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FOREWORD

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

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

4JH Series
1. Exterior Views
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Chapter I General
1. Exterior Views
4JH Series

1.2 4JH2-TE
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Chapter 1 General

1. Exterior Views

1-3 4JH2-HTE
4JH2-DTE
4JH2-UTE

Cooling water pump
{fresh water)

Alternator

Turbocharger

Marine gear lube oi!

Heat exchanger
{fresh water cooler)

Presiure cap
{water feed port}

Air cooler

Cooling water pump
{seawater}

Starting motor

Exhaust manifold

Mixing elbaw

Exhaust manifold water
drain plug

Lube oil filler port

Fuel injection valve

Air intake silencer Qil dipstick

dipstick

Clutch shift lever

Prinled in Japan
A0A1029-31095P

Clutch oil cooler

l.ube oil cooler

1-3

Lube oil filter

Air intake manifold

Fuel oil injection pump

Fuel oil filter

Lube ail tiller port

Reguiator lever

Fuel feed purnp

4JH2-Series



Chapter | General
2. Specifications 3JH2 Series

2-2 Marine Gear

¢ Model KBW10E KM3A
T Muttiple friction disc cluth Cone clutch
ype (Parallef drive) {Angle drive)
Reduction ration
(Farward/Roverse) 214/250 | 245/250 | 2.33/3.04 | 264/3.04 | 3.21/3.04
Marine gear| Direction of rotation (Forward) . ‘
systam viewed from stamn Clock wise Clock wise

Lubricating ot i ‘
Effact /g O capacity | 5 oiiny i 0.2/0.7 (12.204/42.714) 0.05/0.35 (3.051/21.357)

Lubricating oil

Waight kg (ib.) 17.5 (38.588) 13 (28.665)
2.3 Appilicability of Marine gear & Reduction ratio @ : Standerd combination
O : Optional combination
X : Inapplicable
Engine model
Marine gear 3JHZE 3JH2-TE
Modsl Reduction ratio 1.0 Merk
214 S ® ®
KBW10E 245 G ® ®
2.83 GG L X
2.33 S ® ¢
KM3A 2.64 G ® ®
3.21 GG @ x
1-4 Printed in Japan
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3. Performance Curve

4JH2 Series
2.2. Marine Gear
Model KBW20 | KBW21 KM3P2 KM4A
T Multiple friction disc clutch One clutch One clutch
ype (Parallel drive} (Paraliel drive) (Angle drive)
Reduction ratio 2,17/ 2.62/ 3.28/1 2.17/ 2.62/ | 2.36/ 2.61 1.47/ 2.147 2.63/ 3.30/
{Forward/Reverse) 3.06, 3.06, 3.06 |3.06, 3.06 1.47/,2.14, 2.63, 3.30
Marine gear
system Reduction of rotation (Forward) Clockwise Bi-rotation
Lubrication oil capacityly ., ;n 3l 0.16/1.2 0.15/1.2 0.05/0.35 0.2/1.3
Effect/max.
Lubricating oil Dexron, ATF SAE 20/30. Same as Engine oil
Weight | ke(lb.) 26 30 15.5 28
. HH : H : @:standard combination
2-3. Applicability of Marine gear & Redection ratio Oroptional combination
X:inapplicable
Engine Model
Marine Gear 4JHZE 4JH2-TE | 4JHZ-HTE | 4JH2-DTE | 4JH2-UTE
Model Reduction ratio |.D Mark
K M3P2 2.36 S @ X X X x
2.61 G L X X X X
2.17 S ® ® X X X
KBwW20 2.62 G ® o X X X
3.28 GG ® ® X X X
2.17 S O O ® ® ®
KBW21 2.62 G @) O [ ) ® ®
3.28 GG O C X X X
1.47 58 ¢ @ ® [ L
2.14 S @ [ ® @ ®
KM4A
263 G ® L ® ® @
3.30 GG L J L ® ® ]
15
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Chapter 1 General
3. Construction

3. Construction

4JH2-Series

ENGINE MCODEL

4JHZE 4JHZ-TE 4JH2-HTE 4JH2-DTE

4JHZ-UTE

Group

Part

Construction

Engine Proper

Culinder block

Integrally-cast water jacket and crankcase

Cylinder liner

Dry sleeve

Timing gear case

Cast aluminum

Cil sump

Cast aluminum, oil pan

Main bearings

Hanger-type beering supports

Engine feat

Cylinder block and Flywheel mounting side

Intake/Exhaust,
Valve Drive

Cylinder head

integrally-case type, jet cooling between valves,
Intake/exhaust valve seat inserts

Intake/exhaust valves

Mushroom shaped, seet angle: Intake: 120" Exhaust: 90°

Intake manifold

Aluminum diecast integral

E xhaust manifold

Water cooled integra! with water tank

Air cooler Piate fin type Carrugated fin type
Tarbocharger IHI RHB52 IHI RHB52HW exhaust gas turbe,
- exhaust Water cocled type
gas turbo
Valve drive Overhead valve push rod rocker arm system

Timing gear

Helical geer

Main Moving Parts Crankshaft Stamped forging
Flywheel Cast iron static balance with ring gear
Pistons Cast aluminum, oval type
Piston rings Z compression rings, 10il ring
Piston pin Floating type

Connecting rod

Forged stee!

Crank pin bushings

Aluminum bushings

Lube Qil System

Lube oil pump

Trochoid type

Qil filter

Full flow paper element cartridge type

Oil cooler

Sea water cooled pipe type

Sea water cooled multi-pipe type

Control valve

Cylindrica! type with external adjusting shims

Cooling Water System

Fresh water pump

V-pulley driven, centrifugal type

Sea water pump

Gear driven, rubber impeller type

Thermostat

Wax pellet type

Fresh water cooler

Multi-tube type integral with exhaust manifold

Bilge Bilge pump Electric
Fuel injection pump YANMAR YPES-4CL | Ne-ves
Fuel Injection
Equipment Fuel injection nozzles Hale type
Fuel feed pump Diaphragm type I Vane type
Fuel filter Paper element cartridge type
Governor Governor Centrifugal all-speed mechanical type
Remote Centrol Engtne speed Single control lever type with push-pull cable
Equipment & marine gearbox
Starting Equipment Electric starter DC 12V, 1.4kW starter motor
Generator 12V, B3A with built-in IC regulator
Marine Gearbox Ctuteh Multiple friction disc clutch/cone clutch
Reduction gear Helical gear constant mesh type
1-6 . )
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Chapter 1 General
4. Performance Curves

4JH2 Series
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Chapter 1 General
4. Performance Curves

4JH?2 Series
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Chapter 1 General
4. Performance Curves

4JH2 Series
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Chapter I General
4. Performance Curves

4JH2 Series
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3.Performance Curve

3-13.4JH2-UTE
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4JH2 Series
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4JH2E Series

5. Engine Cross Section

Chapter 1 General
S.. Engine Cross Section
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Chapter 1 General
6. Dimensions

4JH2E Series

4JH2E x KM3P2 Unit: mm (in.)
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4JH2E Series

4JH2E x KBW20 Unit: mm (in.)

Chapter I General
6.- Dimensions
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4JH2E Series

4JH2-HTE x KBW21 Unit: mm (in.)

Chapter 1 General
6. Dimensions
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Chapter I General
6.- Dimensions

4IH2E Series

4JH2-TE x KM34A Unit: mm (in.)
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Chapter 1 General
6. Dimensions

4JH2E Series

4JH2-TE x KBW2CQ Unit: mm (in.)
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4JH2E Series

4JH2-HTE x KM4A Unit: mm (in.)
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4JH2E x KM4A Unit: mm (in.)
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2. Engine Outline

4JH?2 Series
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Chapter 1 General

4JH Series

7. Piping Diagrams

7.P

71 4JH2E

jagrams

D

iping

Budid po oy ——
Buidid o aqny  —-—— B o * -
Gudid sajem eas Buyosy —--—— @ . = '
Buldid 1a1em ysal) Bujooy  —---— ‘m {geea’'L) 9ga S -
8oy Q] =====a o = H w
= = @ 1 =]
wof uonasufp  —>——— o ~ I = tn
IETCT:T = (- -~ [=) 1 ) = -
ol abuely  ——+ M Mr (6r1E0) 37— 2
w0l masog  —————4r ] (E¥SE0t 6@ bo—i (6YLED) 8@
edidseddod 1 102LD 191Ut J91EM Bag
odid 18918 UOTIED S1S . (D) ved jo Baq (@) 12ed jo 1E1RQ {v) Led jo /mag +
o504 43907 o gL se o
ANYN  SHHVA (@} 1ed o 1meq
(uf) ww
-- — -- — .- - >— - - ' dwnd iajem eag
ﬂ 110210 ‘B = 522 P HY ‘£ x pED ‘
Mmoqa ac,x_s_ HH 'EF) x vER -
waa _——-- .
_ \ - |Ar A, A g 7 Hd TR x 920 #
1oiem Bujjoon IS ] N A A N 2
pue seb 1sneyx3 ™M N s N 8 3
ﬁ H N B - 8 x
% > V2 S
i W S N L2 9
_ HH 'E¥) x PED ——— - S
3. D co (msouusyly , o HUB) EAY
peay e 0L
: —_Ir_ Blul 1Bl 1D _.—l_— J8puIjAo
! I Is]
lam | Mowmeoend®) [ ] ues
T f o~
:L adid ainssaud §, | -.D_ —/ I [ 1ajem ysal4
| ubry jang _ 1 uolsid jo l
8Zzou S18 ‘6Lz-2 ajzzou Bunoon 1 | N
[ | wonosfur jany by xsega | | o Wuey JaiRay
! H - |._\ | JNEM WOl
— 1 X % E || % L | -
181002 |10 _ _ . | _ |
— L>C>r||!.\PL\r.¢r—‘ll.ll,_.&C§— NP M | 1| P N_ Hy ‘vl x (22
—— — — — — = — == 2| - — = 2 = ——
1 " | HY'Zh x 8@ 1] cma __o 2\% - yayms Jayem Bulload
H ‘Pl = 42D i 1 ~=t =~ <3
P_.Irl. - —-———— —_ ] x dwind 10
— pt e e e — T T AN
SIS ‘911 x 52 PN - gt
R Bt g ' I
- o " XL =\ fE ] ]
/ 515 'Ol xSl H @ G®E I
yopms aunssaud 10 BUY 1o |
aaea sopenba ainssaxd 1Q SIS 20} % m& d
t IETINED
y v 1Y 13Ny
dwnd uoxoalul [any a
dwnd pa3y jandg
HY ‘TI x €10

