJECTION PUMP

FUEL OIL INLET

FUEL FEED PUMP

THERMOSTAT

WATER TEMP. SENDER

OIL PUMP (SUB)

l |
COOLING SEA WATER PUMP{(/
C

COOLING SEA WATER INLET

OIL PRESSURE SENDER

OIL PRESSURE SWITCH

OIL PRESSURE
REGULATOR VALVE

LUB. OIL FILTER

LUB. OIL COOLER

FUEL INJECTION NOZZLE

| POWER STEERING CYLINDER

4' INTER COOLER

-
Iy
I

1-/9:
|
i

|
Ll
h
M
L]
I
|
|

TO WATER HEATER

~ il
-

g
|

—/
.
ED

|
|
|
i
|
1
|
|
1
|
|
|
|
I
]
b |
|

L
[

—— g

fﬂw
(!
v

CAMSHAFT

MAIN BEARING

BEARING

-1 -

(P11

T

Ch—

POWER STEERING PUMP\

From F.O. NOZZLE

FUEL
OUTLET
JOINT

INLET OIL FILTER

$39 $102
I 1
B e -————‘l»——~.1
! N O
2 i ©
DETAIL OF PAR © DETAIL OF PAR ©

)
From F.O. PUMP

[ ] \
@ ROCKER SHAF&

EXHAUST MANIFOLD

FRESH WATER COOLER

COOLING NOZZLE OF PISTON

COOLING SEA WATER OUTLET
D
TURBOCHARGER
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e < | /A Series

® 4LHA-HTE

FUEL OVERFLOW FUEL HIGH PRESSURE PIPE LUB. OIL FILTER

MARKS OF
PIPING NAME FUEL OIL FILTER

FUEL INJECTION PUMP OIL PRESSURE SENDER

LUB. OIL COOLER

| UNION
SCIg(EW JO)INT

—H#— | FLANGE JOINT

—F— EYE JOINT

—<— | INSERTION JOINT

== DRILL HOLE

COOLING FRESH
WATER PIPING

COOLING SEA
WATER _PIPING

— —— | LUB, OIL PIPING

OIL PRESSURE SWITCH

FUEL OIL INLET

OIL PRESSURE
REGULATER VALVE

FUEL INJECTION NOZZLE

OIL PUMP

SAFETY VALVE

INTER COOLER

——— | FUEL, OIL PIPING FROM WATER HEATER

WATER TEMP SWITCH
COOLING FRESH WATER PUMP TO WATER HEATER
TO WATER HEATER
THERMOSTAT
CLUTCH OIL COOLER
WATER TEMP, SENDER
¢8
]
i K
1 D
c COOLING SEA WATER OUTLET
COOLING SEA WATER PUMP " CAMSHAFT BEARING
MAIN BEARING
DETAIL OF PART (&) COOLING SEA WATER INLET
(SCALE 1,/1) FRESH WATER COOLER
¢33 0102 COOLING NOZZLE OF PISTON
T OIL INLET FILTER

32
60

DETAIL OF PART © DETAIL OF PART ©
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6. Piping Diagrams

® 4LHA-HTZE

MARKS OF
PIPING NAME

(UNION)
SCREW JOINT
FLANGE JOINT
EYE JOINT

—<—— | INSERTION JOINT

=== DRILL HOLE

COOLING FRESH
WATER PIPING

COOLING SEA
WATER _PIPING

LUB, OIL PIPING
FUEL, OIL PIPING

FROM WATER HEATER

FUEL OVERFLOW FUEL HIGH PRESSURE PIPE

LUB. OIL FILTER

FUEL OIL FILTER

OIL PRESSURE SENDER

FUEL INJECTION PUMP LUB. OIL COOLER

FUEL OIL INLET OIL PRESSURE SWITCH

OIL PRESSURE
REGULATER VALVE

FUEL INJECTION NOZZLE
POWER STEERING CYLINDER

OIL PUMP

SAFETY VALVE

INTER COOLER

WATER TEMP SWITCH

COOLING FRESH WATER PUMP

TO WATER HEATER

TO WATER HEATER

POWER STEERING CYLINDER

WATER TEMP, SENDER

THERMOSTAT

COOLING SEA WATER PUMP

COOLING SEAWATER OUTLET

COOLING SEA WATER INLET

TURBOCHARGER

MAIN BEARING

DETAIL OF PART ®

OIL TANK

_(SCALE 1/ 1) ROCKER SHAFT
033 0102 COOLING NOZZLE OF PISTON
OIL INLET FILTER
S 2 POWER STEERING PUMPT
DETAIL OF PART © DETAIL OF PART (D)
(SCALE 1,/2) (SCALE 1/3)
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Chapter 1 General
7. Electrical Diagrams

4LHA Series

i I " T T A
7. Electrical Diagrams . Procured by customer 12V
4LHA-STE 5 5 l 14+243<2.5m—20mm? Battery |
- ______] b 1+2+3< Sm—40mm? ° ol ¢
(Cross sectional area) '
C T T T T T T T T T T T T T T T T e = e - A ‘_'—ZF"“E 2 281 ; 'l_ _ - _ _ __]
| Rl | NI ' - - |
' Buzzer elay | Relay ! Eng. Stop ! Battery Switch ol
| i Buzzer  Stop Hiumi q | Lsolenoid _] e, "
Tacho With _———— o
: Hour Meter m : : |
--— WBr| |
! ‘ LW r l | | |
: 5 E:] ] | 2w SorC |
Stop switch - | I !
! T @-—DJ_—J:! N = & I
! o ! Starter Relay Starter = '
I + Starte switch | i I 1 I
I o | 3R 1
P————d é@% — l : YW 8B
3R
! 3L | | ] wL
|  RG 3W !
I ._l B il
: ¥:] ] H
' ! == = R _—
I Eng. Oil P. YW “witch ENg. Oil Pressure -
Details of | CW-Temp. L l:_, : CWTemp switch =% ch Alternator Earth Bot
—_— | Exhaust WG ] 1 B
coupler-B | Boost R L] = | : 5
| Fuel Filter LGn o et |
' L
' f1 ISR z
(@) : | )
, Instrument panel (No2 station) Option : nl
— =
S o . . Boost switch Tscho Sensor
T Buzzer I ! U
RELBIO Y |—— ——]' ) Buzzer Stop  lllumi ! ! GB Y8
" BoostMeter | Eng, 0l CWTemp Tacho With aF ; !
| ! p. Meter Meter Hour Meter |._B 1 | /:_’
=l i1 | | <
2 ‘ i - : na g N 4 1 L
we|YR] Y [wH | : 400 SE:L_B 1 1 - - C.W.Temp.
top switch o .
YB|GB| G |GR | I ml) r 5 [ | Boost Sender Eng. Oil Pressure Sender
T 1 1 . N ' | FA Switch
Details of 1| Starte switch P |
coupler-A | , wB 0 6@% I !
! GB — 3R S:]: ]] ]] B
l_D W THRG aw = Color coding
ype R | Red
Charge L8 | B | Black
GYBR[B Eng. Oil P i ol W | White
RBGV\;[EW C.W. Temp. WL SIS Y | Yeliow
Exhaust WG L | Blue
Details of Gear oil. YG s
coupler-C Boost YR 1 Wire Wire Hamess l__ G | Green
C.W. Level WR I Harness for 2 panel A Starter Switch O | Orange
Fuel Filter - | ____ loption) ! 30[ACl17]G1]G2]P1]P2]AR Lg| Light green |
Fuel emp. GY c GLOW O O 0O Lb| Light blue
OFF |0 O Br | Brown
Instrument panel k= oN o4O o0 5 TPk
START] O O (02n®) Gr| Gray
|.9 Pu| Purple
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7. Electrical Diagrams

4LHA-STZE

' Procured by customer 12V —!
g B l 14+243<2.5m—20mm? Battery |
[ - 1+2+43< 5m—40mm?
P e e e 3w é,] Zgzggf— j L (Cross sectional area) "y ,9 _Jl'
} 1 ~v ]-f- —_——— e e e —— e T_
: Buzzer Relay : Rel  Eng. Stop ! Battery Switch @ ™!
! . Stop  fliumi ‘ ! elay | solenoid ~ femmmm e .
: Eng, Oil  CWTemp lacho With Buzzer M C : L_Sokenod i ‘. :
X p. Meter Meter Hour Meter - wer |
: - LW f_ -l ! |
Details of \ og| 2§ ; ! : 3orC :
coupler-B : GrB Stop switch — ____ ’ ! )
1 | -q——p ! i
o | = s om - : '
! arte switch ‘ l . ! Starter Relay Starter 1
(30 f o ! - :
re~—=——- 4 YB — I 1 YW 8R
: o ] )1 WL
— |  RG b4 IEIHHHI — ! :
| |
YW(WLIWG] B ! — ‘ ! LB L
rejlefofvg| |  Charge @J B I—— v = “—Eg:g‘; —
[ Eng. Oil P. yw| o | : L , —
! C.W. Temp. WL — l ! CWTemp switch  Eng. Oil Pressure Alternator Earth Bolt
et Exhaust WG =l £ - Switch B |
WB{YR| Y (W : Gear oil. YG Hl____l f N : e
ve|s| G [GR]|| ! Boost YR fx | ° B
: C.W. Leve! WR JE ' oW B
i Fuel Filter 1| |er f ! FILL G
Details_of : Fuelemp. ©] GY [ ﬂ | oM
coupler-A | - . . 7 l ;
! Instrument panel (No2 station) Option | - = , ,
S ! ¥ (1 Tacho Sensor Gear oil Level switch
N IS ! iﬂ : Boost Switch Drive trim sender
' T Buzzer : iE )
! .
) . . Buzzer Stop  llumi 1 WB
| | Eng, Ol CWTemp Tacho With ! 1‘ ¥ : |
Boost Meter{ p. Meter Meter Hour Meter 1 x YB
]
I ] LW !‘_B : ‘ : i i
| ! [ [ ! !
' I Stop switch Q_F'B":l _h J : ’ I ——
i = = C.W.Temp.
| : Sy <A ! ' Eng.Oll Pressure Sonder
Starte switeh! | | 1 l ' BoostSender ' Sender
' | o 3 L]
' (Option) : | V8 Color coding
I Harness ‘ GB t——— R Red
, adaptor. Brw ] — L
i trim meter r-b-_;;;;»—’ nBG M1 B Black
I — W | White
Charge LB —“t:_}ﬁ L | Blue
Eng. Oil P. YW] ) ) RB | Red/Black
C.W. Temp. LI =|ll BE LB | Blue/Black
E"haus,: WG | YW | Yellow/ White
353;0' ‘ :ﬁ rld e — YB | Yellow/Black
" Wire Wire Harness YG | Yellow/Green
] ) —
C.W. Leve R i Harness for 2 panel } A WL T Whie/Blos
Fuel Filter GR | (Option) ! i
Fuel emp. GY b e e e 4 wB White/Black
L Cc GY|BR| 8 WR(RW) | White/Red (Red/ White)
Starter Switch fe== RB GW[BW WG(GW)| White/Green(Green/ White)
30|AC|17|G1|G2[P1|P2|AR GB Green/Black
GLOW| O O O Instrument panel c Details of YR | Yellow/Red
OFF |O O O == coupler-C GR(RG) | Green/Red(Red/Green)
ON [Oaa® _ Oan®) O | Orange
STAR Q a®) BrW | Brown/White
WBr | White/Brown
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Chapter 1 General
7. Electrical Diagrams

4LHA Series
= - T o
! Procured by customer 12V !
4LHA-DTE 1424+3<2.5m—20mm2 | oo
i ee—— ! 14+2+3<  5m—40mm? Y !
28, —l ' (Cross sectional area) @ ¥ )
(TTTTTTToTTmoTTomooooooooooomoooooooooooos ~, -*\zLLL.; O T e mp S
; |
1 Buzzer Relay [ Relay i_Eng' Stop —Jl Battery Switch ol
' i B Stop  lllumi | solenoid b —— -
Tacho With uzzer P lllumi s o
: Hour Meter m q : : :
--—t . WBr
! w [ | | |
I Z ED 1 il 2w SorG |
: L Stop switch - ! | : ~ :
“ }EL:E B ;
! s ap V! ﬁ ! Starter Relay Starter = '
) | Starte switch ) ' 1 I
! (9} : 3R |
F———— 0| ?&5 | : YW 8B
A
I 3L 3]][ ] WL
1 W ARG W I
| 11
: LB )
! | = = R e
' Eng. Oil P. o ewi Eng. Qil Pressure -
Details of ! S W-Temp. Hv = : CMWTemp switch =g witch Alternator Earth Bolt
~elars o 1 Exhaust WG ;_r | | 8
coupler-B | Boost R ] | ! =
) Fuel Filter ) GR o b 4 "
@) | - !
@ l | 11
: I 1
I Instrument panel (No2 station) Option : 1
i t. _____________________________________ . ) Boost switch Tscho Sensor
TW{HLVG B I'_ - j Buzzer b ! 4
Re|L8] 0 Y | _ Buzzer  Stop lliumi ! ! o Y8
! BoostMeter | Eng, Oil  C.WTemp Tacho With | I
' ! p. Meter Meter Hour Meter | |
B |
)| | Ga)| [Gon) |(God =g ! > x T
! ! ‘ i B ' C.W.Temp.
! ! Sop guitch =g | Boost Sender Eng. Oil Pressure Sender
52 N Switch
: ! : T O R I —-A
Details of 1 I 1 I )| 1] Starte switch o o | '
coupler-A I ) o) i
| GBI YB We 6623 R ]] ]:
L___1 MES W ~ Color coding
D type R | Red
Charge LB B | Black
GY[BR| B Eng. Oil P YWj W | White
RB[GWBW C.W. Temp. WL | Sis ¥ [ Yolow
Exhaust WG L | Blue
Details of Gear oil. YG I - ] T
coupler-C Boost YR I Wire Wire Hamess I-_ A e
C.W. Level WR | Harness for 2 panel Starter Switch O | Orange
Fuei omp o Lo topton) _ | 30]AC[17]G1]G2[P1]P2]AR Lg| Light green
uel emp. e GLlOW[ O ) Lb | Light blue
I'g OFF 10 Br | Brown
Instrument panel on Toto 10 o
TAR O a®
c 3 < o Gr| Gray
= Pu| Purple
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7. Electrical Diagrams

4LHA Series
4LHA-DTZE

—
Procured by customer 12V 1

| 1+2+3<2.5m—20mm? | Battery |
v 14+243< 5m—40mm? @ o '

A L (Cross sectional area) = T
[ B cass s i a0 8 e B O e _ —_— —_——t -
Relay ! . T
BS“;)ZE' o { Battery Switch o!
CWTemp Tacho Wih Buzzer P Momi Ol femmmmo oo :
Meter Hour Meter ; ] : '
- WBr |
. 1
Details of =B I 'f— 11 ! C |
coupler-B : { ! 3or |
Stop switch - ! "
_ 7 \ | !
@ T i ‘
i 1 1
||| Starte switch ! i ! X Starter Relay| Starter :
r mg 17é DI | l ! 3R :
! L L =0 | . o o
- ~ 1
il ! T.RG 33 Q@aw Bl b
[
Ywwijwa] B || ! = |
rellofvs|| ;  Charge LB — i 1 1
] Eng. Oil P. YW] - ol L = A —
! C.W. Temp. WL | ' . .
— I Exhaust WG ;%: = | CW Temp switch Engég)vlilul:;’rr]essure Alternator Earth Bolt
walYR| Y IWR| } Gear oil. YG 3 “ﬁ— ! : ;
va|cs| & |aR||[ ! Boost YR - IEE = G
! C.W. Level WR f — B
] ) , 1 [
1 Fuel Filter GR i | i! ! YR
Detalils of : Fuelemp. ©) GY J j ] ) : A
coupler-A - ] |
! Instrument panel (No2 station) Option | I L =
S ! ¥ i Tacho Sensor Gear oil Level switch
!— i .l Buzzer ! | iia } ', Boost Switch Drive trim sender
| . X 1
| g0l CWTemp 1acho Wit Buzzer  Stop - llumi Dl N we
! p Meter Meter Hour Meter : B, | “
' B ‘ \ 1
! - I | | |
| L1698 L o ' |
. I ) Stop switch ‘—‘_____I_j ' ! l l T
] & -
' : : P - % N ‘:4 F_A ! ' Eng. ou Pressure G Tem.
X O || Starte swnch: | I ll : I"_ 1 Boost Sender ! Sender Sender
! (Option): | we 2 ml% NE Lo i R — _
Harness I G| X8 L R 3:[ | I Color coding
adaptor. Brw 1 e - [
i trimpmeter o= - ARG Y(1Y S 3W — :]I R Red
| | D-type L B Black
Charge LB I l w White
Eng. Oil P. vw) A L Biue
C.W. Temp. WL ! RB Red/Black
Exhaust i fwe I iz (B | Blue/Black
Gear oil. g — Ya - L YW | Yellow/ White
Boost YR bt e — - YB | Yellow/Black
C.W. Level WR | lYiValrneSS ;N"g r;a;‘r;ess L—A YG | Yellow/Green
Fuel Filter GR : (Option) orep ! WL | White/Blue
Fuel emp. [ A | R bt bbb 4 = WB | White/Black
Starter Switch ] C —lwaw WRIRW) White/Red(Red/White)‘
IR IR WGI(GW)| White/Green(Green/ White)
GLOW 0 O Instrument panel v of GB | Green/Black
OFF 1O c Details of YR | Yellow/Red
ON [e="e) o+0 = coupler-C GRIRG) | Green/Red (Red/Green)
START| O O O O+0 ) Orange

BrW | Brown/White
WBr | White/Brown
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7. Electrical Diagrams 4LHA Series

® 4L HA-HTE,HTZE

Eng. stop solenoid ’_-__'_—"—~12—\7—__\‘

WBr | Procured by customer \
 14243<2.5m—20mm? Battery |
2
’ 14+2+43< 5m—+40mm ® © ‘
. _ (Crosssectionalarea) -, | __,
e e 1
| | I
| | |
! Buzzer stop | |
! Buzzer  llumi | I
! Eng.oil C.W.Temp Tacho with | |
| p meter meter Hour meter | ] |
| Bl I |
Details of ! 1 ) |
coupler-B | . l
! Stop switch ! !
l b war%:}: | !
i ﬁ_ ‘ | |
& ' . | l
'@@ : ' : : { Heaterplug Relay Starter re'?{ Starter :
Q 3
wB
" i i w =
|
| 0!
_J'—'L_j | - RG X O
ywwiwd B | | 4 ‘ :
rejB|o|va]| | ® i [ = Jﬁ%@_—:ﬁ’; gre—
[ & LYw| ! : = .
[ ® WL C.W. Temp. switch  Eng. il pressure Earth bolt
™ | Q — I switch Altemaor
| © WG — | B
wa{YR| v WR||| | ®) VG (1 - Ya oo il
ve o8] @ [o] | ! @ W ' w¥ 5
| (3) YR l Y ' ! B — 1 |
|
Details of ! ) wh | ’ﬁ ;| 1 | '
coupler-A : © GR ! 1 s ] Oy (0 ‘
| @ = 4 K | | ' |
:_ - Instrument panel (No2 station) Option | ! o | l Tacho ensor | Gear oil level switch |
__ .- - - - - - """ —-"—-"—"~"~~"=@>""~"~"“”"”"=”" ”" "7”"¥7”"¥7¥”"”" ” " /" =" =" =" =" =" =" =¥”" ¥ =" =" /- - - - = [} ty - — ==
. - - ! | i |
Trim meter -l; "l | l léi l | | Drive trim sender X Only for 4LHA-HTZE
| BE79-817033A4 | : vy o )
1 Recommendation: I ! Eng.oil CW.Temp Tachowith 1 ¥ . Only for 4LHA-HTZE
;‘:_?,“7’:)5;;\ . [Boos‘l meterr pmeter meter Hour meter : l ' : Y
i I l " : ! B
! | , 50 | : : | —— G
. ' NI’ Stop switch - — : ’
M m @ﬂﬂ%:y:
- - <3 i I
| 5 : : 5 aG | ! A i |
I & Starter swnchl ! oy Pl ' l
LLJ o |
' YB WE o — X \ E:g;:: pressure C.W. Temp. sender
|119778 91500 B! GB Ll 3}: _]:[: HE i ‘Boostsender |
Ha adaptor, , pp— — RG b iR 23344 — Fuel filter switch
m,;":;fer -~ L ' Dtype (ENGINE HARNESS)
119778-91500 _ R Red
Charge O LB — B Black
Engoilp (O [Yw ) N w \é\:ﬂ:e
C.W.Temp () WL RB | Red/Black
ol T — & e S e etowe
RB Gearoil. (B) va L L -1 5‘3’ Yellow/Black
Detats of Diesel preheat (O) W I | WL(LW) [ White/Blue(Blue/White)
etails of [ . ite/Black
Boost O, YR A WB White/B|
coupler-C . tovel E;)% | Wire harness  Wire hamess for 2 panel ll‘_ WR(RW)| White/Red(Red/White)
. eve R ! Option | LERE[W WG(GW)|White/Green(Green/White)
Fuel filter (&) GR T T T T T T T T T WL GB | Green/Black
Starter switch Fuel emp. () GY YR __| Yellow/Red
L C GR(RG) |GreernvRed(Red/Green)
30 [AC!17 |G1]G2]P1|P2 [AR Details of 0 Orange
GLOW | 0 ) o Coupler-D WBr_| White/Brown
Yellow/Green
OFF | o o Instrument panel c YG
ON 010 o010 k= GrB__| Gray/Black
START | © o) oto
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Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

4LHA Series

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

Name of tool lllustration Remarks
Wrench Size: 10 x 13
e
Wrench Size: 12 x 14
tf~
’,
Wrench Size: 17 x 19
\/.
4
Wrench Size: 22 x 24
".
Screwdriver
Steel hammer Local supply

21



Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

Name of tool llustration Remarks

Copper hammer ,’ / ) Local supply

Maltet — == ) Local supply
Nippers Local supply
Pliers

Local supply

Offset wrench Local supply 1 set

Box spanner

Local supply 1 set

Scraper

Local supply

2-2



Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

B = 4LHA Series

Name of tool Hiustration Remarks
Lead rod Local supply
(
R .|
KR 1]
——— 3
i Local |
File < — ocal supply 1 set
\
Local supply
r?gf sgfwn::él:g{ Size: 6mm (0.2362in.)
O s . 8mm (0.3150in.)
€ = 10mm (0.3937in.)
Starling Pliers
Hole type Local supply
Shaft type
H4 ~ H8
S = Hole type
H = Shaft type




Chapter 2 Basic Engine

1. Disassembly and Reassembly Tools

1-2 Special Handtools

4LHA Series

Name of tool

Piston pin insertion/
extraction tool

16 (0.63)

30(1.18) 100 (3.94)
; o

(

T

)

1'
)

mm (in.)

30(1.18)

Piston pin extractor

Extraction of piston pin

Connecting rod small
end bushing insertion/
extraction tool

20 (0.7874)
e

80 (3.1496)

]

33.4~337

(1.315 ~ 1.327)

[ —

- \J

)

36.4 ~ 367
(1.433 ~ 1.445)

mm (in.)

Intake and exhaust
valve guide insertion
tool

225 (0.9843)

100 (3.9370)

- )._‘__*_
14

11.5(0.453)

@14 (20.55)

mm (in.)

Lubricating oil No.2
filter case remover
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Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

4LHA Series

Name of tool

Shape and size

Piston ring
compressor

Valve lapping handie

Valve lapping powder

Lapping tool

Feeler gauge

Pulley puller

Local supply

Removing the coupling
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Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

4LHA Series
1-3 Measuring Instruments
Name of tool Shape and size Application
Vernier calipers ' preveser TN | 0.05mm (0.0020in.),
g S 0 ~ 150mm (0 ~ 5.9055in.)

0.01mm (0.0004in.)

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

25 ~ 50mm (0.9843 ~ 1.9685in.),
50 ~ 75mm (1.9685 ~ 2.9528in.),
75 ~ 100mm (2.9528 ~ 3.9370in.),
100 ~ 125mm (3.9730 ~ 4.9213in.).
125 ~ 150mm (4.9213 ~ 5.9055in.).

Micrometer

0.01mm (0.0004in.),
N 18 ~ 35mm (0.7087 ~ 1.3780in.),

Cylinder gauge
Y 9219 dt { -.(Q%&/')- 35 ~ 60mm (1.3780 ~ 2.3622in.),

50 ~ 100mm (1.9685 ~ 3.9370in.).

Thickness gauge 0.05 ~ 2mm

(0.0020 ~ 0.0787in.)

Torque wrench 2\ 0 ~127N'm

(0 ~ 13kgf-m)

0 ~49.0 MPa
(0 ~ 500 kgf-cm2)

Nozzle tester
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Chapter 2 Basic Engine
1. Disassembly and Reassembly Tools

1-4 Other

4LHA Series

Supplementary packing agent Type

Use

“Three Bond 3B8-005”

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

“Three Bond No. 50

Grey. Silicon non-solvent 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 water 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,, Ltd.

Paint

Color spray

Only Metallic 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 146” to about 16 parts water (specific gravity
ratio). To use, drain the water from the cooling system,
fill the system with cleaner, allowing it to stand overnight
(10 ~ 15 hours). Then drain out the cleaner, refill the
system with water, and operate the engine for at least
one hour.

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 all 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 axie bracket mounting boits.
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L 4LHA Se 7| ies

1-5 Using liquid gasket

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

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

(1) Gear housing (3) Lube oil sump

(2) Oil seal housing (4) Flywheel housing

2-8
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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.

4LHA 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 if
the crack is not repairable.

2-2 Cleaning of oil holes

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

Color check kit Quantity

Part code No. 97550-004560 Penetrant 1
Developer 2
Cleaner 3

2-9

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.
If 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) Clean the surface with the cleaner.

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

2-4 Replacement of cup plugs

4LHA Series

SJ:p Description Procedure Tool or material used
1. | Clean and remove grease from the hole into eScrew driver or saw blade
which the cup plug is to be driven. «Thinner
{(Remove scale 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
the plug.

*Thinner

3. | Apply Threebond No. 4 to the seat surface
where the plug is to be driven in.

Apply over the whoie outside of
the plug.

*Threebond No. 4

4. | Insert the plug into the hole.

insert the plug so that it sits
correctly.

5. [ Place a driving tool on the cup piug and drive it Drive in the plug paraliel to the ¢ Driving tool
in using a hammer. seating surface.
\ eHammer
« © a
-
3mm (0.1181in)) 100mm (3.9370in.)
—etpe—— 2 ~ 3mm (0.0787 ~ 0.1181in.)
mm (in.)
*Using the special tool, c:‘rivgége c;:p Plug dia. d D
plug to a depth where the e of the - - 7
plug is 2mm (0.0787in.) below the 214 213.9 ~14.0(0.547 ~ 0.551) 220(20.79)
cylinder surface. 240 239.9~40.0(@1.571 ~ 1.575) 250 (21.97)

2-10
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2. Cylinder Block

L 4LHA Series

2-5 Cylinder bore measurement

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

Replace the cylinder bore when the measured value ex-
ceeds the wear limit. Measurement must be done in 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

96 ~ 5.00 (0.1953 ~ 0.1969)

< 1109.000 ~ 109.087
(24.29134 ~ 4.29476)

20 (0.7874)

mm (in)

Top position

Middie position

7
?
.
?
7
;
¢
.
¢
%
/
?
%
?
¢
7
2

Bottom position

mm (in.)

Standard

Wear limit

Cylinder bore dia.

©103.00 ~ 103.03
(24.0551 ~ 4.0563)

?103.06 ($4.0575)

Cylinder roundness

0~0.01
(0~ 0.0004)

0.02(0.0008)
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4LHA Series

] a
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
Cylinder gauge

Set to the cylinder
inner diameter

3-2 Inserting cylinder liners

Coat the outside of the liner with oil, 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 (L.M.S)

Withdrawal
of liner by

E hand
3
_ £)5
c wniv
3 8|°
o ol
~ [
E ol
£ w|S NN S
& X me (5} o Q
é T T e ] ﬁé\\ NS
— a | ~
sk | NS
I e l =
g § b Bde Identification mark for E
- matching with cylinder block s
§ (A.B.C) 4 'é
|
c Dd3
2D
2103.00 ~ 102.97
i () (24.0551 ~4.0939)
Standard Wear limit
. . ©2100.00 ~ 100.03
Cylinder liner (3.9370 ~ 3.9382) 2100.15 (3.9429)
NOTE: (1) Be sure to measure A-A, B-Band a, b and ¢
(2) Be sure that di, d2, ds are accurate to within
0.02mm (0.0008 in.).
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s /[ T A Series

3-3 Measuring cylinder liner projection

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

B C A
// -
Z
Cylinder liner Cylinder block
4
mm (in.)
A 5.00 ~4.96 (0.1969 ~0.1953) 3
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.

0

Dial gauge -

2-13
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4. Cylinder Head

The cylinder head has a 4-cylinder integral construction.

The area between the intake port and exhaust port is cooled
by a water jet.

®

<

P e
|

.

D f
5 @ arm shaft spring

1oz

Exhaust valve rocker arm

Intake valve rocker arm

o]
seal ®—

% Vaive sprin
= } o ﬁ % pring

Hot water outlet port

@ Valve
! o uide '\‘ -
S I3
2L D R
Plug for outlet port (&) N~
- R

)~

X S ’o\
e X yd

=]

4LHA-DTE

Exhaust valve

Intake valve

214

/Valve rocker arm shaft

)
Stem @ > Retainer ‘ é

1.D.mark D
Applicable engine

4LHA Series
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4LHA Series
4-1 Inspecting the cylinder head

The cylineder head is subjected to severe operating conditions
with repeated high pressure, high temperature and cooling. Intake valve seat Exhaust valve seat
Thoroughly remove all the carbon and dirt-after disassembly

I

and carefully inspect all parts. oN og
Di— D2
- 900

Standard dimension

(0.24)

-]

120
o
>
ES s
®° >

- 3 % i

s 3
X c ]
£ %
£ w

4-1.1 Distortion of the combustion surface

I
73
\"j/_

>

Carefully check for cylinder head distortion as this leads to 120 90°
gasket damage and compression leaks.
(1) Clean the cylinder head surface mm (in.)
(2) Place a straight-edge along each of the four 5|dgs and di- ALHA-HTE ALHA-DTE
agonal. Measure the clearance between the straight-edge
and combustion surface with a feeler gauge. Intake D: 42.5(1.67) 45.5(1.79)
Valve seat
Exhaust D2 37.0(1.46) 39.0(1.54)
Measurement procedure
intake d: 43.5(1.71) 46.0(2.56)
Straight-edge Valve
Exhaust d2 37.5(1.48) 39.5(1.56)
Intake L. 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

Feeler gauge following standards:
mm(in.)
StandardWear limit
Cylinder head 0.05 or less 0.2(0.0079
distortion (0.002) 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 discoloration or
distortion and conduct a color check test to check for any
cracks.

Intake 120°
Seat angle
Exhaust 90°
mm(in.)
Seat width Standard Wear limit
1.38-1.62
Intak
ntake (0.0543-0.0638) 2.12(0.0835)
2.015-2.227
Exhaust (0.0793-0.0877) 2.73(0.1075)

2-15
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4. Cylinder Head ALHA Series
4-2 Valve seat correction procedure NOTE: Clean the valve 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 surface 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 15° grinder.

Lapping tool

__—Seat gninder

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-
tinishing has been completed, and replace the
valve and valve seat if it exceeds the tolerance.

. Intake valve 30°
Seat grinder S .
Exhaust valve 45 4-3 Intake/exchaust valves, valve guides
NOTE: When seat adjustment is necessary, be sure to 4-3.1 Wearing and corrosion of valve stem
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.

&
Seat width ) 40 mm 60 mm
A Seat width (1.57) (2.36)
¥
V \
Valve 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.

Lapping tool . mm {in.)

L::; ?c::l 2;):;::: txzic'):’:pmg gjtl:ﬁjztg?; Standard Wear limit

a lapping tool groove silit. ntake (0.2‘592%__86?375533) 8.9 (0.3504)
Exhaust (039 _ 09005 | 8:9(03504)

2-16
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s /1A Series

4-3.2 Inspection of valve seat wear and contact surface mm (in.)
Inspect for valve seat scratches and excessive wear. Standard Wear limit
Check to make sure the contact surface is normal. The
seat angle must be checked and adjusted if the valve seat ) Intake © 2&03_ 90'031554 9 0 2518 3
contact surface is smaller than the width of the valve seat. Valve guide - — )| (. )
] ) ) inside dia. 900—9015 9

Note: Bear in mind that the intake and exhaust valves Exhaust 035 43* 0 3549 .18

have different diameters. (0. - )| (0.3583)

NOTE: The inner diameter standard dimensions assume a
4-3.3 Valve sinking pressure fit.
Over long periods of use and repeated lappings, combus- . .
tion efficiency may drop. Measure the sinking distance (2) Replacing the valve guide . . .
and replace the valve and valve seat if the valve sink ex- Use the insertion tool and tap in the guide with a
ceeds the tolerance. mallet.
Tool
Sink

_Valve guide

[ Cylinder head
Cylinder head /—— T — 7

Je o ()
R (T

B~ el

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

mm (in.) without is the intake valve guide.
Standard Wear limit
. 02-04 (3) Valve guide projection
Valve sink (0.0079 — 0.0157) 1.8 (0.0709) The valve guide should project 115 mm from the
top of the cylinder head.
Elm
4-3.4 Valve guide 5 §
(1) Measuring inner diameter of the valve guide. &, -le
Measure the inner diameter of the valve guide and 77

replace it if it exceeds the wear limit.

SN

S\
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4LHA Series

(4) Vaive 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
adequate amount of engine oil on the valve stem
before inserting them.

(4) Measure spring tension.

Valve stem seal

Valive guide

[/

21000 000R0R0NE,

([[[][]

Cylinder head Spring tension tester

4-4 Valve springs
4-4.1 Checking valve springs

44

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

\/
l mm (in.)
Valve spring Standard Wear limit
o 43 425
Free length (in.) (1.6929) (1.6732)
Inclination _ 12
(in) (0.0472)
Tension
N 25.4
(When com- B
pressed 1 mm) (ko) (2.59)

Assembling valve springs
The side with the smaller pitch (painted yellow) should
face down (cylinder head).

(3) Measure inclination.

Up side ’

}Smaﬂer pitch side (yellow)

a—]
Downside‘ E

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

(5) Spring retainer and spring cotter

8 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

r head 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

2-18
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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 distort 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

Flywhee] side
Timing gear case side

intake manifold side
4 Cylinder engine

kg-m(ft.lb)

First Second Final

o 5 10 15-17
Tightening torque (36.17) (72.35) |(108.52-123)

4-6 Measuring top clearance

(1)Place a high quality fuse (¢1.5mm (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) Remove 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.

4LHA Series

mm

Topclearance

4LHA-HTE,-STE

0.71-0.89

4LHA-DTE

0.81-0.99

4-7 Intake and exhaust valve arms

Valve arm and valve arm bushing wear may alter opening/
closing timing of the valve, and may in turn affect engine per-
formance according to the extend of the change.