-
HY '€ x EL@
19Ul BNy uJnial [anyg

1-21

Printed in Japan
A0A1029-9002



Chapter 1 General

4JH Series

7. Piping Diagrams

7-2 4JH2-TE

Bwdid po jeng _
Buidid o 8qA7 —-—— —
Buydd 18jEMm BOS Bujooy = —--—— L) o
Buidid sojem ysay Bujoon  —---— a (9eT0’)) 9go =} i N
O U] cmmmm== bt & 2
O T o o = T s
wiof 043 —— 3 b a | |
wiof sbuery  ——+ = > _ BYLE0) 82 |t 2
IOl MBIOG  —em—he @ . .
odid Jaddon | LOZLD N (E¥GE'Q) 62— {6¥1E0) 8D | 12 Eumk eeg
g S4S (D) 112 Jo pe1ag (@) 1ed Jo JmIeg (v) 12ed Jo 1e19Q
IRYN  SHUYI OLLL v ey
(@) 1Jed jo jie1eQ
mogje Bupay (s ww .’
Jejem Buyoco - -- - - Vll dwnd Joiem Bog
- L0210 'g'L = 629 1% ¥ &
pue sef .m:m;xm\ '\?‘lVI: Im ‘C¥lx pERD lofueyoxs Emd HY 'Y €
a a e, ——— -.-|'.|.-v - as
S lﬂ Ib.l nvﬂ - FAY FAN < m mzme&
A . 1=
“ /hi T ) + , 1y P..l . M ‘ % R
A e x vER O N A T | @ % !
ol -~ A e & 2
Wit RN §
JafiEyooqn), - . — 3 3
s HEYSWED o] - 3
x
m _ X <} D D D peay yeisoulayl Juel Jaieay
H M“ Bupeaq uepw E_E Jaj 4apullko _ fovEm oL
A | W i O
— . il P - m Pt B d dwind
_ _ I H adid ainssasd f E / __ _ g JRjEM ysaly
. aizzou s MJE _.,:u_« uosid jo i j— xuey JarEay
H uonoeful jeny | 18 '5L2-2} | _ #1zzou Buycoy | | /r J81eM Woi4
[ | _xse9e Iy (| %
| | ) I & | E -1 b
F1r——r+—-H _ I 1
191000 10 j _ | v ; .
1 sy — .L\—L\' ——— 5y IIILx.. HY ‘7 x 228
t HY'2\ x 80 , cmn __o o1 \% Y youms sajem Buijood
HY ‘¥ % £2@ ! 3
% I_I_ dwnd 10
»|r M * l I e o Sl ek o o
_ mpm ‘Tl xS5ie L \ - 2
SIS vtixeie o ORORE Y
Youms aunssaid 4O |
aaea Jojenbal ainssaid __O S1S L0 x B2 d ; om ong
RN _
duind uenaluy [an
a4 a L §
dwnd pas) 1204
HH £} x €12 )

HY '€ x C1@ 4 4
J13iur [9ng winyal |3ns

Printed in Japan
A0AT029-9002

1-22



4JH2 Series

l.Performance Curve
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Chapter 2 Basic Engine
1. Cylinder Block

4JH Series

1. 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 ridigity for strength and low
noise.

(-2
Cap plug 50mm (1.9685in.} 2 CSGQ
(camshaft hole) S
AT
=)
< -Oe %
L -e
d 5 (o

Cap plug 30mm (1.1811in.) \‘

1-1 Inspection of parts

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

1-2 Cleaning of oil holes

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

Quantity
Penetrant ]
Developer 2
Cleaner 3

Color check kit
Part code No. 37550-004560
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Cap plug

Cap plug 12mm (0.4724in}
(main gallery)

1-3 Color check procedure

(1) Clean the area to be inspecled.

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

{3) Ciean the area to be tnspected 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 devsloper
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 wilt 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 unitormly.

(6) Clean the surface with the cleaner.

NOTE: Without fail, read the Instructions for the color
check kit before use.



Chapter 2 Basic Engine
1. Cylinder Block

4JH Series

1-4 Replacement of cup plugs

Step
No.

Descriplion

Procedure

Tool or material used

1.

Clean and remava grease from the hole into

«Screw driver or saw blade

which the cup plug is to be driven. «Thinner
(Remove scale and sealing material previously
applied}
Remova foreign
materials with a
screw driver
or saw blade.
2. | Remove grease from the cup plug. Visually check the nick around *Thinner
the plug.
3. | Apply Threebond No. 4 to the seat surface Apply over the whola outside of «Threebond No. 4
where the plug is to be driven in. the plug.
4. | Insert the plug into the hole. Insert the plug so that it sits
correctly.
5. | Place a driving tool on the cup plug and drive it Drive in the plug parallei 10 the * Driving tool
in using a hammer. seating surface.
1\ +Hammer
h o [=]
3mm {0.1181in.) 100mm {3.9370in.)
—=ffe— 2 ~ Amm (0.0787 ~ 0.118%in.)
roen i
*Using the special tool, drive the cup Plug dia. d D
plug so that the edge of the plug is 212 | 2119 ~ 120 (20.4685 ~ 0.4724) | 220 (20.7874)

2mm {0.0787in.) below the cylinder
surface,

230 2299 ~ 300 {21.1770 ~ 1.8110)

240 (21.5748)

Printed in Japan
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I. Cylinder Block

4JH2 Series
1-5 Cylinder bore measurement
Measure the bore diameter with a cylinder gauge at the
positions shown in the figure.
Replace the cylinder bore when the measured value ex-
ceeds the wear limit. Measurement must be done at least
at 3 positions as shown in the figure, namely, top, middle
and bottom positions in both directions along the
crankshaft rotation and crankshaft center lines.
=  mmiin}
&
(=]
Cylinder gauge o
™~
7 %
z Tap position b
7 A
4 N
7z Z
ZIl
% 1
Middle pasition 2 1 =2
Z bra P
7H e
ZIR
?’ 4
2 //
7 /
Z .
2 Bottom position
7
r
Direction of
crankshaft
center line
Direction of
crankshaft
rotation
mm (in)
Standard Wear limit

Printed in Japan
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Cylinder bore dia. (:3223%0:3852%%)

282.06 (3.2307)

Cylinder roundness (OONNO%%4)

0.02 (0.0008)
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3. Cylinder Head 4JH2 Series

3. Cylinder Head

The cylinder head is of 4-cylinder integral construction,
mounted with 18 bolts. Special alloy stellite with superior
resistance to heat and wear is fitted on the seats, and the
area between the valves is cooled by a water jet.

Valve rocker
arrm shaft spring ﬁ

o 0
) '
@ Exhaust valve e \
rocker arm
L Valve rocker
Fuel injection nozzle Intake vaive arm support
rocker arm
=
Y

Applicable enaine model
1.D. mark FSH

Intake valve seat

Intake valve

1.b. mark F4JHZ

2.6

FPrinted in Japan
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3. Cylinder Head

4JH Series
4JH2 Series

3-1 Inspecting the cylinder head

The cylinder head is subjected to very severe operaling
conditions with repeated high’pressure, high temperature
and coaling. Thoroughly remove all the carbon and dirt
afier disassembly and carefully inspect all parts.

3-1.1 Distortion of the combustion surface

Carefully check for cylinder head distortion as this leads

to gasket damage and compression leaks.

(1) Clean the cylinder head surface.

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

Measurement protedure

Straightedge

Feeler gauge

mm {in.)
Standard Wear limit
) . . 0.05 (0.0019)
Cylinder head distortion or less Q.15 (0.0053)

3-1.2 Checking for cracks in the cornbustion surface

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

Printed in Japan
A0AL1029-9002

2-7

3-1.3 Checking the intake and exhaust valve seats

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

Seat angle Intake 120°
Exhaust a0°
mm {in)
Seat width Standard Wear limit
Intake 1.28 (0.0504) 1.78 (0.0700)
Exhaust 1.77 {0.0697) 2.27 (0.0894)

Intake valve seat 6.5

1
45
20°

Exhaust valve seat

Standard dimension

Exhaust valve
109
Intake valve
03

|14
I

A*WD —

120°

@fﬁ%f
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4JH Series
4JH2 Series

3-2 Valve seat correction procedure

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,
As the valve seat width will be enlarged, first use a 70°
grinder, then grind the seat to the standard dimension
with a 15° grinder.

Seat grinder

30°
45°

Intake valve
Exhaust valve

Seat grinder

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

0 Seat width

N\
N

Seat

{2) Knead valve compound with ocil and finish the valve
seat with a lapping tool.

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

Lapping tool

Use a rubber cap type lapping
tool for cylinders without

a lapping tool groove slit.

2-8

NOTE: Cleen 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.

Lapping tool

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

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

3-3 Intakel/exhaust valves, valve guides
3-3.1 Wearing and corrosion of valve stem

Replace the valve if the valve stemn is excessively worn or
corroded.

| —— *
o

{1.1811in.}

60mm
{2.3622 in.)

mm (in.}
valve stem Standard Wear limit
Intake (oo a1ad ~ 03130 | -013 (-00051
Exhaust (o130 ~ b anse | —013(-00051

Printed in Japan
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3. Cylinder Head 4JH? Series

3.3.2 Inspection of valve seat wear and contact surface {2) Replacing the valve guids
Use the insertion tool and tap in the guide with a

Inspect for valve seat scratches and excessive wear. t
: mallet.

Check to make sure the contact surface is normal. The
seat angle must be checked and adjusted if the valve seat Tool
contact surface is much smaller than the width of the
valve seat.