2-19
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4L HA Series
(1) Valve arm shaft and valve arm bushing Adjusting
Measure the outer diameter of the shaft and the inner
diameter of the bearing, and replace if wear exceeds Clearance Lock nut

the limit. _%L_'__ . @

mm (in.)

Standard Wear {imit

Intake and exhaust
valve rocker arm
shaft outside dia.

(2) Be sure to adjust the opening and closing angles for

18.459 — 18.479 18.35 both the intake and exhaust valves when reassem-

Intake and exhaust

valve rocker arm bush- 1850 — 18.52 18.60
ing inside dia. (0.7283 - 0.7291) | (0.7323) TDC.
(assembled) >
b.TDC T ATOC
2 bushing dearance | 0021 ~0081 | _ o
at assembly : : \'r'gg;g:f
Replace the valve arm shaft bushing if it moves and
replace the entire valve arm if there is no tightening Exhaust Intake
clearance.
(2) Valve arm spring
Check the valve arm spring and replace it if it is corrod-
ed or worn.
(3) Valve arm and valve top retainer wear b.BDC
Inspect the contact surface of the valve arm and aB0C
replace it if there is abnormal wear or flaking. ‘
(4) Inspect the contact surface of the valve clearance B.0.C.
adjustment screw and push rod and replace if there
is abnormal wear or flaking.
. Degree
4-8 Adjustment of valve head clearance intake valve open b.TDC 5945
(1) Make adjustments when the engine is cool. Intake valve closed a.BCD 6315
mm (in.) Exhaustvalveopen | b.BDC 58+5
Intake valve clearance 0.1(0.004) Exhaust valve closed a.TDC | 465

Exhaust valve clearance ) 0.3(0.012)
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5. Piston and Piston Pins

The piston is made of an aluminum alloy with low thermal ex-
pansion.

There is a clearance between the outside diameter of the pis-
ton and the inside diameter of the cylinder. The clearance is
an important factor that has influence on the lubricosity be-
tween the piston and cylinder, lubricating oil consumption and
the noise level of the cylinder.

In Yanmar enjines, both piston and cylinder have
identfication 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 identfication mark.

The following shows the possible combinations of identifica-
tion marks for the piston and cylinder block.

Identification of piston
L ML MS S
L O QO X X
Cylinder
block M X O O X
S X X Q @)
Note 1: O....Fixed
X....Do not fix
18t compression ring
2nd compression ring
Oil ring with coil expander
Piston
Piston pin
Circlip /@
Piston application
mm(in.)
4LHA-HTE 4LHA-DTE
Intake 46.5(1.83) 49.0(1.93)
Valve recess
Exxhaust 40.5(1.59) 42.5(1.67)
Valve recess
Intake Exhaust

4LHA-STE

NP

4LHA-HTE

=

[ L |
N 4

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.

4LHA-DTE

\

D

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 O.D. 25.5mm (1 in.) from the bottom at
right angles to the piston pin.

H

4LHA Series

mm(in.)
Standard Waear limit
, - 99.895-99.925 99.79
Piston outside dia. (3.9329-3.9341) (3.9287)




Chapter 2 Basic Engine
5. Piston and Piston Pins

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 exces-

sively worn.

e

4LHA Series
4LHA-HTE 41 HA-DTE

Piston pin insertion 34.00-34.011 37.00-37.011
hole dia. (1.3386-1.3390) (1.4567-1.4578)
Piston pin outside 33.989-34.00 36.989-37.00
dia. (1.3381-1.3386) (1.4563-1.4567)
Standard cf 0-0.022 0-0.022

andard clearance (0-0.0009) (0-0.0009)

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

2-22
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e L [TA Series

mm {in.) mm (in.)
Standard Wear limit Standard Wear limit
A 2.095 —2.110 _ . _ 04
Groove it | 100825 ~00831) First piston 1ing 990 | (0,066 — 0.0157) | (0.0591)
First . . 1.975 — 1.990 . ) 0.25-040 15
piston | Fing width (0.0778 —0.0783) | Second piston ring 4ap | (5 0098 — 0.0157) | (0.0591)
MM} Groove and 0.105 —0.135 0.15 oil 03-05 15
ring clearance | (0.0041 — 0.0053) | (0.0059) il ring gap (0.0118 —0.0197) | (0.0591)
. 2.045 — 2.060
Groove width | 6805 _0.0811)|  — 5-3.3 Replacing the piston rings
Second a Lt 1.975 — 1.990 (1) Thoroughly clean the ring grooves when replacing
piston ing wt (0.0778 — 0.0783) - piston rings.
rin H H , R .
g Groove and 0.055 — 0.085 015 @ Tge)ssurc::uv.v(;t:}a;r;e manufacturer’'s mark (near piston ring
ring clearance | (0.0022 — 0.0035) | (0.0059) g9ap up-
. 3.020 — 3.035
Groove width (0.1189 — 0.1195) —
0il . . 292 -299 _
fng | Hingwidth 51160 —01177)
Groove and 0.030 — 0.065 0.15
ring clearance (0.0012 — 0.0026) | (0.0059)

5-3.2 Measuring piston ring gap

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.

o)

Cylinder liner

N

Piston ring

about 30mm
(1.1811in.)

2-23

mark faces up

The side with the maker’s

(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.

1st compression ring

2nd compression ring
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5. Piston and Piston Pins 4LHA Series

18t compression ring

Direction of
piston pin

Oil ring

Direction of side pressure
L

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

Gap coil expander
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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-alioy metal

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

Piston pin bushing

4LHA-DTE
{with Lube. oil hole)

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)

6-1.2 Checking thrust clearance

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.

Connecting rod
(big end cap}

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 smali ends of

the connecting rod. Measure the extent of twist and
parallelism and replace if they exceed the tolerance.

Feeler gauge

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

Measuring parallelism
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Connecting Ro 4LHA Series

6-2 Crank pin bushing 6-2.3 Precautions for replacement of crank pin bushing

6-2.1 Checking 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 oil and gradually tighten them alternately
to the specified torque.
If a torque wrench is not available, make match marks
on the boit heads and large end cap (to indicate the
proper torque position) and retighten the bolts to those
positions.

Check for flaking, melting or seizure on the contact
surface.

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

Cylinder gauge

Procedure

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

(2) Mount the connecting rod on the crank pin (tighten to
specified torque).

N(kgf)-m

Connecting rod tightening torque 118 (12)

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

/{_\\ ‘/

(4) Make sure there is no sand, metal cuttings or other
foreign matter in the lube oil, and that the crank'shaft is
not scratched. Take special care in cleaning the oil holes.
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6-3 Piston pin bushing

(1) Measuring piston pin clearanoe
Excessive piston pin bushing wear may result damage to
the piston pin or the piston itself.

Cylinder gauge

4LHA Series

6-4 Assembling piston and connecting rod

The piston and connecting rod should be assembled so that
the match mamk on the connecting nod large end 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

Flywheel
Camshaft Y

mm(in.)
Piston 4LHA-HTE 4LHA-DTE,-STE Alignment mark
Standard Wear limit Standard Wear limit
Piston pin bushing 23.04-34.05 34.10 37.03-37.05 37.10
inside dia. (1.3398-1.3406) (1.3425) (1.4579-1.4587) (1.4606)
Piston pin and bushing 0.030-0.061 _ 0.030-0.061
oil cleareance (0.0012-0.0024) (0.0012-0.0024) -

(2) Replacing piston pin bushing
1)When the bushing for the connecting rod piston pin is ei-
ther worn out or damaged, replace it by using the “piston
pin extracting tool” installed on a press.

NOTE: Force the piston pin bushing into position so that its
oil hole coincides with the hole on the small end of the
connecting rod.
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4LHA Series
a a

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 balance 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

Main bearing metal (basic) “

Thrust metal

Main bearing cap (basic)

Main bearing metal

Main bearing bolt (intermediate)
7-1 Crankshaft
(1) Color check of shaft
Perform a color check after cleaning the crankshaft, Main bearing cap
and replace the crank shaft if there is any cracking or (intermediate)
considerable damage.
Main bearing bolt
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7. Crankshaft and Main Bearing
4LHA Series

(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.

|

777
[
7777

Dial gauge

Deflection
V block V block

Crankshaftbend |  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.

Crank journal

Crank pin
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s /] HA Series

mm (in.)
Standard Wear limit
Outside di 59.952 — 59.964 59.90
utside dia. (2.3603 — 2.3608) (2.3583)
L . .00 - 60.042 60.10
Crank pin Bushing inside dia. (268(?202 — 2.3630) (2.3661)
Crank pin and bushing oil clearance © 8&%%16_—(900335) —
Outside di 69.952 — 69.964 69.90
utside 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 (000'8132 _ 88(9)37) -
. . . . 40-4.3 -
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- ™~
ing cap to the specified torque, and move the crank-
shaft to one side, placing a dial gauge on one end of
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 limit.

mm {in.)
Standard I Wear limit
. 0.132 -0.223 0.29
Crankshaft side gap | 5052 _ 0.0088)| (0.0114)

Dial indicator

Crankshaft
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7. Crankshaft and Main Bearing

L 4LHA Serie.f

7-2 Main bearing

(1) Inspecting the main bearing
Check for flaking, seizure or burning of the contact
surface and replace if necessary.

(2) Measuring the inner diameter of metal
Tighten the cap to the specified torque and measure
the inner diameter of the metal.

N(kgf):m

186~206
(19 - 21)

Bearing cap bolt tightening torque

Thrust metal (Flywheel m)—ﬁ
Main bearing cap (Mw)@ ‘ /
}:
Main bearing mt—g

Main bearing metal (basic)

2-31

NOTE: When assembling the bearing cap, keep the follow-
ing in mind.
1) The lower metal (cap side) has no oil groove.
2) The upper metal (cylinder block side) has an oil
groove.
3) Check the cylinder block alignment No.
4) The “FW" on the cap lies on the flywheel side.

Thrust metal (gear side)

Main bearing metal (intermediate)

@ Z¢ Main bearing cap (intermediate)
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4LHA Series

8. Camshaft and Tappets

8-1 Camshaft

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

Tappet

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-fitted to the cam, be
careful when replacing the thrust bearing.

/ Camshaft gear

Thrust metal

(2) Measure the cam height, and replace the cam if it
Thrust metal is worn beyond the limit.
AN
— , >, -
) 4 ) | :
| £
—
mm (in.)
Cam height Standard Wear limit
48.435 — 48.565 481
[ Intake cam (19069 — 19120) |  (1.9094)
—=j—Side gap 48.435 — 48.565 481
Exhaust cam (1.9060 — 1.9120) |  (1.9094)
mm (in.)
Standard Wear limit
. 0.05-0.20 0.29
Camshaftside 8P | 0620 — 0.0079) | (0.0114)
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4LHA Series
(3) Measure the camshaft outer diameter and the camshaft
bearing inner diameter. Replace if they exceed the wear
limit or are damaged.
mm (in.)
Standard Wear limit
Gear case side Intermediate Flywheel side
. : . 5691 — 56.94 56.91 — 56.94 56.91 — 56.94 56.80
Camshaft journal outside dia. (2.2406 — 2.2417) | (2.2406 — 2.2417) | (2.2406 — 2.2417) | (2.2362)
. L . 5698 — 57.05 57.10
Camshaft journal bushing inside dia. (2.2433 — 2.2461) - - (2.2480)
. L . 57.00 - 57.03 57.00 - 57.03 57.10
Cylinder block bearing inside dia. — (22441 — 2.2453) | (2.2441 — 2.2453) (2.2480)
. 0.04 -0.14 0.06 —0.12 0.06 - 0.12 —
Oil clearance (0.0016 — 0.0056) | (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 central bearing areas and

measure bending. Replace if excessive.

Dial gauge

mm (in.)
Standard Wear limit
. 0.02 or less 0.05
Camshaft deflection (0.0008) (0.0020)
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4LHA Series
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
worn.

mm (in.)

Standard Wear limit

14218 —14.233| 1417
{0.5598 — 0.5604)| (0.5579)

Tappet guide hole inside 14249 — 14270 14.30

Tappet stem outside dia.

dia. (cylinder block) (0.5610 — 0.5618)| (0.5630)
Tappet stem and guide 0.016 — 0.052 _
hole oil clearance (0.0006 — 0.0020)

(3) Measuring push rods.

\\ Measure the length and bending of the push rods.

Abnormal contact Normal contact

Push rod length

Offset

Offset Thickness gauge
iR
(N
NOTE: When removing tappets, be sure to keep them mm (in.)
separate for each cyilinder 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 Push rod bend 0.03 or less 03
worn beyond the limit. ush rod ben (0.0012) (0.0118)
Push rod dia. 8 (0.3150) —
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4LHA Series
- »
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 oil pump gear  Direction of rotation Crankshaft gear
- N Eraﬁlgﬁéﬁ\ giéérv Idle gear Lube oil pump gear I Injgction pump gear | Camshaft gear | Sea water pump gear
No. of teeth 24 51 20 Jr 48 48 27
7Baﬁk ﬂlﬁai 0.08~ 0.16mm(0.003t ~0.0063in.)
9-1 Inspecting the gears
(1) Inspect the gears and repiace if the teeth are damaged {3) Idling gear ' .
or worn. The bushing is pressure fitted into the idling gear.
(2) Measure the backiash of all gears that mesh, and Measure the bushing inner diameter anq the .ou.ter
replace the meshing gears as a set if wear exceeds the diameter of the shaft, and replace the bushing qr lqnng
limit. gear shaft if the oil clearance exceeds the wear limit.
. U . A, B and C are inscribed on the end of the idling gear.
NOTE: It 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 to
bad valve and fuel injection timing and a decrease
in engine performance.

those on the cylinder block.

mm (in.)
Standard Wear limit
. 4595 — 45975 459
Idle shaft dia. (1.8091 — 1.8100) | (1.8071)
Idle shaft bushing 46.00 — 46.025 46.09
inside dia. (1.8110 — 1.8120) | (1.8146)
Idle shaft and bushing 0.025 - 0.075
oil clearance (0.0010 — 0.0030}) -
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Chapter 3 Fuel Injection Equipment
1. Fuel Supply System

1. Fuel Supply System

4LHA Series

No. |

Fuel injection pipe

rlid

A\

&
L§

From tank

Hole type fuel injection valve

Fuel return pipe

Fuel injection pump
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4LHA Series

2. Bleeding and Checking Injection Timing

1. Air bleeding in the fuel system (4LHA-HTE/HTZE/HTP/HTZP)

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 oil
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 fever to vent the air. After venting the
air, firmly tighten the hexagonal boft.

F.O. feed pump
\priming lever

F.O. feed pump
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2. Bleeding and Checking Injection Timing 4LHA Seri
00— eries

2. Check the fuel injection timing as follows: 3. Removal and installation of injection pump
(1) Remove the high pressure pipe from the fuel injection (1) Remove the fuel injection pump gear cover from the tim-
pump. 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.

(2) Pult the engine warm up knob out and place the control (4) When installing the pump, match the mating marks on the
lever in the “half speed” position. bracket and the pump flange.

(3) Insert a turning bar into the hole on the crank (5) While aligning the mating marks on the idle gear and
pulley on the front side. Crank the engine lightly the pump gear, install the pump to the pump gear.

to check the fuel injection timing.
(6) Tighten the drive shaft end nut to 69N-m(7kgf-m).

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

NOTE

Fuel injection pump stand

VE pum
B 1p P 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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4LHA Series

3. Fuel Injection Pump Outline

Control lever

&
e ¥

“

Timer
Plunger spring /

Roller holder

Full-load adjusting screw

Governor lever

Magnet valve

Distributor head

Plunger

/ 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.

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.
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4LHA Series
4. Fuel System
Fuel filter Overfiow pipe
A\ = — 1
Overflow valve
Nozzle

Drive shaft

Regulating valve

Plunger barrel

Sedimenter

=

»__._r

==

Fuel tank

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

3-1-5

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 inlet 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.
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4LHA Series

5. Injection Pump Construction and Operation

Governor spring

Flyweight
- 7

Control lever /

Control lever shaft

Regulating valve ‘ —

Idling spring

Full-load adjusting screw

Tension lever
e
/ Governor lever assembly

Magnet valve

|

I

/_Drive shaft T

1

Feed pump \

Plunger
S

Ptunger barrel

==

Delivery valve

Control sieeve
| e —

. /
Driving gear
AU

Cross coupling

Rolier holder

_Cam disk

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

3-1-6

plunger are pressed against the roller holder
assembiy 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

Drive shaft
Inlet port

Roller

Outlet port Delivery valve

Fig. 4 Cutaway view of fuel delivery

Speed Governing

Control lever Control lever shaft

Governor
lever

governor sleeve

\

Contro!l sleeve \_Plunger

Fig. 5 Cutaway view of speed governing
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4LHA Series

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 flyweight 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-
ernor cover and a control lever is attached to
the control lever shaft. The accelerator pedal is
connected directly to the control 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 lever
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
From fuel fiiter 5:3:2““9
{

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 is 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 rofler holder pin. When
the timer piston compresses the timer spring,
the injection timing is advanced (the roller
holder rotates in the reverse rotation direction),
and due to timer piston movement inthe 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 to 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 1s pressurized.
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Regulating Valve Feed pump fuel oil delivery pressure increases
proportionately with an increase in injection

pump speed.

However, the total fuel oil injection quantity
necessary for the engine is considerably less
than that delivered by the feed pump. There-
fore, in order to prevent an excessive increase
in the pump chamber pressure caused by the
Feed pump excess fuel oil, and to adjust the pump cham-
outlet port 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.

Fuel inlet

Regulating
valve

Fig. 8 Regulating valve operation
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e ————————— {].HA Series

Plunger Operation

Drive shaft Gear

Face cam

af T

/[ Control sleeve

Magnet valve

Plunger barrel

= I v v
/ — b AQ{ M@

— Lﬁﬁﬁﬁﬁ

— 1 @/WW@

Y

Feed pump \

\
Roller \ \ Cam disk \ Plungerspring\ 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 1s sucked into the
pressure chamber. After the plunger barrel’s in-
let port has been closed by the plunger, the
plungerrises.

Once the plunger's outlet slit and the plunger
barrel’s outlet port are aligned, and the pres-
sure chamber pressure exceeds the injection
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pipe’s in-line residual pressure and the delivery
valve spring’s set force, the delivery valve
opens, fuel oil flows to the injecticn pipe, and is
then injected from the nozzie 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 only one inlet port, butit
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 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)

@ Pressure

{_ chamber

/ Plunger spring \Delivery valve

Cross-sectional view

Delivery stroke

As the plunger is rotated and lifted by the cam
disk, the plunger's outside face blocks the

Outlet slit N plunger barrel's inlet port and compression of
n 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-

voano surized by the plunger lift overcomes the set
E force of the delivery valve spring and the injec-
S— tion pipe’s in-line residual pressure, and opens
Outlet port the delivery valve. The fuel oil is then injected

' ' through the nozzle and nozzle holder into the
Cross-sectionat view engine's combustion chamber. (Fig. 11)

Cutaway view

Fig. 11 Pluhger operation: delivery 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 s
closed by the spring, and fuel oil delivery
finishes. These operations occur Iinstanta-
neously. (Fig. 12)

Control sleeve

Cutaway view

Fig. 12 Plunger operation; end of injection

Equalizing stroke

Following the end-of-injection the plunger ro-
tates 180° and the plunger barrel's outlet port

Equalizing slit X meets the plunger's equalizing slit.
\[ 5 ~ Then, the pressure of the fuel oil in the injec-
] tion passage between the plunger barrel's out-

let port and the delivery valve decreases to
that of the fuel oil in the pump chamber.

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

Qutlet port

L

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

Cutaway view

Fig. 13 Plunger operation; equalizing stroke

3-1-12



Chapter 3 Fuel Injection Equipment

5. Injection Pump Construction and Operation >n
ey 7/ /TA Series

Reverse rotation prevention
While the plunger is moving Iin the normal
Cylinder A Cylinder 8 direction of rotation, the inlet port is open dur-
Cam lift ing the plunger's return stroke and sufficient
fuel ol is sucked into the pressure chamber.
EE O M ] = During the compression stroke the inlet port is
closed and injection is performed.
B Compression stroke However, should the engine rotate in the re-
C—3 Suction stroke verse direction {e.g. when a stationary, parked
vehicle begins to roll backwards and the engine
NORMAL REVERSE is rotated, etc.) the plunger barrels inlet port
DIRECTION DIRECTION and the plunger's inlet slit will align during
plunger lift, the fuel oil cannot be pressurized
and non-injection will result.
Fig. 14 Plunger strokes for cylinders A and B Btecause of this the engine will iImmediately
stop.

Injection quantity control

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

Control sieeve
Plunger's
Cut-off port

000
[
VEOOOC

o

Decreasing injection quantity <}: I___:"> Increasing injection quantity
kg/

Shorter effective stro

Longer effective stroke

Fig. 15 Plunger’s effective stroke
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Delivery Valve and Damping Valve

When the increased fuel oil pressure resulting
from the plunger's compression stroke has
overcome the delivery valve spring’s set force
and the injection pipe's in-line residual pres-
sure, the delivery valve opens and fuel ol is
delivered to the nozzle holder and the nozzle.
(Fig. 16-A)

Then, when nozzle opening pressure is
reached, initial injection into the engine cylinder
oCcCcurs.

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 guantity.

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

When the plunger has lifted and injection has
ended, the pressure in the pressure chamber
suddenly decreases and the delivery valve
spring closes the delivery valve. In order to pre-
vent delayed injection it is necessary to main-
tain the residual pressure of the fuel oil in the
injection pipe for the next injection. The deliv-
ery valve functions to prevent reverse fuel oil
flow during the plunger’s suction stroke.

a—P D
a0 a-——
S Ojf{% T
— e a P
a P Delivery valve spring g::;’::g oi,‘j"r':p
Seating portion a @
~~._ Delivery valve
=3 . N—1 Retraction
~___Piston stroke
Delivery valve seat
A B C
Fig. 16 Delivery valve operation
In the centre of the delivery valve is a piston. (piston di ter)?
After injection has ended and the piston edge [n piston 4|ame € x retraction stroke}
IS contacting the top of the valve seat (Fig. 16-

B). the amount by which the injection pipe’s in-
line pressure is reduced is proportional to the
volume of fuel retracted up to the time that the
delivery valve is completely closed.
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Because of this, cut-off of injection occurs im-
mediately after the end-of-injection and subse-
quent dripping is prevented. {Fig. 16-C)




Chapter 3 Fuel Injection Equipment
5. Injection Pump Construction and Operation
4LHA Series

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
i ‘ pipe is then delivered to the nozzle holder and
— 2 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 reduction 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 installed to prevent the
L above problems.

Delivery vaive holder

Damping valve
sprir{g

Damping valve

Delivery valve
spring

Delivery valve

i— =0
i i T
i

Fig. 17 Damping valve operation
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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-maximum speed governor

Variable Speed Governor Construction and Operation

Control lever Governor spring

/ Idling spring
S
==/ (3 Corrector lever

Tension lever

C

FIyw;ﬂght holder

Flyweight ’ ' |ﬂw5.| Full-load adjusting screw
Gear =7 bdg . Startin i
= i g spring
Governor shaft ' - (\/\,\’\’\,\'—-1'!'.' Starting lever
) . o _ tarting
Y . ! Governor lever assembly
Feed pump A
M —) 1%
‘\ /\\)\
ﬂ T:j{éj/ t&@_\\ : Plunger
SEalin === AR EI:
— . — 1\ T
— L — r,
—] \ { —~ 1
- : N
= -
T \ \ _B,M Spring
Drive shaft Gear \ \\HWS()_me' 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.
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e

Tension lever
Idling spring

Governor
spring

Control
lever
shaft

Corrector
lever

Fig. 19 Variable speed governor lever assembly
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4LHA Series

Four flyweights are mounted in the flyweight
holder, and with rotation these open outward
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 lever assembly consists of the
corrector lever, tension lever, start lever, start
spring and the ball joint. (Fig. 19)

The corrector lever's fulcrum M1 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 cannot 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 Mz, 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

4LHA Series

Maximum-speed
adjusting screw

Control lever

Governor spring

.

— /

&

Starting lever /

M: (fixed); pivot bolt

Governor sleeve

Idling spring

A

T\' Point A

< Starting spring

7
M2 (fulcrum) 7 6‘

Control sleeve

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-
plied.

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 right {the maximum injection quantity direc-
tion; Fig. 20) by the starting lever pivoting
around M2.

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

s

idling adjusting screw

Governor spring

Idling spring

”

A

Governor sleeve
Starting lever

Mz (fulcrum)

Control sleeve

Fig. 21 Variable speed governor operation: idling operation

Once the engine has started the accelerator
pedal is returned to its original position. The
control lever is also returned to its original posi-
tion and the governor spring tension becomes
“0". The flyweights then open, the starting le-
ver iIs pressed against the tension lever and
compression of the idling spring begins.
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The control sleeve then travels in the fuel-
decrease direction and stops in the position
where the flyweights’ centrifugal force and the
idling spring force are balanced. In this position
stable idling operation can be obtained.

4LHA Series
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Full-load and no-load maximum speed control

Maximum-speed
adjusting screw

Flyweight ‘%ﬁ

Governor spring

M1 (fixed)

Idling spring

Full-load adjusting screw

Mion lever

“_Corrector lever
Ms (fixed)

/

M: (fulcrum)

Control sleeve

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 (Ms) 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 sieeve, 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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4LHA Series

%
Flyweight i

Maximum-speed -
adjusting screw
[[[@D Governor spring

/
)

/

——

) )

Governor sieeve

Starting lever
M (fixed)

Mz (fulcrum)

Idling spring

\
N

Full-load adjusting screw

“\CO orrector lever

Tension lever

?gé . Ma (fixed)
yad r

NNANNNAY

0

——————
Control sleeve

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
is 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

3-1-21

performed in response to partial load condi-
tions.

The full-load injection quantity is determined
according to the amount that the full-load ad-
justing 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 fuel-increase 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

Tension lever

Control lever Yoke

Flyweight holder

Flyweight

Gear

Governor shaft
A — -
“

Governor spring

Feed pump T
I

\
e
- N

Drive shaft Gear

M: (fixed): pivot bolt
M2 (fulcrum)

Cam disk ‘}

/ / Damper spring
/
/ Corrector lever
Full-load adjusting screw

Start-idling spring

A i
B Starting spring

Starting lever

Governor lever assembly

Plunger

\

Control sleeve

\

\ Governor sleeve

Fig. 24 Combination governor construction

Damper spring Tension lever

Control lever shaft

Partial load spring
\ Governor spring

\

\ Starting lever

Fig. 25 Combination governor lever assembly

Corrector lever
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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

4LHA Series

Flyweight

Governor sleeve

Starting lever

Control sleeve

s

Starting spring

Ball joint

e
Q
Ma (pivot)

=

Plunger

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 joint, 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

4LHA Series

Tension lever

Governor sleeve

Starting lever

Start-idling spring
7

i gg%i

Yy

M2 (pivot)

Contro!l sleeve

Fig. 27 Combination governor operation: idling operation

On releasing the accelerator pedal the control
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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4LHA Series
Partial load operation
Partial load spring
Control lever shaft Damper spring
Start-idling spring
Governor sleeve
Starting lever
M2 (pivot) 8
-— |
Control sleeve E>;<:]
Yoke
ol
bl
AN Tension lever
Fig. 28 Combination governor operation: partial load operation
In the speed range exceeding idling the start- Therefore, during partial load operation the
ing spring and the start-idling spring are already damper spring and the partial load spring are
compressed, and the starting lever and the acted upon by (and oppose) the flyweights’
tension lever, which are in contact at the con- centrifugal force.
vex point A, both move together as one. (Fig.
28)
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| : Damper spring operation range
II: Partial load spring operation range

S1: Damper spring stroke
T S2: Partial load spring stroke
c \ | I Accelerator variation
£ z ’1) 3 (5)
5 =
=S AS2
o3 2 5
2 A\ S
o £ (3)“\‘1\\\ 2
w2 (4)
58
EE
§=
O
0

Injection pump speed —»

Fig. 29 Combination governor characteristics

Governor spring Partial load spring

Yoke Damper spring

. Tension lever

S

JF'# e

S

Control lever shaft

S1: Damper spring stroke
Sq2: Partial load spring stroke

Fig. 30 Control lever shaft assembly
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4LHA Series

In low speed range | the control sleeve’s posi-
tion 1s 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). AS:2 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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Full-load and no-load maximum speed control

Partial load spring

Governor spring

Flyweight THY

1
Control sleeve {:>‘ l<:j

Yoke

Damper spring

~ Tension lever
N M3 (fixed)

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

On moving the control lever until it contacts
the maximum speed stopper bolt, the tension
lever contacts the pin(or the stop lever of the
BCS or ACS)Ms3 press-fitted to the pump hous-
ing and can move no further. Consequently, the
damper spring and the partial load spring are
fully compressed and the control sleeve travels
to the position where the full-load injection
quantity can be obtained.

Following this engine speed increases and, at
the point where the flyweights' centrifugal
force balances the combined forces of the
yoke springs (point (5) in Fig. 29), the full-load
maximum speed of maximum engine output
IS reached.
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4LHA Series

Flyweight b

,,,,, Cut-off port.

Control sleeve

Governor spring Partial load spring

N Tension lever

Fig. 32 Combination governor operation: no-load maximum speed control

To prevent the engine from exceeding the spe-
cified maximum speed when pump speed in-
creases further, due to variations in load etc,
the flyweights begin to compress the governor
spring and the tension lever is pivotted clock-

wise around point M2 to move the control
sleeve in the non-injection direction.

The governor therefore controls the engine
speed so that it does not exceed the engine’s
specified maximum speed.
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Variable Speed Governor and Combination Governor

Full-load position

—

Control sieeve position
{injection quantity)

o

Injection pump speed —»

Fig. 33 Variable speed governor characteristics

| : Damper spring operation range
Il : Partial load spring operation range
S2: Partial load spring stroke

—

Control sleeve position
(injection quantity)

o

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 sleeve will move to the non-injection
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 quantity.

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 quantity
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

Governor spring Damper spring

Control lever Yoke Corrector lever

‘__.A_' i e U Full-load adjusti g screw
- -
Flyweight holder

Start-idling spring

Flyweight

Gear e Starting spring

Governor shaft

Starting lever

N O g Governor lever assembly
Feed pump g -
\ -
T ] H Plunger

— 1] O

- N b

el N7
Drive shaft Gear

L
Spring
Control sleeve

Torque control spring

Governor sleeve

Cam disk

Torque control lever

Fig. 35 Construction of governor equipped with negative torque control device

A negative torque control device is provided
through the installation of a torque control lever
to the governor lever assembly’s starting lever.

The torque 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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Corrector lever

Ma (fulcrum)

M (fixed):
pivot bolt

M: (fulcrum) Torque control lever

Torque control spring

Fig. 36 Governor lever assembly equipped with
negative torque control device
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I I
0 N1 N2

Injection pump speed

Fig. 37 Negative torque control characteristic
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4LHA Series

The negative torque control device moves the
control sleeve through the torque control
stroke (S3 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 control device.
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Engine starting

4LHA Series

Flyweight

i\\
h g
NETD

L]

Governor sleeve

Starting lever

Torque control lever

Control sleeve
v ve_

| .
| AN
DK

Fig. 38 Operation of governor equipped with negative torque 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 M2, thus
moving the control sleeve in the fuel-increase
direction to supply a fuel injection quantity
sufficient for starting.
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Idling operation

NE=R
b d

Flyweight Z
y Ma
(pivot)
Start-idling spring
5 1) \
[ \ Tension lever
: Point A

Governor sleeve

Starting lever j
M2 % Pushrod

Torque control lever (pivot)

B
Control slee\i/ ’:l‘>l

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

On starting, the centrifugal force of the compress the start-idling spring until its set

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 torque
control lever then pivots around point A to
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force is overcome by the flyweights' centrifu-
gal force. Consequently the starting lever will
pivot clockwise around Mz, thus moving the
control sleeve in the fuel decrease direction un-
til an injection quantity suitable for idling is
attained.
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r—- Start-idling spring
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Pushrod

Torque control lever

Control sleeve

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

conseguent 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 M2. 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

Governor spring Partial load spring

AL ?
== Mﬂ'ﬂﬁ\[] =
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L

Governor sleeve ]

Flyweight

\ﬂon lever

_\ M (fixed)

i

M: (pivot) /%‘I //
=
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T
I

yd
e

- \
Control sleeve " :> K:I

Fig. 41 Operation of governor equipped with negative torque control device: full-load maximum

speed operation

When the control lever is moved until 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 until it contacts the
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stopper pin Ms (i.e. where the full-load injection
gquantity 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 sleeve and maintain full-load maximum
speed operation.
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Negative torque control stroke operation

4LHA Series

_dpanagpeny | ol

Starting lever

Negative torque control spring

Z
Flyweight = WWMH A
h — ' ‘v
r———‘
|-

Point B

Stopper pin

Torque control lever

Control sleeve e

Fig. 42 Operation of governor equipped with negative torque control device: negative torque 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 sleeve in the fuel-increase direction.
The increase in the fuel injection quantity is de-
termined by the negative torque control stroke
Sz (refer to Fig. 41).
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5 esseen /[ [TA Series

No-load maximum speed operation

Governor spring

Flyweight

Governor sleeve

Starting !ever

Torque control lever

e
Control sleeve

. Cut-off port

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-
gue 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-load 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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4LHA Series

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

AN
Timer spring \

S
\__Pin

Roller holder assembly

Low pressure chamber

=

T
Orifice

High pressure chamber \

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
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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
injection pump rotation. With this movement
the cam disk’s face cams contactthe rotler hold-
er’s rollers more quickly and injection timing is
advanced.
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e /1A Series

When pump speed decreases and the timer
spring set force exceeds the pump chamber
pressure, the roller holder assembly is moved
in the direction to retard injection timing.
Additional devices such as the solenoid timer,
cold start device (C.S.D.) and the load timer
etc. are also used with this standard-type timer
to vary the injection timing in the specified
range of engine speeds and loads.

Servo Valve Timer

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

i Timer spring

—x' By

| ‘ \
‘ Servo valvg/ \Bushing \ Timer piston pump chamber pressure. The servo valve posi-

piston, but pushes the servo valve against
tion depends on the balance of these two
Fig. 45 Servo valve timer construction opposing forces, and timer characteristics in

turn depend on the servo valve 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 position. In 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
force 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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Timer spring  Servo valve

Bushing

/ High pressure chambe.r‘i

/ Low pressure chamber

Fig. 46 Servo valve timer operation: when
advance angle is “0”

Timer spring Servo valve

Bushing -
g

High pressure chambej

| Low pressure chamber

£

Fig. 47 Servo valve timer operation: when
pump chamber pressure has increased

Timer spring Servo valve

J—H \ | I Bushin\g r__ﬁ

I -\
L] %

}

1
1

r o
- —d
/ High pressure chamber

| Low pressure chamber

Fig. 48 Servo valve timer operation: stable
condition (balanced)
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4LHA Series

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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7. Timer Construction and Operation
4LHA Series

When pump chamber pressure has
’ decreased

| Timerspring _Servo Vqlf’% o From the stable condition, pump chamber
| N - \ [Ls—'g ;h pressure has decreased and the servo valve is
} It . — \ moved to the right (Fig. 49) by the timer spring
. %\l force. The timer's high pressure chamber and
| I\ . . the timer's low pressure chamber are con-
@ m}m nected through the passage in the servo valve.
N : ] Therefore the timer high pressure chamber’s
)LJ H high pressure escapes to the timer's low pres-
/ L -j< sure chamber and the timer piston moves in
/ High pressure chamber the retard direction (to the right in Fig. 49), and,

Low pressure chamber as in the above, a stable condition results.