NOTE: Keep in mind the fact that the intake and discharge Valve guide
valve have diflerent diameters. Cylinder head

3-3.3 Valve sinking

Over long periods of use and repeated lappings, combus- )}

tion efficiency may drop. Measure the sinking distance
and replace the valve and valve seat if the valve sink ex-
ceeds the tolerance.

Sink

Cylinder head/ | /

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

Cepth gauge

j €
-— E —
Ef < @
E|G LLE =
@18 o
_ <
'é — 3Imm g
& {0.1181in.) g
€ < 2
E @©
E —~
@ E: & 8
> = g
3 E
¢ §
mm {in) : —i’g
Standard Wear limit Exhaust valve guide | o4 . \
Intake valve guide

Valve sink (0_01%'; ~ 8'.%236) 1.5 (0.0590) {3) Valve guide projection

The valve guide should project 15mm from the top of

the cylinder head.

3-3.4 Valve guide \

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

j‘):'::m
{0.5905in.)

mm (in.} L ;777
Standard Wear limit A
$8.010 ~8.025 -
vaive guide | M€ | (60.3154 ~0.3159) | 02 (0.0079) y ;
inside dia. @8.015 ~ 8.030 A .
Exhaust | (503156 ~ 03161) | +0-2(0.0079) ] :
A .

NOTE: The inner diameter standard dimensions assume a , % o

pressure fit. /l\ d

Printed in Japan 29

A0A1029-9002



Chapter 2 Basic Engine

3. Cylinder Head 4JH Series

4JH? Series

{2} Valve stem sezls {4} Measure spring tension.
The valve stemn seals in the intake/exhaust valve guides
cannot be re-used once they are removed—be sure o
replace them.

When assembling the intake/exhaust valves, apply an
adequate quantity of engine oil on the valve stem
before inserting them.

Valve stem seal

Valve guide

/Cylinder head

Spring tension tester

—_——
L L T LT

3.4 Valve springs
3-4.1 Checking valve springs

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

p—
mm {in.}
Valve spring Standard Wear limit
Free length 44.4 (1.7480) 43 {1.6929}
Length when attached 40 {1.5748) —
Load when attached 12kg (26.46 b} | 10kg (22.05 Ib.)

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

Up side +

Smaller pitch side {yellow)
Down side *

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

(3) Measure inglination.

{5) Spring retainer and spring cotter
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
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 ’—

2-10 . .
Printed in Japan
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4JH Series
4JH2 Series

3-5 Assembling the cylinder head

Partially tighten the bolts in the specified order and then

tighten to the specified torque, being careful that the head

does not get distorted.

{1} Clean out the cylinder head boit holes.

{2) Check for toreign 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 sige

3
k]
g 2
] 8
8 3
£ o
2 g
* E
=
|ntake manifold side

kg-m (ft-1b)

First Second

35~ 45 75~85

Tightening torque

(25.32 ~ 32.55) | (54.25 ~ £1.4B}

3-6 Measuring top clearance

{1) Place a high quality fuse {(@1.5mm (0.0591in), 10mm
{0.3937in.) lang) 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}

Fuse wire

mm (in.)
0.71 ~ .89 {0.0280 ~ 0.0350)

Top clearance |

Printed in Japan
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3-7 intake and exhaust valve arms

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

Valve rocker
arm support

Exhaust valve
recker arm

Intake valve h
rocker arm

(1) Valve arm shaft and valve arm bushing
Measure the outer diameter of the shaft and the inner
diameter of the bearing, and replace if wear exceeds
the limit,

mm {in)

Standard Wear limit
Intake and exhaust 15966 ~15988 | 15955
valve rocker arm 10,6285 ~0.6294) | (0.6281)
Intake and exhaust 16.000 ~ 16.027 16.090
yale rocker arm 0.6299 ~0.6310) | (0.6334)
Valve rocker arm shaft 0.012 ~0.081 0.135
A s clewrance 0.0005 ~0.0024] | (0.0053)

Replace the valve arm shaft bushing if it moves and
replace the entire valve arm if there is no tightening
clearance.
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(2} Valve arm spring
Check the valve arm spring and replace it if it is corrod-
ed or worn,

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

{4} Irspect the contact surface of the valve clearance adjust-
ment screw and push rod and replace if there is abnor-

mal wear or fiaking.

3-8 Adjustment of valve head clearance

(1) Make adjustments when the engine is cool,
mm {in}

Intake and exhaus! head clearance L 0.2 (0.0079)

(2) Be sure that the opening and closing angles for both
the intake and the exhaust valves are checked when
the timing gear is disassembled {The gauge on the
fiywheel is read when the push rod turns the flywheei).

4JH Series
4JH2 Series
Adjusting
screw
Clearance Lock nut
J
Model 4JH2-TE
41H2-HTE
43H2-DTE TDG
310 -_v_E)ﬂ 340 28
Exhaust 268° Intake 254*
50
1'35;‘50 ‘3&0 %
BODC
4JH2-TE
4JH2-HTE
4JHZE 4JH2.DTE
Intake valve open b.TDC | 10° ~ 20° 26° ~ 36°
Intake valve closed a.BDC | 48° ~ 58° 38°% ~ 48°
Exhaust valve open b.BDC | 51° ~61° 49° ~ 597
Exhaust valve closed | a TDC | 13° ~ 23° 29° ~ 39°

Printed in Japan
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4JH2-Series

4. Pistons and Piston Pins

Pistons are made of a special light alloy with superior
thermal expansion characteristics, and the top of
the piston forms a swirl type toroidal conbustion
chamber. The opposite face of the piston combus-
tion surface is zil-jet cooled.

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

The clearance between the piston and cylinder liner
is kept at the pronper value by the piston cylinder
liner property fit effected during assembly at the
Y anmmar factory.

1st compression ring
2nd compression ring

Cil ring

IMPORTANT:

Piston shape differs among engine models. {f an incorrect
pistion is instalied, combustion performance will drop. Be
sre to check the applicable engine model identification
mark(l. D. Markon the piston to insure use of the correct
part.

Applicable engine model |. D. mark

—Piston

7

Piston pin

]

Circlip

I. D. Mark for Piston

Engine Model l.D.mark
4JH2E A
4JH2-TE c
4JH2-HTE c
4JH2-DTE D
4JH2-UTE D

Printed in Japan
A0AI1029-9109SP

Over Size Piston & Ring COMP,

1.D. Mark: 0825

Engine Model Part Na
4JH2E 129570-22500
4JH2-TE
AJH2-HTE 129572-22500
4JH2-DTE
4JH2-UTE 129573-22500

213
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4-1 Piston

4-1.1 Piston head and combustion surface
Remove the carbon that has accumulated
head and combustion surface, taking care
the piston. Check the combustion sur
damage.

on the piston
not to scratch
face for any

4-12 Measurement of piston outside diameter/inspection

{1) Replace the piston if the outsides of the piston or ring
grooves are worn.
{2) Measure the piston 22mm (0.8661in.) from the bottom at
right angles to the piston pin.

r T I
G T
L—7ﬁ |§_J

22mm
{0.8661in)

mm {in)

Standard

Wear limit

81.919 ~81.940 (3.22515 ~3.22634)

77.81 (3.0633)

214

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

4JH2-Series

4-2 Piston pin

Measure the outer diameter and reptace the pin if it is

excessively warn.

{ } {
t } t
mm (in.}
Standard Wear limit

Piston pin insert
hole dia.

$28.000 ~ 28.009
{¢1.10236 ~ 110272}

+0.020 (0.0008)

Piston pin ¢27.987 ~28.000 g
outside dia. (61.10185 ~ 1.10236) | ~0-025 0.0009)
Standard clearance (00: (?&2029) 0.045 {0.0018)

Printed in Japan
AQA1029-91095P



Chapter 2 Basic Engine
4. Piston and Piston Pins

4-3 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.

2

D
Ly

/

-

N

=

4-3.1 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

Printed in Japan
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Thickness

A

WS\

A
Barrel face
8-side chrome plated,
A-side friction-prool
hardening processed

Tapered inner cut

Caoil expander

mgh‘—““““

2-15

4JH? Series
memn (in)
Standard i Wear limit
. 2.060 ~ 2.075
. Groove width | (45811 ~ 0.0816) —
irst
piston. | Ring width 00773 ~ 0078y |
rin :
Groove and 0.070 ~ 0.100 02
ring clearance | {0.0027 ~ 0.0039) {0.0078)
. 2.025 ~ 2.040
. Groove width | 154797 ~ 00803) —
econd
h . . 1870 ~189
piston Ring width 0.0776 ~0 0733) —_—
ring : :
Groaove and 0035 ~0.070 0.2
ting clearance | {0.0013 ~0.0027) (0.0078)
. 4.020 ~ 4.035
Groove width | (4 3685 . 0.1588) -
Oilfing | Ring width (o?iggi N g:?g?o) —
Groove and 0.030 ~ 0.080 0.2
ring clearance | (0.0011 ~ 0.0023) {0.0078)

4.3.2 Measuring piston ring gap

Press the piston ring onto a pistonliner and measure
the piston ring gap with a gauge. Press on the ring
about 30mm (1.811in,) from the bottom of the liner.

Gap
about 30mm
(18110 pigan ring Cylinder tinee
A
L
Gap |
mm {in)
Standard Wear limit
. . . 0.25 ~ 0.40 1.5
First piston ring gap {0.0098 ~ 0.0157) {0.0590)
. ] 0.20 ~ 0.40 1.5
Second piston ring gap 10.0078 ~0.0157) {0.0550)
. 0.20 ~ 0.40 1.5
Qil ring gap (0.0078 ~ 0.0157) (0.0590)
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4JHE4JH-TE

4-3.3 Replacing the piston rings

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

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

The side with the maker
mark faces up

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

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

15t compression ring

2nd compression ring

Gil ring

compression ring

2-16

15t compression ring

Directicn of
piston pin

Qil ring

Direction of side pressure

2nd compression ring
{5} The oil ring is provided with a coil expander. The coil

expander joint should be opposite (staggered 180°) the
oll ring gap.

Joint of
coit expander

FPrinted in Japan
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4JH2 Series

5. Connecting Rod

The connecting rod is made of high-strength forged car-

bon steel.
The large end with the aluminium metal can be separated

into two and the small end has a 2-fayer copper alloy coil
bushing.