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

Maximum advance position

Timer spring  Servo valve As the pump chamber pressure has completely
Bushing 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
=t 1 - timer piston cannot move further in the ad-
H L vance direction. This position is the maximum
T ' T advance position.

STl

17253y

L Ji< According to the above, if the timer piston is
/ _ moved through the driving reaction force, op-
/ High pressure chamber | erations identical to the above (when pump

/Low pressure chamber chamber pressure has increased or decreased)
- will be repeated until the stable condition is
Fig. 50 Servo valve timer operation: maximum attained.

advance position
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Load Timer

4LHA Series

U

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 oil 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.
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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 oll
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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8. Magnet Valve

4LHA Series

Fuel oil passage

U

During Operation

Spring

Armature

- e |
——— ]

Magnet valve

Iniet port

Al

S|y

At Stopping

Fig. 52 Magnet valve construction and operation

The magnet valve is turned on and off by the
vehicle’s ignition switch to open 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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9. Pump Reassembly, Adjustment and Inspection

Fig. 1

Fig. 2

Plunger

)bt

Fig. 3
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1. Feed Pump Assembly

Set the rotor and blades inside the liner as a
unit, so that their axial clearance will 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 58.8-78.5 N-m(6-8
kgf.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
4LHA 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
N A 4. Timer Movement Inspection
3 O \ Position the plunger in the bottom dead center
: N position. Push the timer piston from the retard
/A side and observe timer movement. The timer
\ / X5 must move smoothly. The force required for
N this movement should not exceed the speci-

fied value (Max 1N(0.1 kgf))

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.

3-1-45



Chapter 3 Fuel Injection Equipment

9. Pump Reassembly, Adjustment and Inspection
4LHA Series

6. Drive Shaft Key Way and Pin
Groove

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

Knpipin
Pin groove

Distributing slit
Y

Fig. 7

7. Plunger Position Adjustment

a) 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 * " mm

b) 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
i the bottom dead center position, apply feed
1 pressure of 0.02MPa(0.2 kgf/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.

Fig.9
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8. Measurement of Plunger Spring
Spring seat Plunger spring Barrel Set Length

Install the plunger and plunger spring in the
ha&mn distributor head without the shim [(48) in Fig.
oy 72 25]. Push the plunger bottom lightly in an axial
3 direction and measure the dimension “KF".
<< “KF" is the distance from the end face of the

W distributor barrel to the plunger tip. Adjust the
/2

shim (48) refering to the specified “"KF" dimen-
sion.

/o R

Shim / /Distributor head Cam Lift (mm) | Dimension “KF" (mm)
5.3
53
53
5.8
6.0

6.64

Fig. 10

HoH

G a e o

|
|
|
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I+ I+

15-2 mm 8. Governor Shaft Installation

Governor shaft
N ——

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.

Fig. 11

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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Block gauge
Part No. 157829-1100
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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: 0.15%°%2 mm
With stepped pin : 0.35%%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. 157829-1100) 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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9. Pump Reassembly, Adjustment and Inspection )
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b) Negative torque control type
(1) Use “MS” measuring device (Part No.
Part No. 157829-3520 157829-8620), block gauge (Part No.
e 157829-1100) and Plunger |lift stroke
measuring device (Part No. 1567829-3520.)
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. 157829-8620.)

Fig. 16

(2) 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

Part No. 157829-8620 the distance from the end of the governor

shaft to the pump housing flange surface is

3 mm. After adjustment, tighten the lock-

Fig. 17 nut to the specified torque.

(3) Install the block gauge (Part No. 157829-
Part No. 157829-1100 1100) as shown in Fig. 18. Insert the pin of
the plunger lift stroke measuring device
Part No. 157829-8620 (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 block
gauge, and push the tension lever against
! the stopper pin, press-fitted into the pump
Fig. 18 housing. Next, push the sleeve 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.

Part No. 157829-3520
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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 block
Fig. 19 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 stzed closing
plug to ensure that dimension MS is as
specified.

Part No. 157829-7620

13. Governor Spring Installation
(Variable governor)

Attach the governor spring to the control lever
shaft so that the hook faces downward.

3-1-50



Chapter 3 Fuel Injection Equipment

9. Pump Reassembly, Adjustment and Inspection )
4LHA Series

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

A 15. Air-tightness Test
Blind plug

After completion of assembly, perform an air-
tightness test as described below.
a) Tightly screw in the pump cover overflow

*EF@: — — outlet plug (with a gasket).
) ' b) Supply compressd air [approx.0.39MPa(4 kgf
_ OO0 ' /cm?2)] to the pump through the suction inlet.
' ¢) Immerse the pump in light oil.
d) Check for bubbles indicating pump leakage
) 3 (particularly at the drive shaft oil seal).
G 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 all O-rings.
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4LHA Series
* For adjustment specifications, refer to the  Nozzle opening
individual test standards. pressure 14.7 MPa(150 kgf/cm?)
x A o Injection line 1 6X2-840 mm
Adjustment conditions: Test oil - SAE Standard Test Ol
Nozzle - DKKC Part No. (SEA J967d) or ISO
105780-0000 4113 test oil
(NP-DN12SD12T7) Fuel oil temperature
Nozzle holder - DKKC Part No. (fuel tank) L 45%°°C
105780-2080 Supply pressure - 0.02 MPa(0.2 kgf/cm?)
(EF8511/9A)
0~80C
150ke ‘cm?
kel
(4)
D C B A
(5)
(1) Pre-supply pump (4) Accumulator (5) Nozzle opening pressure 14.7MPa
(2) Filter P1: Test oil inlet pressure 0-0.1MPa(0-1 kgf/cm?) (150 kgf/cm?)
(3) Regulator valve inlet  P2: Pump chamber pressure 0-1.47MPa(0-15 kgf/cm?)  (6) Measuring cylinder for overflow fuel
P3: Positive & Negative pressure; volume
Positive: Boost compensator (7) Fuel tank
0-0.2MPa(0-2 kgf/cm?) (8) Overflow valve
Negative: Aneroid compensator (9) Thermometer{fuel tank)
0-101kPa(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)

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.

Adjust 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)

9)

ldling adjustment

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

The fuel injection quantity 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 is 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 quantities.

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.

Control lever angle (see Fig. 24)

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

a, ldling position/center position angle

B; Idling/maximum-speed position angle

v, Idling/partial load position angle

a, Distance from the end of idling stopper
to its boss portion

b, Distance from control lever idling posi-
tion to maximum-speed stopper

¢, Distance from control lever partial load
position to idling stopper
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Fig. 24

a)

. VE Pump Special Specifications

Pump equipped with load timer

For a pump equipped with a load timer,
move the control 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.
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b) Electrical shut-off

(1) Actuating voltages.
Check, as follows, at speeds as specified in
the test standard.
Raise the voltage from O volts 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 quantity is
zero.
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11. Troubleshooting

11. Troubleshooting

Malfunctions

Causes

Remedies

The engine does

not operate

1. Fuel oil 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.

6.
7.

1.

2

3.

4

"

2

There is no fuel oil in the fuel
tank

.The fuel line from the fuel tank is

blocked

. The fuel filter is clogged
.There 1s 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 s 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 roller 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 injection pump

is blocked, or the fuel filter is
clogged

. The fuel oil contains air or water
3.

The feed pump’s delivery
quantity (or pressure) is
insufficient

. The injection timing Is too

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
Clean or replace the pipe(s) or
fuel filter

Bleed of air or replace the fuel oil
Repair or replace

Readjust the timing

Inspect, then repair or replace
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11. Troubleshooting

e ————————— | H A Series

Malfunctions

Causes

Remedies

The engine
exhaust contains
smoke and the
engine “knocks”

The engine
output is unstable

Insufficient

output

1. The injection
quantity 1s
insufficient

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

1. The injection timing 1s 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 poor

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 is incorrect

1. The specified full-load injection
quantity i1s 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
Inspect, and then repair or replace

Readjust

Readjust
Readjust

Replace

Replace the distributor assembly
Replace

Readjust

3-1-56




Chapter 3 Fuel Injection Equipment

11. Troubleshooting

ey /[ /A Series

Malfunctions

Causes

Remedies

3. The injection
timing Is too
retarded and the
engine is
overheating or
the exhaust
contains smoke

4.The nozzle or
the nozzle
holder is not
functioning

properly

The engine
cannot reach its
maximum speed

The engine’s
maximum speed
is too high

Idling is unstable

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

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

3.The nozzle's injection operation is
poor

1. The governor spring is too strong
or is improperly adjusted

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

1. The injection quantities are not
uniform (the delivery valve is not
operating properly)

2. The governor’'s idling adjustment

1s improperly adjusted

. The plunger is worn

. The plunger spring is broken

. The rubber damper is worn.

. The governor lever shaft pin is

worn excessively

7.The feed pump blades are not
operating properly

8. The regulating valve is stuck in
the open position

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

10. The nozzle or the nozzle holder

is not functioning properly

[0) @2 RFS N OV)

Readjust

Inspect, and then repair or replace

Readjust or replace
Readjust

Repair or replace

Readjust 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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11. Troubleshooting

e JLHA 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 vaive (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

Applicable engine model
I.D. mark

Nozzle cover mounting groove

Nozzle holder

N
Fuel starting pressure adjusting shim
Nozzle spring

Nozzle spring seat
Stop plate
Positioning pin——j] Nozzle valve}‘
Nozzle
%Nozzle body

A
@—‘ Nozzle clamp nut

4LHA 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.

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.

Nozzle holder

Fuel starting pressure
Adjusting shim

Nozzle spring

Nozzle spring seat — IS Positioning pin

Stop plate
Nozzle valve

Nozzle body Nozzle clamp nut

T
Hole o
Nozzle valve
F.O. reservoir
Nozzle body
/ %Wei“on hole
\\\\‘ e
pray 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 24440

l—— Design code
Nozzle size Psize

Ssize

Spray angle

Mounting angle
of nozzle on
cylinder head

CodeA: atangle
No code: notatangle

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 injection pump.

2. When disassembling more than one fuel injection
nozzle, keep the parts for each injection nozzle
separate for each cylinder (i.e. 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 nozzle.

Q
PR
\(\\\b Fuel injection nozzle retainer

Fuel injection nozzle
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(2) Put the nozzle in avise

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

(3) Remove the nozzle nut

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

(4) Remove the inner parts

NOTE: Be careful not to loosen the spring seat, adjusting
shims or other small 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-84868B 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.

4LHA Series
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12. Fuel Injection Nozzle

(4) Clean the nozzie seat with cieaning spray.

(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 x 5 wires

—
B

HL.LL

Part code no. [ 28210-000010

12-3.2 Nozzle inspection

(1) Inspect for 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 nozzle 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
smoothly.

(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
wormn.

4LHA Series

Nozzle contact surface

Seal surface -~

Hole type

mm {in.)

0.1 (0.0039)

Nozzie contact surface wear limit T

(4) Inspecting nozzle spring
Repiace the nozzle spring if it is extremely bent, or the
surface is scratched or rusted.

Q

(5) Nozzle holder
Check oil seal surface for scratches/wear; replace if
wear 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/nozzie 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 N-m{kgf-m)

39.2~44.1(4~45)

Hole type nozzle

— 4LHA-HTE/HTZA/HTP/HTZP

Nozzle type 140P285 KOT

P/N 119172-53050
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12-5 Adjusting fuel injection nozzle

12-5.1 Adjusting opening pressure (4LHA-HTE/HTZA/HTP/HTZP)
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 increase/
decrease pressure.

Nozzle tester

Injection starting pressure MPa(kgticm?)
Injection starting pressure 19.6~20.6 (200~210)

12-5.2 injection test

After adjusting the nozzle to the specified starting
pressure, check the fuel spray condition and seat oil
tightness.
(1) Check seat oii tightness
After two or three injections, gradually increase the
pressure up to 1.96MPa (20 kgf/cm2) 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.
(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:
e Proper spray angle (6)
¢ Correct injection angle (a)
¢ Complete atomization of fuel
¢ Prompt starting/stopping of injection
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Spray from each nozzle
hole is uniform

Poor

_—— T

*Excessive difference
in spray angle (6)
¢ Excessive difference
in injection angle {a)
s Incomplete atomization
*Sluggish starting/stopping
of injection
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13. Fuel Filter

The fuel filter is installed between the fuel tank and fuel 13-1 Maintenance
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 fuel is filtered as it passes through the
filter element, leaves the housing at outlet, and flows to the
fuel injection pump. Sediment and water settle to the bottom of
the sediment bow!.

4LHA Series

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

Fuel outlet

Fuel inlet

Priming pump

Filter housing @
o
2

Sediment bowi

Drain cock

Sediment bowl

Drain cock
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e </ /ST A Series

4LHA-HTE/HTZE/HTP/HTZP

Pre-stroke 0.2
: Pump Speed . Charge-air Difference in
1. Settings (rpm) Settings Press (mmAg) delivery (cc)
1.1 Timing device travel 1000 1.1-1.5mm —
1.2 Supply pump pressure 1000 0.36-0.42(3.7—4.3) MPa(kgf/cm?) —
Full load delivery without
charge-air pressure 1000 80.0 — 81.0 cc/100st 4.7
1.3
Full load delivery with - 5
charge-air pressure cm1000st —
1.4 lIdle speed regulation 400 11.0 — 15.0 cm*¥/1000st 25
1.5 Start 100 100.0 - 140.0 cm?¥/1000st —_—
1.6 Full-load speed regulation 1840 13.0 - 19.0 cm¥/1000st —_—
1.7 Load Timer Adjustment S — cm?/1000st —
2. Test Specifications
. . N =rpm 1000 1500
2.1 Timing device | .\ 11-15 2.0-2.9
22§ I N =rpm 1000 1500
“ SUPPYPUMP | Mpa(kgficm2) | 0.36-0.42(3.7 - 4.3) 0.47-0.53(4.8 — 5.4)
. N=rpm 1000
Overflow delivery cm¥10s 45.0 - 88.0
2.3 Fuel deliveries 3. Dimensions
Pump Speed . Charge-air Designa- | for assembly
Speed control lever (rpm) Fuel delivery cm3/1000sts press.(mmAg) tion and adjustment
End stop 1800 Max. 40 mm
1840 125-19.5
1650 83.5-90.5 K 3.0-3.2
1500 84.8-918
1000 79.5-81.5 KF 54-56
MS 09-11
a 21 - 29 deg.
Switch-off 100 0 A mm
400 0 ; 35 — 45 deg.
Idle stop 400 11.0-15.0 B mm
500 Max. 8.0
Y deg.
Cc mm
Observations:
Partial load
. max. cut-in voltage: 8V 16V
2.4 Solenoid test voltage: 12V-14V  24V-26V

For detail, ask the ZEXEL.
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Chapter 3 Fuel Injection Equipment
1. Fuel Supply System

4LHA Series
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
0.118(1.2)MPa(kg-f/em). 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.
) ) - - I
—e{ 1]
g " g r—**l:]
! Fuel
A Water Fuel Fuel 'Fl.Je| . injection
feed . injection nozzies
separator filter
pump pump '
Return fuel line
Fuel tank l - - --
The Model YPES-AL fuel injection pump is an in-line 1-2 Fuel injection pump specitications
pump with a governor.
A camshaft is built into the pump. There are a drive
cam for the fuel feed pump and tappet-drive cams for Type YPES-AL
the plunger.
A pump driving gear is mounted on the drive side of Specifications See qepzrate
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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1. Fuel Supply System 4LHA Series
T

Fuel Injection Pump Construction

No.4 No3 No.2 No.1

NGB i
—H, Delivery valve
7 Plunger barrel \
0 <§> 0 'S Stl==

Plunger
‘E a e | Control rack o )

| 5 Control sleeve

Ors

! {13 % Tappet

3=} b=\ G I 06 5.0

I L_._;__J]
g

L Fuel feed pump Fuel cam
Governor Fuel Injection Pump
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1-3 Functioning of fuel injection pump

Operator side Engine side

Ji

i
f —5

i85 vt
4 — | _ 6
22— ] ] —10
3

, 9
—7
8

A\

1. Plunger

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

5. Delivery valve

6. Delivery valve seat

7. Control sleeve

8. Control rack

9. Fuel leak return groove
10. Protector

The fuel injection pump supplies pressurized fuel to the injec-
tion 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.

The integrate plunger barrel, the plunger barrel and the flange
case for the delivery valve holder, equips a port for intake and
discharge. The injection volume of individual cylinders can
therefore be adjusted by rotating the integrate plunger barrel.
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 fuel has been discharged. This hap-
pens 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
control knob of the control sleeve is inserted 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

3-2-3

leak return hole is provided in the plunger barrel. This returmns
fuel which leaks through 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

Increase fuel volume

IR

Helix

(Lead groove) — Connecting groove

Plunger —

4LHA Series
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1-4 Injection volume control

(1) 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.

iz

Effective stroke

7773

(2) 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

Zrud

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

3-2-4

4LHA Series

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.

ﬁﬁ

/.

/(2>

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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1-5 Governor construction

Diesel engines are used in extremely varied conditions,
with a wide range of ioads and rpms. The governor
has the important function of controlling the fuel
injection quantity. It quickly responds to changes in
rpm by adjusting the position of the control rack.

4LHA Series

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
(angleich spring) (Fig. 2).

Governor
lever

Governor
shaft

Fig. 1 Governor with torque rise spring

Governor
spring

[

Tension lever

Fuel limit bolt ~~.
(Stopper)

C% P

—

RS
Speed control

o)

@.
O

Angleich spring

Shifter O

Excess fuel spring

(Start spring ) ,

Sleeve / Governor weight

\D S

Camshaft

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 outwards 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.

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 fatl of the
engine speed.

The top of the governor lever is connected to the fuel
pump contro! 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 fuel injection volume.
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Fig. 2 Governor with smoke cut device

mTT T

lever

Pin

Smoke cut

Fuel limit bolt
for start

Tension lever

Fuet limit bolt
(Stopper)

Pin
rioef T

Rear cover
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Idie sub-spring
-

g ==y
o e

Angleich spring
{Smoke cut spring}

4LHA Series

Angleich fever
{for smoke cut)

Fig. 3 Governor with smoke cut device
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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 fevers

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

adjustment bolt g

[T

|dling adjustment bolt
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4LHA Series

(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.

Stop lever
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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

various engines.

Without torque
rise device

Rack paosition: R (mm)

Rated output

rack position

Cam speed: Nc (rpm)
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4LHA Series

(4) Smoke cut device
{4)-(1) Angleich spring

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

The smoke 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

Tension lever Angleich lever
{for smoke cut)
Angleich spring
{Smoke cut spring)

Fuel decreasing stroke

for smoke cut Rated output
rack position

Rack position (mm)

b v o o ———

Cam speed (rpm)
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(4)-(2) Boost compensator
(4)-(2)-(1) Objective of compensator

The boost compensator is a device mounted to the fuel
injection pump for engines equipped with a turbocharger.
The amount of air sent from the intake manifold by the
linking function of the turbocharger increase in proportion
to the amount of fuel injected from the injection pump
(4LHA-DTE).The boost compensator controls the
injection quantity by responding to changes in pressure.

Engine stop nob

Speed control lever
Boost compensater cancel nob
2 p P - f
2 & oyl

Acceleration adjusting screw

Fuel limiter

4LHA Series

(4)-(2)-(2) Outline of structure and principle of operation

1

Diaphragm

Adijust bolt

3-2-9

When the regulator handle is operated during abrupt ac-
celeration, the control rack moves to the increase side as
far as A.

Increase of engine speed drive the turbocharger to in-
crease boosting pressure. This boosting pressure pushes
the diaphram in the boost compensator, moving the con-
trol rack to the fuel increase side by means of the boost
compensator lever.

Cold start knob
( Boost compensator
cancel knob )

at cold start
Boost compensator
cancel )

when running

Adjust ring <= F.O-increase

wP F.O-decrease
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(4)-(2)-(3) Operation of cancel knob

1 Since the boost compensator is the device that limits the
fuel injection amount for starting the engine in cold tem-
peratures (below -5°C), it is necessary to cancel the func-
tion of the boost compensator and increase the fuel injec-
tion amount.

2 If the engine is gard to start in cold temperatures, start the
engine by pulling the cancel knob (cold start knob).

3 Once the engine is started, push the knob back into re-
sume the function of the boost compensator.

(4)-(2)-(4) Adjustment of boost compensator

The initial rack of the boost compensator has been ad-
justed properly at the time of shipment. However, the ac-
celeration can be increased at the request of the cus-
tomer. Watch the color of the exhaust while making the
adjustment.

Adjust bolt

<Procedure>
Remove the cap nut of adjust bolt with the blade-type screw
driver.
Right turn Large effect on « Higher acceleration
9 boost comp. « More black exhaust
Left turn Small effect on * Lower acceleration
e
boost comp. o Less black exhaust
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1-6 Function of Governor {(2) Starting control
(1) Function of governor 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
A 8 . . . ; .
Max. control lever position 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
governor lever and tension lever are interlocked.

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.

Low-idle control lever position

¢ [ o
p

Control rack position ——e
: [
'
'
'
N

i RA-8
sL
\g'\No'?a" fack position Rst Re
]
i Injection volume
L} et .
|iM Control lever position > Increase  Decr
Rated speed setting ST pr—.

A-B: Fuel volume condition during starting. Volume is
controlled by excess fuel spring.

B-C: The rack moves to decrease injection after the Tension lever
engine starts and the speed increases, (as the load
of the excess fuel spring is overcome by the  Angleich spring assembly
centrifugal force of the governor weight).

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

D-E: The condition when the thrust force exceeds the
force of the angleich spring on the bottom of the Excess fuel spring
tension lever. This gradually pushes the rack to
lower fuel injection as the engine speed increases.

E-F: 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

Full load stopper

Shifter

rack is held in the normal position by the stopper, 2lA 8

{max. injection volume position on models not E _T“‘

equipped with an angleich spring). « & {models with angleich spring)
F: The point at which the governor spring starts to _L& c

take effect. This is the rated output of the engine. ' Wc N

F’: The point at which the governor starts to take
effect on models with a torque spring.

Rack position

G: Continuous rating point (usually 85—90% injec- \
tion volume of F point). :
H: No load max. speed \
L: Low-idle position :
Nob Nc 1
Cam speed
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(3) Idling ,-Rf- Rated rack position
Idling is controlled by the governor and excess — i ‘ Iniection vol
fuel springs because this governor is not equipped o oend position s e Decrease
with an idling spring (however some engines are ¥ e SO g N2 —
equipped with an idle control spring for torque <j% 4
decrease). As the control lever is returned to the il
idling position after engine starting, the governor _b(
spring tension falls and the tension lever descends i P B
clockwise. The governor weight load keeps the Idling position
governor spring and the excess fuel spring load in Full load stopper
equilibrium to maintain the idling speed at (Rv). , \ O
Fi'll—{.—No ioad rack position Tension lever H
control lever e q‘% Injection volume @T
rated speed position (= Increase Decrease
s e AR o
Control lever ~ A
ifling position (5) Importance and function of angleich
Fullload 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 i diagram below in order to obtain sufficient output
at low speed, and not to emit black smoke at high
speed. The angleich spring was devised to provide
for maximum torque 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 ——=
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——e—

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.
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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 1 with angleich spring
the angleich load before high speed control is ef- i
fected. When the governor lever and the bottom of £ oo~
the tension lever come into contact {end of angleich > s -
stroke), the injection volume is reduced by that % -~
amount, and the rack reaches the rated position ] no angleich spring
(Re). 5
2
nc‘—;j
Rao _T ‘ Re Engine speed ——e=

! Injection volume
Contro! lever position #7¥3.

Rated speed setting

/ g Increase Decrease
@Jﬁ { —

(6) Necessity of torque spring and function

! Engines used in construction machinery are sub-
i jected to sudden .Ioads which cause a Qecrease in
Full load stopper j [ spegd and sometimes retsult in stopping of the
| engine. A torque spring is provided to move the
control rack for a higher injection volume when
= 0 engine speed falls. The higher torque can withstand
overloads and prevent the engine from stopping.
Angleich spring assembly =] A The governor control lever is fixed at point G in
‘ the diagram on the right, the continuous rated
R output position. If the engine is loaded, the tension
- ‘J = lever encompasses the torque spring, the control
N rack comes away from full load stopper, and this
Governor lever _ fluctuates between G and H according to engine
—=t=— Angleich stroke load
oad.
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 torque rise
Angleich \ stroke ends when the controi rack reaches F’.
set position; C D

Tension lever ————

R mm
RC
Rag

Re

Rack set position E F RF'
1 RaG

\_ E Injection volume

i Control lever TS In Dec
\ rated speed position < Hea T = crease rease
Ns L o

Rack position

nc no ne \ HoYTr

Cam speed Torque spring | W J=
Torque rise stroke —
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-~ RE
- <t RG
3 \ - ;! Injection volume
f \ Control lever poﬂli'gn (h,\ B 45— Increase Decrease
\C - FoF Rated speed setting == (3} Ij‘l )
41 = 1t
$ \—? Control fever position—"__
i G (Continuous at partial load (point H) ([Itl / T~
Q _ v, ~,
a rated output) Full 10ad st / "! »
3 ull load stopper )
] — =)
< e e
H Tension lever — —_——
\ 470
NF | nf|ng ) ) ~~ /
Angleich spring
Cam speed 2
R\
F‘(& Q
T P ) =
@ 'ﬂ G /==
a Governor lever
35
a2
3
| dn
dn !
\ (with angleich spring)
E 1
Engine speed ——e= @ \_”‘—“ i
& L— — b
Rated rack set position s
< \
Q .
. . . . F '
The torque spring thus provides for increasing a H
injection volume as the speed falls. This increases El . Y
the engine torque and.in turn prevents enging stop- T """ No load rack position R H
ping due to sudden increases in load. This also H
contributes to strong engine output characteristics. Cam s nc rom
(7) No-load maximum speed
When the load decreases from full load max. speed
and engine speed increases, the increased thrust (8) Stopping the engine

load of the governor weight acting on the governor
spring through the tension lever exceeds the set
load of the spring. The tension lever and governor
lever descend clockwise; the control rack is pushed
to the no-load 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).
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The engine stops when you turn the governor con-
trol lever ail 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

The figure shows the governor with torque rise spring.
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Governor case

Governor case cover
Control lever

Governor lever assembly
Governor lever

. Tension lever
. Bushing

Spring pin
Excess fuel spring
Shifter

. Washer

. Governor shaft

. Control lever shaft

. Governor spring

. Stop iever

. Stop lever shaft

. Angleich spring assembly
. Fuel stopper assembly

(limit bolt)
Governor weight assembly
Governor weight

. Pin
. Governor weight support

Governor weight nut

. Governor sleeve
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2-1 Governor disassembly
(1) Remove the governor case cover.
(2) Remove the angleich spring assembly.

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

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

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

(6) Remove the snap-ringson both ends of the governor
lever shaft.

3-2-16
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(7) Put a rod (10 mm (0.3937 in.) in dia. or less) in

one end of the governor lever shaft, and tap the
governor shaft until the O-ring comes out from the
other side of the governor case.

(8) After removing the O-ring, lightly tap the end of

the shaft from which you removed the O-ring, and
remove the governor lever shaft. Then remove the
governor shaft assembly and washer.

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

Note: The governor assembly consists of the governor
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.
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(10) When you need to pull out the control lever shaft, {13) Remove the governor weight assembly from the
remove the control lever tightening nut, lightly fuel pump cam. Use the governor weight pulling
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. 2-2 Inspection of governor
Screw the governor weight nut back in, (two or Inspection of governor weight assembly
three times). Replace if:

(1) It does not open and close smoothly.

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

(3) The governor weight support/pin is worn or the

NOTE: Be careful as the taper fit comes apart after caulking is Ioose.‘ _ .
removing the nut---the governor weight {4) The governor weight support stopper is excessively

may fly out. worn.
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Chapter 3 Fuel Injection Equipment
2. Disassembly, Reassembly and Inspection of Governor

4LHA Series

Inspection of governor sleeve 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

Contact surface with shifter

replace if it exceeds the limit.
) See the service data sheet for the free length of
1 p= Contact surface with .
governor weight the governor spring.

- <>

Inspection of angleich spring assembly
\_ Replace if:
(1) There is wear to the sliding surface of the piston
Sleeve inner dia. or the surface which contacts with the shifter.

(2) 1f the assembly is broken.

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.

spring

Inspection of governor lever assembly

(1) Measure the clearance between the governor shaft FFARARL | Contact
]
and bushing, and replace if it exceeds the limit. MLV | surface

mm (in.)
Standard Standard . Inspection of torque spring assembly.
Dimension Clearance Limit Replace if:
Governor shaft - 0.065 ~ (1) The tip of the piston or the contact surface are
outer dia. 9.986~9.995 0.124 05 worn.
Bushing inner dia.|10.060~10.110 (o.g%zoag) 0.0196) (2) The torque spring is broken.
(2) Inspect the shifter contact surface, and replace the Torque spring

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. K Contact surface
Piston

(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.}

Standard side gap 0.4~ 08(0.0157 ~ 0.0315)

2. Replace the governor lever, tension lever,
bushing, shifter and throttle spring as
an assembly .
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2-3 Assembling the governor

Inspect all parts after disassembly and replace any
parts as necessary. Before starting reassembly, clean
both the new parts and parts to be reused, and put
them in order.

Be sure to readjust the unit after reassembly to obtain
the specified performance.

(1) Insert the governor weight assembly to the taper
portion at the end of the fuel pump camshaft.
Stop it through the hole in the fuel pump coupling
or by holding the coupling with a vise. Mount the
spacer, and tighten the governor weight nut.

Governor weight

. : 39.2 ~ 44.1 (4.0 ~ 4.5) N(kgf)-
tightening torque ( ) Nikgf)-m

(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.

4LHA Series

(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
spring pin.

{5) Mount the governor link to the governor lever
assembly.

NOTE: 1. Make sure that the correct governor link
mounting holes are used, and that it is
mounted in the correct direction.

2. Make sure that the governor link moves
smoothly.

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

Fit the O-ring to the side you tapped it

in from.

2. Coat the O-ring with the silicon oil for
protection during insertion,

3. Don’t forget to place washers on both

sides of the governor lever.

NOTE: 1.

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

NOTE: After mounting the governor lever assembly,
make sure that it moves smoothly.
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{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.

[] Spring set bar

Vi
Governor case

Vi UL Z Fuel
a injection
pump

Link connecting spring

—

Spring p

Aoy )
Rack link ';77

Governor link

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

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

(12) Mount the governor case cover.

(13) Insert the control lever to the control lever shaft,
and tighten the nut.

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

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

-——

mO0INOULAWN =

Fuel injection pump body

Delivery valve holder
O-ring

Delivery valve stopper
Delivery valve spring
Delivery valve assembly
Delivery vaive

Delivery valve seat
Packing

Plunger assembly
Plunger barrel

. Plunger

. Protector

. Fuel injection pump camshaft
. Bearing

. Bearing

. Bearing holder

. Oil seal

. Adjusting shims

. Tappet stopper

. Tappet assembly

Pin

23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

Roller guide

Roller

Bushing

Plunger spring seat B
Plunger spring
Plunger spring seat A
Control sleeve
Control rack

Aux. spring
Adjusting shims
Pump bottom cover

4LHA Series
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3-1 Disassembly of fuel injection pump (2) Remove the fuel feed pump.
When disassembling the fuel pump, separate the parts
for each cylinder and be careful not to get them mixed 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)
before 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.

0\\_,_\0/

(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.
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(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 camshaft 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 camshatft.
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

{(6) Remove the camshaft woodruff key.
(6) Remove the 4 bolts of the bearing holder.

(7) Place a screwdriver in the two grooves on the
camshaft bearing holder mounting surface, and
pull out the camshaft bearing holder.
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{9) Install the fuel injection pump on the pump {(11) Remove the parts of the roller guide by hand in
fixture base. the following order: plunger spring seat B, plunger,

spring, plunger spring seat A and control sleeve.

Fixture base

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

NOTE: All of the roller guides will fall out when the
fuel pump is stood up. So, first remove the
roller 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.
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{(12) Remove the control rack. {15) Push up the lower part of plunger barrel 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 not 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.
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3-2 Inspection of fuel injection pump
{1) Inspection of plunger

1) Thoroughly wash the plungers, and replace plungers
that have scratches on the plunger lead or are
discolored.

2) The plunger is in good condition if it slides down
smoothly when it is tilted at about 60°. Repeat
this several times while turning the plunger. Repair

or replace if it slides down too quickly or if it stops
part way.

600

{2) Inspection of delivery valve

1) Replace as a set if the delivery valve suck-back
collar or seat is scratched, scored, scuffed, worn,
etc.

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

3) Likewise, 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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2) Inspect the plunger barrel seat.
If there are burrs or discoloration, repair or replace
as this will lead to dilution of the lubricant.

(4) Inspection of fuel camshaft and bearings

1) Fuel camshaft
Inspect for scratches or wear of camshaft, deforma-
tion of key grooves and deformation of screws on
both ends, and replace if necessary.

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

NOTE: Replace fuel carmshafts and bearings together.

{(5) Inspection of roller guide assembly

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

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.

3) Replace if the play of the roller guide assembly
pin/roller is 0.2 mm (0.0078 in.) or more.

4) Roller pin
Replace the roller pin if its play in the radial
direction is great.
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(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 sieeve
inspect for wear or deformation of the ball and fit

to 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 rom, 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.

4LHA Series

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 barre! from the top of the pump,
adjust it with the match mark on pump body, and
tighten the nuts.

tightening torque 25.5 ~ 27.5 (2.6 ~ 2.8) N(kgf)'m

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

Match mark
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(2) Insert the packing, delivery valve assembly, spring, (7) Mount the plunger spring seat B on the head of
and stopper from the top of the pump, in that the plunger, and fit the plunger in the lower part
order, and tighten the delivery valve holder. 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.

Delivery value holder

tightening torque 39.2 ~ 4.1 (4.0~4.5) N(kgf)-m

NOTE: This is important, because if the plunger is
mounted in opposite direction, the spill way
will be reversed.

: TN
2 20l L/

Plunger insert device

(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 cycle.

(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.
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{(8) Insert the roller 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 oil seal with silicon

oil to prevent the oil seal from being scratch-
ed.

tightening torque 5.9 ~ 6.9 (0.6~0.7) N(kgf):m

NOTE: 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
assembly and tighten then lightly.