‘Connecting rod—

Crank pin metal

Gonnecting rod
i d cay
(oig en ot Connecting rod bolt

5-1 Inspecting the connection rod
5-1.1 Twist and parallelism of the large and small ends

Insert the measuring tool Into the large and small ends of
the connecting rod. Measure the extent of twist and

parallelism and replace if they exceed the tolerance.

Printed in Japan
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Measuring twist and parallelity

mm (in.
Standard Wear lirnit
Connecting rod 0.05 0.07
twist and parallelity (0.0019) {0.0027)

5-1.2 Checking thrust clearance

Fit the respective crank pins to the connecting rod and
check 1o make sure that the clearance in the crankshaft
direction is correct.

Feeler gauge

mm (in.}
Standard Wear limit
Connecting rod side 0.20 ~ 0.40 0.55
clearance (0.0078 ~ 0.0157) {0.0216)
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4JH2 Series

5-2 Crank pin bushing
5-2.1 Checking crank pin bushing

Check for flaking, melting or seizure on the contact

surface.

5-2.2 Measuring crank pin oil clearance
Use a plastic gauge.

Procedure
(1) Use the press gauge (Plastigage)
clearance in the crank pin.

(2) Mount the connecting rod on the crank pin (lighten to

specified torque).

Cylinder gauge

5-2.3 Precautions on replacement of crank pin bushing

{1) Wash the crank pin bushing.

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

o the specified torque.

if a torque wrench is not available, make match marks
on the bolt heads and large end cap (to indicate the
proper torque position) and retighten the bolts to those
positions.

for measuring oil

Connecting rod tightening torque

5.0 ~ 5.5 kg-m
(36.15 ~ 39.77 ft-lb)

(3) Remove the connecting rod and measure the broken

plastic gauge with measuring paper.

Plastic gauge

{4) Make sure there is no sand, metal cuttings or ¢ther

fareign matter in the lube oil, and that the crankshaft is
not scratched. Take special care in cleaning the oil holes.

5.3 Piston pin bushing

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

Cylinder gauge

2-18
Printed in Japan
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mm (in}
Standard Wear limit
Piston pin bushing 28.025 ~ 28.033 28.1
inside dia. {11033 ~1.1039} (11.063)
Fiston pin and bushing 0.025 ~ 0.051 on
cit clearance (0.0009 ~ 0.002) (0.0043)

Since the sma!l end in 4JH2 Series is tapered, bush inser-
tion is extremely difficult, Any minor mistake wil! cause
abnormalities such as twist and bite. Do not insert the

bush on-site.

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

5.4 Assembling piston and connecting rod

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

pump.

Flywheel side

Fue! injecticn
pump side

Alignment mark
[casting mark)

Printed in Japan
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Cam shaft side

el

-

Gear case side

2-19

4JH2 Series



Chapter 2 Basic Engine
6. Crankshaft and Main Bearing

4JH Series

6. Crankshaft and Main Bearing

The crank pin and crank journal have been induction harden-
ed for superior durability, and the crankshaft is provided
with four balance weights for optional balance. The crank-
shaft main bearing is of the hanger type. The upper metal
{cylinder block side) is pravided with an oil groove. There
is no oil groove on the lower metal (bearing cap side). The
bearing cap (location cap) of the flywheel side has a thrust
rmetal which supports the thrust joad.

Ry
Main bearing metal (basic) 9

Thrusi melal
Main bearing cap (basic) d‘ j

6-1 Crankshaft

i
Main bearing wlé
(1} Color check of shaft

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

2-20

IMPORTANT:

Although the size is identical, the crankshaft material of
models 4JHE and 4JH-TE differ from that used in models
4JH-HTE and 4JH-DTE.

Please note that the crankshaft for models 4JHE and 4/H-TE
cannot be used for models 4JH-HTE and 4JH-DTE since
the crankshaft is not durable enough.

Balance weight

Crank shaft

Crank shatt gear

Main bearing metal
(intermediate}

Main bearing cap
(inlermediale)

Main bearing boll

Printed in Japan
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6. Crankshaft and Main Bearing 4742 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.

1

IS,
e e

Dial gauge

Deflection
V block V block

Crankshaft bend |  Less than0.03mm (0.0012in)

(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.

HG

; ]
Pihd |
Crank journal 4
It
Crank pin
mm (in}
Standard Wear limit
Qutside dia. 47,952 ~ 47.962 {1.8878 ~ 1.8882) 47.75 (1.8799)
Crank pin Bushing inside dia. 48.000 ~ 48.045 (1.8897 ~ 1.8915) 48.10 (1.8937)
Crank pin and bushing oil clearance 0.038 ~ 0.093 (0.0014 ~ 0.0036) 0.25 (0.0098)
Outside dia. 49.952 ~ 49.962 (1.9666 ~ 1.9670) 49.75 (1.9586)
Crank journal Bushing inside dia. 50.000 ~ 50.045 {1.9685 ~ 1.9702) 50.10 {1.9724}
Crank journal and bushing oil clearance 0.038 ~ 0.093 {0.0014 ~ 0.0036) 0.25 {0.0098)
Filtet rounding of crank pin and journal 3.500 ~ 3.800 (0.1377 ~ 0.1456)

Printed in Japan 22
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4JH2? Series

{4) Checking side clearance of the crankshalt

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 Wear lirmit
. 0.090 ~ 0.271 0.30
Crankshaft side gap (0.0035 ~ 0.0106) | (0.0118)

6-2 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.

105~ 11.5 kg-m

Bearing cap bolt tightening torque (7592 ~ 8315 ftib)

T
Main bearing mltg

Dial indicator

Crankshaft

NOTE: When assembling the bearing cap, keep the foliow-
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.

Main bearing melal (basic}

Thrust metal (gear side)

Thrust metal (Flywheel side)f
Main bearing cap (basic) @ fm\
I\ / /

f‘@@

/ Main bearing melal {intermediate)

? Main bearing cap {intermediate)
‘ %
1
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Chapter 2 Basic Engine
7. Camshaft and Tappeis

4JH2-Series

7. Camshaft and Tappets

7-1 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 shocks on the valve

seats and maximizes valve seat life. -
=

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

Camnshaft gear
/Thrust metal
<
e
L ke

P
"

—1—Side gap

mm {in.)
Standard Wear limit
. 0.05 ~ 0.20 0.4
Camshaft side gap {0.0019 ~0.0079) (0.0157)
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q—-—-— Push od

Tappet

2.23

Camshalt bushing

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

3
z
o
[1]
I
Camshaft height mm{in.}
Engine Standard | Wear limit
Intake cam 38.66 ~ 38.74 38.4
AH2E o istcam | (15220 ~ 1.6261) | (1.6118)
38.66 ~ 38.74 8.4
4JH2-TE
4JH2-HTE Intake cam (1.5220 ~ 1.5251) {1.5118)
4JH2-DTE
38.86 ~ 38.94 38.6
4JHZ-UTE | Exhaust cam (1.5299 ~ 1.5330) (1.5196)




Chapter 2 Basic Engine

. s .
7. Camshaft and Tappe 1JH2-Series
{3) Measura the camshalft outer diameter and the camshaft
bearing inner diameter. Replace if they exceed the wear
limit or are damaged.
mm fin)
. Standard . Wear limit
Gear case side Intermediate Flywhee| side
44925 ~ 44950 44910 ~ 44935 44925 ~ 44950

Camshatt journal outside dia.

{1.7687 ~ 1.7696)

{1.7681 ~ 1.7690)

{1.7687 ~ 1.7696)

44.8 {1.7637}

Camshaft journal bushing inside dia.

44.990 ~ 45,050
(1.7712 ~ 1.7736)

: ; i ; 45,000 ~ 45.025 45.000 ~ 45.025
Cylincer block bearing Inside dia. — (1.7716 ~ 1.7726) (17716 ~ 1.7726) -—
0.040 ~0.125 0.065 ~ 0.115 0.050 ~ 0.100

Qil clearance

(0.0015 ~ 0.0049}

{0.0025 ~ 0.0045)

{0.0019 ~ 0.0039)

0.2 (0.0078}

(4) Bending of the crankshaft

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

Dial gauge

NOTE: The reading on the dial gauge is divided by two to

obtain the extent of bending.

mm {in)

Wear limit

Camshalt deflection

0.02 (0.0007)

7-2 Tappels

(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.

Abnormal contact

Narmal contact

1

NOTE: When removing tappets, be sure to keep them

separate for each cylinder and intake/exhaust
valve.
2-24
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Chapter 2 Basic Engine

7. Camshaft and Tappets

{2} Measure the ouler diameter of the tappet, and replace i
worn beyand the limit.

mm {in.)
Standard Wear limit

. . 11.975 ~ 11.990 11.93
Tappet stem outside dia. | (4714 ~ 0.4720) | (0.4596)
Tappe! guide hole inside 12.000 ~ 12.018 12.05
dia. (cylinder block) {0.4724 ~ 0.4731) (0.4744)
Tappetl stem and guide 0.010 ~ 0.043 0.10
hole oil clearance (00003 ~ 0.0016) (0.0039)

(3) Measuring push rods.

Measure the length and bending of the push rods.

Feeler gauge

mm {in)
Standard Wear limit
178.25 ~ 178.75
Push rod length (7.0177 ~ 7.0378) —_—
Less than 0.3
Push rod bend 0.03 (0.0011} (0.0118)
Push rod dia. 8.5 (0.3346) _—
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Chapter 2 Basic Engine
8. Timing Gear

4JH Series
4JH? Series

8. Timing Gear

The timing gear is helical type for minimum noise and
specially treated for high durability.