(11) Tap in the camshaft woodruff key.

3-2-29



Chapter 3 Fuel Injection Equipment

3. Disassembly, Reassembly and Inspection of Fuel Injection Pump
4LHA Series

(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 5.9 ~ 6.9 (0.6~0.7) N(kgf)'m
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4. Adjustment of Fuel Injection Pump and Governor

Adjust the fuel injection pump after completing re-
assembly. 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- '
tion starting pressure. mm {in.)
Tester used [N 2, Part code number
110 150
Y .
anmar (4.3307) | (5.9085) | 2197851010

(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.

MPa(kgt/cr)

Adjusting nozzle type
See separate

Injection starting pressure service data

Control rack blind cover

(2) Adjusting injection pipe.

mm (in.) Rack indicator
; ; See separate
Inner dia./outer dia. x length orvich
Minimum bending radius 25 (0.98)

(3) Mount the fuel injection pump on the pump tester
platform.

3-2-31



Chapter 3 Fuel Injection Equipment
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4LHA Series

(7) Complete fuel oil piping and operate the pump
tester to purge the line of air.

Y e VIR L . T ; (8) Set the oil feed pressure from the pump tester to
= ' the injection pump at the pressure specified in the
separate service data sheet.

J

| 14 | (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 14+0.5 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 cm? of
pump oill or engine oil.

"
RS )
8 NS

Pre-stroke measuring device
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{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.

4LHA Series

Adjusting shims thickness

NNNNRON = ==
AP WN-=2OODO~IOOM

{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

; ; 2~44.1(4.0~4.5)N(kgf)-
tightening torque 39.2~44.1(4.0~4.5)N(kgf)-m

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 to read, and check the
injection timing several times according to the
injection order.

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

3

~—

Readjust the pre-stroke of cylinders that are not
within the allowable deviation (increasing the
adjusting shim thickness makes the injection
timing slower, and decreasing makes it faster).

The change in injection timing effected by the
adjusting shims is as follows:

Change in shim thickness

Change in injection timing
Cam angle | Crank angle

0.1 mm (0.0039 in.) 04° 0.8°
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4-4 Plunger pressure test

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

. 98.1(1,000)
Max. pressure gauge reading MPa(kgf/cr)
Connecting screw dimensions M12x15

(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
49.0(500)MPa(kgf/ci) 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 11.8(120)/MPa
{kgf/em), and then stopping injection.

Pressure gauge

(2) After the pressure has risen to the above value,
measure the time it takes to drop from 9.81 ~ 8.83
(100 ~ 90) MPa (kgf/cr).
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5 seconds
(to drop 0.98(10}MPa({kgf/cr)

9.81~8.83(100~90)
MPa(kgf/cm)

If the pressure drops faster than this, wash the
delivery valve, 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 See separate service data

Pump rotating direction | Right looking from drive side

Rack indicator scale

reading 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 infection 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 until the injection volume for
every cylinder is the same. (within the specified
limit)

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

Tightening torque 25.5~27.5(2.6~2.8)N{kgf)'-m

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



Chapter 3 Fuel Injection Equipment
4. Adjustment of Fuel Injection Pump and Governor

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 all the way down
towards the fuel increase position. Keep the pump
atrated rpm N, .

1410.5
|
| Full load position
|
2 I
LY -
8 ! [
] |
L | |
2 1 [ L
% R, R R |
ol N _ _________ I
2 ] _] 'j
| | | |
1 | | |
0 1 1 1 1
Nl N) N' N]
Pump (rpm)

(2) Measure fuel injection volume at rack position
(Ry).

(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, }.

Control lever

4LHA Series

{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 load max. RPM

(Pump RPM) See separate service data

4-7.3 Adjusting idling
(1) Maintain the pump rpm at specified rpm (N, ).

idling adjustment boit

Control lever

Idling rpom (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 control lever with the
idling adjustment bolt to bring it to the specified
value.

Measuring stroke

See separate service data

Idling injection volume

4-7 4 Check the injection volume when starting

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

(2) Next 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 (Ng4) 200 rpm

Rack indicator scale 135~V 145
Measuring stroke 500st
Injection volume See separate service data

4-75 Check injection stop

Drive the pump at no load maximum rpm (N, ). With
governor control 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,

/
N / 4
| —
- ‘\\f v 1 —
/ G \\ \ . ’_[/
. p
//\‘ ’ -
1 imit bolt )
Torque spring Fuel timi 4 © '/_ O
1 |
e 5 ! V =)
Angleich spring” AN

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 control lever starts to move},
so that the injection volume at torque rise is within
the specified values (8 deg.)
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(4) After completing the above, tighten the lock nut to
the specified torque, and mount the governor case
cover.

N(kgf)-m

Lock nut tightening torquel 24.5 ~ 29.4 {2.5~3.0)

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 smoothly
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
[imit bolt adjustment.

Dummy nut in contact
with torque spring.

bl

e ) -h
- = ‘TL_V
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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e ¢/ /A Series

4.8.3 Smoke cut spring

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

Fuel decreasing stroke
= for smoke cut
Eql----
L
§ Rel--—-- !
1 |
= '
ki I
° |
£
x I
8 !
« ]
Ne N,
Pump speed (rpm)
%f 4
I | =
- 7 2 _ |

- .

(2 5

- H >

' \
- |
34 ;v o @
N \ - ; ; {
Rear cover )% \s

e P

Tension lever Angleich lever
(for smoke cut)

Smoke cut spring

(1

(2)

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

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 25.4~29.4{2.5~3.0)N(kgf)-m

(4)

Smoke cut spring
control revolutions

Smoke cut spring See separate service data
control injections

Before Adjusting the smoke cut spring assembly,
adjust (1) the fuel limit bolt, and
(2) the revolution limit bolt.
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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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4LHA Series

9. 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 centrifugal force to auto-
matically adjust injection timing.

Model
{dentification code See separate service data
Advanced angle

Box nut

Circlip—a

Spring retainer —@

Spring guide

Spacer

Circlip
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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

i i I 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 circlip 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 unless
necessary.

54 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.

4LHA Series

Timer weight

Circlip

_-Timer spring

Retainer

Retainer guide-
groove

Timer gear

Plate tightening
bolt

Plate

5-5 Timer reassembly
(1) Fix the plate by the tightening bolts.

N(kgf)-m

Tightening torque 22.6 ~ 26.5 (2.3~2.7)

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

N(kgf)-m
122.6 ~ 132.4 (12.5~13.5)

Tightening torque
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6. Fuel Feed Pump

6-1 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 manualty
to feed fuel while the engine is stopped, and a feed
pump, which supplies fuel while the engine is running.
The fuel feed pump is driven by an eccentric cam on
the fuel camshaft.

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

41LHA Series

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.

©

U
A\

Holder = —

Valve spring

Lh,

Valve

Gasket

$
\N \Piston
Vi

Piston spring
Gasket

Plug

=i

Valve spring
@/ Valve
&
Gasket

Priming pump

N\
@ &Snao ring
?\Roner

Roller pin

Interspindle oller 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.

4LHA Series

Qutlet '-l inlet

Inside chamber

Qutside chamber

6-2 Fuel Feed Pump Disassembly

Follow the procedure below to disassemble the fuel

feed pump.

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

(2) Remove the snap ring, and puli out the tappet
assembly.

{3) Pull out the inter-spindle.

{4) Remove the priming pump.

(5} Remove the discharge valve spring stopper, and
remove the valve and spring from inside.

(6) Remove the O-ring.

6-3 Fue! Feed Pump Inspection

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

{2) Check the piston spring for cuts, cracks, uneven
wear and rust.

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

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

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

Inlet

Inside chamber
Outside chamber

Outlet

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.

NOTE: Play in the valve seat hinders the opening and
closing of the valve, causing insufficient fuel
supply and abnormal wear of the tappets and
camshaft.

6-4 Fuel Feed Pump Reassembly

(1) To reassemble the fuel feed pump, follow the as-
sembly procedure in reverse order.

(2) When the pump has been reassembled, perform
the air-tightness test.
Apply 0.29(3)MPa(kgf/em) of air pressure to the
discharge outlet of the pump, and check for air
leaks from the O-ring. If air is leaking, replace the
O-ring.

Air pressure MPa (kgf/cm?)

Container filled
with diesel fuel
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6-5 Fuel Feed Pump Adjustment (2) Max. delivery feed volume test
1. Testing procedures for the fuel feed pump You will need the special equipment for conduct-
Set the fuel feed pump on the injection pump, and ing max. delivery pressure and delivery volume
operate the assembled unit on the pump tester. tests.

Max. delivery pressure test

Fuel piping should ‘be provided directly from the tank, NOTE: 1. Do not run the equipment for more than
not through the delivery pump of the tester. 5 minutes since the fuel injection pump
(1) Suction test for the priming pump may be damaged if operated in non-

injection condition.

2. Operate the injection pump at the speci-
fied rom, 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.

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 1m Within 30 strokes ® Volume pressure (MPatkgf/cm)):0.216~0.314(2.2~3.2)
Suction pipe dia. 98

® 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
indicator shows 0.098(1)MPa(kgf/em), and
measure the delivery rate for one minute.

e Volume { £ /min.). over 1.8
® Back pressure (MPal(kgf/eri)) :0.098(1)
e rpm. 1000

Start of delivery

Pressure gauge
0 - 0.98(10)MPa(kgf/cri)

Valve (A)
Valve (B)

Feed pump

Equipment for feed pump test Delivery test
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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.

7-2 Type/construction of fuel injection nozzle
(1) Hole type fuel injection nozzle

F.O.return pipe joint

-——— Nozzle cover mounting groove
Identification Mark 99

Nozzie holder

Nozzle spring

Nozzle spring seat
Stop plate

Nozzle valve

8
. L
Dowel pin ——. U
Nozzle
Nozzle body
@-— Nozzle clamp nut

Fuel starting pressure adjusting shim

4LHA Series

7-1 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.

)

Nozzle holder F.O.return pipe joint
| j J/ Nozzle cover
| '

Fuel starting pressure —__ i
Adjusting shim
Nozzle spring — T '
i
| ~ Dowel pin
Nozzle spring seat )
v

\ Stop plate

Nozzle valve
Nozzle nut

Nozzle body
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—4LHA Series

Hole

[

Nozzle valve

F.O. reservoir -

Nozzle body

~————— Injection hole

<
Spray angle
MPa(kgf/cm?)
Nozzle opening 26.5~27.5 23.56~24.5
pressure (270~280) (240~250)
140P355K0O 140P325KO
Nozzle type 5-$0.35X 140° 5-$0.32X140°

Engine model

4LHA-STE/STZE
STP/STZP

4LHA-DTE/DTZE
DTP/DTZP

{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

(Sample)
DLL A — 150 P 24440
|—~—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

87

Identification number
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7-3 Fuel injection nozzle disassembly

NOTE: 1. Disassemble the fuel injection nozzle in
a clean area as for fuel injection pump.
2. When disassembling more than one fuel

injection nozzle, keep the parts for each
injection nozzle separate (i.e. 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 nozzle.

Fuel injection nozzle ——

Seat

Protector

Hole type

(2) Put the nozzle in a vise

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

Holder
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NOTE: Use a special socket wrench for the hole type (5) Ciean off the carbon on the tip of nozzle with a
(the thickness of the two nozzle nuts is 15 piece of wood.
mm (0.5906 in.)). (6) Clean hole type nozzles with a nozzle cleaning
(4) Remove the inner parts needle.
NOTE: _Be qarefu{ not to loosen the spring seat, ad- Nazzle cleaning needie (piano wire)
justing shims or other small parts. 0.2mmim dia. wire, 22mm long x 5 wires
7-4 Fuel injection nozzle inspection / — =
7-4.1 Washing :
(1) Make sure to use new diesel oil to wash the fuel
injection nozzle parts. Part code no. 28210-000010
(2) Wash the nozzle in clean diesel oil with the nozzle
cleaning kit, 7-4.2 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 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 released.

Nozzle cleaning kit Rotate the nozzle a little; replace the nozzle/nozzle
body as a set if there are some places where it does not
slide smoothly.

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

2) Anzen Jidosha Co., Ltd. nozzle cleaning kit: \k A

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.

Hole type
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7. Fuel Injection Nozzle

(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 nozzle; replace if the
stop plate is excessively worn.

Hole type
Nozzle contact surface

Pin

Seal surface

mm {in.)

Nozzle contact surface wear limit ] 0.1 {0.0039)

{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 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.

Nozz'le nut tightening torque N{kgf)-m

Hole type nozzle J 39.2 ~ 44 1{4~4.5)

4LHA Series

7-6 Adjusting fuel injection nozzle

7-6.1 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,

Hole type

Nozzle tester

Injecti tarti r
njection starting pressure MPa(kgf/cm?)

4LHA-STE/STZE/STP/STZP | 4LHA-DTE/DTZE/DTP/DTZP

26.5~27.5 (270~280) 23.5~24.5 (240~250)
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7. Fuel Injection Nozzle
L 4LHA Series

7-6.2 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 1.96 (20} MPa(kgf/cni). 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.

Hole type nozzles

Replace hole type nozzles that do not satisfy the
following conditions:

o Proper spray angle (6)

¢ Correct injection angle (a)

» Complete atomization of fuel

+ Prompt starting/stopping of injection

(2

~

1

~—

a

Spray from each nozzle
hole is uniform

Poor *Excessive difference
in spray angle (6)
s Excessive difference
in injection angle (a)
*Incomplete atomization
*Sluggish starting/stopping
of injection

— O
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8. Troubleshooting

prematurely, the true cause of the trouble may never
be known. Before removing the pump from the engine,

4LHA Series
L ]

8. Troubleshooting

8-1 Troubleshooting of Fuel Injection Pump Basic check points
Complete repair means not only replacing defective *Check for breaks or oil leaks throughout the fuel
parts, but finding and eliminating the cause of the trou- system, from the fuel tank to the nozzle.
ble as well. The cause of the trouble may not * Check the injection timings for ali cylinders. Are they
necessarily be in the pump itself, but may be in the correctly adjusted? Are they too fast or too slow?
engine or the fuel system. If the pump is removed * Check the nozzle spray.

* Check the fuel delivery. Is it in good condition? Loosen
the fuel pipe connection at the injection pump inlet, and

at least go through the basic check points given here.

8—2 Major Faults and Troubleshooting

test operate the fuel feed pump.

Fauit Cause Remedy
1. Engine Fuel not (1) No fuel in the fuel tank. Resupply
won't delivered to (2) Fuel tank cock is closed. Open
start. injection (3) Fuel pipe system is clogged. Clean
pume. (4) Fuel filter element is clogged. Disassemble and clean,
or replace element
(5) Air is sucked into the fuel due to defective connections Repair
in the piping from the fuel 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
pump. (3) Delivery valve is stuck. Repair or replace
(4) Control rack doesn’t move. Repair or replace
{5) Injection pump coupling is damaged, or the key is broken. Replace
Nozzle (1) Nozzle valve doesn't open or close normally. Repair or replace

doesnt work. | (2) Nozzle seat is defective.

(3) Case nut is loose.

{4) Injection nozzle starting pressure is too low.
(5) Nozzle spring is broken,

(6) Fuel oil filter is clogged.

(7) Excessive oil leaks from the nozzle sliding area.

Repair or replace

Inspect and tighten

Adjust

Replace

Repair or replace

Replace the nozzle assembly

Injection (1) Injection timing is retarded due to faiture of the coupling.
timing is (2) Camshaft is excessively worn.
defective,

(3) Roller guide incorrectly adjusted or excessively worn.
(4) Plunger is excessively worn.

Adjust

Replace camshaft

Adjust or replace

Replace plunger assembly

2. Engine starts, but (1) Fuel pipe is clogged.
immediately stops. (2) Fuel filter is clogged.

{3) Improper air-tightness of the fuel pipe connection
or pipe is broken and air is being sucked in.

(4) Insufficient fuel delivery from the feed pump.

Clean

Disassemble and clean,
or replace the element.

Replace packing; repair pipe

Repair or replace
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8. Troubleshooting

Lo, e ] 4LHA Series

Fault Cause Remedy
3. Defective (1) Knocking sounds caused by improper (too fast) injection timing. Inspect and adjust
Engine’s injection (2) Engine overheats or emits large amount of smoke due Inspect and adjust
output is timing, and to improper (too slow) injection timing.
insufficient. | other failures.

(3) Insufficient fuel delivery from feed pump.

Repair or replace

Nozzle (1) Case nut is loose. Inspect and retighten
movement (2) Defective injection nozzle performance. Repair or replace nozzle
is defective (3) Nozzle spring is broken. Replace

(4) Excessive oil leaks from nozzle. Replace nozzle assembly
Injection (1) Max. delivery limit bolt is screwed in too far. Adjust
pump is (2) Plunger is worn. Replace
defective. (3) Injection amount is not uniform. Adjust

(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.
(7) Delivery packing is defective.
(8) Delivery valve seat is defective.
(9) Delivery spring is broken.

Inspect and retighten
Replace packing
Repair or replace
Replace

4. Idling is rough.

(1) Movement of control rack is defective.
1) Stiff plunger movement or sticking.
2) Rack and pinion fitting is defective.
3) Movement of governor is improper.
4) Delivery stopper is too tight.
(2) Uneven injection volume.
(3) Injection timing is defective.
(4) Plunger is worn and fuel injection adjustment is difficult.
(5) Governor spring is too weak.
(6) Feed pump can't feed oil at low speeds.

(7) Fuel supply is insufficient at low speeds due to clogging
of fuel filter.

Repair or replace
Repair

Repair

Inspect and adjust
Adjust

Adjust

Replace

Replace

Repair or replace

Disassemble and clean,
or replace element

5. Engine runs at high
speeds, but cuts out
at low speeds.

(1) The wire or rod of the accelerator is caught.
(2) Control rack is caught and can't be moved.

Inspect and repair
Inspect and repair

6. 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 siow. Adjust
(2) Injection from nozzle is improper. Adjust
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
8. Engine When exhaust | (1) Injection timing is too fast. Adjust
emits smoke is (2) Air volume intake is insufficient. Inspect and repair
too much| black: L .
smoke. (3) The amount of injection is uneven. Adjust
(4) Injection from nozzle is improper. Repair or replace
When exhaust | (1) Injection timing is too slow. Adjust

smoke is
white:

(2) Water is mixed in fuel.

(3) Shortage of lube oil in the engine.
(4) Engine is over-cooled.

Inspect fuel system,
and clean

Repair
Inspect
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9. Tools

4LHA Series

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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9. T
2ok 4LHA Series

Name of tool Shape and size Application

Control rack blind cover

Rack indicator

121978-51500 Rack indicator

Weight extractor
158090-51400

Nozzle plate
158090-51700

Prestroke measuring device
121978-51350
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9. Tools

4LHA Series

Name of tool Shape and size Application

Pressure gauge
0 -98.1(1000)

MPa(kgf/cm
Pressure gauge alkgf/eri)

121820-92540

M12x 1.5

Spring set bar
121978-51610

Timer extractor
144626-92700
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10. Fuel Injection Pump Specifications

Model

4LHA-STE/STZE/STP/STZP

4LHA-DTE/DTZE/DTP/DTZP

Fuel injection equipment assembly code number

M+ +@©

719173 - 51310 719175 - 51310

M+ +@)+4)

Assembly code number 119175 - 51000
Part code number 119593 - 51100
Plunger diameter mm $95
Plunger barrel assembly
Lead angle deg 45" Lower lead (right)
Identification number R7
(1) Fuel injection pump
Part code number 119593 - 51300
Suck back volume: QR mm?/st 59
Delivery valve assembly
Angleich cut mm 0.30
Identification number —
Camshaft Part code number 119175 - 51030
Assembly code number 119175 - 61000
Governor weight Part code number (type) 119173-61200 (2 weights)
Part code number 119588 - 61700
Governor spring Spring constant N(kgf)/mm 7.55 (0.77)
2) Governor
Free length mm 63
Type Angleich spring for smoke cut (Inverted angleich)
Smoke cut device
Part code number 119174 - 61550
Engine stop device Pulling stop lever
Assembly code number 119593 - 52000
(3) Fuel feed pump
Type Piston type
Assembly code number D19175-54102 D19588-54100
4) Automatic advancing timer Advanced angle: 6 cam. deg. 2.5° 2.1°
Identification number 225 —
Injection order (Count from drive side) 1-3-4-2-1
Injection interval 90’

Remarks

Governor with smoke cut device
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6. Piping Diagrams

11. Service Data

@ 4L HA-STE/STZE/STP/STZP

@ 4LHA-DTE/DTZE/DTP/DTZP

Calibration data

- Rack position Pump speed (Manufacturer STD) Remarks
E= (mm) (rpm) Average inject. | Max. variation
g gty. (mm?/st) between cyls. (%)
c | ® (0) 200 120230 — BCS cancel
RS,
S ® (2.0) 600 63+3.5 — BCS works
£ 13 (—2) 1000 13543 — Inverted angleich
o]
= ® | —25*0.2 1650 130+2 +3 Max. (fuel stop) rating
E 1o (4.1) 375 9+3 +15 Low idle
z | O (5.4) 1850 8~15 — Max. idle

@ (2.4) 1300 (Expected 13.5) — Measuring point

Nozzle, nozzle holder assy.

D19175—53200(CL)

Calibration data

- Rack position Pump speed (Manufacturer STD) Remarks
= (mm) (rpm) Average inject. Max. variation
S gty. (mm¥/st) between cyls. (%)
g ® (0) 200 12030 — BCS cancel
B ® (2.0) 600 77+35 — BCS works
£ 1@ (0) 1000 115+3 — Inverted angleich
(o]
‘GEJ @ | —1.0%0.2 1650 108+2 +3 Max. (fuel stop) rating
E @ (5.0) 375 9+3 +15 Low idle
z @ (6.0) 1850 8~15 — Max. idle

@ (—0.5) 1300 (Expected 115) B Measuring point

Nozzle, nozzle holder assy.

D19173—~53200

o | Nozzle 5— ¢0.35 (YDLLA140P355K0) —
S E
© 3 | Nozzle holder For 4LHA-STE —
c .
2E | Nozzle opening press. 270~280kgf/cm? —
-c et
§ é Transfer pump press. 4.6kgt/cm? —
E :% Injection pipe ¢ 6.35X ¢ 2X475mm —
® | Test fuel oil Diesel fuel oil JIS No.2 —
Fuel temp 40C —
® Direction of rotation : Clockwise (viewed from driving side)
® |njection order : 1-3-4-2-1 (No1 from driving side)
-6 N S e e e e e S B e
Boost press 0.2Mpa (2kgt/cm?) or more — 8
-4 \d A—Full rack when BCS canceledt— b
\ | |/ %_@ | | 3.75 8
£ -2 T 4 E oS
= ¥ N\ € g SO N (S U IR U
% Or 4 "Ce@ - - : ‘ 5 \E, (% -2 //
; 2 & l \ 6 E @) /
= NEe | = a 0 -~
3 \ahY i - S Y N
Ja Y Y S S . Full rack when BCS worked 7 F:E I 2 <
x N S c o4 04 08 12
6 + g8 Ww .
é | | :\ = (0.15)] 1 0.2 {1.21)
8 A ° BOOST-PRESS. (kgf/cm?)
o -
12 : ol
0 2 4 6 8 10 12 14 16 18 20

PUMP SPEED X 102 (rpm)

PUMP SPEED X 102 (rpm)
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o | Nozzle 5—0.32 (YDLLA140 P325K0) —
S E
* 2 | Nozzle holder For TN100 E—
2 .
£ E | Nozle opening press. 240~250kgf/cm? —
© +~—
§ é Transfer pump press. 4 6kgf/cm? —
E g Injection pipe ¢ 6.35X ¢ 2X475mm —
©
® | Test fuel oil Diesel fuel oil JIS No.2 —
Fuel temp. 40C —
® Direction of rotation : Clockwise (viewed from driving side)
® Injection order : 1-3-4-2-1 (No1 from driving side)
-6 T T T T T T T T 1T T T 17
Boost press. 0.2Mpa (2kgf/cm?) or more 8
_4 | | § i | 1 | { | | +
¢ TP T T i1 2
=, —F Full rack wher|1 BFS cance|led . 2
- T _
E P |4 T l 4 = £ 4
= A T2 0, E
> O 1% . T 5 E e 2
O ® , 17> 2 i ik it il il o
E 2 % e & g o =t
o0 A : I }IC )
Q 4 ‘ Fullrack when BOS worked 1t A4 7 1= Q LY !
< : - & c oM o4 08 12
Q s RS i —8 W 0.15) [ 0.2 (0.85)
= : = —
8 T + 9
; N BOOST-PRESS. (kgf/cm?)
10— =1~ - S mEEE
12 : J
0 2 4 6 8 10 12 14 16 18 20
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Chapter 4 Intake and Exhaust System
1. Intake and Exhaust System

1. Intake and Exhaust System

1-1Intake and exhaust system

Air introduced from the intake air silencer passes through the
air duct to the air cooler where it is cooled, and is then distrib-
uted to each cylinder via the intake manifold.

Exhaust gas goes from heat exchanger (ftesh water tank)
through the water-cooled turbocharger to the mixing elbow
and is discharged with the sea water.

Lub.Oil Cooler

Exhaust manifold
(fresh water tank)

Air Cooler Specifications

Type Sea water cooled, plate fin type

NOTE: «, Charging Air
= Exhaust gas and Sea-water

4-1
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Chapter 4 Intake and Exhaust System
2. Intake Silencer

4LHA Series
n
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
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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 models equipped with an air heater between the
manifold and coupling, inspect the nickel-chrome wires
for breakage, damaged contacts, etc.,

4LHA Series

Cylinder head

Intake manifold
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4. Turbocharger

P . /[ /A Series

4 Turbocharger

4 - 1 Construction and Function

4 -1 -1 Construction and function
(1) Turbine

The exhaust gas coming out of the engine is accelerated of its flowing speed through the nozzle of
the turbine housing and blown against the turbine wheel to give the torque to the turbine shaft.

This is called the turbine, in which the seal rings and shrouds are built in to prevent adverse
influence to the bearings by the gas.

(2) Blower

The compressor impeller mounted on the turbine shaft receives torque from the turbine shaft, sucks
the air and compress it to be fed to the air intake pipe. This is called the compressor or blower.

(3) Bearing
1) Thrust bearing

Since thrust force is continuously applied to the turbine shaft, it is designed to prevent the shaft
from movement by the thrust.

2) Radial bearing

The floating bearing type is adopted. Since this type has double oil film layers at inside and
outside surfaces of the bearing, causing the bearing itself to rotate together with the shatt, the
slippage speed of bearing is lower than the turbine shaft revolution, thereby, the dynamic
stability is improved, when compared with the normal type bearing.

(4) Sealing structure at blower side

The dual-wall structure is adopted for the rear of compressor housing for preventing leakage of
intake air and oil. Further, seal ring and oil defensive plate are provided.

4-4
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4. Turbocharger

4LHA Series

Sectional View (RHC61W model)

Components

Qty

Turbine shaft

Thrust bushing

QOil thrower

Compressor side seal
ring

— |t ] -

Turbine side seal ring

Shaft end nut

o|cle| ®lelele|d

Compressor impeller

Seal plate

Oil defensive plate

Floating bearing

Thrust bearing

Compressor housing

TORX T screw bolt

Turbine housing

Thermal insulation
plate

TORX T screw bolt

Bearing housing

Retaining ring

TORX T screw bolt

TORX T-shape pan
head small screw

AlW[W|=

Tightening torque: 3.7 + 0.3 N-m

Apply liquid gasket here.

(38 £+ 3 kgf-cm)

Apply Loctite No.242 here.

Tightening torque: 28 + 1 N-m

(285 + 10 kgf-cm) (N = 4)

@ &

)

Tightening torque:
23+ 1N-m -
| (230 10 kgi-cm)

Ol Gg

¥

7) Tightening torque:
7.81+05N'm

(80 + 5 kgf-cm)

Liquid gasket

OB OPBPBID Bl ®B| BB BB| |8

Liquid gasket

Waste gate actuator

E-type retaining ring

Boost hose

Hose clip

eelee@

Boost pipe

- I |~ | =k |-
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4. Turbocharger

4LHA Series

4-2 Components(RHC61W Turbocharger)
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4. Turbocharger

4LHA Series
4 -3 Service Specifications
4 - 3-1 Service standards
J
o8 B o -
— [l
g D o —\
F plHB-AHcC Tt
E 4G !
K I 1
1 C -
- e
(Unit:  mm)
Inspection item Usable limit Remarks
Turbine shaft | Turbine shaft journal outside diameter (A) 11.380
Turbine side seal ring groove width (E) 1.330
Compressor side seal ring groove width (G) 1.520
Turbine shaft runout 0.011
Bearing Floating bearing inside diameter (C) 11.460
Floating bearing outside diameter (D) 15.980
Bearing case inside diameter (B) 16.110
Thrust Thrust bearing width (J) 4.280
bearing | Thrust bushing groove to groove distance (K) 4.480
Sealring | Turbine side (bearing wheel chamber) (F) 17.030
Inserting area | compressor side (seal plate) (H) 14.050
Turbine shaft play in axial direction 0.110 Se(;v(;%etstgrz)%ard:
Turbine shaft play in radial direction 0.205 Segv:%etgtgr;d?ard:

4-7



Chapter 4 Intake and Exhaust System
4. Turbocharger
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4 - 3-2 Nut and bolt tightening torque

Tightening parts N-m (kgf-cm)
Turbine housing set bolt (M8) 28 +1 285+ 10
Compressor housing set bolt (M8) 23+1 230 +£10
Thrust bearing set bolt (M4) 3.7+03 38+3
Seal plate set bolt (M8) 23 +1 230 £ 10
Compressor impeller set nut (M7) (left-handed thread) 78+05 80t5
Actuator set bolt (M8) 28 £1 285 + 10
Valve case cover set bolt (M8) 28+ 1 285+ 10
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4. Turbocharger 4LHA Series

4 - 4 Periodic Inspection Procedure

4 -4 -1 Periodic inspection intervals

Periodically inspect the turbocharger for the overall conditions and fouling. The checking interval
varies with the operating conditions, but refer to the table below as guideline.

- Inspection interval
Inspection item Every 6 months Every 12 months | Every 24 months
or 1,500 hours or 3,000 hours or 6,000 hours
Rotation of turbine shaft O
Play of turbine shaft O
Overhaul and inspection @

4-4-2 Inspection procedure
(1) Rotation of turbine shaft

Inspect the turbine shaft operation by listening to any abnormal sounds during running. For
inspection using a listening bar, bring the tip end of the bar into strong contact with the turbocharger
case and raise the engine speed gradually. If any high pitch sounds are generated at intervals of 2
to 3 seconds, the rotation is abnormal. Since the bearing or rotor may be defective in this case,
either replace or overhaul the turbocharger.
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4. Turbocharger
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(2) Inspection of turbine shaft play

Remove the turbocharger from the engine and inspect the turbine shaft play in the axial and radial
directions according to the procedures below.

After removing the turbocharger from the engine, always blind the oil inlet and outlet ports with
gummed tape.

1) Turbine shaft play in axial direction

Magnet base

Turbine wheel chamber

Move the turbine

Dial indicator 4= shaft in the axial
direction.
Service standard :  0.06 to 0.09 mm Qil
Wear limit : 0.1t mm inlet

(Play in axial direction)

2) Turbine shaft play in radial direction

Dial indicator
Magnet base
Move the turbine
shaft in the radial
direction at the
same time on the
== left and right sides.
| ==
Service standard  : 0.10t0 0.17 mm !
Wear limit 1 0.205 mm inlet
(Play in radial direction)
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4. Turbocharger
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4-5 Disassembly Procedure

4-5-1 Preparation for disassembly

In addition to the general tools, the following special tools are required for disassembling and

reassembling the turbocharger.

Tool name Use lliustration
Bar For removing thrust bearing and thrust
bushing 106 P I
Set—"
Material: Copper or brass
Pliers For removing and installing floating
bearing retaining ring
Pliers For removing and installing seal ring

Torque screwdriver for
TORX bolt

(Universal type)

5 to 50kgf-cm

(0.49 to 4.90 N-m)

For installing thrust bearing, for
M4 (1.27+0.1N-m(13kgf-cm)]

Available in the market

(Type: TORX TT20 or equivalent)

Torque wrench for
TORX bolt
(Universal type)

For installing turbine housing, for M8
(28+1N-m(285kgf-cm)]

For installing compressor housing,
for M8 (23+1N-m(230kgf-cm))

For installing seal plate, for

M8 (231N m(230kgf-cm))

Available in the market

(Type: TORX TT40 or equivalent)

Torque wrench
(single purpose type)

For tightening shaft end nut, for
M7 (7.84N-m(80kgf-cm))

SF————ea-

Box spanner

For fixing turbine shaft
(14mm x 12 pointed head)

=

Box part alone may be used.

Probe

For measuring play in axial and radial
directions

, 8 =60

To be attached to a dial indicator

L

2

To be knurled here
(rolette)

H 0.26X0.45

4 1%
10R-_5R
N - I
o {_‘an_jo
SR
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4. Turbocharger
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4-5-2 Inspection before disassembly

(1) Check the turbine wheel and compressor
impellers for interference with their housings.
Also, check that the turbine shaft rotates smoothly.

(2) Measure the turbine shaft play
(See 3.8.4.2.2 Inspection of turbine shaft play)

1) Turbine shatft axial play
Wear limit: 0.110 mm

2) Turbine shaft radial play
Wear limit:  0.205 mm

4-5-3 Disassembly

— [NOTICE]

As mounting angles of the turbine housing,
bearing housing and compressor housing of
the turbocharger are determined according to
their mounting status on the engine, put match
marks before beginning disassembly.

(1) Remove the boost hose
1) Move the hose clip €9 to the center of boost hose

@

2) Disconnect boost hose @3 from compressor
housing 39 and waste gate actuator ).
(2) Remove the compressor housing

1) Remove the M8 TORX T screw bolt 33 using the
torque wrench (TT40).
2) Remove compressor housingG).

Note 1: The liquid gasket is applied to the
compressor housing @) and seal plate @)
mounting surfaces.

Note 2: Pay attention §9 as not to damage the
compressor impellers when disassem-
bling the compressor housing.

(3) Remove the compressor impeller
1) Attach the box spanner (14 mm) to the shaft end

of turbine shaft M on the turbine side and remove
the shaft end nut .

[NOTICE]

Pay attention to the loosening direction as the
shaft end nut has left-handed thread.

2) Remove compressor impeller ®.

412
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(4) Remove the seal plate

1) Loosen M8 TORX T screw bolt 63 securing the
seal plate, using the torque wrench (TT40).
2) Remove seal plate @).

Note: Lightly tap the bearing housing side of the
seal plate by a wooden hammer.

Note: The liquid gasket is applied to the seal
plate and bearing wheel mounting
surfaces.

3) Remove oil thrower 3 from the seal plate.

(5) Remove the turbine housing

1) Remove M8 TORX T screw bolt @4) using the
torque wrench (TT40).
2) Remove turbine housing @i

(6) Pull off the turbine shaft

1) Lightly and manually secure heat insulation plate

@2 and pull off turbine shaft M.

Note: If the turbine shaft is too tight, lightly tap
the shaft end on the blower side by a
wooden hammer.

2) Remove heat insulation plate @2.

(7) Remove the thrust bearing and thrust bushing

1) Loosen M4 TORX T screw bolt 63 securing the
thrust bearing, using the screwdriver (TT20).

2) Remove thrust bearing @ and thrust bushing @
using a bar (copper).

(8) Remove the floating bearing

1) Remove floating bearing @) on the compressor
side from bearing housing 3.

2) Remove retaining ring & on the turbine side from
bearing housing ), using the retaining ring pliers.

3) Remove floating bearing @) on the turbine side
from bearing housing 69

4) Remove far-side retaining rings 62 of turbine and
compressor sides from bearing housing 63, using
the retaining ring pliers.

(9) Remove the seal ring

1) Remove seal ring ® on the turbine side from
turbine shaft .

2) Remove seal ring @ on the compressor side
from oil thrower .
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4 - 6 Cleaning and Checking Procedures
4-6-1 Cleaning
(1) Checking before cleaning

Before cleaning, visually check each part for any trace of seizure, wear, foreign matter or carbon

deposits. When parts are disassembled because of any trouble, carefully check for identifying the
cause of trouble at this stage.

<Major checking items>

Check item Position to be checked

Carbon deposits 1) Turbine side seal ring of turbine shaft ® and turbine wheel
backside

2) Mounting portions for bearing housingj and thermal insulation
plate @2 and inner wall of bearing housing

Lubrication status 1) Journal of turbine shaft(d thrust bushing @ and oil thrower @

(wear, seizure, 2) Floating bearing @) and thrust bearing @
discoloration, etc.)

3) Internal circumference of bearing case of bearing housing)
Oil leakage 1) Inner wall of turbine housing@)

2) Outer surface of bearing housing6) and thermal insulation
plate 49 mounting area

3) Turbine side seal ring ® of turbine shaft @ and turbine wheel
backside

4) Inner wall of compressor housing @)
5) Backside of compressor impeller

6) Surface of seal plate @ and seal ring @ inserting area

4-14
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(2) Cleaning procedure

Part Tools and detergent Cleaning procedure
(1) Turbine 1. Tools 1) Immerse the turbine shaft in the washing
shaft 1) Washing bucket bucket filled with detergent and warm up.
(500 x 500) Do not strike the blade to remove the
2) Heat source: carbon.
Steam or gas burer |2) Immerse in the detergent until the carbon
its are softened.
3) Brush and other deposits s
2. Detergent 3) Use a plastic scraper or har.d hair brush to
remove the softened deposits.
General carbon
removing agent 4) Pay full attention so as not to damage the
available in the bearing surface and seal ring groove of the
market turbine shaft.

5) Any deposit remaining on the turbine shaft
due to improper washing may cause
unbalancing. Be sure to remove
thoroughly. Never use a wire brush.

(2) Turbine 1. Tools 1) Immerse the turbine shaft in the washing
housing Same as those for bucket filled with detergent and warm up.
turbine shaft Do not strike the blade to remove the
2. Detergent carbon.
Same as that for 2) immerse in the detergent until the carbon
turbine shaft and other deposits are softened.

3) Use a plastic scraper or hard hair brush to

remove the softened deposits.
(3) Blower 1. Tools 1) Immerse in the detergent filled in the
impeller 1) Washing bucket washing bucket until the deposit is
and (500 x 500) softened.
housing 2) Brush 2) Use a plastic scraper or hard hair brush to
remove the softened deposits. Never use
2. Detergent .
a wire brush.
(4) Others (1) Wash all other parts with diesel oil.
(2) Clean all lubricating oil paths by blowing with compressed air.
(3) Be especially careful so as not to damage and get them rusted.
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4-6-2 Inspection procedure
(1) Compressor housing@)

Check the compressor housing for any contact traces
with the compressor impeller and defect, dent or
cracks at joint surfaces, and replace if it is defective.

(2) Turbine housing@)

Check for any contact traces with the turbine wheel,
separation due to degradation by oxidation of the case
surface, thermal deformation or cracks. Replace
with a new one if defective.

(3) Compressor impeller ®

Check for any contact traces, chipping, corrosion or
deformation. Replace with a new one if defective.

(4) Turbine shaft ®

1) Check for any contact traces, chipping, thermal
discoloration or deformation at the turbine wheel.
Check the shaft portion for bend, the journal
portion for thermal discoloration or abnormal
wear, and the seal ring groove for surface defect
or wear. Replace with a new one if defective.

2) Measure the outside diameter (A) and seal ring
groove width (E) of the turbine shaft journal.
Replace with a new turbine shaft if beyond the
wear limit.

Wear limit of journal outside diameter (A):
11.38 mm

Wear limit of seal ring groove width (E):
1.33 mm

3) Measure runout of the turbine shaft. Replace

with a new one if measured runout exceeds
0.011 mm.

(5) Thermal insulation plate@

Check the thermal insulation plate for any contact
traces, thermal deformation or corrosion. Replace
with a new one if defective.

4-16
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(6) Thrust bushing @, oil thrower @ .
and thrust bearing) Thrust bushing G
Check each part for wear, surface defect and dis- \ [l——
coloration. Replace with a new one if defective even Lr
if dimensions G and K are within the wear limit.
JJ_\_/\.
; K
1) Thrust bUShlng @ . . ‘*Lr“— Oil thrower
Measure the seal ring groove width (K) of the (Measuring dimensions of thrust bushing)

thrust busing. Replace with a new one if the
measured value exceeds the wear limit.

Wear limit: 4.48 mm

2) Oil thrower @
Measure the seal ring groove width (G).
Replace with a new one if the measured value
exceeds the wear limit.

Wear limit:  1.52 mm

3) Thrust bearing(2)
Measure the thrust bearing width (J). Replace
with a new one if the measured value exceeds
the wear limit.

Wear limit: 4.28 mm

(7) Floating bearing()

1) Check the floating bearing for abnormal wear,
discoloration or surface defect. Replace with a
new one if defective.

2) Measure inside diameter (C) and outside
diameter (D) of the bearing.
If it exceeds the wear limit, replace.

Wear limit
Outside diameter: 15.98 mm
Inside diameter: 11.46 mm
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(8) Bearing housing )

1) Check the castings surface for separation, dents
and cracks caused by oxidation degradation.
Replace faulty parts with new ones.

2) Check the retaining ring 62 for breakage and
cracks. Replace with a new one if defective.

3) Measure dimensions (B) and (F) of the bearing
housing shown in the illustration. Replace if
either measured value exceeds the wear limit.

Bearing housing inside diameter (B)
Wear limit:  16.11 mm

Seal ring insertion hole on turbine side (F)
Wear limit:  17.03 mm

(9) Seal plate @

1) Check the seal plate for any contact traces and
defect, dent or cracks of the joint surfaces.
Replace with a new one if defective.

2) Measure the seal ring insertion hole (H) on the
compressor side.

Replace the seal ring with a new one if the
measured value exceeds the wear limit.

Wear limit: 14.05 mm

(10) Seal rings @ and
Replace seal rings with new ones.

(11) Check bolts, etc. for deformation.
Replace with new ones if defective. Also, replace the

M4 and M8 TORX T screw bolt 69 and 3 with new ones.

4-18
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4 -7 Reassembly Procedure
4 -7 -1 Preparation for reassembly

(1) Prepare tools

Prepare general tools, special tools, liquid gasket
(Three Bond No.1207) and LOCTITE No.242
before reassembling the turbocharger.

(2) Replace the parts
Always replace the following parts with new ones:

Turbine side seal ring ® (1 pc.)
Compressor side seal ring @ (1 pc.)
M4 pan head small screw& (3 pcs.)
M8 pan head small screw69 (4 pcs.)

4-7-2 Reassembly
(1) Installation of floating bearing
1) Install retaining rings 6 to bearing housing &)
using the retaining ring pliers.
2) lInstall the turbine side floating bearing @) to
bearing housing 3.
3) Install the turbine side retaining ring 62 to bearing
housing ) using the retaining ring pliers.

4) Install the compressor side floating bearing @) to
bearing housing 3.

[NOTICE]
e The rounded surface of retaining ring faces
to the bearing.
e Apply engine oil to the floating bearing
before reassembly.

(2) Installation of turbine shaft

1) Fit seal ring ® onto turbine shaft .

2) Install thermal insulation plate @) to bearing
housingG) on the turbine side.

3) Apply engine oil to the journal portion of the
turbine shaft and insert the shaft from the turbine
side of bearing housing ).

[NOTICE]

Pay sufficient attention so as not to damage
the floating bearing by the turbine shaft.
Position the seal ring end on the lube oil inlet
side after centering with the turbine shaft.
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(3) Installation of thrust bearing

1) Fit thrust bushing @ on turbine shaft (.

2) Apply engine oil to the bearing portion of thrust
bearing @) and install it in bearing housing 9.

3) Apply Locktite on the threaded portion of M4
TORX T screw bolt 63 used for mounting thrust
bearing and install it to the specified torque using
the TORX torque screwdriver.

Tightening torque:
3.73%+0.3N-m(38+3kgf-cm)

(4) Installation of turbine housing

1) Install bearing housing 63 to turbine housing @),
aligning match marks marked before dis-
assembly.

[NOTICE]

If the parts are replaced, install while
confirming the oil inlet and outlet positions
and the exhaust gas inlet position.

Tighten M8 TORX bolt @3 using the TORX torque
wrench.
Tightening torque:
27.95E1N-m(285+10kgf-cm)
(5) Installation of seal plate
1) Fit seal ring @ to oil thrower ).
2) Insert oil thrower 3 into seal plate (.

Note: Position the seal ring end on the oil inlet
side. prad e
3) Apply the liquid gasket (Three Bond No.1207) on s \
the flange surface of seal plate @ on the turbine
side. 3 AN
Note: See the figure on the right for the applying X
position.
Liquid gasket thickness: 0.1 to 0.2 mm
4) Install seal plate @ to bearing housing ).

5) Apply Locktite on the threaded portion of M8
TORX bolt 69 for seal plate mounting, and tighten
it with the torque wrench.

Tightening torque:
22.56E1N-m(230+=10kgf-cm)

4
D::jJ

Liquid gasket Carefully prevent the
applying position liquid gasket from leaking
out to this area.

Applying liquid gasket to seal plate]
and compressor housing
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(6) Installation of compressor impeller

1) Fit compressor impeller onto turbine shaft (D.

2) Set a box spanner (14 mm) on the turbine side

end of turbine shaft M and tighten shaft end nut
@.

[NOTICE]

Since the shaft end nut has the left-handed
thread, pay attention to the tightening
direction.

Tightening torque:
7.84£0.5N-m(80+5kgf-cm)

(7) Installation of compressor housing

1) Apply the liquid gasket (Three Bond No.1207) to
the compressor side flange surface of seal plate
@.
Note: For the applying position, see 3.8.7.2.5.
Liquid gasket thickness: 0.1 to 0.2 mm

2) Assemble compressor housing @) to bearing

housing 63, aligning match marks marked before
disassembly.

[NOTICE]

If the parts are replaced, install while
confirming the oil inlet and outlet positions
and the exhaust gas inlet position.

3) Tighten M8 TORX bolt 33 using the TORX torque
wrench.

Tightening torque:
22.561N-m(230=+10kgf-cm)

(8) Installation of boost hose
1) Place hose clip @9 on the center of boost hose 3.

2) Fit boost hose @) to compressor housing 3) and
waste gate actuator §j.

3) Move hose clip € to the nipple portion of
compressor housing @) and waste gate actuator
@), to prevent boost hose 3 from disconnection.
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(9) Measurement of turbine shaft play

See the inspection procedure in section 3.8.4.2.2 for
the measurement method.

If the turbine shaft play does not satisfy the standard,

reassembly is necessary since poor assembly or use
of a wrong part is conceivable.

1) Turbine shaft play in axial direction
Service standard:  0.06 to 0.09 mm

2) Turbine shaft play in radial direction
Service standard:  0.10 to 0.17 mm

4 - 8 Handling after Disassembly and Reassembly

When installing the turbocharger on the engine or
handling the turbocharger after installation, strictly
observe the instructions given below.
Especially pay full attention for preventing foreign
matter entrance into the turbocharger.

4 - 8 - 1 Instructions for turbocharger installation
(1) Lubrication path

1) Add new engine oil through the oil inlet port
before installation on the engine, and manually
turn the turbine shaft to lubricate the floating and
thrust bearings.

2) Flush the oil inlet pipe from the engine and outlet
pipe, and check for crushed pipe and dirt or
foreign matter remaining in the pipes.

3) Connect the pipes securely so as to ensure no oil
leak from joints.

(2) Intake path

1) Check the intake line for foreign matter or dirt.
2) Connect securely to prevent any air leak from
joints with the intake duct and air cleaner.

(3) Exhaust path

1) Check the exhaust system for dirt and foreign
matter.

2) Since heat resistant steel nuts and bolts are used
for the installation, do not use ordinary nuts and
bolts for other use. Always apply anti-seizure
agent on set nuts and bolts at tightening. (Use
heat resistant bolts for the turbine housing.)

3) Connect exhaust pipes securely to prevent gas
leak from each pipe joint.
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4 - 9 Troubleshooting

4LHA Series

Sufficient turbocharger performance and required engine output cannot be obtained if there is any
In such a case, first check each engine part to see if there is any fault. Then, inspect the
turbocharger for troubleshooting according to the procedure shown below.

fault.

4 - 9 -1 Excessively dense exhaust smoke

<Insufficient intake air amount>

Possible cause

Corrective action

1)
2)
3)

Clogged air cleaner element
Blocked air intake port

Leak from a joint in intake line

Replace or wash the element.

Remove obstruction.

Inspect and repair.

<Turbocharger operation failure>

Possible cause

Corrective action

1)

2)

3)

Deposit of impurities in oil sticking on the
turbine side seal portion to hamper
smooth turbine shaft rotation

Bearing seizure

 [Insufficient lubrication or clogged
lubrication piping

¢ Excessively high oil temperature
o Unbalanced rotating part

o Insufficient warming up or sudden
stop from loaded operation (no-load
operation)

Contact or breakdown of turbine wheel or
compressor impeller

e Over speed

o Excessive exhaust temperature rise
o Foreign matter invasion

e Worn bearing

¢ Faulty assembly

o Turbocharger overhaul (disassembly and
washing) and engine oil replacement

e Turbocharger overhaul (disassembly and
repair)
Inspect the oil system of the engine and
repair faulty parts and replace the engine
oil.

o Replace or wash the faulty rotating part.

o Strictly observe instructions in the
operation manual.

¢ Inspect and repair faulty engine parts.

e Completely remove foreign matter after
disassembling. Inspect the air cleaner
and engine parts and repair as needed.

e Disassemble turbocharger for repair.
e Reassemble.
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<influence of exhaust resistance >

Possible cause Corrective action

1) Exhaust gas leak before the turbocharger|e Check the mounting portions and repair as

to decrease its speed needed.

2) Since exhaust piping is deformed or ¢ Repair the pipe to the normal operating
clogged, turbocharger speed does not condition.
increase.

4 - 9 - 2 White exhaust gas color

Possible cause Corrective action

1) Oil flows to the compressor or turbine e Repair or replace the piping.
side due to clogged oil return pipe.

2) Abnormal wear or breakage of seal ring |[e Disassemble and repair the turbocharger.
by excessive wear of bearing

4 - 9 - 3 Excessive engine oil consumption

Possible cause Corrective action

1) Abnormal wear or breakage of seal ring |e Disassemble and repair the turbocharger.
by excessive wear of bearing

4 - 9 - 4 Engine output drop

Possible cause Corrective action
1) Gas leak at exhaust system e Check for fauity part and repair.
2) Air leak from discharge side of
compressor
3) Clogged air cleaner element e Wash or replace the element.
4) Dirty or damaged turbocharger e Disassembie and repair or replace the
turbocharger.

4 -9 -5 Poor (slow) response (starting) of turbocharger

Possible cause Corrective action

1) Hard carbon deposit on the turbine side |e Replace engine oil and wash the

(wheel sealing) to hamper turbine shaft turbocharger after disassembly.
smooth rotation

2) Incomplete combustion e Check the engine combustion system and
take corrective action to obtain good
combustion.
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4 - 9 - 6 Abnormal sound or vibration

<Abnormal sound>

Possible cause Corrective action

1) Excessively narrowed gas path due to « Disassemble and wash the turbocharger.
clogged nozzle in turbine housing or
reverse flow of blower discharge during
acceleration (generally called surging)

2) Contacting rotating parts ¢ Disassemble and repair or replace the
turbocharger.

<Abnormal vibration>

Possible cause Corrective action

1) Loose intake, exhaust or oi pipe e Check pipe connections of the
connection with the turbocharger turbocharger and repair as needed.

2) Chipping of turbine wheel or compressor |e Disassemble and repair or replace the
impeller caused by contacting between turbocharger. If foreign matter has
rotating part and adjacent parts due to invaded, completely remove it.
damaged bearing, or invasion by foreign
matter

3) Unbalanced rotating part ¢ Repair or replace the rotating part.
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5. Mixing Elbow

5-1 Mixing elbow inspection

(1) Clean dirt and scale out 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.

Sea water
——— $ 54 ($2.13in)

I

Exhaust gas

$ 102 (44.02in)

Outlet
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4LHA Series
6. Breather
6-1 Construction 6-2 Breather inspection
The mist in the crank chamber goes past the tappets in the (1) Check to see whether the 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.

FLYWHEEL SIDE
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1. Lubrication System
4LHA Series

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 coaler. It returns from the oil 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 crank-
shaft journal, lubricates the crank pin from there and a portion
of the oil is fed to the camshaft bearings.

Oil is sent from the gear case camshatft bearing through the

4LHA-HTE/HTZE/HTP/HTZP

Rocker shaft

Turbo charger

Crank shaft

Oil gallery

|

Oil cooler

e
[ Qit (ilterJ Fafety valveJ

Regulator valve

0.3910.049(410.5)
MPa(kgf/cni)

Safety valve

1.22610.098{12.5+ 1)
MPaikgf/cm)

Oil pump

Oil strainer

5-1

holes in the cylinder body and cylinder head to the valve arm
shatt to lubricate the valve arm and valves.

Oil is also sent from the main gallery to the piston cooling
nozzle to cool the piston surface, and is sent through the in-
termediate gear bearing (oil) holes to lubricate the intermedi-
ate 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.

4LHA-DTE/DTZE/DTP/DTZP
4LHA-STE/STZE/STP/STZP

Rocker shaft

Cam shaft

Crank shaft

Qil gallery Turbo-charger

Qil cooler

Regulator valve

0.39£0.049(410.5)

Oil filter Safety valve
MPatkgf/cm) L 1 I J
| Safety valverI v

1.276:0,098(1252 1) [ou pump | ﬂ [on pump (2ﬂ

7MPa(kg€lcm'l ] I
L Qil strainer ] F)il strainer J
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1-1 Construction

Qil cooler housing

Lube oil filter

Piston cooling nozzle
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2. Lube Oil Pump

2-1 Lube oil pump construction

The trochoid 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 0.39(4)MPa (kgf/cm)

4LHA Series

Intake

Exhaust
Quter rotor

SYC ST

Gasket
~NYC
-« Q C ! Lube oil pump
|

Oil pressure safety valve
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4LHA Series

Gear

l H Outer rotor

( {nner rotor

\ = | "~ Rotor shah

Pump body

-

/

Side cover

Oil pressure safety valve

2-2 Specifications of lube oil pump

4LHA-HTE 4LHA-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 ¢/H
Discharge pressure 0.39(4) MPa(kgf/cm) 0.39(4) MPa(kgf/cm)
Safety valve openning pressure 1.18(12) MPa(kgf/cm) 1.18(12) MPa(kgf/cm)
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2-3 Lube oll pump disassembly

(1) Remove the lube oil pump assembly from the engine
plate.

(2) The lube oil pump cover may be disassembled, 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.
These parts cannot be reused after disassembly.
Replace if necessary as an assembly.

2-4 Lube oil pump inspection

(1) Clearance between outer rotor and pump body
Insert a feeler gauge between the outer rotor and pump
body to measure the clearance, and replace if it ex-
ceeds the limit.

Outer rotor

Body

Feeler gauge

mm (in.)
Standard Wear limit
Outer rotor and 0.100 ~ 0.155 0.20
pump body clearance (0.0039 ~ 0.0061) (0.0098)

(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
rotor tooth, and replace if it exceeds the limit.

Inner rotor

Outer rotor

Feeler gauge

5-5

4LHA Series

—

Clearance

Inner rotor

Outer rotor

mm (in)
Standard Wear limit
Quter rotor and 0.050 ~ 0.105 0.15
inner rotor clearance (0.0019 ~ 0.0041) (0.0059)

(3) Clearance between pump body and inner rotor side of
outer rotor
Place a straight-edge against the end of the pump body
and insert a feeler gauge between the straight-edge
and the rotor to measure side clearance. Replace the
assembly if the clearance exceeds the limit.

Straight scale

Feeler gauge

mm (in.)
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 shaft 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.
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3. Lube Oil Filter

3-1 Lube oil filter construction

The lube oit 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 0.078~0.118
(0.8~1.2)MPa(kgf/er).

Filter brahet

Cylinder block

Lube oil filter
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3-2 Lube oil filter replacement

(1) Period
The paper element will get 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
Qil filter 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 until the rubber packing comes in
contact with the mounting surface, and then 2 ~
3 turns more.

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

5-7
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4. Oil Pressure Control Valve SLHA 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.

K cooler housing

£
W Pressure control valve
. g\ Spring
\ e—— Packing

Cylinder block
E—ru

0.34 ~ 0.44(3.5~4. ‘
Regulating pressure MPa(kg(gcrEr:') %) | at 3,400 rpm

4-2 Oil pressure control valve replacement

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

5-8
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5. Lube Oil Cooler

5. Lube Oil Cooler

Lube oil cooler

Lube oil filter
braket

% Lube oi filter

o

5-9

4LHA Series

4LHA-STE/STZE
4LHA-HTE/-HTZE -STP/STZP
-HTP/-HTZP | 4LHA-DTE/DTZE
-DTP/DTZP
Cooling area 0.442m? 0.739m?
Cooling water
discharge volume 6000 £/h
Lubrication oil
discharge volume 2600 £/h 3700 2/h
(3300rpm)

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 connection or welds are corroded,
repairor replace the cooler.

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

Test pressure

Lubricating ail circuit

1.47MPa(15kgf/cm?)

Sea water circuit

0.39MPa (4kgficm?)
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4LHA Series

6. Piston Cooling Nozzle

6-1 Piston cooling nozzle construction

A nozzle made from steel pipe mounted on the lower part
of cylinder body main gallery.Lube oil from the main gallery is

sprayed out in a jet from the steel tip of this pipe.

This jet spray cools the piston surface when the piston goes

down

4LHA-HTE/HTZE/HTP/HTZP

6-2 Inspection of piston cooling nozzle

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

(2) Inspect the pipe mounting to see if it is or may become

loose or come off due to vibration, etc., and replace if nec-
essary.

)

Splash.
p ~—

Cylinder body
main galtery

Piston cooling nozzle
(Dia. 2.0 mm)

Piston

Cylinder block

8

Qil injection volume 2.5 ¢ /min.

Oil injection pressure 0.39MPa(4.0kgf/cm?)

ALHA-DTE/DTZE/DTP/DTZP

Splash

Cylinder body a

main gallery

Piston cooling nozzle
(Dia. 2.7 mm)

4LHA-STE/STZE/STP/STZP

Piston

TEUd
ifillalal

Piston cooling nozzle same as 4LHA-DTE one.

Oil injection volume

3.5~4.0 2 /min.

Qil injection pressure

0.39MPa(4.0kgf/cm?)

5-10
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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 lube oil.

Rotary waste oil pump
_— Rubber hose

7-1 Construction

Cover_ L Body
Cover
Vane \\
. QOil seal
Spindle ™~
- a0 Shaft
il ]
Rotary waste oil pump 7-2 Inspecting the waste oil pump
Delivery capacity ' 0131 (7.93 i) (1) Disassemble the waste oil pump and check for spring
of one stroke ) ) : breakage or vane damage when there is an extreme
Delivery pressure 0.147(1.5) MPa(kgf/ c) 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
Rubber hose between the impeller and the covers on both sides of
Inner dia. x length 212 x 1000mm casing. This will cause a drop in discharge volume.

(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.




CHAPTER 6

COOLING WATER SYSTEM

1. Cooling Water System ............c.cccceorvvrveceeververernnns 6-1
2.8aWater PUMD ...t eteeseeee 6-4
3. Fresh Water Pump..........cccoceveveevneecesceeeeerenninnes 6-7
4. Heat Exchanger ...........cccocveivveecricrececenectesecenvenns 6-10
5.Pressure Cap and Sub Tank .......c..c.cceeeeveenrerennenn 6-12
6. Thermostat ..........c.cccovermrrneerienreneerecr e 6-14
7. Kingston Cock (Optional) ...........ccccovververnrerrennnne 6-16
8. Sea Water Filter (Optional) .............cceueeveereenenennnne. 6-17

9. Bilge Pump and Biige Strainer (Optional) ............... 6-18



Chapter 6 Cooling Water System
1. Cooling Water System

4LHA Series

1. Cooling Water System

The cooling water system is of the indirect sea water coded,
fresh water circulation type. The cylinders, cylinder heads,
turbocharger and exhaust manifold are cooled with fresh wa-
ter, and the lube oil cooler, air cooler and fresh water cooler
(heat exchanger) use sea water.

Sea water pumped in from the sea by the sea water pump
cools the lube oil in the lube oil cooler and then goes to the
heat exchanger, where it cools the fresh water. Then it is 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,
turbocharger and then the cylinder head. The fresh water
pump body also serves as a discharge passageway (line) at
the cylinder head outlet, and is fitted with a thermostat.

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 head exchanger, and it is then
cooled by the sea water in the tubes as it flows through the
cooling pipe. The temperature of the fresh water is thus kept
within a constant range by the thermostat.

Fresh water circuit Filler cap
ﬂ 4 | == Fresh water sub tank
Fresh water tank
{ Mixing elbow
11
&
Heat exchanger
(Fresh water cooler)
Cooling water
{} temperature switch
r_ﬁ Marine gear oil cooler
. @ o
Thermostat | Cylinder head ‘ ‘I
~ Cooling water Turboch Air cooler
By-pass—{ O temperature sendor urbocharger

Fresh water pump Cylinder block

Lube oil cooter

(=3

i
Sea water pump }f

Kingston cock

AL

Sea water

Sea water circuit

F

Sea water
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1. Cooling Water System

1-1 Fresh water line

e

=
<(:7 )
%
/

\
Cylinder block K &2
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1. Cooling Water System

1-2 Sea water line

6-3
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2. Sea Water Pump

2. Sea Water Pump

2-1 Sea water pump construction

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.

4LHA Series

Side cover

impeller

Wear plate

Mechanical seal

Pump body

Oil seal

5 Pump shaft
: Circlip

Gear housing

O-ring

Water seal ring

<)

Bearing

Bearing

6-4
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2. See Water Pump

7 8 9 10 1 11 5 6 4 3

i
Above drawings show P/No.119171-42500

1. Sea water pump body 6. Mechanical seal

2. Side cover 7. Circlip

3. Impelter (C-type) 8. Bearing
4. Wear plate 9. Bearing
5. Pump shaft 10. Qil seal

4LHA Series

t2 2 13

For 4LHA-HTE/HTZE/HTP/HTZP
: P/No. 118171-42500

11. Water seal ring
12. O-ring
13. Hexagonal bolt

For 4LHA-DTE/DTZE/DTP/DTZP
-STE/STZE/STP/STZP
: P/No. 119175-42500

2-2 Specifications of sea water pump (4LHA-HTE/HTZE/HTP/HTZP)

Gear réth (crank geé?/rpurﬁ;g'g’a() : ) 124727 o
Pump speed 3000 rpm
Suction head Tosm(166f)
Total head . 9.5m (31.16ft)

Delivery capacity | VQOOOZ/h (198315 i'pf{h) ]

2.3 Sea water pump disassembly

(1) Remove the rubber hose from the sea water pump
outlet and then the sea water pump assembly from the
gear case.

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

(3) Remove the mechanical seal side stop ring.

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

(5) Lightly tap the pump shaft from the impeller side and

remove the pump shaft, bearings, and drive gear as a

set.
(6) Remove the oil seal and mechanical seal if necessary.

2-4 Sea water pump inspection

(1) inspect the rubber impeller, checking for splitting
around the outside, damage or cracks, and replace if
necessary.

mm (in.)
Standard Clearance at assembly Maxirg:;r:aanlgwable Wear limit
- Impeller width 31.6 ~ 31.8(1.2440 ~ 1.251L 31.3(1.2322)
Wear plate thickness 2 (0.0787 1.8 (0.0708;}
pae (0.0787) 0~03(0 ~00118) 0.8 (0.0314) (
Hom_{smg width 33.8 ~ 33.9 (1.3307 ~ 1.3346) o
Side platg thickness 2 (0.0787) 1.8 (0.0708)

6-5
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2. See 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.

Ccoling water leakage less than 3 cc/h (0.18 in.%/h)

123472-42060 for
4L HA-HTE/HTZE/HTP/HTZP

129670-42560 for
4LHA-DTE/DTZE/DTP/DTZP
-STE/STZE-STP/STZP

Parts No.of
mechanical seal

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 imp=lier

NOTE: 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 pump body and side cover.
NOTE: Replace the O-ring.

O-ring  P/No. : 24321-000700
(For 4LHA-HTE/HTZE/HTP/HTZP)

P/No. : 119175-42570
(For 4LHA-DTE/DTZE/DTP/DTZP
-STE/STZE/STP/STZP

Impeller P/No. : 123325-42020
(For 4LHA-HTE/HTZE/HTP/HTZP)

P/No. : 127610-42200
For 4LHA-DTE/DTZE/DTP/DTZP
( -STE/STZE/STP/STZP )

6-6
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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 puliey on the end of the pump shaft is driven by a V belt
from the crankshaft.

The bearing unit assembled in the pump shaft uses grease

Cylinder head

6-7

4LHA 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 shatt.

As the impeller and pulley flanges are press fit assembled,
they cannot be disassembled.

OPTION

Water temperature switch

V belt
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3. Fresh Water Pump

Tap for water temperature switch

sender unit
Inlet for water heater

From heat \
exchanger

(fresh water tank)

3-2 Specifications of fresh water pump

_o To heat exchanger
{fresh water tank)

- Tap for water temperature

Crank shaft speed (max.) 3600 rpm

2134/2120
¢134/9120 = 1.083

Pulley ratio
{crank shaft/pump shaft)

Pump shaft speed 2970-3030 rpm

Delivery capacity 150 t/min (5284 in*/min)

Total head 5m (16.4 ft)

7 ,
V pulley flange / /

3-3 Fresh water pump disassembly

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

(2) When removing the fresh water pipe as an assembly
from the cylinder and cylinder head, replace the
cylinder intake pipe O-ring.

(3) When the fresh water pump body and cylinder intake
flange and/or fresh water pump and pump plate are
disassembled, retighten to the specified torque.

o Tightening torque for
pump setting bolts

686~1079(70~110) N(kgf)-cm

3-4 Fresh water pump inspection

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

(2) Impelier inspection
Check the impeller blade, and repiace if damaged or
corroded, or if the impeller blade is worn due to contact
with pump body.

4LHA Series

Outlet for water heater

Cyli. head
Thermostat - N b ? | — Pump plate
Bearing unit . -
V puliey \ - Gasket
\ t— Impeller
|~ Bypass port

S
Pump body / _,/‘
Mechanical seai’ S
—= To cylinder body

O ring

Gasket Pipe flange

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

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

(5) Inspect the fresh water pump body and flange, clean
off scale and rust, and replace if corroded.

(6) Measure the clearance between the impelier and the
pump body, and the impeller and the plate.

Measure the clearance between the impeller and the
pump body by pushing the impelier all the way towards
the body, and inserting a thickness gauge diagonally
between the impeller and the body.

Measure the clearance between the impeller and the
plate (pump body bracket) by placing a straight-edge
against the end of the pump body and inserting a
thickness gauge between the impeller and the straight-
edge.
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3. Fresh Water Pump

Measuring clearance between impeller and pump body.

%

,,\ o
N

~—

{
\
i\

Thickness gauge

Measuring clearance between impeller and pump body

bracket.

3
Thickness gauge

mm (in)
Standard Wear limit
Clearance between 03~ 11 15
impeller and body (0.0118 ~ 0.0433) (0.0590)
Clearance between 15 _
impeller and plate (0.0590)

Straightedge

6-9
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4, Heat Exchanger

4-1 Heat exchanger construction

The heat exchanger cools the hot fresh water that has
cooled 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.

Cylinder head

6-10

4LHA Series

There is a reservoir 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 overfiow 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.

Exhaust
manifold
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4. Heat Exchanger

]

4-2 Specifications of heat exchanger

Radiation area mZ2(in.2) 0.593 (919)
Fresh water discharged volume 2/hr (in.3/hr) 8.000 (488.160)
__Seawater discharged volume ] 2/hr(in.3hr) 6.000 (366.119)
Fresh water flow speed in cooling pipe m/s (ft/s) 15 (4.9)
Sea water flow speed in cooling tube m/s (ft/s) 217 (712)

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 damage, 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.

4LHA Series
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4LHA 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 0.088(0.9)MPa(kgf/cm). 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 overfiow 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 Pressure valve spring

Overflow tube

Pressure valve

\Rubber seal

Vacuum valve spring

Vacuum valve

The sub tank, (which will be described later), keeps the
water level from dropping due to discharge of steam when
the pressure valve opens.

Action of pressure control valve
Open at 0.088{0.9)MPa(kgf/cm?)
Open at 0.0049(0.05)MPa(kgf/cm?)

Pressure valve

Vacuum valve or below

8-12

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
untit the pressure gauge is within the specified
pressure range (0.0735~0.103(0.75~1.05) MPa(kgf/cm) ]
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.

T

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 0.088(0.9)
MPa(kgf/cm).

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
original 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.
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5.7 Precautions on usage of the sub tank
(1) Check the sub tank when the engine is cool and refill

Filler cap with fresh water as necessary to bring the water level
- > ﬁ between the low and full marks.
Sub tank £° % oy (2) Check the overtlow pipe and replace if bent or cracked.
U A Clean out the pipe if it is clogged up.
: o o o)

30 (1.18) mm (in)
28(0.31) 8
-1 =
. @
g =)
— @ ] O
=} o
g N
['e]
N
i o &
h ~ —
! o w
i R 8
- tg
LET T I_H a
~ 66 (2.36) j/ =
|| 8 '
T 2120 (4.72)

5-5 Specifications of sub tank

Overall capacity 1.251 (76.27 in.%)
Subtank capacity Full-scale position 082 (4881 in.2)
Low-scale position 02¢ (1220 in3)
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

(39.3701in.) 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.