Fuel injection pump gear

Camshaft gear
Sea water pump gear
i/ \ pump 9
1
L
* 4
idle gear
Crankshaft gear
Lubricaling oil pymp gear
mm (in.)
No. of Face Spiral : Back lash
teeth width angle Center distance Back lash Wear limit
Sea water pump gear )| 120 right 92.544 ~ 92,592 0.04 ~ 0.12 0.2
(3.6434 ~ 3.6453) {0.0015 ~ 0.0047) {0.0078}
Camshalt 56 18.0 left
menal gear ° 105318 ~ 105360 oo 0%
4.1463 ~ 4,1488 0.0015 ~ 0.0047 0.0078
Id| ¢ 43 1B8.0 right
¢ gea 9 75526 ~ 75573 004012 055
2.9734 ~ 2.9753 0015 ~ 0.0047 .
Crankshaft gear 28 400 left { ~ ) { ) )
60.629 ~ 60.677 0.04 ~ 0.12 0.2
Lubricating oil pump gear 29 80 right (2.3869 ~ 2.3888) (0.0015 ~ 0.0047} (0.0078)
[ 43 18.0 ight
tdle gear 8 "9 105.254 ~ 105,316 0.04 ~ 0.12 0.2
L {4.1438 ~ 4.1462} (0.0015 ~ 0.0047) {0.0078)
Fue! injection pump gear 56 100 left

8-1 Inspecting the gears

(1) Inspect the gears and replace it the teeth are damaged

orworn,

{2) Measure the backlash of all gears that mesh, and
replace the meshing gears as a sel if wear exceeds the

limit.

NOTE: If backiash is excessive, it will no! only result in ex-
cessive noise and gear damage, but also lead to
bad valve and fuel injection timing and a decrease

in engine performance.

2:26

{3) Idling gear

The bushing is pressure fitted into the idling gear.
Measure the bushing inner diameter and the outer
diameter of the shaft, and replace the bushing or idling
gear shaft if the oil clearance exceeds the wear limit.

A, B and C are inscribed on the end of the idling gear.
When assembling, these marks should align with
those on the cylinder block.
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8. Timing Gear 4JH Series

4JH2 Series

Idle gear

Idle gear bushing
> ldle gear shatt
%@
W,

Alignment mark %

mm (in.)
Standard Wear limit

. 45,950 ~ 45.975 4588
Idle shait dia. (1.8090 ~ 1.8100} | (1.8062)
ldle shait bushing 46.000 ~ 46.025 .
inside dia. {1.8110 ~ 1.8120)
Idle shaft and bushing 0.025 ~ 0.075 Q.15
oil clearance {0.0009 ~ 0.0029) {0.0059)

8-2 Gear timing marks

Match up the timing marks on each gear when assembling
(A, B and C).

Fuel injection pump gear
f X canehat g
\L
(&)
®

Idle gear

Sea waler pump gear

Crankshaft gear
Lubricating cil pump gear

2.
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Chapter 2 Basic Engine
9. Flywheel and Housing

4JH2? Series

9. Flywheel and Housing

The function of the fiywhee! is, through inertia, to rotate
the crankshaft in a uniform and srmooth manner by absorb-
ing the turning force created during the combustion
stroke of the engine, and by compensating for the de-
crease in turning force during the other strokes.

The flywheel is mounted and secured by 6 bolts on the
crankshaft end at the opposite end to the gear case; it is
covered by the mounting flange (fiywheel housing) which
is bolted to the cylinder block.

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

The flywheel's unbalanced force on the shaft center
must be kept below the specified value for the crankshaft

9-1 Specifications of flywheel

Qutside dia. of flywheel mm ¢339

Width of flywheel mm 54

Weight of flywheel

(including ring gear) kg 156
GO value kg-m* 1.1
Circurnferential speed mis 639 (3600rpm}
Speed fluctuation rate d 1/324 {3600rpm}
Allowable amount of unbalance g-cm 26
Pitch circle
Fixing part of | dia. of bolts mm 70
damper disc No. of bolts 6-M8 thread
x boit dia. equally spaced
Pitch circle
dia. of bolts mm 66
Fixing part of No. of .
crankshatt thread holes mm 6-M10
Fit joint dia. 383%%0305

Model of reduction and

reversing gear KM4A & KBW2i

. SAE No4
Mounting flange No. (in metric unit)
Rin . Center dia. mm 322.58

ea

°9 No of teeth 127

as the flywheel rotates with the crankshaft at high speed.
To achieve this, the balance is adjusted by driling holes

in the side of the flywheel, and the unbalanced
momentum is adjusted by drilling holes in the
circumference.

The ring gear is shrink fitted onto the circumference of
the flywheel, and this ring gear serves to start the engine
by meshing with the starter motor pinion.

The stamped letter and line which show top dead center
of each cylinder are positioned on the flywheel circum-
ference, and by matching these marks with the arrow mark
at the hole of the flywheel housing, the rotary position of
the crankshaft can be ascertained in order to adjust tappet
clearance or fuel injection timing.
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Chapter 2 Basic Engine
9. Flywheel and Housing 4JH2 Series

8-2 Dimensions of flywheel and mounting flange
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Chapter 2 Basic Engine
9. Flywheel and Housi
e il 4JH2 Series

9-3 Ring gear

When replacing the ring gear due 1o excessive wear or
damaged testh, heat the ring gear evenly at its
circurnference, and after it has expanded drive it gradually
off the fiywheel by tapping it with a hammer, a copper bar
or something similar around the whaole circumference.

Flywheel

mm {in.)

interference of ring gear 0.21 ~0.45
99 {0.0083 ~ 0.0177)

Ring gear

9.4 Position of top dead center and fuel
injection timing
(1) Marking

Flywheel housing

Injection

timing marks\

TDC. =
14 A
{or 23)

Flywheel

j"“

Stamped marking line

indicating TD.C. 27 I8

Stamped marking line
indicating fuel injection timi:

==
3

Stamped marking line

Stamped marking line

indicating fuel injection | LA indicating T.0.C.
timing ﬂ T
.
]
alli] 27
L E ) -
L] B
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9. Flywheel and Housing

4TH2 Series

{2) Matching mark

Hole

Flywheel housing

The matching mark is made at the hole of the flywheel

housing.

9.5 Damper disc and cooling fan

/Flywheel

6-@28.70 ~ B.92
(0.3425 ~ 0.3511)

Torsional rigidity

421kg frad (928.3 Ib/rad)

Max. angle of torsion

7.3 %107 rad

Stopper torque

37.7 kg-m (272.68 ft-Ib)

Printed in Japan
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Coaling fan

Applicability of Cooling Fan

Matching mark

4JH2E [4JH2-TE | 4JH2-HTE |4JH2-DTE
KM3P3 o] — — —
KBW20 o} o — -
KBW21 — — — —
KM4A - — — le)
# O Mark Cambination
Damper disc Cogling Fan Equipipment
16 {0.6299) X
. mim {in}
™= Flywheelside

@146 {5.7480) or less

w
—
g
M
w3
& S
i
o | W
-
(73]
)
ol £
2la
< e
—
M~
-+

244 (1.7322}

2169.8 ~ 170.2 (6.6850 ~ 6.7007)
¢188.928 ~ 190,000 (7.4775 ~ 7.4803)

2(0.0787)

6{0.2362)

I
19.5(0.7677)

7.1 {0.2795)
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Chapter 3 Fuel Injection Equipment
1. Fuel Injection Pump Service Data

4JH2 Series
n L} -
1. Fuel Injection Pump Service Data
(YANMAR TYPE : YPES-4CL)
-
| ]
st | Engine model :
Adjust § 4JH2E - 4JH2-TE 4JH2-HTE 4JH2-BTE
ment ltem
Part No. 729570-51300 729571-51300 7129572-51300 729573-51300
Assemble cord
L. 0. mark B471 B445 8438 BA34
Adjustment specs. Engine specs. | Calibration specs. | Engine specs. | Canibration specs. | Engine specs. | Calibration specs. Engine specs. | Calibration specs.
4-1-[1}; Nozzle type |.D.mark | 155P235J20 | DN-125D12 14GP25520 DN-128D12 140P255Z0 DN-12SD12 | 140P265020 | DN-125012
Injection starting kg/cm? | 195-205 | 185-175 | 195-205 | 165-175 | 195-205 | 165~175 | 195-205 | 165-175
pressure {ib/in2} [(2.773~2,915)({2.346~2,489}|(2,773~2,915)/i2,346~2,489){(2,773-2.915} 2,346~2,489){2,773-2,9159)|(2,346~ 2,489
4-1-(2) . ) ‘ #6/41.8x400 | ¢6/42x600 | $6/41.8%400 | $6/$2x600 $6/¢2 %400 #6/62 X 6CO $6/$2 %400 #6/42 2600
Fuelinection pipe - MM}, 5352/0.078|(0.2362/0.078| 0.2362/0.070 (0.2362/0.078 {{0.2362/0.078 110.2362/0.078 | 0.2362/0.078 10.2362/0.078
004/ IDdxL finl ] 15748 | 7x23.622) | 8x16.748) | 7x23.622) | 7x15.748) | 7x23.622) | 7x15.748) | 7x23.622)
4-2 | Top clearance mn 0.45~0.55/3.0 0.45-0.55/3.0 0.45~0.55/3.0 0.45~0.55/3.0
/Prestroke fin) {0.018~0.022/0.118} (0.018~0.022/0.118) {0.018~0.022/0.118) {0.018~0.022/0.118}
4-7-1 Purmp rpm: N1 rpm 1,800 1,800 1,800 1,800
o, | Rack position. A 710.276) 710.278) 710.276} 8(0.315)
2 mmfin.}
h=
% Measuring stroke St 1,000 1,000 1,000 1,000
[= =
Injection volume ¢ 27 29.5 k] 36.5 3% 48 45 52
Nenunifomity % +3 +3 3 +3
4-7-2 |, | Pump rpm: N2 rpm 1,850 1,950 1,950 1,950
3
— | Rack positon: R2
g | P : (4 (3.5 (3) 3.5
mm{in.}
4-7-3 Pump rpm: N3 rpm 400 400 400 400
o | Measuring stroke 5t 1,000 1,000 1,000 1,000
= Injection volume  cc 7-8 8~9 9-10 10-11 9-10 1011 9~10 10-11
Nonurifamity % 110 £10 £10 10
4-7-4 Pump rpm: N4 rpm 200 200 200 200
£'| Rack position mm{in,} | 11.5-12.5{0.453~0.452) 11.5~12.5(0.453~0.492} 11.5~12.5(0.453~0.492) 11.5-12.5{0.453~0,492)
=
& | Measuring stroke St 1,000 1,000 1,000 1,000
Injection volume  ¢c 60~70 80-~-70 6070 80-70 i
B Standard Non Added Added Added
]
g Pump rpm - a00 800 900
-g Measuring stroke St - 1,000 1,000 1.000
= | Injection volume  cc - 34-38 34-38 34~38
F. 1 Timing
Ref. b T.D. C 12 b. T.D. C17 b. T.D.C17 b. T.D. C 7
{F. |. Dideg.
3-1
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Chapter 3 Fuel Injection Equipment
2. Governor

4JH2 Series

2. Governor

2-1. Boost compensator {2} Outline of structure and principle of operation

{1) Objective of compensator 1 When the regulator handle is operated during abrupt

The boost compensator is a device mounted to the fuel
injection pump for engines equipped with a turbo-
charger. The amount of air sentfrom the intake manifold
by the linking function of the turbocharger increases in
proportion to the amount of fuel injected from the
injection pump (4JH2-TE, -HTE, -DTE). The boost
compensator controls the injection quantity by respond-

acceleration, the control rack moves to the increase side
as far as A.

Increase of engine speed drive the turbochanger to
increase boosting pressure. This boosting pressure
pushes the diaphragm in the boost compensator,
moving the control rack to the fuel increase side by
means of the boost compensator lever.

ing to changes in pressure.

Cold start knob
( Boost compensator
cance! knob )

Engine stop nob

Speed control lever

Boost compensater cancel nob

at cold start “ when running
Boost compensator
cancel )

Adjustring <> F.O-increase

wp & O-decrease

Acceleration adjusting screw

Fuel limiter

Adjust bolt

3-2
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Chapter 3 Fuel Injection Equipment

2. Governor
4IH2 Series

{3) Operation of cancel knob

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

2 if the engine is hard to start in cold temperatures, start
the engine by pulling the cancel knob {cold start knab).

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

{4) Adjustment of boost compensator
The initial rack of the boost compensator has been
adjusted properly at the time of shipment. However, the
acceleration can be increased at the request of the
customer. Watch the color of the exhaust while making
the adjustment.

Adjust bolt

<Procedure>>
Remove the cap nut of adjust bolt, loosen the lock nut and
adjust the bolt with the blade-type screw driver.

Right turn Large effect # Higher acceleration

on boost comp.
& More biack exhaust

Left turn Small effect ® Lower acceleration
on boost comp.
e Less black exhaust
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Chapter 3 Fuel Injection Equipment
2. Governor

2-2. Disassembly, Reassembly and Inspection of Governor

Cld type

23

(el

1. Governor case
2 Gaovernor case cover
3. Control lever
4, Governor lever assembly 5. Governor lever
6. Tension lever
7. Bushing
8. Spring pin
9. Shim
10. Throttle spring
11, Shifter

12. Washer

13. Governor link

14. Governor shaft

15. Control lever shaft

16. Governor spring

17. Stop lever

18. Stop lever return spring

19. Stop lever stop pin

22. Fuel stopper (limit bolt) assembly
23. Adjusting spring assembly

34

4JH Series
25
Bt
27
i

24, Governor weight

25. Governor weight

26. Pin

27, Governor weight support
28, Governor weight nut

29. Governor sleeve

30, Control rack

31. Fuel pump cam shafi
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Chapter 3 Fuel Injection Equipment
2, Governor

4JH Series

2-2-1 Governor disassembly
(1) Remove the yuvernor case.

NOTE: Loosen the hex bolt on models with an angleich

spring.

{2) Remove the control lever hex nut, and pull out the con-

trol lever from the control lever shaft.

Printed in Japan
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(3) Remove the governcr case bolt. Remove the governor
case (parallel pin) from the fuel pump until while lightly
tapping the governor case with a wooden hammer.
Create a gap between the governor case and fuel pump
by moving parts of the governor lever.

o m—

{4) Pull out the governor link snap pin by inserting needle
nosed pliers between the fuel pump and governor case.
case.

{5} The governor and fuel pump come apart by sliding the
governor case and fuel pump apart and pulling out the
link pin of the fuel control rack.




Chapter 3 Fuel Injection Equipment

2. Governor
4JH Series

{8) Remove the snap-rings on both ends of the governor
lever shaft,

(6) Remove the stop lever return spring from the governor {9) Put a rod 8mm (0.3150in.} in dia. or less in one end of
lever shaft. the governor lever shaft, and tap the governor shaft
until the O-ring comes out the other side of the

governor case.

{7} Use needle nose pliers to unhook the governor spring {10) After removing the Q-ring, lightly tap the end of the
from the tension lever and control lever shaft. shaft that you removed the O-ring from, and remove
the governor lever shaft. Then remove the governor

shaft assembly and washer.

36 ) )
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Chapter 3 Fuel Injection Equipment

2. Governor
4JH Series

NOTE: The governor assembly consists of the governor
lever, tension bar, bushing, throttle spring and
shifter, and is normally not disassembled.

The spring pin is removed when you replace the
shifter or throttle spring.

{12) When you need to pull cut the stop lever, remove the

stop lever shaft stop pin, and lightly tap the inside of
the governor case.

{11) Remove the governor link from the governor lever. {13} When you need to pull out the control lever shaft, tap
the end of the shaft with a wood hammer.

NOTE: 1. Do not remove the fuel limit nut from the
governor case unless necessary.
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Chapter 3 Fuel Injection Equipment

2. Governor AJH Series
{14) Pull out the governor sleeve on the end of the fuel {16) Remove the governor weight assembly from the fuel
camshaft by hand. pump cam using the governor weight pulling teols.

(15} Turn the governor weight with a box spanner two or
three times to loosen it, stopping it with the hole in
the fuel coupling ring or holding the coupling with a
vise.

NOTE: When the taper fit comes apart after you have NOTE: The governor weight assembly is made up of the
removed the nut, the governor weight may fly out governor weight, support and pin. Do not dis-
—Be Careful. assemble.
3-8
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Chapter 3 Fuel Injection Equipment
2. Governor

4JH Series

2-2-2 Inspection of governor

Inspection of governor weight assembly
(1) Replace the governor weight if it does not open and
close smoothly.

{(2) Replace the governor weight if the contact surface with
governor sleeve is extremely worn,

{3 Replace if there is governor weight support/pin wear or
the caulking is lcose.

{4) Replace if the governor weight support stopper is ex-
cessively worn.

Inspection of governor sleeve
Contact surface

with governor weight

Contact surface
with shifter

Sleeve inner diex_l

(1} Replace the governor sleeve if the contact surface with
governor weight is worn or there is pitching.

(2) Replace the governor sleeve if the contact surface with
shifter is considerably worn or there is pitching.

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

Inspection of governor shaft assembly

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

mm (in.)
Standard Standard o
Dimension Clearance Limit
Governor shaft 7.986 ~ 7.995 0.065 ~
outer dia. (0.3144 ~ 0.3147) 0.124 0.5
. ] B.060 ~ B.110 {0.0025 ~ | {0.01986)
Bushing inner dia. 0.3173 ~ 0.3192) 0.0048)

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

(3) Disassemble and replace throttie springs that are settl-
ed, broken or corroded by pulling the spring pin.

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

NQTE: 1. Side gap on top of governor lever shalt. i
men (in)

Standard side gap | 0.4 (0.0157)

2 Replace the governor lever, tension bar, bushing,
shifter and throttle spring as an assembly.
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(5) Inspection of springs
1) Check the governor spring and other springs and
replace if they are broken, settled or corroded.
2) Measure the free length of the governor spring, and
replace if it exceeds the limit.
See service data sheet for free length of governor
spring.

|- Free length

Governor spring spec. table

Engine model AH2E | 4ipa T E aoh2-DTE
Part No, 129470-61650 129100-61730
Spring constant  kg/mm 0.32 4,22

Free length mm 12 42

2-3 Assembling governor

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

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

(1) Insert the governor weight assembly in the taper
portion at the end of the fuel pump camshaft, stopping
it with the hole in the fuel coupling ring or holding the
coupling with a vise, mount the rest, and tighten the
governor weight nut,

kg-m (H-Ib)

4.5 ~ 50
{32.54 ~ 36.16)

Governor weight nut tightening lorque




Chapter 3 Fuel Injection Equipment
2. Governor
4JH Series

(6} Mount the governor lever assembly to the governor

(2) Open the governcr weight to the outside, and insert the
link.

sleeve in the end of the fuel pump camshaft.

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

2. Make sure that the governor link moves

smoothly.
NOTE: Make sure that the sleeve moves smoothly after in- Y
serting it. (7) Put the governor lever shaft assembly in the governor
(3} When the stop lever has been disassembled, mount the case, insert the governor lever shaft, and tap it in until
stop lever return spring on the stop lever, tap the stop the O-ring groove comes out the opposite side of the
governor case.

lever lightly with a wooden hammer to insert it, and
tighten the stop lever stop pin.

{4) When the control lever shaft has been removed, lightly
tap the control lever shaft and washer from Inside the P . , .
governor case, using an appropriate plate. NOTE: 1. Fit the O-ring to the side you have tapped in.

{5) If the governor has been disassembled, tap in the
spring pin.

2 Be sure to insert the governor lever shaft in
the correct direction.

3-10 ) .
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Chapter 3 Fuel Injection Equipment

2. Governor
4JH Series
3. Don’t forget to mount the washers to both sides (9) Fit the stop lever return spring to the end of the
of the governor lever. governor lever shaft.

(8) After you have mounted the Q-ring, tape the governor

lever in the opposite direction, and mount the E-shaped {10) Hook the governor spring on the control lever shaft
stop rings on the grooves at both ends. and tension lever hocok with radio pliers.

(11} Pull the governor link as far as possible towards the
governor case mounting surface, insert the governor
link pin in the fuel control rack pin hole and fit the
snap pin on it

Wenil JTup
rmlzn

........

NOTE: After mounting the governor lever assembly, make

sure the governor lever assembly moves smoothly.

3-1
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2. Governor

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

(13) Place the adjusting spring and adjusting rod on the
governor case cover adjusting bolt, and mount the
QOVEernor case Cover.