6-13
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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 valve

From cylinder head

When valve is opened (by-pass passage is closed)

Thermostat cover
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

Thermostat vaive melts and increases in volume. This expansion and con-
struction is used to open and close the valve.

From cylinder head

6-3 Characteristics of thermostat

Opening temperature | 71°C
Full open temperature 85°C

L _| Impelier
( __Valvelift at fullopen 8mm (0.31in)

When valve is closed (by-pass passage is opened)



Chapter 6 Cooling Water System
6. Thermostat

e essenenennmtn. /[ /A Series

6-4 Thermostat inspection 6-5 Testing the thermostat

Remove the thermostat cover on top of the fresh water (1) Put the thermostat in a beaker with fresh water, and
pump and take out the thermostat. Clean off scale and heat it on an electric stove. The thermostat is function-
rust and inspect, and replace if the characteristics ing normally if it starts to open between 75 ~ 78°C, and
(performance) have changed, or if the spring is broken, opens 8mm (0.3150in.) or more at 90°C. Replace the
deformed or corroded. 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).

Thermostat cover

Gasket

Thermostat

Packing

Part No. of thermostat [ 121850-49810

6-15
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7. Kingston Cock (Optional)

7-1 Construction

The Kingston cock, installed on the bottom of the hull,
controls the intake of cooling water 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

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.

Kingston cock cover

6-16
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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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8. Sea Water Filter (Optional)

When operating the engine in areas where the sea water

contains a large amount 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 ciean the dirt Sea water pump
and scale off the element. Remove the dirt and sand from

the bottom of the filter. /

4LHA Series

Sea water strainer \

From kingston cock

To sea water pump

6-17
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9. Bilge Pump and Bilge Strainer (Optional)

9. Bilge Pump and Bilge Strainer (Optional)

Cooling water outlet

9-1 Bilge pump

90 (3.5433)

e
' 4-855 (2.1654) Holes

Cooling water inlet

9-1.1 Specifications

.
’——%&FXS

SO—
50 (1.9685) -
217.5 (0.6890)

9-2 Bilge strainer

48 (1.8898)

57 (2.2440)

Cable connector

4LHA Series

\
\
Cable connecter

Code No. 120345-46010 (with strainer)
Model No. BP190-10

Rating 60 min.

Voitage 12v

Output 90w

Mass 3.0kg

9-1.2 Performance of pump (in pure water)

‘ Voltage 15v
mgmance Max. suction lift 1.2m (3.94 ft)
Suction time 4 sec.
Voltage 115V
Pumping lift Current 8A
performance Total lift 1m (3.28 ft)
Lifting volume of water 17 4/min

6-18

mm (in.)
169 (6.6535)
2
< = e
- &2
~ L T <
1Y
124 (4.8819)



CHAPTER 7

REDUCTION
AND REVERSING GEAR

7-1. Marine gear model KW5A

1.CONSLIUCHION .....cecvrrrrererrricreertenee et 7-1-1
2. Shifting DevVICH ............ceeveveereeteereeeeereeeeesenns 7-1-5
3.Inspection and Servicing ...........c.ccceecvrieriencrnnenne, 7-1-10
4.5pecial TOOIS ........coveereeeeeieececece e carees 7-1-20
5.Disassembly .........c..cccocvrirvenennienn e, 7-1-21

6.REASSOMDIY .......cceieererererneicecece et 7-1-29



Chapter 7 Reduction and Reversing Gear
1. Construction

4LHA 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 unit which 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.

e The clutch case and mounting flange are made from an
aluminum alloy of special composition to reduce weight.
This is non-corrosive in seawater.

e 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
torque and twist angle are applied. That is, in the first
stage, only the weak spring is used, and the strong spring
comes into action for a torque higher than a predetermin-
ed value.

This prevents gear noise due to torsional vibration, as
well as absorbing shock when engaging.

Stage arrangement

——Absorbs shock
when engaging

T-torque

Normal condition

Twist angle @

There is a small clearance between the dipstick and the
inside of the dipstick tube. A smail hole in the dipstick
works as a breather.

eWhen 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.

eThe 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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wonsmnonw‘”f{f‘ Series

e A torque limiter is built into the input shaft gear to
prevent damage caused by excessive torque.

e The lube oil temperature can be controlied because in
addition to the input shaft gear which functions as a
centrifugal pump, an oil cooler is also equipped.

e The oil cooler is equipped with a cooling water drain
cock to prevent cracks caused by freezing in cold weather.
{t 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 KMb5A
For engine models 4LHA-HTE
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 [207 |1.46
Propeller shaft rpm at cont. rating 1245 | 1546 | 2187
Control head Single lever control
Remote control Cable Morse, 33-C {Cable travel 76.2mm or 3 in.)
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")
Connecting 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
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1. Construction
-

1-3 KMbBA Sectional View
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4LHA Series

Clutch case
Thrust collar (A)
Spring retainer
Cup spring
Clutch gear (A)
Needle bearing
Thrust collar (B)
Snap ring

Drive cone
Clutch gear (B)
Needle bearing
Cup spring
Spring retainer
Inner race
Thrust collar (A)

Driving gear
Key

Shim

Bearing

Clutch shaft
Name plate
End nut
Output shaft cover
O-ring

Output shaft coupling
Bearing

Oil seal

O-ring

Bolt

Coupling retainer
Shim

Output shaft
Bolt

Drain plug
Bearing

Shim

QOil seal
Bearing

Snap ring
Bearing

Cup spring
Spacer

Plate (A)

Plate (B)

Lock nut
O-ring

Bearing

Bolit

Bearing

Shim

Qil seal

Input shaft
Dumper disk
Filter

Pin

Bearing

Filter case
Mounting flange
Spring pin
Location pin
Shift lever shaft
O-ring

O-ring

Washer

Split space pin
Pivot

Oil sea!

Stopper bolt
Shifter

Bolt

Side cover
Dipstick
Oil-cooler body
Pipe

Cooler

Cock

O-ring

O-ring

O-ring

O-ring

Cover

End nut
Washer

Shim

Bearing
Intermediate shaft
Bearing
Intermediate shaft gear
Spring pin
Lock nut
Washer

Boit

Washer

Cable bracket
Shift lever

Bolt
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1. Construction
e /[ _HA Series

1-4 Power Transmission System

1-4-1 Arrangement of shafts and gear

KM5A
Clutch shaft
. rd
Intermediate shaft ,/
]
Idle gear B \
\
AT
Idle gear A () > <
\
\
N
~

Ci

utch gear A

Clutch gear B

Input shaft

Output shaft gear

Intermediate shaft

Input shaft

Id

Shaft arrangement viewed from the propeller

1-4-2 Reduction ratio

Input shaft gear

Clutch gear A

Clutch shaft Clutch gear B

Drive cone

Drive gear

Output shaft

le gear A with gear

Input shaft gear

Idie gear B

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

7-1-4
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2. Shifting Device

2. Shifting Device

2-1 Construction of shifting mechanism

4LHA Series

DL
ati

Spring pin
Cable ¢l Lock nut
€ clamp Location pin D
Bolt 0 g Q I
L2 3\3\
Cable bracket Shifter
o Washer [Sph‘t pin S Sprmg
ift lever \
Pi\‘/ot Shift lever shaft
@ » |’i Q O-ring
Side cover
Bolt (M8 x 30)
Stopper bolt
Bolt (M8 x 25)
s

The shift lever shaft is installed on the side cover with Y U
neutral, clutch gear (A) and clutch gear (B) positions /o
provided on the cover. The neutral, clutchgear (A) and
clutch gear (B} location pins of the shift lever shaft are
constantly inserted into their respective grooves on the " Location
shift lever by the tension of the shifter spring. The shifter pin

is set on the eccentric hole of the shift lever shaft and
moves the drive cone in the neutral position either to the
clutch gear {A) or clutch gear (B) positions, and then
back to the neutral position. (The shift lever shaft moves
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:1 Clutch gear (A) poéition: clockwise propeller
rotation viewed from propeller side (C.C.W.)

NOTE:2 Clutch gear (B) position: Counterclockwise
propeller rotation viewed from propeller side
{C.W.)

7-1-6

Cone _

Drive shaft c\enter

\J\\

.. Side cover

Eccentric’Y /]

Shifter installation’

center e

i
{0

Shifter
Spring

Shift lever shaft
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2. Shifting Device

2-2 Clutch gear (A) and clutch gear (B) operation Shifter center
(Neutral = clutch gear (A), Neutral = clutch {Cone center)
gear (B) ) Shift lever shaft
Clutch gear (A)
When the shift lever is moved to the clutch gear (A) po- side Shift lever center
sition from the neutral position, the shift lever shaft starts
to revolve, and the location pin disengages from the neutral )
V-groove position of the side cover. (Shift fever moves 4 )
approx. 0.5mm to the drive cone side.} At this time the _—:——A Ll ) R/ _
shifter, which is set on the eccentric hole of the shift lever __ ___\D—~
shaft, moves the drive cone’s V-groove to the clutch gear u !
(A}
Clutch gear (B) \
side
\ (Shift lever
shaft moves Side cover
approx. 0.5mm) 1 eutral position
When the location pin of the shift lever shaft falls into the (V-groove)

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-groove position of
the side cover (the shift lever shaft travels approx. 5mm to
the shift lever side), the shifter moves to the shift lever side
(to 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.

7-1-6

Clutch gear (A
side

Shifter center

Shift lever shaft

Cone center
gz, )

Clutch gear (B}

\ side

\L

(Shift lever shaft
moves approx. 3mm)

Clutch gear (A)
side
Cone center

At clutch gear (A) engagement position

Shifter center
Shift lever shaft

Clutch gear (B)
side

Clutch gear (;\?
side

Clutch gear (B)

R

1

(Shift lever shaft

moves approx. 3mm)

Shifter center
Cone center
Shift lever shaft

Shift lever center

(Shift lever
shaft moves

\ side

approx. 0.5mm

Side cover

neutral position
(V-groove)

4LHA Series
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2. Shifting Device

4LHA Series
2-4 Clutch shifting force
Shifting position Shift lever posi- Remqtg control handle mm (in.)
Shifting direction tion at 56mm position at 170mm : — :
i {Cabie length, 4m)
Engaging force 29~39N 39~49N
at 1000 rpm (3~4kgf) (4~5kgf)
Disengaging force 59~78N 69~93N
at 1000 rpm (6~8kgf) {7~9.5kgf)
s 50(1.969)
e -
<
©
= n
©
-~ CW. —_—
35 - -
(0.138) ??\ -
I / S -
— Nt X.
| ] oc;;, \K’ .
i M5 &/
- gl | ) \
n H =
] ~ H _ 23 - -
4 I ST RS N Yok
o < i
~| Neutral |{: i !
» %o\‘* S
c‘e’ % 4 \\_‘
AY 'J"

2-5 Adjustment of shifting device

Whenever the side cover, shift lever 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.

Clutch gear (A) side

)

-1 436(1.,717)
— - — 4

56(2.205)

{P; -

Clutch gear (B) side

7-1-7

Shifter top clearance
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2. Shifting Device

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

t

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.

(3)Measure 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%n.)

NOTE:Shim set includes one each of 1mm, 0.4mm, 0.3mm,
0.25mm shims.
(YANMAR Part No. 177088-06380)

(6)Insert 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 bolt threads.

-
y—

=

Approx.

5mm {0.1968in.)

Do not apply
liquid packing
or seal tape 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.

7-1-8

—————— {].HA Series

{mm)

A Mark

Shim
Stopper bolt

) S

—H

T H
(0=~ 25} (37.4 ~ 376}

i
3] |
B

L

136 32 ~ 38.78)

mm (in.)

50(1.969)

1651(6.496)

LN

O

{ .1 ass01.717)
c.cw 56(2.205) |

NOTE. Shift lever must be installed in the direction of the

A-mark ensuring the specified installation angle
(6).

6 = 90°
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4LHA Series
2-6 Adjustment of the remote control head
Marine gearbox control side ‘@F A e (i)
(1)Equal distribution of the contro! lever stroke.
Neutral
S1 S2
i
|
CCW. CW. |
3 50(1.969) |
Remote Control Head ;‘ -
ol
- ('"_)J
- t
35 e
| (0138 -
T1 Tt
s M5
©
- Yol
o . B ~ _
The stroke between the neutral position - C.W. posi- i B EST \ i
tion (S2), and the neutral position - C.C.W. position - e ' ,
(S1) must be equalized. E N
When either stroke is too short, clutch engagement -+1} S
[ ..
becomes faulty. ~

\/{{_ 436(1.117)

cecw. Lvsg(gggs;,’ )

(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. 2.7 Cautions
Adjust so that the cable shift travel of the Si1 and

. i 1)Always stop the engin hen attaching, adjusting, and
S2 control lever strokes becomes identical. () Y P ngine when attaching, adj 9

inspecting.
(2)When conducting inspection immediately after stopp-
Neutral ing the engine, do not touch the clutch. The oil temper-

ature is often raised to around 90°C (194°F).
(3YHalf-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 850
rpm.

S1 S2

cw.

Remote Control Head
NOTE: The dual(Two) lever remote control device cannot
be used.

Note; (#) Cable shift travel
$1 = More than 36mm (1.42"")
§2 = More than 36mm {1.42"')

Clamp

To engine speed
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4LHA 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.

(2) 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. iRepair 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
h Intermediate shaft

Pick-up gauge
Magpnetic stand

mm (in.)
Maintenance Wear limit

Standard ji,RA -
Input shaft gear ~
Clutch gear 00031 ~ 0:0063) | (0.0118)
Idle gear ’ ) :
Drive gear 0.12~0.20 0.3
Output shaft gear (0.0047 ~ 0.0079) (0.0118)

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 abnormal condition or
sign of overheating.
If 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

Helical involute spline

(2)Check the helical involute spline for any abnorma! con-
dition on the tooth surface, and repair or replace the
part should any defect be found.
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3. Inspection and Servicing
= e /[ HA Series

{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.

=) | ===

Drive cone Orive cone

Clutch gear (B)

Ciutch gear [A)

mm (in.)

Standard dimension Limited dimension

Dimensions ¢ 327~33.3 316
(1.2874 ~ 1.3110) (1.2441)

NOTE: When dismantied, the forward or reverse direction
of the drive cone must be clearly identified.

(4)1f the wear of the V-groove of the drive cone is exces-
sive, replace the part.

1

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.

7-1-11
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3-5-1 Lapping Procedure for Drive Cone

(1) Coat the lapping powder onto the cave of the clutch

gear (Lapping powder: 67 micron silicon carbide #280).

N

(2)Set the clutch gear on the clutch shaft with a needle

bearing and then set the drive cone on the clutch shaft.

(3)Lap the clutch gear’s cave and drive cone, pushing them

together by hand.

e /[ FTA Series

(4)Push and turn the clutch gear about 5 times both clock-
wise and counter-clockwise.

(6)After lapping them, wash them with washing oil.
The lapped parts should be cleaned completely.

/ Small
7,
1.D. mark "‘O"".

Large

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.

7-1-12
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4LHA Series

3-6 Thrust coller A and B for clutch shaft

Oil filler Qi filler case

(3 (m Spring retainer

Spring retainer

Thrust collar A D/ive gear @ @

3-7 Cup spring and spring retainer

(1) Visually inspect the sliding surface of thrust collar A or (1)Check for cracks and damage to the cup spring and
B to check for signs of overheating, scoring, or cracks. spring retainer. Replace the part if defective.
Replace the collar if any abnormal condition is found. {2)Measure the free length of the cup spring and the thick-
(2)Measure the thickness of thrust collar A or B, and ness of the spring retainer. If the length or the thickness
replace it when the dimension exceeds the specified deviates from the standard size, replace the part.
limit.
Thrust coliar A Thrust collar B Cup spring Spring retainer
t
—<4-!
/ .
]
le———Sliding surface .
L l— Sliding surface
T \
T
— I — olle T
t,
t, -
——Ptes- —
mm (in.) mm (in.}
Stepped wear Standard Limit Standard Limit
0.1 0.05 2.86 ~ 3.06 2.66
Thrust collar A, t t i - :
rh ' (0.0039) {0.0020) Cup spring, T (0.1126 ~ 0.1205) (0.1047)
At 1.0 0.7 2.92~3.08 28
Thrust v 2 t . . . ) .
rustcollarg” ) ? (0.0394) (0.0276) Spring retainer, T (0.1150 ~ 0.1213) (0.1102)

7-1-13
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3-8 Input shaft
Input shaft gear with torque limiter

Roller bearing

Input shaft

(1) Spline part.
Whenever unaven 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 torque limiter has slipped due to excessive torque,
measure the size of the inner parts listed top right. If
the parts are excessively damaged replace.

[82 T S@— Nut

@ Plate (B)
V Plate (A)
~—
"
- Spacer

====>—Cupspring

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.

4LHA Series

(5)Cap spring mm (in.)
—
l Standard Limit
Cup soring. T 1 35~38 3.35
P spring. 1 (0.1378 ~ 0.1496) (0.1319)

t,
tl T 1
J‘l
.
}—_— 13—
1,
—t —+—
Plate (A) Plate (B) mm (in.)
Stepped wear Limit Q'ty/unit
Piate (A) 0.03 22
(t, +t,) (0.0012)
Plate (B) 0.03 0 -
(,+t) (0.0012)

\

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.

7-1-14
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4LHA Series
3-10 Intermediate shaft
Nut D2 D1
u
Washer / /
Shim , -
Roller bearing - -
L
/ Y
Intermediate shaft \JJ
Intermediate gear
mm (in.)
Spring pin 6 Standard Limit
D1 6.69 ~6.70 6.50
(0.2634 ~ 0.2638) {0.2559)
D2 11.966 ~ 11.984 11.95
. . . (0.4711 ~ 0.4718) (0.4705)
{1)}Visually inspect the shaft and repair or replace a part _
.o . . Shift tever shaft, 12.0 ~ 12.018 12.05
when any abnormal condition is found on its surface.
Shifter insertion hole (0.4724 ~ 0.4731) (0.4744)

3-11 Shifting device
3-11-1 Shifter

Spring pin

Location pun—g l ﬂ
S

> Stiding surface of shifter

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.
shaft if the size deviates from the standard.

Replace the

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.

@5, Location pin

mm (in.)

Standard Limit

d; 27.959 ~ 27.98 2790
(1.1001 ~ 1.1016) (1.0984)

dy 120 ~ 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. Inspection and Servicing

St /[ [TA Series

3-11-3 Shifter spring

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

Shifter spring Standard

Limit

Free length 226 mm (0.890in.)

19.8 mm (0.780in.)

Spring constant 8.375N/mm (0.854 kgf/mm)

Length when attached 14.35 mm (0.5650 in.)

Load when attached 69.10N (7.046 kgf)

59.6N (6.08 kgf})

3-11-4 Stopper bolt
Check the stopper bolt. If it is worn or stepped, replace.

Check point

‘__‘—"II/
I

Top

—

e

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.

(HT

<—— Clutch gear (B)

i a— Neutral

<+—— Clutch gear (A)

7-1-16

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 2 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 one.



Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

R 4LHA Se ries

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
clutch case cover or any one of the following parts is re-
placed the shim thickness must be determined in the
following manner.

0
t,=(C = D) "01mm

For input shaft parts : input shaft, bearing.
For output shaft parts: output shaft, bearing.
For intermediate

shaft parts 1 intermediate shaft, spacer, gear
bearing. [’ Intermediate shaft
For clutch shaft parts : clutch shaft, thrust collar (A}, L J
(B), gear, bearing.
(1) Input Shaft p |l 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, I and J.

ts = (H — 66 — —21— _JpEoos

Then measure distance E, F and G.

ty=(E - F—-G)*%%
( Input shaft )

Ft,G 1 J 4

Clutch shaft ﬁ

NOTE: When measuring the distances I and J, the clutch

gears must be pushed in the direction of the drive
cone.
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Chapter 7 Reduction and Reversing Gear

3. Inspection and Servicing
L~ 4LHA Series

{4)Output Shaft

Adjust the thickness of Shim ts 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.

te= (M+L—K*8 mm

(5)Standard size of parts mm {in.)
| ] I | Drive cone
A neutral
B c D E | F G H \ 1 J K L M | Conter
| | | | position
o L I
410~ 394~ |21~ 19~ 260~ [9.0~ 146~ 188.0~ ]23.3~ 1086~ |239~ 1048~ [227~
412 409 33 2.1 262 | 100 166 188.2 | 24.2 109.7 24.1 106.1 22.8 66
(1.614~ 1(1.551~ {0.0827~ |{0.075~ | (1.0236~ |{0.3543~ |(0.5748~ |{7.4016~ |{0.9173~ | (4.2756~ | (0.9409~ |(4.1260~ | (0.8937~| (2.5984)
16221 1.610)| 0.1299) | 0.0827)| 10315)| 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 ALHA Seri
o e eries

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)
t3&t4 177075-02150 0.4 (0.0157)
0.5 (0.0197)

0.1 (0.0039)
0.3(0.0118)
0.5 (0.0197)
1.0 (0.0394)

t1 177095-02150

12 177074-03410

th & t6 177074-02350

NANNOD | & BB ot a N - =N
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4. Special Tools

4.Special Tools

4LHA Series

Name of tool

Shape and size

mm{in.)

Application

Inserting tool

Part No. 177099-09040

10 (0.394)

$32 (1.260)
T 938 (1.496)
?45 (1.772)

For installing clutch shaft
bearings

(Common use marine gear
model, KBW10)

Inserting tool

Part No. 177075-09030

10 (0.394)

—_$35.2 (1 .386)
TTT—— 440 (1575)
¢42.7 (1.681)

For installing input and
intermediate shaft bearings
(Common use for marine gear
model, 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

For removing and tightening the
torque limiter
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Chapter 7 Reduction and Reversing Gear
5. Disassembly .
4LHA Series

i (6)Remove the fastening bolts of the output shaft
5.Disassembly Remove

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.

Remove the clamp plate and O-ring.

O-ring Clamp plate

Remove the output shaft coupling.
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Chapter 7 Reduction and Reversing Gear
5. Disassembly
.

4LHA 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
assembly
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5. Disassembly

{12) Remove the clutch shaft assembly.

(13)Draw out the intermediate shaft tapping to the

mounting flange side with a aluminum bar.

7-1-23

4LHA Series

Washer

| Shim )
Roller bearing

Intermediate gear /

/llntermediate shaft
W
'@

Spring pin—-———@

(14) Remove the oil cooler.




Chapter 7 Reduction and Reversing Gear
5. Disassembly

{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 tool

Case body

- QOuter bearing race

{(16) Remove the oil seals of the mounting flange and

the case cover.
@Omer bearing race
@——— Oil seal

Rear cover

7-1-24

4LHA Series

Quter bearing race

!

Mounting flange
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5. Disassembly LHA Series

5-2 Disassembling the clutch shaft (3)Remove the pin.

5-2-1 Clutch gear (A) side

(1) Loosen the calking of the end nut and remove the
nut. Remove the nut by a torque wrench, fixing the

clutch shaft in a vice. / N

(4)Withdraw the thrust collar (B), inner needle bearing
by pulley extractor.

Inner needle bearing
Thrust collar (B)

i

]

5-2-2 Clutch gear (B) side

(1)Loosen the calking of the end nut and remove the nut.

NOTE: Remember that the nut has a counterclockwise .
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 g

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.
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5. Disassembly .
4LHA Series

(2)Withdraw the large gear (B), thrust collar (A), cup- (5)Remove the snap rings.

spring, spring retainer, drive gear and inner bearing

race.
Use a pulley extracter, with the clutch shaft fixed

in a vice.

Snap ring plier

Snap ring

(3)Remove the key.

Drive cone

(4)Withdraw the thrust collar {B) and inner needle bearing
race with the pulley extractor.

_lInner needle bearing
Thrust collar (B)

Drive cone
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5. Disassembly

] 4LHA Series

5-3 Disassembling the input shaft 54 Disassembling the output shaft

(1)Remove the bearing inner race from the output shaft.
Use a pulley extracter, fixing the output shaft in a
vice.

(1)Draw out the input shaft tapping to the small roller
bearing side with a steel bar.

Steel bar

5-5 Disassembling the intermediate shaft

(1})Remove the lock nut with the intermediate shaft
fixed in a vice.

(2)Fix the input shaft gear in a vice, and remove the
lock nut with a special tool.

]

Special tool

I —

(2)Withdraw the gear and bearing by pulley extractor,
Lock nut with the gear fixed in a vice.

Plate (B)
Plate (A)

Cup spring

Input shaft gear
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5. Disassembly

I O mm 4LHA Series

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.

O-ring Oil seal

(3)Loosen the belt of the shift lever and remove the
shift lever and cable bracket.
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4LHA Series

6. Reassembly
—— —
(4)Fit the cup spring, spring retainer, thrust collar (A).
.Reassembly
6-1 Reassembly of clutch shaft
6-1-1 Clutch gear (B) side — ——— Thrust collar (A)
. . i --.——— Spring retainer
(1)Fit the clutch gear (B) side snap ring and thrust VD). Cup spring
collar (B) onto the shaft. =
=) =
&) —— — Thrust coltar (B) "7[1

NOTE: 1) Drive in with a plastic headed hammer Do not
hit hard.

NOTE: 1) Insure that slots in thrust washer face gear side. 2) When fitti he th ar (A "
2) Position slots in thrust washer on the oil holes of ) When fitting the thrust collar (A), note the
fitting direction. Fit it keeping the stepped
the shaft. . .
. surface toward the drive gear side.
(2)Drive in the inner needle bearing race using the
3} Check that the clutch gear (B) rotates smoothly.

inserting tool.
4) Cup spring is installed with slope facing in toward

spring retainer.

Inserting tool
T~

(5)Fit the keys.

Inner bearing race

I
7

(3)Assemble the needle bearing and clutch gear (B).

— Clutch gear (B)

NOTE: Check that the clutch gear (B) rotates smoothly.

7-1-29



Chapter 7 Reduction and Reversing Gear
6. Reassembly
4LHA Series

(6)Drive in the driving gear and inner bearing race using (8)Calking the end nut and clutch 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)Set and tighten the clutch gear (B) end nut. @-—Thrust collar (8)
.

Fit the clutch shaft in a vice, and tighten the nut
with a torque wrench. 0——4 Snap ring

Torque wrench
~\

= O-stamped

_—mark

{ '//l/ '

Nl

C—02>
'NH"H.’II‘H’
Nereg”

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 tool

392N-m

Tightening torque
{40kgf-m)

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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6. Reassembly .
4LHA Series

(3)Assemble the needle bearing and clutch gear (A). NOTE: 1) When fitting the thrust collar (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.

NOTE: Check that the clutch gear (A) rotates smoothly.

(4)Insert the pin.

392N-m

Tightening torque
ightening torq (40kgf-m)

NOTE: 1) Remember it is a left-handed thread.

(7)Calk the end nut and clutch shaft.

(B)Fit the cup spring, spring retainer and thrust collar
(A) and drive in the inner bearing race using the in-
serting tool.

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

s /] HA 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 tool 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).

- q
v &S]

(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

(8)Insert the input shaft, then measure the torque of
the input shaft using a torque wrench.

{ ‘ i - ]
Nut __Plate (B) t= 0.4mm 23 pieces

/Plate (A) t=1mm 22 pieces
——
V - Cup spring

\_/:

= =
) A

Correct Wrong

Snap ring

‘< __§ Torqge wrench

re=—=———u Ball bearing
|

I ' [~ ]

"™~Special tool

ﬁ 785-883N-m
Torque: Il (80-90kgf-m)
Nd %’E : Ma;ch up the teeth of plate (A).
(9)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.
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6. Reassembly

4LHA 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.

(2)Drive in the bearing, inserting the gear and drive in
the bearing for opposite side.

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.
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6. Reassembly
4LHA Series

(3)Insert the clutch shaft shim, lube oil filter case and
filter into the mounting flange.

6-3-3 Reassembly of the clutch shaft assembly,
intermediate shaft assembly and input shaft
assembly into the clutch case

@— Outer bearing race

Shim

&

Filter case

Intermediate shaft )
Clutch shaft Filter

10

b £

=7
_,-& OO0 A

(4)Fit the mounting flange onto the clutch case, and
tighten the bolt.

Input shaft

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
Tightening torque 22.6-27.5N-m
(2.3-2.8kgf-m)

Mounting flange
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6. Reassembly

e -] 4LHA Ser ies
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.

49-59N-m

Tightening torque (5-6kgf-m)
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6. Reassembly
4LHA 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.

O-ring Oil seal

(2)Insert the shift lever shaft to the side cover.

(3) Fit the shift lever to the shift lever shaft.
NOTE: Check the direction of the shift lever & mark.

Tighten the boits.

—
oo
. r\\f.
X
N ~
]
A T
("

(4)Insert the shifter spring and shifter to the shift
lever shaft.

Shifter Spring
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6. Reassembly .
4LHA 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.

(6)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.

—
-

Approx.

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 7 Reduction and Reversing Gear

1. Constructi
onstruction 4LHA Series

1. Construction

The Hurth transmission is a “full power reversing” transmis-
sion, allowing a standard (LH rotation) engine to be used for
both rotations. Propeller rotation is determined by shift cable
attachment at the remote controll.

NOTE: Alt engines are LH rotation as viewed from flywheel
end of engine.

IMPORTANT: Transmission propeller rotation is deter-
mined by the shift cable installation in the remote con-
trol.

* RIGHT HAND ROTATION - Control cable will have to be
installed in remote control so that cable end will move in di-
rection “A” when shift handle is placed in the forward posi-
tion.

¢ LEFT HAND ROTATION - Control cable will have to be in-

stalled in remote control so that cable end will move in direc-
tion “B” when shift handle is placed in the forward position.

A i

e T

1 |

0 =) C )

clutch side B

shifting lever

input
-,
ILL.I' A It
intermediate
Output shaft
-
output shaft

“B” is Forward Gear for LH Rotation Propelier
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device

H I8 H 1. Place remote control shift lever and transmission shift le-
2- Shlft'"g DeV|ce ver, in neutral position.

IMPORTANT: Check that shift lever is positioned ap- 2. Locate center of remote control and controi shift cable play
proximately 10° aft as shown when in the neutral detent (backlash) as follows:
position and that the distance between studs in the fol- - .
lowing is set at 7-1/8 in. (317.5 mm). If necessary, loosen a. Check' that remota control is in qeutral position.
“¢” is as shown when in the neutral detent position, and b. Push in on control cable en_q with enough pressure to
retighten clamping bolt. remove play, and mark position “a” on tube.
9 amping ¢. Pull out on contro!l cable end with enough effort to re-
move play, and mark position “b” on tube.
d. Measure distance between marks “a” and “b” and mark

position “c” half-way between marks “a" and “b".

A WARNING
Avoid serious personal injury or property damage
caused by improper shifting. Anchor stud for shift cable
must be installed in the correct hole when using “late
style” bracket.

3. The shift cable anchor stud bracket should be installed.
On late style bracket with two anchor stud location holes,
the hole marked “630” as shown is to be used on the 630A
transmission. (Refer to Transmission Identification Plate
for specific transmission model designation.)

a - Shift lever
b - Lever, in Neutral Detent, Must Be Approximately 10° Aft of Verti-
cal a - Bracket, Shift Cable
¢ - Dimension between Studs -7-1/8 in.(317.5 mm) b - Shift Cable Anchor Stud
d - Clamping Bolt ¢ - Bracket-to-Transmission Fasteners
Typical Hurth Transmission Shown Late Style Shift Cable Bracket Shown

7-2-2
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Chapter 7 Reduction and Reversing Gear

2. Shifting Device
ifting 4LHA Series

NOTE: Anchor stud for shift cable on early style bracket with 8. Iftransmission shift lever will position properly in one gear,
only one locating hole should be installed as shown. but not in the other, recheck shift cable adjustment. If
transmission shift lever will not position properly in both
gears, move transmission shift lever stud (a), from top
hole in shift lever, to bottom hole, and recheck for proper
positioning. If proper positioning is still not obtained, re-
mote control does not provide sufficient shift cable travel
and must be replaced.

a - Bracket, Shift Cable
b - Shift Cable Anchor Stud
¢ - Bracket-to-Transmission Fasteners

Early Style Shift Cable Bracket Shown
4. Center cable end-play, then adjust cable barrel to align

holes in barrel and cable end guide, with attaching points
on transmission.

5. Temporarily install shift cable. Do not secure at this time.
a - Shift Lever Stud

IMPORTANT: Transmission is “fully” in gear when shift b - Lever in Neutral Detent, Must Be Approximately 10° Aft of Vertical

lever comes to a stop, in either direction. ¢ - Clamping Bolt

€. Place remote control shift lever in the forward gear posi-
tion. Check to ensure transmission is fully in gear, as fol-
lows:

a. Hold shift lever in position.
b. Carefully slide shift cable off of anchor points.
c. Attempt to move transmission shift lever further.

7. Temporarily instali shift cable onto anchor points again.
Do not secure at this time. Place remote control shift lever
in the reverse gear position. Check that transmission is
fully in gear, following the same procedure as outlined
above.
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Chapter 7 Reduction and Reversing Gear
2. Shifting Device
4LHA Series

9. Once shift cable adjustment is correct, secure shift SINGLE CABLE - REAR ENTRY
cable(s) with hardware as shown, referring to appropriate
configuration following:

NOTE: To change cable approach direction on single or dual
station installations, only the spacer/bushings have to be
switched to the opposite stud (the studs are identical).

SINGLE CABLE - FORWARD ENTRY

; “ C i
=Y e

CABLE
BARREL Q

STUD
CABLE a - Cable End Guide
BARREL b b - Locknut and Washer (Tighten Until Botiomed, Then Back Off 1
STUD 0 Full Turn)
¢ - Spacer (Fits Over Bushings)
d - Bushings
.‘Q\
VY,

e - Cable Barrel
f- Spacer (Fits Over Stud)

CABLE
END GUIDE
STUD

a - Cabie End Guide

- Locknut and Washer (Tighten Until Bottomed, Then Back Off
1 Full Turn)

- Spacer (Fits Over Bushings)

- Bushings

- Cable Barrel

- Spacers (Fit Over Stud)

o

-0 Q0
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2. Shifting Device

DUAL CABLE - FORWARD ENTRY

CABLE
ENDGUIDE
STUD

- Cable End Guides

- Locknut and Washer (Tighten Until Bottomed, Then Back Off
1 Full Turn)

- Spacer (Fits Over Stud)

- Bushings

- Cable Barrels

Q o0
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4LHA Series

DUAL CABLE - REAR ENTRY

- 7
/Am 00
e = OIS ——— )
ar =27/ & Sy g -y
o F 11 117
AV T {%)’QL’
SN
CABLE g> N
il 5
CABLE
BARREL

STUD

a - Cable End Guides

b - Locknut and Washer (Tighten Until Bottomed, Then Back Off 1
Full Turn)

¢ - Spacer (Fits Over Stud)

d - Bushings

e - Cable Barrels



Chapter 7 Reduction and Reversing Gear

3. Inspection and Servicing 4LHA Series

3. Inspection and Servicing

(1) Draining Transmission (2) Filling Transmission
1. Clean the exterior of transmission before disassembly.
' IMPORTANT: Use only Automatic Transmission Fluid
2. Remove oil filter from housing by turning (counter-clock- (ATF) as recommended in “Specifications”.
wise) and pulling at the same time.