(14) Insert the control lever in the control tever shaft, and
tighten the nut.

NOTE: Move the conirol lever back and forth to make sure
that the entire link moves smoothly.

3-12

4JH Series
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3, Disassernbly, Reassembly and Inspection of Fuel Injection Pump

4JH Series

3. Disassembly, Reassembly and Inspection of
Fuel Injection Pump

1. Fuel purmp unit
2 Delivery valve retainer stop
3. Delivery valve retainer
4. Delivery valve stopper
5. Delivary valve spring
6. Delivery valve assembly
7. Delivery valve
8. Delivery valve seat
9. Plunger assembly
10. Plunger barrel
11. Plunger
12. Fuel pump camshaft
13. Bearing
14. Bearing
15. Bearing holder
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16. *Qil seal

17. Adjusting packing (shim)
18. Tappet stopper

19. Tappet assembly

20. Pin

21, Roller guide

22 Roller (outer)

23. Roller {inner)

24. Adjusting shim

25. Adjusting boeit

26. Plunger spring rest B
27. Plunger spring

28. Plunger spring rest A

29. Control sleeve {reduction ring)
30. Control pinicn B

31. Stop screw

. Aux. spring

. Control rack stopper

. Plunger barrel stopper
. Deflector

. Pump side cover

. Pump bottom cover

" @2%

NQTE: 1. Some models are equipped with ball bearings
and some with taper roller bearings.
2.Oif seal: Some models are equipped with oif
seals and some are not. The shape of the bear-
ing holder differs for models with and without oil
seals.
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

4JH Series

3-1 Disassembly of fuel injection pump

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

Be especially careful to keep the plunger/plunger barrel,
delivery valveldelivery vaive seat and other assemblies
separate for each cylinder {the parts of each assembly
must be kept with that assembly 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.

. Pertorm work in a clean area.

3. Take off the fuel pump bottom cover and remove lubri-

cant oil.

4. Turn the tuel pump upside down to drain fue! oil.

o)

{1) Loosen the nut with a box spanner and take it off,
holding it with the hole in the fuel coupling ring or
holding the coupling with a vise and take out the
governor weight assembly.

(2) Remove the fuel feed pump.
NOTE: Do not disassemble the fuel feed pump. See in-
structions for fuel feed pump for details.

Printed in Japan
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

4JH Series
(4) Turn the camshaft until the roller guide is at the (7) Turn the fuel pump upside down, move all the rolier
maximum head, and insert the plunger spring support guides to the plunger side, and then put the pump on
plate in between the plunger spring washer B ({lower its side. Turn the camshaft to a position so that none of

side} and fue! pump unit. the cylinder cams hit the tappets.

(8) Put a plate against the governor end side of the cam-
shaft and lightly tap it, and pull out the camshaft and
drive side bearing.

{9) Remove the roller guide stop.

Plunger spring support plate

NOTE: If the camshaft does not turn, put double nuts on
the end of the cam shaft or remove the coupling.
{5} Remove the camshaft wood ruff key.

{6) Put a screwdriver in the two grooves on the camshaft (10) Use a hammer handle or the like to push up the roller
bearing holder mounting surface, and pull out the cam- guide from the bottom of the pump, and remove the
shaft bearing holder. plunger spring support plate.

NOTE: 1. Be sure not to damage the oil seal with the

threaded part of the camshaft. NOTE: The plunger spring may make the roller quide and
2. Be careful not to loosen the shims in between plunger, etc. fly out when the plunger support
the pump and bearing holder. plate is rermoved.
3-15

Printed in Japan
A0A1029-9002



Chapter 3 Fuel Injection Equipment
3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

4JH Series

(11) Remove the roller guide. (13) Loosen the small screw on control pinion,

NOTE: When you stand the fuel pump up, all of the rolier NOTE: 1. Check to make sure the match marks on the
guides drop out at one time. Therefore, first pinion/sieeve are correct before loosening the
remave the stop bolt for ane cylinder at a time, and small screw on the control pinion, as the pinion
then the roller guide for each cylinder—continue and sleeve come apart when the screw s
this process. loosened. If the mark is hard to read or off

center, lightly inscribe a new mark. This will
serve as a guide when adjusting injection
volume later.

Small screw on contrgl pinion

‘ J Control pinion

o
O b \_l\ Match mark

Control sleeve

12) Remnove the plunger, plunger spring and lower washer .
( from the | szr pa%t ofpth e%umpp_ g 2. Keep parts separate for each cylinder.

{14) Remove the control pinion, sleeve and upper rest.

NOTE: Keep the parts separate for each cylinder. NOTE: Keep parts separate for each cylinder.
3-16
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump
4JH Series
(15) Remove the conirot rack stop boit and remove the {17) Remove the delivery valve holder.
rack.

NOTE: Be careful not fo lose the spring or rest on the
controfl rack.

NQTE: 1. Be carelul nat to lose the defivery valve pack-
ing, delivery valve spring, delivery valve stopper
@D = . or other small parts.
@M 2. Keep the delivery valve assemblies lor each
cylinder clearly separated.

{19) Take the plunger barrel out from the top of pump.

(18) Loosen the delivery valve retainer stop bolt, and
remove the delivery valve holder stop,

NQTE: Keep it as a set with the plunger that was remov-
ed earlier.

Printed in Japan
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

4JH Series

3-2 Inspection of fuel injection pump

(1) Inspection of plunger

1) Thoroughly wash the plungeérs, and replace plungers
that have scratches on the plunger lead or are dis-
colored.

2) The plunger is in good condition if it slides down
smoothly when it is tilted 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.

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

2) The valve is in good condition if it returns when
released after being pushed it 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 roller guide sliding
surface. Scratches on the roller pin sliding surface are
not a problem.
2} Inspect the plunger barrel seat.
It 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, deformation

of key grooves and deformation of screws on both
ends, and replace if necessary.

2) Bearings
Replace if the taper rollers or outer race surface is flak-
ed or worn.

NOTE: Replace fuel camshafts and bearings together.

{5} Inspection of roller guide assembly
1) Roller

Replace if the surface is worn or flaked.

2} Roller Guide
Replace if the outer roller pin hole is extensively worn
or there are many scratches.

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

4) Injection timing adjustment bolt
Replace if the surface in contact with the plunger side
is unevenly or excessively worn.

(6) Inspection of rack and pinion
1) Rack

WEITHTH IO G IR EL G TUEEEEHETTRR B L )

Inspect for bending of rack and wear or deformation of
fit with pinion.

2) Pinion
Inspect for wear or deformation of fit with rack.

NOTE: If the tooth surface or sliding surface is not in
good working order, rack resistance increases,
affecting the condition of the engine {rough rpm,
over running, etc.).

{7} Inspection of plunger spring and delivery spring

Inspect springs for scratches, cracks, breakage, uneven
wear and rust.
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump
4JH Series

{8) Inspection of oil seals (3) Place the control rack, and tighten the control rack stop
Inspect oil seals to see if they are burred or scratched. bolt.
(9} Inspection of roller guide stop
Inspect the side of the tip, replace if excessively worn.
(10) inspection of O-rings
Inspect and replace if they are burred or cracked.

3-3 Reassembly of fuel injection pump

Preparation

After inspection, put all parts in order and clean.
See Inspection of Fuel Pump for inspection procedure.

(1) Put in the plunger barre! from the top of pump.

NOTE: 1. Do not forget the rack aux. spring.
2. Make sure the rack moves smoothly through a
full cycle.

(4) Place the rack set screw (using the special tool) in the
rack stop bolt screw hole to fix the rack.

(8} Looking from the bottom of pump, align the match
marks on the rack and pinion.

Control rech

Cantrol punon
NOTE: Make sure the barrel key groove is fitted properfy (6) While holding the pinion with one hand and keeping it
to the barre! stop pin. aligned with the match mark, fit in the sleeve, and light-

{2) Place the delivery valve assembly, packing, spring and ly tighten the smail pinion screw.

stopper from the top ot the pump, in that order.

NOTE: Fitting of sleeve, Face towards smalfl pinion
screws and align with match mark.

NOTE: Replace the delivery valve packing and O-ring.

Match mark

Frinted in Japan
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump 4IH Seri
eries

(7) Mount the plunger spring upper rest. (10) Insert the plunger spring support plate between the
plunger spring seat B (lower) and fuel pump, by put-
ting the handte of a hammer in the lower part of pump
and pushing the roller guide up.

NOTE: 1. Be sure to mount the upper rest with the hollow
side facing down.
2. Recheck to make sure that the rack moves

easily.

{8) Mount the plunger spring.

(9) Mount the lower rest on the head of the plunger, and NOTE: 1. Face the roller guide stop groove upwards, and
fit the plunger in the lower part of pump while align- align it with the stop screw haole on the pump.
ing the match marks on the plunger flange and the
slegve. . e===ea- -

!

2. Check the movement of the rack. The plunger
spring may be out of place if the movement is
heavy — insert a screwdriver and bring it to the
correct position.

3. When replacing the roller guide assembly, fit
shims and lightly tighten:

Standard shim thickness 1.2 mm (0.0472 in.)
Part code number 129165-51600

{(11) Make sure that the roller guide stop groove is in the
correct position, and tighten the roller guide stop bolt.

Plunger inserting tool

NOTE: If the plunger is mounted in the opposite direction,
the injection volume will increase abnormally and
cannot be adjusted. '

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

4JH Series

(12) Fit the bearings to both ends of the camshaft, and in-
sert from the drive side by tapping lightly.

NOTE: Turn the pump upside down, and tap in the cam- (15) Mount the fuel pump side cover.

shaft while moving the rofler guide to the plunger (16) Tap in the camshaft wood ruff key.

spring side. (17) Turn the camshaft, and pult out the plunger spring
{13) Fit the oil seal on the inside of the bearing retainer support plate.

and mount the bearing retainer.

NOTE: Coat the camshaft and oil seal with oil to prevent
the oil seal from being scratched.