PR ECIE S . ~ 1. Fill transmission to proper level, thru oil filter cavity.
7 j\ l —~_> (Refer to specifications for capacity.)
Ve ~! AN

2. Install filter as follows:

a. Coat O-ring on filter cover with transmission fluid.

3. Push hose of suction pump through suction pipe and down
to the bottom of the housing.

A\ CAUTION

Transmission fluid filter and cover must be properly
seated to avoid fluid to avoid fluid foaming and/or loss of
fluid, thus resulting in decreased efficiency and/or dam-
age to transmission.

b. Push down until cover is fully seated (top of cover flush
with housing), then, turn “T"-handle clockwise until
tight.
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

4LHA Series
3. Start engine and run for two minutes to fill system with  (3) Transmission Removal
fluid.
4. Stop engine and check fluid level. Fluid should be be- 1. Refer to Removal and Installation, Section 2B-"MIE In-
tween "Min” and *Max” lines on dipstick. board) Models” and remove engine and transmission as
—» instructed.
“L. 2. Disconnect wires from neutral safety switch and audio
— — “ Iy warning temperature switch.
~El

b - Audio Warning Temperature Switch

N
/ l\—j a - Neutral Safety Switch

]
l Typical Hurth Transmission Shown

3. Follow instructions “a” or “b":
Typical Hurth Transmission Shown
a. On 530D-TA, 636D-TA, D183 and D219 Engines:
Disconnect seawater hoses from transmission fluid
cooler.

b
T

a - Seawater Inlet Hose
b - Seawater Outlet Hose
¢ - Transmission Fluid Cooler

530D-TA, 636D-TA, D183 and D219 Shown
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Chapter 7 Reduction and Reversing Gear
3. Inspection and Servicing

b. On D254 Engines: Disconnect transmission fluid
cooler hoses from tandem engine oil/transmission fluid
cooler. Note position of hoses to aid in proper reassem-

bly.

ik N 2
R e [ [T
o_:—‘.oﬁm.—" 1;)] /

-\_JC':-'_.'

+ ———
Lo
Tt Y =A%

a - Transmission Fluid Cooler Hoses
b - Tandem Engine Oil/Transmission fluid Cooler

D254 Shown

4. Remove four bolts with locknuts (2 with spacers on en-
gines with cooler bracket as shown) and two nuts with
lockwashers. Retain hardware and remove transmission.

P O
)
e 1@ do
[{ )
®|®
\___wj/ 00

a - Bolts With Lockwashers [4 - Two On Each Side (Two With
Spacers If Cooler Bracket)]

b - Nuts With Lockwashers (One On Each Side)

c - Spacer

Typical Down Angle Transmission

7-2-8
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Chapter 7 Reduction and Reversing Gear
4. Disassembly

4LHA Series
H b. On D254 Engines: Remove transmission fluid hoses
4- Dlsassem bly from 45° elbow connectors on transmission. (Previ-
IMPORTANT: Ensure work area is clean before disas- ously disconnected from cooler.)
sembly is started. Be sure to use lint free cloths when ._!, TN
clearing and/or handling parts. 1) ‘
))a
\ Q7 \ e
TRANSMISSION FLUID COOLER/HOSES (Lt S
<5 ), "4 = \ 2 ‘—
IMPORTANT: Do not attempt to remove transmission / ) b {32
fluid cooler lines from transmission until removed from AW o
cooler or damage by twisting could result. S O 4
1. Follow instructions “a” or “b": @ % QI (% ’
a. On 530D-TA, 636D-TA, D183 and D219 Engines: \ =2 ’\\ ‘ Ly
(1) Disconnect transmission fluid hoses from cooler. 7 v A \_// 0
(2) Then, disconnect hoses from transmission. @ 71\
/r
7

a - Transmission Fluid Hoses
b - 45° Elbow Connector (2 - One Hidden In This View)

a - Transmission Fluid Hoses (At Cooler)
b - Transmission Fluid Hoses (At Transmission)
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Chapter 7 Reduction and Reversing Gear
4. Disassembly ALHA Series

OIL FILTER and DIPSTICK 4. Inspect O-rings for wear and replace if necessary.

2. Remove oil filter from housing by turning “T"-handle coun-
terclockwise and pulling up on cover.

5. Push hose of suction pump through suction pipe and down
to the bottom of the housing. Pump fluid from housing.

/“::‘\

e —

|
l
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Chapter 7 Reduction and Reversing Gear

4. Disassembly
4LHA Series

6. Remove dipstick by turning (counterclockwise) and pulling BREATHER VALVE
at the same time.

8. Remove breather valve. Clean with suitable cleaner, allow
to dry and coat with oil.

=l

\
=S

a - Breather Valve

MOUNTS

9. Remove mounts from transmission housing. Inspect
7. Inspect seal for wear and replace if necessary. mounts for damage and replace if necessary.

a- Seat

a - Transmission Mount
b - Retaining Screws (4 Total on Each Mount - One Hidden In This
View)
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Chapter 7 Reduction and Reversing Gear

. Di bl
4. Disassembly 4LHA Series

OUTPUT FLANGE 11. Reinstall bolt andd remove flange using appropriate
puller.
10. Remove bolt, washer and O-ring.




Chapter 7 Reduction and Reversing Gear

4. Di bl
isassembly 4LHA Series
CONTROL BLOCK A\ CAUTION
Be careful not to allow dirt to enter control block from
front side.

12. Remove hex head bolts (6).

¢ (5 ' \\ 14. Cover openings in control block with a protective cloth.
; / y
r

4

iry
T = 2
/ N ' =l

= q;ﬁ} 0
TOE
@) O\

N TSNS
v KM\ .\@ rg a - Openings
' ™ HOUSING

a - Hex Head Bolts (6) 15. Remove hex head bolts (12) from input side of housing.

13. Remove control block and gasket from housing.

a - Bolts
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4LHA Series

19. Remove baffle plate as follows:

a. Bend tabs up away from screws.

b. Remove screws, then; remove baffle plate.

(€

' “ 0] i
T oy, -
I W (I ~
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Chapter 7 Reduction and Reversing Gear
4. Disassembly

4LHA Series

20. Remove output shaft assembly. SEALS

23. Remove suction pipe seal as follows:

BEARING, GEAR and SEAL INSPECTION

21. Inspect all tapered roller bearings, the piston rings on the Y7,
input shaft and all gears for wear. If damage has been (
found on the gearing of the intermediate or output shaft, it - ‘
is ALWAYS necessary to replace the complete shaft.
When gears on the input shaft have to be replaced, the a - Seal

tapered roller bearings and needie bearings MUST BE
replaced as well. a. Bend tabs up away from screws.

\I/ \\‘

22. Turn gears of input shaft to check correct operation of the
reversing clutch. If it is hard to turn the gears, the clutch is
probably damaged.

a- Tabs
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Chapter 7 Reduction and Reversing Gear

4. Disassembly .
L 4LHA Senes
b. Remove screws and hold down plate. 24. Remove input shaft seal using appropriate mandrel.

¢. Remove suction pipe by puling downward out of seal. / l \— "I —/
16

a - Seal

a - Screws
b - Hold Down Plate 25. Remove output shaft seals using appropriate mandrel.

d. Remove seal from top side. // I \
/—
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Chapter 7 Reduction and Reversing Gear
4. Disassembly

TAPERED ROLLER BEARING CUPS

IMPORTANT: Do not remove tapered roller bearing cups
unless replacing tapered roller bearings. Bearing and
cup must be replaced as a set.

IMPORTANT: Do not mix up shims under cups on the in-
put housing side. Shims are required to adjusting the
bearing preload.

26. Pull tapered roller bearing cups from housing use special
puller as follows:

a. Position appropriate puller guide (large diameter or
small diameter) over cup as shown.

a - Small Diameter Puller Guide

4LHA Series

b. Pull bearing cup from housing tool as shown.

¢. Input Housing Side: Remove and retain shims.
DO NOT MIX UP.
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Chapter 7 Reduction and Reversing Gear
4. Disassembly

4LHA Series
TAPERED ROLLER BEARINGS REVERSING CLUTCH, GEARS and TAPERED ROLLER
BEARINGS
A CAUTION
Gears should never be removed from intermediate shaft ~ 28. Remove tapered roller bearing from splined end of input
or output shaft, as this will affect proper gear allignment. shaft using special tool as follows:
27. Remove tapered roller bearings from intermediate shaft a. Place tool over tapered roller bearing. Ensure jaws of
and output shaft by using a universal puller plate and tool will be pulling on bottom edge of rollers and NOT
pressing bearings off. on the cage.

-
e
-
3

I

y. iy

SV

a- Jaws
b - Bottom Edge of Rollers
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Chapter 7 Reduction and Reversing Gear
4LHA Series

4. Disassembly

29. Remove butting ring from splined end of input shaft by

b. Tighten jaws onto bearing by turning on knurled part of
installing special tool as shown and lightly tapping up-

tool. Tighten assembly.
ward on tool.

®
b

o
o
N
=

L

N\
=]
MITTT

|
=

¢ ‘l]"/” 7 / /

a - Special Tool
b - Butting Ring

30. Remove butting ring and gear assembly.

il

c. Pull tapered roller bearing from shaft using tool as shiown.

a - Butting Ring
b - Gear Assembly

a - Hold Tool Stationary
b - Turn Top Nut
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Chapter 7 Reduction and Reversing Gear

4. Disassembly
4LHA Series

31. Remove needle bearings. 33. Remove tapered roller bearing, butting ring and gear
from piston end of shaft using special tool as shown.
Press all components off at the same time. Then, remove
needle bearings.

oot
1)

N o

CLUTCH DISCS

NOTE: Discs on both sides of clutch are removed in the same
manner.

IMPORTANT: Reference marks are placed on the clutch
housing and end disc to aid in locating the snap ring

opening.

a - Reference Marks
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Chapter 7 Reduction and Reversing Gear
4. Disassembly
L -~ 4LHA Series

NOTE: For ease of reassembly, end disc and snap ring
should not be removed from tool unless their condition is

questionable.

34. Position snap ring compression tool on clutch assembly
so that compression screws are centered over slots in

clutch housing.
35. Remove end disc and snap ring as follows:

a. Tighten all compression screws until a slight resis-
tance is felt.

b. Tighten compression screws evenly (approximately
1/2 turn at a time).

c. Tap up rightly on bottom edge of compression tool
unitil snap ring pops up and out of groove in clutch
housing.

a - End Disc (Snap Ring Compressed)

d. If necessary, remove end disc and snap ring from tool.

a - Snap Ring Compression Tool =
b - Compression Screws (6)
¢ - Slots ==

a - End Disc
b - Snap Ring
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Chapter 7 Reduction and Reversing Gear
4. Disassembly ALHA Series

IMPORTANT: Thrust discs have a wave pattern. These 36. Remove discs.
discs must be reinstalled in a specific pattern, when reas-
sembled. Make note of notches in thrust disc tabs, and

how they are arranged.

\-——-’-\

AAVANANANA VAN VAN VAN YR ANA Y

~

ANANANANAVNAVA VAN NANA AN AN |

w

L O D N N N NN N NN NN NN

~

[ AN N U N U N . O . N N

- a A7 37. Inspect thrust discs and inner discs for wear. Replace if
b PAs' A there is any questionable wear.

38. Remove and inspect disc on opposite side of clutch in
same manner.

a - Thrust Discs (5)
b - Inner Discs (4)
¢ - Notches
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Chapter 7 Reduction and Reversing Gear
5. Reassembly
4LHA Series

2. Install discs in clutch housing.

5. Reassembly

CLUTCH DISCS

IMPORTANT: Thrust discs have a wave pattern. These
discs must be reinstalled in a specific manner as ex-
plained following.

m

O N S N NS N N NSNS NSNS

~

A A N NN N ANSNSINIIS SN

AN NN N NN NSN3

LA DN SN S N N AN IS IS IS

3. Align snap ring opening with reference marks on end disc
and clutch housing.

1. Arrange thrust discs and inner discs as shown. Ensure
notches on thrust disc tabs are aligned as shown.

a - Thrust Discs (5)
b - Inner Discs (4)
¢ - Nofches

a - Snap Ring Opening
b - Reference Marks
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Chapter 7 Reduction and Reversing Gear

5. Reassembly .
4LHA Series
4. 1f end disc and snap ring were removed from tool, reinstall c. Tighten compression screws evenly to completely com-
as follows: press snap ring into end disc.

a. Loosen all compression screws on tool.

a - Compression Screws

b. Place snap ring into groove in end disc and compress

by hand so that compression dogs will hold in on snap
ring. a - End Disc
b - Compression Screws

d. Carefully lower end disc and special tool onto clutch
housing and align compression dogs with slots in hous-
\\ ing.
( \x / <
}
a

T = 0
b
5 Snap Fing
¢ - Compression Dogs AWWW/W/WWWM
a - Slots

b - Compression Dogs
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Chapter 7 Reduction and Reversing Gear

5.R bl
siiiilaald 4LHA Series

5. Tap lightly around top of too! untit end disc bottoms. 6. Double check that snap ring has been properly seated by
Loosen compression screws and remove tool. prying up lightly on end disc.

7. Reinstall discs on opposite side of clutch in same manner.

NEEDLE BEARINGS

8. Reinstall needle bearings.

il
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

e </ A Series

GEAR ASSEMBLY TAPERED ROLLER BEARING
9. Reinstall gear assembly. Twist gear assembly from side to A\ CAUTION
side to allow splines to engage with inner discs. Ensure all Do not touch bearing once it has been heated. Severe
inner discs are engaged with splines by observing through burns could result. Use special protective gloves to
slots in clutch housing. handle bearing.
AR 11. Heat inner race of tapered roller bearing using a torch

lamp and press bearing onto shaft. When beaing
\ b has cooled down (Do Not cool with water), tap bearing
N carefully down to ensure proper seating against butting
l ring, using a soft (copper) punch tap on inner race only.

a - Tapered Roller Bearing
b - Butting Ring

12. Install components on opposite side of clutch assembly
in same manner.
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

4LHA Series

A\ CAUTION 15. Install tapered roller bearing on opposite end of shaft in
Use care in reinstalling piston rings on input shaft. Pis- the same manner.
ton rings are brittie and may snap if spread too far open.

13. Reinstall piston rings on input shaft. Ensure ends of rings ~ OUTPUT SHAFT
are coupled as shown. Then, position rings so that ends
are staggered so no two are aligned.

Do not touch bearing once it has been heated. Severe
\ burns could result. Use special protective gloves to
handle bearing.

.
’ hﬁ \}> 16. Heat inner race of tapered roller bearing using a torch

= lamp and press bearing onto shaft. When bearing has
S i cooled (Do Not cool with water), drive bearing down
§ ), ] - against gear using a soft (copper) Punch, tapping on in-
&L_/ 1 S~ ner race only.
-
:,__

7

INTERMEDIATE SHAFT

17. Install tapered roller bearing on opposite end of shaft in
the same manner.

A\ WARNING
Do not touch bearing once it has been heated. Severe
burns could result. Use special protective gloves to

NOTE: Bearing on splined end of shaft is tapped until seated
handle bearing.

against shoulder on shatft.

14. Heat inner race of tapered roller bearing using a torch
lamp and press bearing onto shaft. When bearing has
cooled down.(Do Not cool with water), tap bearing care-
fully down to ensure proper seating against gear, using a
soft (copper) punch. Tap on inner race only.

)
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

4LHA Series
Preassembly of Output Half of Housing A\ WARNING
moved, ensure output shaft seal IS NOT in place, asitwill  1amp. Severe burns could result. Use special protective

be necessary to heat housing prior to installing bearing  9'oves when handling housing.
cups.
19. Heat bearing bores of housing using a torch lamp and
IMPORTANT: The tapered roller bearing cup on the input install bearing cups using a suitable mandrel.
shaft (control block end) is properly positioned by bot-

toming out on the face of the control block assembly. It \es \\ \ \ \ ) ~3 4 IP O\

will be necessary to temporarily install control block to
install this tapered roller bearing cup.

18. Temporarily install control biock on outer housing.
Tighten bolts securely.

a - Bearing Cups
b - Torch Lamp

20. Allow housing to cool (Do Not cool with water) and then
tap bearing cup with suitable mandrel to ensure it is prop-
erly seated.

21. Remove control block assembly.

a - Input Shaft Bearing Cup
b - Control Biock Face
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

4LHA Series
OUTPUT SHAFT SEAL 24. Reinstall suction pipe. Place one drop of Loctite Type “A”
22. If bearing were not replaced and no shimming is re- on screw threads. Then, secure suction pipe down with
quired, push new seal onto special mandrel. Ensure seal retainer plate. Tighten screws securely.
will be positioned with lip of seal facing inward. Drive seal
uniformly into bore of housing to the point that it is coun- 25. Bend tabs down over screws.
tersunk 0.040 in. (1 mm) with reference to housing sur-

face.

SHAFTS and BAFFLE PLATE

a- Seal 26. Coat tapered roller bearings with ATF.

SUCTION PIPE 27. Install output shatft.

23. Reinstall suction pipe seal in bottom of oil filter bore. Coat
seal with ATF. 3
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Chapter 7 Reduction and Reversing Gear

5. Reasse mbly _
4LHA Series

28. Install baffle plate. Apply one drop of Loctite Type “A” to
screws. Tighten screws securely and bend tabs down




Chapter 7 Reduction and Reversing Gear
5. Reassembly

4LHA Serie;
Preassembly of Input Half of Housing A\ WARNING
_ Use care in handling housing once it has been heated
31. Install breather valve (do not overtighten). with a torch lamp. Severe burns could resuit. Use special

protective gloves when handling housing.

)

33. Heat each tapered roller bearing cup bore with a torch
lamp. Insert shims (less those removed) and béaring
cups into appropriate bearing bores. When housing has
cooled (Do Not cool with water), tap bearing cups with a

\ suitable mandrel to ensure that cups are fully seated.

SN

BEARING PRELOAD ADJUSTMENT

IMPORTANT: If new tapered roller bearings have been
installed, the preload must be readjusted. If bearing were
not replaced, proceed to the final reassembly section.

NQOTE: The required preload of bearings of the individual
shafts is obtained by using shims beneath the tapered roller
bearing cups in the input half of the housing.

NOTE: Shims which have been removed during disassembly
may be reused.

32. Subtract approximately 0.008 in (0.2mm) of shims from
each bearing cup bore. Remove and set aside, but do
not mix up.

a - Bearing Cups
b - Torch Lamp
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Chapter 7 Reduction and Reversing Gear

5. Reassembly 4LHA Series

34. Install input half of housing onto output half. Ensure loca- b. Mount dial indicator on input shaft. Turn input shaft sev-
tor pins are in place. Install bolts and lockwashers and eral times to seat bearing.
torque to 36 Ib. ft. (49 N.m).

INPUT SHAFT PRELOAD
35. Measure bearing clearance as follows:

a. Install special tool as shown. Tighten hold down boits
securely.

a - Special Tool
b - Hold Down Bolts
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

4LHA Series
IMPORTANT: The following step should be done very e. Make note of reading. The bearing clearance mea-
carefully to obtain the actual bearing clearance. Avoid sured PLUS the preload required is equal to the

bumping the input shaft and turn very slowly on the spe- amount of shim thickness to be ADDED.
cial tool knob. (Shaft will only be moving a very small
amoun.)

d. Stowly turn the special tool knob clockwise to push the
shaft upward. (Perform the above sequence several
times to ensure on accurate reading.)

Example:

Bearing Clearances Measured 0.009 in.
+ Bearing Preload Required 0.004 in.
= Shims to Be Added 0.013in.
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Chapter 7 Reduction and Reversing Gear
S. Reassembly

INTERMEDIATE SHAFT PRELOAD

36. Measure bearing clearance as follows:

a. Remove hex plug from housing.

]
=) NS
NP Nty
N ragr ' A
\
—— \ /
<o A=

b. Screw special bolt with nut into intermediate shaft and
tighten snuggly. Turn nut up until it touches bolt head.

¢. Mount dial indicator on bolt head. Turn output shatft sev-
eral times to ensure bearing is seated.

a - Special Bolt with Nut

4LHA Series

d. Zero dial indicator.

IMPORTANT: The following step should be done very
carefully, to obtain the actual bearing clearance. Turn nut
very slowly as shaft will only be moving a small amount.

e. Hold bolt with one wrench and slowly turn down nut to
pull shaft upward. (Perform the above sequence sev-
eral times to ensure accurate reading.)

a - Bolt-Hold Stationary
b - Nut-Turn to Move Shaft
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Chapter 7 Reduction and Reversing Gear

5. Reassembly

f.

4LHA Series

Make note of the reading. The bearing clearance mea-  OUTPUT SHAFT PRELOAD
sured PLUS the preload required is equal to the amount of

shim thickness to be ADDED. 37. Measure the bearing clearance as follows:

a. Install flange washer and bolt. Tighten snuggly.

b. Mount dial indicator on bolt head. Turn output shaft
several times to ensure bearing is seated.

- & S— ) )y
= -—_‘a |
= ==l

\

,J a - Flange Washer and Bolt
\

c¢. Zero dial indicator.

Example:

Bearing Clearances Measured 0.007 in.
+ Bearing Preload Required 0.004 in.
= Shims to Be Added 0.011in.

g. Remove dial indicator, special bolt and nut, and reinstall

hex plug. Tighten securely.
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Chapter 7 Reduction and Reversing Gear
5. Reassembly
4LHA Series

IMPORTANT: The following step should be done very 38. When thickness of shims to be ADDED has been deter-

carefully to obtain the actual bearing clearance. Pry up mined, the input half of housing must again be removed.
gently and evenly to lift shaft. Shaft will only move a Remove bolts and lockwashers, then lift off input half of
small amount. housing.

d. Pry up on washer to lift output shaft.

e. Make note of the reading. The bearing clearance mea-
sured PLUS the preload required is equal to the
amount of shim thickness to be ADDED.

a-Bolts

Example:

Bearing Clearances Measured 0.010in.
+ Bearing Preload Required 0.004 in.
= Shims to Be Added 0.014 in.

f. Remove dial indicator. Remove bolt and flange washer.
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Chapter 7 Reduction and Reversing Gear

5. Reassembly 4LHA Series

39. Remove tapered roller bearing cups from housing using A\ WARNING
special puller as follows: Use care in handling housing once it has been heated

with a torch lamp. Severe burns could resuit. Use special
protective gloves when handling housing.

a. Position appropriate puller guide (large or small diam-
eter) over cup as shown.

41. Heat each tapered roller bearing cup bore with a torch
lamp. Install bearing cups into appropriate bore and tap
into place using a suitable mandrel. When housing has
cooled (Do Not cool with water), tap bearing cups to en-
sure they are fully seated.

a - Small Diameter Puller Guide

b. Pull bearing cup from housing as shown.

40. Add the necessary amount of shims as determined previ-
ously to the appropriate bearing bores.

a - Torch Lamp
b - Bearing Cups
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Chapter 7 Reduction and Reversing Gear

S. Reassembly

Final Assembly

INPUT SHAFT SEAL

1. Push new seal onto special mandrel. Ensure seal will be

positioned with lip of seal facing inward.

Drive seal uniformly into bore of housing to the point that it
is countersunk 0.040 in. (1 mm) with reference to housing
surface.

2. Coat lips of seals on input and output shafts with ATF.

3. Apply a thin layer of Loctite 515 Sealer to machined sur-
faces on housing halves. Reinstall input half of housing.

Ensure locator pins are properly positioned.

a - Locator Pins
b - Machined Surface

7-2-38

4LHA Series

4. Install bolts and lockwashers and torque to 49N-m(5kgf-m)

5. Double check to ensure that there is no shaft clearance on
all three shatfts. Refer back to previous steps if necessary,

and use dial indicator.

6. Remove intermediate shaft hex plugs. Apply a drop of
Loctite Type “A" to threads and reinstall in housing.

Tighten securely.
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Chapter 7 Reduction and Reversing Gear

5. Reassembly ALHA Series
CONTROL BLOCK FLUID FILTER
7. Ensure piston rings are in place and the key is in keyway. 11. Coat new O-rings with ATF.

Align key on shaft with keyway in control block.

8. New gasket between control block and housing.

a - O-rings
a- Key 12. Reassemble filter assembly as shown. DO NOT tighten
b - Piston Rings and compress upper O-ring.

9. Carefully push control block onto input shaft.

10. Coat each hex socket head bolt with a drop of Loctite
Type “A”. Secure control block to housing with bolts and
lockwashers. Torque to 25N-m(2.5kgf-m).

DIPSTICK
13. Coat sealing ring on dipstick with ATF.

14. Install dipstick into transmission and tighten by pressing
down and turning clockwise at the same time.

a - Hex Socket Head Bolts (6)
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Chapter 7 Reduction and Reversing Gear
5. Reassembly
4LHA Series

OUTPUT FLANGE 18. Install O-ring into flange and coat with ATF.

15. Coat output shaft splines with a thin coat of Loctite type 19. Install washer and bolt. Torque to 85N-m(8.7kgf-m)

A"
16. Coat lip of output shaft seal with ATF.

17. Install output shaft flange. Be careful not to damage out-
put shaft seal.

a - Splines
b - Output Shaft Seal

a - Bolt
b - Washer
¢ - O-ring
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

FILLING WITH TRANSMISSION FLUID

IMPORTANT: Use only ATF (Automatic Transmission
Fluid), such as, Dexron lI-D.

20. Filltransmission to proper level, thru oil filter cavity.
(Refer to specifications for capacity.)
21. Install filter as follows:

a. Install filter and push down so that cover is flush with
housing.

b. Turn T-handle clockwise until O-ring compresses and
cover is snug. Do not overtighten or the O-ring in the
cover could be damaged.

a - Cover
b - T-Handle
¢ - O-ring

22. Check fluid level. Fluid should be between “MIN" and
“MAX" marks on dipstick.
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4LHA Series

Transmission Installation

1. Coat splines on input shaft with 2-4-C Marine Lubricant.

- Input Shaft

. Instali mounts on transmission housing having previously

inspected for damage and replaced if needed. Torque
screws to 68N-m(6.9kgf-m).

a - Transmission Mounts
b - Screws [4 Each Side (One Partially Hidden In This View))



Chapter 7 Reduction and Reversing Gear
5. Reassembly

3. Follow instructions “a” or “b™
a. On 530D-TA, 636D-TA, D183 and D219 Engines:

(1) Install transmission on flywheel housing with trans-
mission cooler and bracket in position using hard-
ware and fasteners as shown. Torque fasteners to
68N-m(6.9kgf-m).

(2)Install transmission fluid hoses at transmission and
then attach to cooler 90° elbow connectors where
noted upon disassembly. Tighten all hose fittings se-
curely.

<t

- Bolts With Lockwashers [4 - Two On Each Side (Two With Spac-
ers If Cooler Bracket)]

- Nuts With Lockwashers (One On Each Side)

- Spacer

- Transmission Fluid Hoses

- Cooler

- 90° Elbow Connector (2 - One Hidden In This View)

b. On D254 Engines:

~® Q0O T

(1)Install transmission on flywheel housing and secure
with hardware shown. Torque fasteners to 68N-m
(6.9kgf-m).

(2)Install transmission fluid hoses to transmission 45f|
elbow connectors. Tighten securely.

- Bolts With Lockwashers (4 - Two On Each Side)

- Nuts With Lockwashers (One On Each Side)

- Transmission Fluid Hoses

- Transmission Fluid Hose 45fl Elbow Connector (2 - One Hidden In

Qo oo

This View)

4. Follow instructions “a” or "b™

a. On 530D-TA, 636D-TA, D183 and D219 Engines:
Connect seawater hoses to transmission cooler.
Tighten hose clamps securely.

a - Seawater Inlet Hose
b - Seawater Outlet Hose
¢ - Hose Clamp

530D-TA, 636D-TA, D183 and D219 Shown
b. On D254 Engines: Connect transmission fluid cooler

hoses as noted on disasse mbly to tandem engine oil/
transmission fluid cooler.
=

l [,L
4
Y D) D D) \

= © © ’
\// e (%) o: o

a - Transmission Fluid Cooler Hoses
b - Tandem Engine Oil/Transmission Fluid Cooler

D254 Shown

7-2-42
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Chapter 7 Reduction and Reversing Gear
5. Reassembly

5. Connect wires to neutral safety switch and to audio warn-
ing temperature switch. Coat connections on neutrat
safety switch with Liquid Neoprene.

Functional Test

1. Connect a pressure gauge and thermometer to fluid pump
at locations shown.

4LHA Series

a - Neutral Safely Switch
b - Audio Warning Temperature Switch

=

6. Refer to Removal and Installation, Section 2B-"MIE (in-

board) Models” and install engine with transmission as in-

structed.

Tests to be carried out:

1. Leakages

2. Noise emission

3. Direction of rotation, LH/RH

4. Lube oil temperature

5. Shifting pressure

N

A5

2N

4

Typical Hurth Transmission Shown

e 7 (o)
W\
An
Zof (% S
N T~ fs

i

a - Pressure Gauge (M10x1 Thread) - Remove Plug
b - Thermometer (3/8 in. Thread) - Remove Temperature Sender

2. Perform functional tests as shown in chart following.
Refer to "Operating Specitications” for correct readings.

The function test should be carried out as follows:

Motor speed Shift'l(_aver DL!ration Test
pm position minutes
800-1000 neutral 5 1 2 5*
600-800 A & B position
(idling speed) repeatedly - 1 2 3
1500-2500 B position - 1 2 4
600-800 A & B position
(idling speed) repeatedly - 1 2 3
Idling-max. speed A position — 1 2 5=
600-800 from A — B position — 1 2
Idling-max. speed B position - 1 2 5

* Until an oil temperature of 75-80flC (167-176fIF) has been reached

7-2-43

** at different speeds
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Chapter 8 Remote Control n
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 control 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 !
Remote Nfingle I«verd 41730-000680
control head orse MV side mounting

single lever 128170-86500
Remote Morse 33C x 4m (13.12ft.) 41710-000360
control cabie Morse 33C x 7m (23.00ft.) 129470-86500
Engine Yanmar 4m (13.12ft) 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 lever in-
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.

8-1
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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 Control 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
4LHA Series

2. Remote Control Installation

2-1 Speed control

Lube oil cooler

Cable bracket

Speed control cable

Cable joint

Idie speed adjust screw

Fuet injection pump

Max. speed adjust screw
Speed control lever

8-2
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2. Remote Control Installation
4LHA Series

2-2 Clutch control
Shim set

Shift lever
Shift shaft

N

Oil seal

Side cover

70mm (2.756 in.)

‘-‘ ;
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2. Remote Control Installation
4LHA Series

2-3 Engine stop

Fuel injection pump

Coupler for electrical engine stop

Engine stop lever

Set bolt

Engine stop cable

Lock nut

~ *-\
Cotter pin

Cable connector

8-4
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3. Remote Control Inspection
4LHA 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

%hm in - Shlm
o
Throttle /

Throftle

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 enlarge the bending radius as much as
possible (to 200mm or more).

(3) Check for loose cable 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.

8-5
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4. Remote Control Adjustment

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 control 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 lever 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.

4LHA Series

Speed control cable

Cable joint
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. Di
1. System Diagram ALHA Series

1. System Diagram

1-1 System diagram of electric parts (B2-type)

B2-type instrument panel

Extension wareharness

Starting motor

2

Battery

Alternator

Batteiy switch

Water temperature switch

9-1
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1. System Diagram 4LHA Series

1-2 C-type, D-type and E-type

# @
B f@@@@ i

% @@

E-type
instrument panel

Oil pressure sender unit

Lube oil pressure switch

Boost pressure sender unit

A ﬁ @ (only E-type panel)

Starting motor

Tachometer sensor

Alternator

Battery switch

Water temperature
sender unit

Water temperature switch

9-2



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 lead acid
battery which stores a fixed amount of power that can be
used when required. After use, the battery can be
recharged and used again.

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

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

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

2-2 Battery capacity and battery cables

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

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:

9-3
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[Wire thinner than specified] [ Single conductor wire

LWire longer than specifiedl

[ High wiring resistance ]

Open circuit caused
by vibrations

L

Low current )

[ Faulty starting ] | Faulty charging J

Battery switch

I’_‘é\@ﬁ —
| e e

Battery
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.

Starter
motor
E

Allowable Conductor a+b+c
Voltage wiring Cross- allowable
system voltage section lenath
drop area 9
20mm? Up to2.5m
0.0311in.? 98.43 in.
12v 0.2V or less/100A ¢ ) ( )
40mm? Up to 5m
(0.062in.?) (196.87 in.)

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

2-3Inspection -

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 electrolyte
leakage.

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

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

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

2-3.2 Checking the electrolyte
(1) Electrolyte level

Good Low High
\— — — N
cOr E

—/

|

Check the electrolyte level every 7 to 10 days. The
electrolyte must always be 10 ~ 20mm (0.3937 ~
0.7874in.) over the top of the plates.

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

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

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

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

_—Hydrometer

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

Rubber bulb

Glass tube Read top of scale

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

4LHA Series

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

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

5) Measure the temperature of the electrolyte.
Since the specific gravity changes with the
temperature, 20°C is used as the reference
temperature.
Reading the specific gravity at 20°C
S = St+0.0007 (t — 20)
S..: Specific gravity at the standard temperature of
20°C
St: Specific gravity of the electrolyte at t°C
0.0007: Specific gravity change per 1°C
t: Temperature of electrolyte

2-3.3 Voltage test

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

Battery tester

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

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

(3) Push the TEST button, wait 5 seconds, and then read
the meter.
¢ Repeat the test twice to make sure that the meter
indication remains the same.

2-3.4 Washing the battery

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

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

(3) Check the vent holes of the caps and clean if clogged.

(4) After washing the battery, dry it with compressed air,
connect the battery cable, and coat the terminals with
grease. Since the grease acts as an insulator, do not
coat the terminals before connecting the cables.



Chapter 9 Electrical System
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2-4 Charging 120 >R

2-4.1 Charging methods S P

There are two methods of charging a battery: normal and 128 T g [

rapid. ] )

Rapid charging should only be used in emergencies. Specific 27 hENIAN. - -

e Normal charging...Should be conducted at a current of gravity 1.26 [ g N e~
1/10 or less of the indicated battery P~ s A ‘\\
capacity (10A or less for a 100AH 1.25 ~_ q
battery). 1.24 LIS

* Rapid charging...Rapid charging is done over a short P ~
period of time at a current of 1/5 ~ 1.23 >
1/2 the indicated battery capacity -10 0 10 20 30 40 50

(20A ~ 50A for a 100AH battery).
However, since rapid charging
causes the electrolyte temperature
to rise too high, special care must
be exercised.

2-4.2 Charging procedure
(1) Check the specific gravity and adjust the electrolyte
level.

(2) Disconnect the battery cables.

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

Charger

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

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

2-4.3 Charging precautions

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

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

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

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

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

@
&)
@
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Electrolyte temperature (°C)

Electrolyte temperature and specific gravity

2-5 Battery storage precautions
The life of a battery depends considerably on how it is
handled. Generally speaking, however, after about two
years its performance will deteriorate, starting will become
difficult, and the battery will not fully recover its original
charge even after recharging. Then it must be replaced.
(1) Since the battery will self-discharge about 0.5%/day
even when not in use, it must be charged 1 or 2 times a

month when it is being stored.
6

5h N
50°C
4
Self-discharge/ N
day (%) 3 ~Jwe
2 \L\.\ -
] ™ 30°C
~—_|20°C |
0

1 2 3 4 ) 5
Number of days after charging

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

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

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

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

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

aging.
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3. Starter Motor

3. Starter Motor

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

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

1 Specifications and Performance

Enginemodel R Y TR
7 %d_el—" - o 7#__ -7 % 7513*—41/5 )
Rating (sec) T 30 )
Output (kW) B { 25
" Direction of rotaon o
(viewed from pinion side) Clockwise
"Masskg 73

_ Overrunning ‘
_ Magnetic shift

Clutch system o
_Engagement system

No. of pinion teeth T s
ﬁPRﬁ—Yyout voItagTe_(V) L 8 or less
i W‘Terminal voltag—e—(V) - ,,_12_ -

No-toad i Cdrrriér\\imﬁn__ﬁﬂ 150 or less -

i Speed (rpm) 3800 or greater
| Terminal voltage (V) | 825
Loaded Current (A} 500A

characteristics | Speed (rpm) | 1000 o,"gre},@r’

i D 1980
| Torque N(kgf)-m T or gréate)r

4LHA Series

2 Features

(1) The starter motor is compact and produces high output
through high speed revolutions. It has increased torque
with employing a reduction gear to reduce the speed
between the armature and the pinion.

(2) The use of ball bearings at the armature shatft (front and
rear sides) and the needle bearings for the gear shaft
(rear side) has boosted the durability of the starter moto

=

£ @

— o
. 5 . &
$ 2 §
s ¥ 5 £ —— Battery Y 160-10, -20C 4/4 Charge
> 5 3 3 ~—= Battery Y 160-10, 15C 2/4 Charge
2 o Q o S
o] [ 7] [ T T {
3.0458.8(6)

Output /
2,549,065} - (
2.0{39.2(4)1 - \‘\
I\
1.5429.4(3)4 © Su “\‘
SZENRN
1.0419,6(2){ 9‘/ MR~ o~
. . / A <]
\
0.54 98(1)- = :iSpeea P
T
0 0 0 0 i l T~ -~ t——

0 100 200 300 400 500 600 700 8CO 900 1000 1100 1200

Current (A)

S$13-41A Performance curves

9-7



Chapter 9 Electrical System

3, Starter Motor
4LHA Series

3 Construction

Magnetic switch

Center bearing hausing

Shift lever

Gear case

Dust cover

Thrust washer P

- / Rear cover
P'"'on/ - Brush spring

Pinion stopper

o=
([ o4 - Brush holder
Through bolt
Yoke Brush(+) Brush (-)
Field coil
Armature
Magnetic switch
Gear case
Shift lever
- Pinion
Brush
Gear shaft
Ball bearing
O-ring
AN !
h
_
Terminal, E
A + \ [~ Pinion stopper
Y £ X
A il ] PaAW
Through bolt Needle bearing
Oil seal
Rear cover Armature Yoke Ball bearing
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3. Starter Motor
4LHA 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 boilts.
3) Remove the rear cover, using the minus (—) driver.

;‘(
SO
NS A

. r;‘»;'-'y)

(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.

9-9
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3. Starter Motor
4LHA Series

(5) Remove the center bearing housing. (7) Remove the dust cover.
1) Remove the three M6 bolts from the gear case. 1) Remove 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.

(8) Remove the pinion.

{6) Remove the shift lever pin.
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 shaft.

9-10
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3. Starter Motor
L. ______________________________________ ] 4LHA Series

5 Maintenance standard

Model S13-41A
Standard spring load N (kgf) 314 (3.2)
Brush Standard height mm (in.) 18 (0.7087)
Waear limit B mm (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)
. . Maintenance standard mm (in.) 38 (1.4961)
Outside diameter Wear flimit 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 ™ Roarside | mm(in.) 11.90 (0.4685)
Standard dimension Defiection mm (in.) below 0.08 (0.0031)
- - . Shaft diameter mm(in.) 13.950~13.968  (0.5492~0.5499)
Pinion sliding section - -
Hole diameter mm (in.) 14.03~14.05 (0.5524~0.5532)
Shaft diameter mm (in.) 13.950~13.968 (0.5492~0.5499)
Gear case - -
Hole diameter mm (in.) 14.0~14.018 (0.55612~0.5519)
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s L. /A Series

6 Inspection

6.1 Armature

(1) Commutator
Inspect the surface of the commutator. If corroded or
pitted, sand with #500 ~ #600 sandpaper. If the
commutator is severely pitted, grind it to within a surface
roughness of at least 0.1mm (0.0039 in) by turning it on a
lathe. Replace the commiutator if damage is irreparable.

Sand paper

Model S13-41A
Mzigfé‘:,'éce Wear limit

gﬁgxgﬁ?ﬁew | ©38(1.4961) 236.6 (1.4409)

Potecon oot | "Soswom

(2) Mica undercut
Check the mica undercut, correct with a hacksaw
blade when the undercut is too shallow. )

Bad Good

Hacksaw blade

Hacksaw blade

Commutator
Commutator Segmem mica Facmg 0.5~ 0.8 mm
NI RN
Bad Good
mm (in.)
Mzitr;:\e‘;\aarr&ce Repair limit
Mica undercut (0.86279) (0.01%3 ~ 8:3315»

(3) Armature shaft outside diameter
Measure the outside diameter of the armature shaft at
four locations: front, center, end, and pinion. Replace the
armature if the shaft is excessively worn.
Check the bend of the shaft; replace the armature if the
bend exceeds 0.08mm (0.0031 in)

mm (in.)

Maintenance R

standard Repair limit
Armature shaft | Frontside 225(0.9843) (224.90(0.9803)
diameter Rear side ?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.

Checking commutator for insulation defects.

Kind of test Check point Normal Abnormal
o Commutator NO (Broken or
Continuity betweenarmature | YES | disconnected coil)
Commutator
Insulation betweenarmature | NO YES (Short-circuit)
or shaft
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3. Starter Motor
4LHA Series

6.2 Field coil

(1) Field coil continuity and ground test. (2) Brush appearance and movement in brush holder
I1f the outside of the brush is damaged, replace it. if the
movement of the brushes in the brush hoider 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 '

Spring balance

Wear limit +2.9 (0.3) N(kgf)

- Brush spring

(Measuring brush spring force)

S13-41A
Standard spring load 31.4 (3.2) Nikgf)
Field coil insulation test
Kind of test Check point Normal Abnormal
Torminal po (4) Brush holder ground test
Continuity betweenfieidcoil | YES | NO (Wiringbroken) Check for continuity between the insulated brush holder
] Field coil o and the base of the brush holder assembly. Continuity
Insulation between yoke NO | YES(Short-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 if it is
worn up to the bottom of
the Hitachi trademark
(approximately one-half its
original length)

Standard
height
L Wear limit
USED
mm (in.)
S13-41A
Brush standard height 18(0.7087)
Wear limit 7(0.2756)
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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
thatthe coil is open and that the swtich must be replaced.

Shunt coil

M Series coil

Earth

Magnetic switch wiring

S13-41A
Coil resistance (at 20°C) 0.70Q

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

] S13-41A
Resistance value (at 20°C) 0.330

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 (points 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 plunger Shell | AeroshellNo.7
Bearing and spline Shell | Albania Grease No.2
Reduction gear Shell | AeroshellNo.7
Sliding of shift lever Shell | AerosheliNo.7

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.)
Starter motor £ dimension
03~15
S13-41A (0.0118 ~ 0.0591)
Pressing the pinion
1 dimension

Measuring of { dimension

4LHA Series
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(2) Pinion movement

After complete assembly of the starter motor, connect up

the motor as in Fig.

() Switch
NS
O
Battery Starter
Q "
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.

4LHA Series

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.

Tachometer

1
J

(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 shouid begin operation, and the

speed, current, and voltage should be at the prescribed
values.

* A fully charged battery must be used.
* Since a large current flows when the starter is operated,

p Dust cover
=3
\
(4) Thrust gap of armature
No adjustment type.
(5) Thrust gap of gear shaft
mm (in.}
Normal gap Wearlimit | Kind of thrust washer
Thrustgap of 01~07 Over,0.7 | Thickness, 0.15,0.25
gearshaft  |(0.0039~0.0275) |(Over, 0.0275)| (0.0059, 0.0098)

g-15

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

Open or loose battery or switch terminal

Repair or retighten

Starting switch

Threaded part connected to pinion section of armature shaft

is damaged, and the pinion does not move

Repair contacts,
or replace switch

Starter motor

Threaded part connected to pinion section of armature shaft

is damaged, and the pinion does not move

Replace

Magnetic switch

Plunger of magnetic switch malfunctioning or coil
shorted

Repair or replace

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

Problem

Cause

Corrective action

Starting motor

Overrunning clutch faulty

Replace

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

Problem

Cause

Corrective action

Starter motor

Torsion spring permanently strained

Replace

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

Problem

Cause

Corrective action

Wiring

Wires connecting battery and magnetic switch open

or wire connecting ground, magnetic switch and motor
terminals loose

Repair, retighten,
or replace wire

Pinion and ring gear engagement faulty Replace
Motor mounting faulty Remount
Starter motor Brush worn or contacting brush spring faulty Replace
Commutator dirty Repair
Armature, fieid coil faulty Repair or replace
Field coil and brush connection loose Retighten
Magnetic switch Contactor contact faulty Replace
Contactor contacts pitted Replace

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

Problem Cause Corrective action
Starting switch Switch faulty Replace
Magnetic switch Switch faulty Replace

9-16
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4. Alternator

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

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 keep the generated voitage constant even when the
engine speed changes.

4-1 Features

The alternator 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 sait-proofing.

1) The front and rear covers are salt-proofed.

2) Salt-proof paintis applied to the diode.

3) The terminal, where the inboard harness is connected
to the alternator, is nickel plated.

4.3 Characteristics

15

4-2 Specifications

Mode! of alternator

LR155-20 (HITACHI)

Model of IC regulator TRIZ-63 (HITACHI)
Battery voltage 12V

Nominal output 12V/I55A

Earth polarity Negative earth (©)
Dfecion ot rotator eng | Cockwse
Mass 4.3kg

Rated speed 5000 rpm
Operating speed 1000 ~ 9000
Speed for 13.5V 1000 or iess
Output current at 20°C over 53A/5000 rpm

Regulated voltage

145 +0.3V (Standard temperature

voltage gradient, —0.01/°C)

4LHA Series

100 1 | I
B [ Regulated voltage

121 80
s 2
g s ®
g 3 // Output current for 13.5V
® B /'

Q

§ 6 g 40 /
€ T )

3 F 20 %

o 0

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 reguiator is an integral

part of the alternator.

Brush
regulator assy

Stator
3\

Capacitor assembly

Brush regulator assembly

Ball bearing Brush holder

- Spécer
Bolit M5

Rear cover assembly . Diode assembly
D w ’

Stator assembly
Rotor assembly

Front cover assembly

Brush assembly
Bearing retainer IC regulator assembly

Through bolit

Ball bearing C ) Brush set
\ ((_‘
Pulley nut assembly Ball bearing
Spacer
Rear cover

Insuiating bushing

Pulley assembly

Screw (M5 x 0.8 x 14)
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4-5 Alternator functioning 4-6 Handling precautions

(1) IC regulator (1) Be careful of the battery’s polarity (+, — terminals), and
The IC regulator is the transistor (Tr,) which is series- do not connect the wrong terminals to the wrong
connected with the rotor. The IC regulator controls the cables, or the battery will be short-circuited by the
output voltage of the generator by breaking or conduc- generator diode.
ting the rotor coil (exciting) current. In this case too much current will flow, the IC regulator
When the output voltage of the generator is within the and diodes burn out, and the wire harness will burn.
standard value, the transistor (Tr,) turns on. When the (2) Make sure of the correct connection of each terminal.
voltage exceeds the standard value, the Zener diode (3) When quick-charging, etc., disconnect either the bat-
goes on and the transistor (Tr,) turns off. tery terminal on the AC generator or the terminal on the
With the repeated turning on and off of the transistor, battery.
the output voltage is kept at the standard value. (Refer (4) Do not short-circuit the terminals.
to the circuit diagram below.) (5) Do not conduct any tests using high tension insulation

(2) Charge lamp resistance. (The diodes and IC regulator will burn out.)

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

Tow
i Charge lamp
D,—D, Ve O
S Ignition
switch
R,
. Stator ‘JW\, 2%
Battery switch
Rn
Rotor coit R:
4\
l 3 T
Batter:
N\ _L b
2D T
§ R,
i Regulator
AE
AC generator _I
BAT: Generator output terminal D,—D,:+ Output commutation diode
D, IC protecting diode R,—R.: Resistor
L Charge lamp terminal D,—D,: Charging lamp switching diode
ZD: Zener diode F: To supply current to rotor coil
E: Earth Rn: Thermistor
., T Transistor (Temperature gradient resistance)
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4-7 Disassembling the alternator

(1) Remove the through-bolt, and separate the front as-

sembly from the rear assembly.

(2) Remove the pulley nut, and pull out the rotor from the
front cover.

(3) Remove the @5mm (@0.1969in.} screw from the front
cover, and then remove the ball bearing.

(4) Remove the nut, the brush-holder, and diode fixing nut
at the BAT, and the terminal screws of the rear cover.
Separate the rear cover from the stator (with the diode
and brush holder).

A ob

(5) Disconnect the soldered joint of the stator lead wire,
and remove the diode and brush regulator assemblies
from the stator at the same time.

(6) Separating the regulator
1) To separate the regulator, remove the @3mm
(20.1181in.) rivet which keeps the diode assembly and
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 bolts. Do
not remove these two boplts except when replacing the
IC regulator.

4-8 Inspection and adjustment

(1) Diode
Between terminals BAT ( + side diode)
Tester wire + side — side
+ side No continuity
UVW. - —
— side Continuity
Between terminals E (- side diode)
Tester wire + side - side
+ side Continuity
UVW. - —
— side No continuity
u v w

+ side d|ode-o-{i\ E‘

o 4 _ q
- side diode 1 3
**{] L JN ]
// =

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 (photo). When there is no 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.

9-21

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 diode, check the continuity
between both ends of the diode.

CAUTION: Do not use high tensile insulation resistance

such as meggers, etc. for testing. The diode
may burn out.

(2) Rotor

Inspect the slip ring surface, rotor coil continuity and
insulation.

1) Inspecting the slip ring surface
Check if the surface of the slip ring is sufficiently
smooth. If the surface is rough, grind the surface with
No. 500—600 sand paper. If it is contaminated with
oil, etc., wipe the surface clean with alcohol.

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.

Resistance value T Approx. 3.34Q at 20°C

4LHA Series
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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 terminais 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 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.
o s
d ]
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 | 2.50~3.38 (0.255~0.345) N{kgf)

i

(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 limit line (brush)

; Approx. 0.077Q at 20°C mm (in.)
Resistance value 1-phase resistance Maintenance standard Wear limit
Brush length 16 (0.6299) 9 {0.3543)
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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,) 100Q, 2W, 1pc.

Variable resistor (Rv} 0—300%, 12W, 1pc.

Battery (BAT,, BAT.) 12V, 2pcs.

DC voltmeter 0—30V, 0.5 class 1pc.
(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 voltage is
20—26V, both BAT, and BAT, are normal.

b) While measuring V. (F-E terminal voltage), move Rv
gradually from the 0-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 to the V,
position.

¢)While 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—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 regulator.

PN

;

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).

4LHA Series

Wind the wire 1.5 times
around the terminai groove.

11£0.5mm
0.413~0.4528in.) Zi
7
q ]
Brush
( 1mm (0.039in.)

Mount the insulation tube
on the terminal surface.

NOTES: 1. Use non-acid type paste.
2. The soldering iron temperature is 300 ~
350°C.

2) Mount the IC regulator on the brush holder as ii-
lustrated, and press in the M5 bolt. Do not forget to
assemble the bushing and the connecting piate at the
same time.

(If the bushing is left out, the output terminal will be
earthed and the battery short-circuited).

Bushing M5 bolt

r——i
 A—

NOTES: 1. Insertion pressure is 981 (100) N(kgf)
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.

Calking force | 4903 (500) N(kgf)

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 | 4903 (500) N(kgf)

9-23
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(3) Assembling the rear cover (1) Measuring devices
Insert pins from the outside of the rear cover. Install the — —
brush on the brush holder, then attach the rear cover. DC voltmeter 0—15V or 0—30V, 05 Class, 1pc.
After assembly, pull out the pins. DC ammeter 0—100A, 1.0 Class, 1pc.
Variable resistor 0—0.25Q, 1kW, 1pc.

Brush holder

Lamp 12V, 3W
100Q resistor 3w
025Q 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 0.25Q resistor. The voitmeter
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 +

Rear cover terminal, and AC generator E-terminal.

2) Use a fully charged battery.

3) Measure the voltage quickly.

4) Keep SW, open for measurement.

Pin

(4) Tightening torques
. Tightening torque
Positions Nikgf)-cn

Brush holder fixing 314-392 (32 ~ 40)
Diode fixing 314-392 (32 ~ 40)
Bearing retainer fixing 314-392 (32 ~ 40)
Pulley nut tightening 3923-5884 (400 ~ 600)
Through-bolt tightening 314-392 (32 ~ 40)

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 resistor

Charge lamp -
10 ( _/

0.25Q Resistor
Connect when
the batteries

are discharged
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4-11 Alternator 12V/80A (OPTIONAL)

The aiternator 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-
belt.

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 reguiator
that keep the generated voltage constant even when the
engine speed changes.

4-11.1 Features

The alternator 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 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.

4-11.3 Characteristics

4-11.2 Specifications

Model of alternator

LR180-03 (HITACHI)

Model of IC regulator

TRIZ-63 (HITACHI)

- Battery voltage

12v

Nominal output

12V/80A

Earth polarity

Negative earth ()

Direction of rotation

(viewed from pulley end) Clockwise
Mass 5.8kg
Rated speed 5000 rpm
" Operating speed 1000 ~ 9000
Speed for 135V 1000 or less

Output current at 20°C

over 78A/5000 rpm

Regulated voltage

145 +0.3V (Standard temperature
voltage gradient, ~0.01/°C)

15
100 — 1 1
1 Regulated voltage
¥
12
80 Output current for 13.5
i A
: Iz /
2 "z ®
° I~
> >
) [ ° /
2 5
) a
3 6 g 40
& -
b
3 F 20
0
0

0 2 4 6

8 10 12

Speed of alternator (rpm)
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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

Bearing retainer Rear cover

Front cover Diode

Fan
Condenser
Capacitor assembly
5 Brush regulator assembly
©@ \P Brush holder
AY
\/i) Spacer
A\
Pulley

Rear cover assembly 4 P2 Diode assembly

Stator assembly
Rotor assembly

Front cover assembly
Brush assembly

Bearing retainer IC regulator assembty

Through bolt

Ball bearing Brush set

Pulley nut assem
|

Ball bearing

Rear cover

Spacer
Insulating bushing

Pulley assembly

Screw (M5 x 0.8 x 14)
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4-11.5 Alternator functioning

(1) IC regulator
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 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

4LHA Series

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 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 IC regulator will burn out.)

o

. Charge lamp
l L
o——¢

3

\ Ignition
switch
R,
Stator W\ O S
: \0 Battery switch
Rn
Rotor coil

Regulator
+E
AC generator _J
BAT: Generator output terminal D,—D,:* Output commutation diode
D IC protecting diode R,—R.: Resistor
L: Charge lamp terminal D,—D,: Charging lamp switching diode
2D: Zener diode F: To supply current to rotor coil
E: Earth Rn: Thermistor
Tr, Tr,:  Transistor (Temperature gradient resistance)
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4-11.7 Disassembling the alternator

(1) Remove the through-bolt, and separate the front as-
sembly from the rear assembly.

(4) Remove the nut, the brush-holder, and diode fixing nut
at the BAT, and the terminal screws of the rear cover.
Separate the rear cover from the stator (with the diode

and brush holder).

@60
e @®

(5) Disconnect the soldered joint of the stator iead 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
(20.1181in.) rivet which keeps the diode assembly and
the brushless regulator in place, and the soldered joint
of the L-terminal.

(3) Remove the @5mm (20.1969in.) screw from the front
cover, and then remove the ball bearing.
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2) To replace the IC reguiator, disconnect the soldered After repeating the above test, if any diode is found to
joint of the IC regulator and pull out the two bolts. Do be defective, replace the diode assembly. Since there is
not remove these two bolts 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 ) )
Tester wire + side ~side CAUTION: Do not use high tensile lnsula{/on res:sta.nce
- — such as meggers, etc. for testing. The diode
UVM. + side No continuity may burn out.
— side Continuity
(2) Rotor
Between terminals E(- side diode) !nspec.t the slip ring surface, rotor coil continuity and
Tostor wi + sid ~ o insulation.
b _w"e side é' ? 1) Inspecting the slip ring surface
uvw + side Continuity Check if the surface of the slip ring is sufficiently
o - 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.

v v w Standard Wear limit
? — Slip ring outer dia. 2316mm @306mm
= L {1.2441in) (1.2049in.)
1 =T Auxiliary_diode |
+ side diode - 111’{/ - 2) Rotor coil continuity test
ey e e o BAT Check the continuity in the slip ring with the tester. If
~ side diode ——[ﬁtgjjx_\{*_‘] there is no continuity, there is a wire break. Replace
S the rotor coil.

RS

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 I Approx. 2.580 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 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 siowly, 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.
d
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 2.50—3.38 (0.255 ~ 0.345)N(kgf)

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

ear limit line (brush)

Approx. 0.04152 at 20°C mm (in.)
Resistance value u, v-phase '“"t’"”o Maintenance standard Wear limit
Approx. 0.036.9 at20°C Brush length 16 (0.6299) 9 0.3543)
w-phase resistance
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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,) 1009, 2W, 1pc.
Variable resistor (Rv) 0—300%, 12W, 1pc.
Battery (BAT,, BAT,) 12V, 2pcs.

DC voltmeter 0—30V, 0.5 class 1pc.

(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 voltage is
20—26V, both BAT, and BAT, are normal.

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
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 to the V,
position.

c) While 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—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 regulator.

T

R, = BAT,

-1

@.--

-
0-position

4-11.9 Reassembling the aiternator

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).

4LHA Serit.s

Wind the wire 1.5 times
around the terminal groove.

112£0.5mm
(0.413~0.4528in.)
ﬂ
( A
Brush
( 1mm (0.039in.)

Mount the insulation tube
on the terminal surface.

NOTES: 1. Use non-acid type paste.
2. The soldering 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 out, the output terminal will be
earthed and the battery short-circuited).

M5 bolt

NOTES: 1. Insertion pressure is 981 (100) N(kgf)
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.

Calking force J 4903 (500)N(kgf)

2) Connect the brush to the diode.
Insert the brush side terminal into the diode terminal,
calk it, and then solder into place.

3.0 mm (0.1181 in.) dia. rivet.

-

Rivetting pressure ] 4903(500)N(kgf)
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(3) Assembling the rear cover (1) Measuring devices
Insert pins from the outside of the rear cover. Install the
brush on the brush holder, then attach the rear cover. DC voitmeter 0—15V or 0—30V, 05 Class, 1pc.
After assembly, pull out the pins. DC ammeter 0—100A, 1.0 Class, 1pc.
Variable resistor 0—0.25Q, 1kW, 1pc.
Brush hoider
Lamp 12v, 3W
100Q 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 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, 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.

Pin (3) Precautions for measuring the regulating voltage
1) When measuring the voltage, measure the voltage
between the AC generator BAT terminal, or Battery +
Rear cover terminal, and AC generator E-terminal.

2) Use a fully charged battery.

3) Measure the voltage quickly.

4) Keep SW, open for measurement.
(4) Tightening torques

. Tightening torque
Positions Nikgf)-cm
Brush holder fixing 314-392 (32 ~ 40)
Diode fixing 588-686 (60 ~ 70)
Bearing retainer fixing 314-392 (32 ~ 40)
Pulley nut tightening 3923-5884 (400 ~ 600)
Through-bolt tightening 314-392 (32 ~ 40)
4-11.10 Performance test

Conduct a performance test on the reassembied AC
generator as follows. The foliowing is the circuit for the
performance test. '

0.25Q Resistor
Connect when
the batteries

are discharged

Charge lamp

Battery
<) 2 0.260
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4-12 Troubleshooting
(1) Charging failure

Doesn't Defective
Does the charge lamp go off go off
when the key switch is turned Check fan belt ° iggj':ﬁ;:w?"-
{after engine starting)? -

Goes off OK

C After stopping the engine, turn on the key switch. )

\

C Remove R-L generator coupler. >

\

oCheck electrical wiring for defective
Defective continuity of the BAT, and R
Measure the voitage between BAT terminals.
terminal, and R-L coupler terminal. oCheck the key switch and charge

lamp for defective continuity of the
L-terminal.

BAT, R-L terminal
Voltage: 9— 12V
Yy

C Insert R-L coupler to generator.

y

Tum on the key switch for engine starting. )

L-terminal, check or replace diode,
Generator rpms: 5,000 startor, and rotor.
Refer to page 99. l

b la M Defective

Light the night lamp. Measure N - .
the BAT terminal voltage of ‘ gt:neck electrical wiring for night
generator; 0.3—2V is normal. P.

/ Defective | oln case of defective continuity of
N BAT terminal, replace IC regulator.
Measure the voltage between oln case of defective continuity of

* Measuring condition \  generator BAT, and L terminal. ’ [
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(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
After turning on the key switch Defective
u U
(after engine starting), check if Charge lamp is OK if it goes off. gzgﬂ:ﬁ ’:nbebl?n.
the charge lamp goes off. a ‘
Check the fan belt. oK
|
Defective
gg:;:gfﬂ voltage of Replace the charge lamp.
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5. Instrument Panel

5-1 B2-type instrument panel with wiring

Tachometer

Light switch
\

mm (in.)

Water temperature warning lamp
Oil pressure warning lamp
Cr’arge lamp

—-——
i

[ &

~ 165 (0.2559)

136 (5.3543)
123 (4.8425)

| @' - ) Tachometer
| Keamarom 7N \ )
| U ” p d Key switch
8l Q
wn
o8\ avram C/D Jle
WS1o ] [\ \ @«
128 (5.0393)/ \ 128\(5.0393] | g,
10 (0.3937) 276 110.8661)\ \ 10 ¥ Light switch

. \ \
For engine stop cable Alarm buzzer *Engine stop switch (0.3937)

5-2 C-type instrument panel

Tachometer
Lube oil pressure gauge

336 (13.2283) /

mm (in.)

Cooling water thermometer

14(0.5511)

12°0.4724) 312 (12.2834) ]

176 (6.9291)
148 (5.8267)

Warning lamp
C.W. temperature lamp

14 (0.5511)

__¢_

Engine L.O. pressure lamp
Charge lamp

integral hour meter

Buz

N

Light switch

Starter switch
er switch Engine stop switch
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5-3 D-type instrument panel

§ Cooling water temperature thermometer mm (in.)
g’ Lube oil pressure gauge
S Blinder cover Tachometer
- Integral hour meter
A1
@®
= =
NI
3| ©
ol N
~ o
A
©|
i~
Iaed
o]
L2}
=]
e
136 8-27(0.2755)
13(0.5118) (5.3149) (5.3543) (5 3543) 13(0.5118)

Clock
® Warning lamps

/ 432 (17.0078)

Buzzer switch
Fuse box

Engine L.O. pressure lamp.

[C.W. temperature lamp,

Charge lamp.

5-4 E-type instrument panel

Light switch| Starter switch

* Engine stop switch

Lube oil pressure
meter

mm (in.)

Bargraph Turbocharger

Marine harge lam
tachometer boost meter Charge lamp

quartz clock / 407 (0.2756)

i
i

T

]

/

¥

I

/
/

fr. - ,‘f

Hl
il

/

,&

o /mgszu

=V i{

lp} gm %130\
ol! 6::.1::;1 g wgrem £ IJAQ

(o F

J T
/Dugltal C.W. temperature
tachometer meter

s P

q |zu

R

/ Dron iy
L e = - 4J

—-160 (6.2992) -

f———180 (7.0866) —-

rhr B
o
\

Operauon"-
use box hourmeter /

7

310 (12.2047) 7

)

.
—f—f 330 (12.9921)- H

lllumination Buzzer Alarm lamps

Engine stop Key switch

lamp switch re-set
switc

® Lube oil pressure push-button (4-position type)
drop switch

® Fuel water trap
full

o C.W.remperature
rise
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6. Warning Devices

6-1 Qil pressure alarm

If the engine oil pressure is below 0.0098 ~ 0.0294 (0.1 ~
0.3) MPa (kgffcr), with the main switch in the ON position,
the contacts of the oil pressure switch are closed by a
spring, and the lamp is illuminated through lamp — oil
pressure switch — ground circuit system. If the oil
pressure is normal, the switch contacts are opened by
the lubricating oil pressure and the lamp remains off.

Pilot tamp f a !
E aMarm buzzer — Battery

wow nrwwwnn

Oil pressure

Qil pressure switch

Spring

Inspection

Main switch
Fuse Swite

0\ _p——0" 0—

gg m g Oil pressure switch

(Oil pressure alarm circuit)

T

Contacts

Qil pressure

Oil pressure switch

Part No.

124060-39451

Rated voltage

12v

Operation pressure

0.0098~0.0294(0.1~0.3)MPa(kgf/eni}

Lamp capacity

5W

Problem

Inspection item

Inspection method

Corrective action

Lamp not illuminated when
main switch set to ON

1. Oil pressure lamp
blown out

(1) Visual inspection

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

Replace lamp

2. Operation of oil pressure
switch

Lamp illuminated when checked
as described in (2) above

Replace oil pressure switch

Lamp not extinguished
while engine running

1. Oil level low

Stop engine and check oil
level with dipstick

Add oil

2. Oil pressure low

Measure oil pressure

Repair bearing wear and
adjust regulator valve

3. Oil pressure faulty

Switch fauity 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

4LHA Series
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s /. F{A Series

6-2 Cooling water temperature alarm

A water temperature lamp and water temperature gauge,
backed up by an alarm in the instrument panel, are used to
monitor the temperature of the engine cooling water. A
high thermal expansion material is set on the end of the
water temperature unit. When the 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 temperature switch

switch

1

—— Battery

I

[ (water temperature alarm circuit)

57.7mm (2.2716in.)

| — Green

i

PT 3/8

9-38

ON 93 ~ 97°C (199 ~ 206°F)

Operating temperature

OFF | 88°C (190°F) or high

Electric capacity DC 12V, 1A
Response time with in 60 sec.
Indication color Green

Part code No. 127610-91350

Tightening torque 23.5~31.4(2.4~3.2)N(kgf)'m

6-3 Sender unit for lube oil pressure gauge

Oil pressure is measured when the oil enters into the main
gallery after being fed from the lube oil cooler and passing
through oil pressure control valve. Make sure to mount a

vibration damper when mounting the oil pressure sender
unit.

Sender unit
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Lube oil pressure sender unit
82.4 (3.2440)
16.7 37 (1.4566) | 10.7 18 (0.314:)] mm (in)
M5 x P08  [06574) (0.4212) 10 (0.3937)
\ |
S
Rl
() (3]
2l e
i . 4 H®
~ g =
3 8 ==
=]
- \\
PT1/8
Damper
PT 1/8\; ?g 1 Type Resistance switch
2 2 Rated voltage DC 12/DC 24
= Max. operating pressure 0.78 {8) MPa (kgf/cm)
’:; s Part code No. ” 144626-91560
&
S
! 3
}
:,:‘,
®©} ™
PT 1/8 %—jL
@1(0.0393)
6-4 Sender unit for the cooling water temperature
gauge Cooling water
. . temperature
The water temperature sender unit has a mounting seat sender unit
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. Cooling water
mm (in.) temperature
57.2 (2.2519) switch e
22.7(0.8937) 14 (0.5511) 20.5 (0.8070)
17 (0.6692) M5 x PO.8
/ N 3
, = ~
AN N 2|8
YK 3
o (=]
PT 3/8
Type Thermistor switch
Rated voltage 12V/24V
Part code No. 144626-91570
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4LHA Series
2) Sensitivity limit of sender unit
7. Tachometer 2 Sensitivty
Ring gear speed
. (misec)
7-1 Construction of tachometer
The tachometer indicates the number of revolutions per 10 B
minute by means of an electrical input signal which is
generated as a pulse signal from the magnetic pickup sen- /
der (MPU sender). 8 -
The function of the sender is to convert the rotary motion G zone
into an electrical signal by means of counting the number 6 ' T B
of teeth of the ring gear connecting with the flywheel
housing.
4__7,,,, - e - Lo
NG zone
Tachometer sensor 2 rd
/ i
|
0 |
05 1.0 1.5 20 25
Sender unit and ring gear clearance C (mm)
(¢
[\
Ring gear ]
—/
Sender unit

(3) Dimensions of sender unit

25205
(0.9646 ~ 1.0039) 34.5 (1.3583) mm (in))
5(0.1969) 4.5 (0.1772)

1.5 (0.0591) 3(0.1181) 55 5

(0.6102) 3

—Jo

s & g &

& 3 — IS |&

sl | - - |E

ol « | °

sl & _s £

) Y B

2

Red/black
Orange M18 x P1.5
O0=—+
Rotation Blue/red , .
detecting sender Black — (4) Dimensions and shape of tachometer
72.3 (2.8465)
o . 10 (0.3987)
7-2 Specifications and dimensions of tachometer (

(1) Specifications ] g
i

Rated voltage DC 12v & j s
Range of operating voltage 10 ~ 15V E :
llumination 3.4WNn2v g @ §
Ainc coar No. of teeth 127 8 S
s}
99 Module 254 ° o5
Part No. of tachometer (:Sgégggﬁ%) FEEAN §

Part No. of sender unit 128170-91160 Identification mark
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7-3 Measurement of sensor unit characteristics
(1) Measurement of output voltage

4LHA Series

Synchroscope

Output voltage

| 1.0V or higher

Rotation detecting sender N\ A

Ring gear
No. of teeth
127

{ ! {V or higher

1.3mm 20kQ

\/ AC 100V

*Check the output wave pattern and number of pulses
when carrying out the output voltage measurement.

Measuring conditions
Number of teeth of 127 (2) Measurement of internal resistance
ring gear
Gap between the ring .
goar and sender 1.3mm (0.0511in.) Mmuring conditions ___

Resistance 20kQ Measur!ng .temperature 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 ° kn

AC 100V
74
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. rear of the meter, a loose or disconnected terminal, or bad
2) Functions intermittently. continuity due to corrosion.
Disconnect at the instrument terminals, and measure the No if the input voitage 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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L.___________________________________________________________________________________________________ €

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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