(14) Fix the pump, lightly tap both ends of the cam shaft with
a wooden hammer, and adjust the cam shaft side
clearance with the adjustment shims while checking
with a side clearance gauge.

men {in)

. 0.02 ~ 0.05
Camshatt side clearance (0.0007 ~ 0.0019)

Adjusting
Pull out the adjusting shims if the ctearanceis too small, and
add adjusting shims if it is too large.

mim {in.}

0.50 (0.0196) NOTE: Fit double nuts to turn the camshaft.

0.40 (0.0157)
0.30 (0.0118)
0.15 (0.0059)

Adjusting shim thickness

-21
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3. Disassembly, Reassembly and Inspection of Fuel Injection Pump

4JH Series

(18) Tighten the delivery valve retainer. (20} Mount the fuel feed pump

kg-m {#t-Ib)
Tightening torque | 35~ 4.0 (25.31 ~ 28.93)

NOQTE: Refer to the instructions for reassembly of the fuel

NOTE: 1. Tighten the retainer as far as possible by hand— feed pump.

if the bolt gets hard to turn part way, the packing
or delivery vailve are out of place. Remove, cor-
rect, and start tightening again.

2. Overtightening can result in malfunctioning of
the rack,

{19) Fit the delivery retainer stop and tighten the stop bolt.

kg-m {ft-1b)

Tightening torque | 0.3 {2.16)

NOTE: Overtightening can upset the delivery retainer and
cause oil leakage.

3-22 . .
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4JH Series

4. Adjustment of Fuel Injection Pump and Governor

Adjust the fue! injection pump after you have completed
reassembly. The pump Itself must be readjusted with a
special pump tester when you have replaced major parts
such as the plunger assembly, rolier guide assembly,
fuel camshafi, 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 injection
starting pressure.

kg/icm? (Ibfin.?}
Adjusting nozzle type YDN-125D12
Injection starting pressure 23 46122 ~ .]2?129 08)

{2) Adjusting injection pipe.

mm (in.}
Inner dia./outer dia. x length © 078%8/2:'3%; f%% 6220)
Minimum bending radius 25 (0.9842)

(3) Mount the fuel injection pump on the pump tester plat-
form.

Printed in Japan
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mm (ir}
Tester used ‘ 1, I, Part code number
110 150
Yanmar (4.3307) | (5.9055) | 158090-51010
125 165
Robert Bosch 4.9212) | (5.4960) 158090-51020

(4) Remove the control rack blind cover and fit the rack
indicator.
Next, turn the pinion from the side of the pump until
the controf 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.

Rack indicator

i L M [
1510 & ¢

Spring

Control rack blind cover

Rack indicator

Base line

Part code number 158090-51500

3.23
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4JH Series

{5) Check control rack stroke
Make sure the rack position is at 11.5 ~ 12.5mm (0.4527
~ 0.4921in.) on the indicator scale when the governor
control lever is set at the maximum operating position.
If it is not at this value, change the fink connecting the
governor and control rack to adjust it.

NOTE: Links are availabe in Tmm (0.0394in.) increments.
{6) Remove the plug in the oil fill hole on the top of the

governor case, and fill the pump with about 200cc of
pump oil or engine oil.

t

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

(8) Set the pressure of oil fed from the pump tester to the
injectian pump at 0.2 ~ 0.3kg/cm? (2.84 ~ 4.26 In/in.?),

4.2 'Adjustment of top clearance

Adjust the top clearance (the clearance between the top

of plunger and the top of barrel with the cam at top dead

center) of each cylinder plunger to bring it io the

specified value by changing the thickness of the shims.
Top clearance

Plunger barrel

Piunger
mm (in.)
Top clearance 0.95-1.05 (0.0374-0.0413)
Pre-stroke 2.5({0.0984)
Standard shim thickness 1.2(0.0472)

3-24

Relation between top clearance, standard shim thickness

and pre-stroke. mm Gn}

Adjusting shim thickness 1.0{0.0394)
1.2(0.0472)
1.2(0.0512)
1.4 (0.0551)
1.5{0.0581)

1.6 (0.0630)
129155-51600

(1) Place the top clearance gauge on a level surface and
set the gauge to zero.

Part Code No.

.

(2) Remove the injection pump delivery retainer, take out
the delivery valve assembly, insert the top clearance
gauge and tighten by hand.

{3} Turn the camshaft, and bring the cam to the top dead
center while watching the gauge needle.

Printed in Japan
A0A1029-9002



Chapter 3 Fuel Injection Equipment
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4JH Series

{4) Read the gauge at this position, and adjust until the
clearance is at the specified value by changing ad-
justing shims.

Tighten the adjusting screw after completing adjust-

ment.
@—— Adjusting bait
@— Adjusting shim

M Tappet

{Greater shim thickness decreases top clearance and
smaller shim thickness increases top clearance).

NOTE: Adjust while watching gauge, and then tighten.

() After adjustment is completed, insert the delivery valve

assembty and tighten the delivery retainer. kg-m (ft-In}

3.5~ 40
{2531 ~ 28.93)

Delivery retainer tightening torque

Repeat the above procedure to adjust the top clearance of
each cylinder.

4-3 Adjusting of injection timing
After adjusting the top clearance for all cylinders,
check/adjust the injection timing.
Cylinder No. 4
Cylinder No. 3

Cylinder No, 2
Cylinder No. 1

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

Cylinder no. Count from the drive side
Direction of rotation Right locking from drive side

{(2) In the above state, set the tester needle to a position
easy to read on the flywheel scale, and check the injec-
tion timing several times by reading the flywheel scale,
according to the injection order.

Injection order 1—3~—4—2-—1
Injection timing 90°
Allowable deviation +30

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

The change in injection timing effected by adijusting
shims is as follows:;

Change in injection timing
Cam angle Crank angle
0.1mm (0.0039in.} 0.5° 10°

Change in shim thickness

{4) When you have readjusted top clearance, make sure it
is within allowable values after completing adjustment.
mm {in.}

Allowable top clearance [ 0300118

NOTE: 1. All cylinders must be readjusted it any one shows
less than the alfowable value.
2.1f the top clearance is less than the allowable
value, the plunger will hit the delivery valve or
the plunger flange will hit the plunger barrel.

Direction of rotation
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4-4 Plunger pressure test

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

4-6 Adjusting injection volume

{unitormity of each cylinder)
The injection volume is determined by the fuel injection
pump rpm and rack pesition. Check and adjust to bring to
specified value.

4.5.1 Measuring injection volume

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

Pump RPM 1800 rpm

Pump rotating direction Right looking from drive side

Rack indicator scale
reading

7mm (0.2756 in)

Max. pressure gauge reading (:ggg;%ﬁ;ﬂ:)
Cannecting screw dimensions M12x 15

(2) Set the governor control lever 1o the stop position,
operate the injection pump at about 200 rpm, and make
sure that the pressure gauge reading is 500 kgl/cm?
(7110 Ibfin.?} or more while lightly moving the control
pinion gear towards full throttle (drive side) from the
pump.

Replace the plunger if the pressure does not reach this

value.
{3) Immediately release the gear after the pressurerises to

stop injection.

At the same time, check to see that oil is not leaking
from the delivery retainer or fuel injection piping, and
that there is no extreme drop in pressure.

4.5 Delivery valve pressure test

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

Pressure gauge

{2) After pressure rises lo the above value, measure the
time it takes to drop from 100 ~ 90 kg/cm? (1422 ~ 2702
Ibfin.?).

100 — 90 kg/em?
{1422 ~ 1280 Ib/in.®}

5 seconds
(to drop 10 kglem? (142 Ib/in.?})

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

Remove the rack stop bolt behind the pump and screw
in the rack fixing bolt to fix the rack.

26 (1.0238)

101{0.3937)
4 (01574} 4 (0.1574)

23 (0.1181)

_{E{—/ - s /> 115 (0.4527)

ME x 1.0

Part Code No. | 158080-51510

(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 1,000 st

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

Nonuniformity of cylinders +3%

4-6.2 Adjustment of injection volume

Measure the injection volume in measuring cylinders for

each cylinder, and adjust if necessary to obtain the

specified values.

(1)Push the control rack all the way to the drive side, stop
with the rack fixing bolt, and loosen the pinion/sieeve
fixing bolt 1/3 of a revolution.
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(2) When the control sleeve is turned to the right or left,
the plunger is turned through the same angle to in-
crease or decrease injection volume.

The injection volume is increased when the control
sleeve is turned in the — direction and decreased when
turned in the + direction in the following figure.

Pinion

['h = 3,@' L Sleeve
e T

Alignment mark

L]

(3) 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).

(4) Next, measure the injection volumes under different
conditions, and make sure the injection volume for
every cylinder is within the specifications.

Replace the plunger if the injection volume is not
within specifications.

NOTE: See adjustment data for the specified injection

volume value at other measuring points.

(5} After completing measurement, firmly tighten the
piston/sleeve fixing screw.
{6) If not aligned with the match mark, make a new match

mark.

4.7 Adjustment of governor

4-7.1 Adjusting fuel limit bolt

(1) Adjust the tightness of the fuel limit bolt to bring the
rack position to the specified value {Ri) with the
governor control lever all the way down towards the
fuel increase position, while keeping the pump at rated
rpm Ns.

4205
I
| Full road position
|
1
5 I
SRy -1 —
= | |
s |
g 1 |
5 ) | L
ﬁ A b !
€ R =N I
3 I '_] '_I
| | [ |
1 | | 1
0 i 1 L L
N, N, N N,

Pump (rpm)
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(2) Measure fuel injection volume at rack position (R4).
Tightening of fuel limit bolt,

(3} the injection volume is at the specified value, tighten
the fuel fimit bolt tock nut at that pasiticn,

4-7.2 Adjusting RPM limit bolt

(1) Gradually loosen the governor control lever while keep-
ing the purnp 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 (R1).

Maximum speed
adjustment bolt

Cantrol lever

(2) Check maximum RPM at no load
Further increase rpm, and make sure that rack position
(Rz = R: — L) comresponding to maximum rpm at no
load is within specified value (Ng2).

No load max. RPM
(Pump RPM)

1950 rgm

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

Idling adjustment bolt

Control lever

Idling rpm {Pump RPM) | 325 rpm
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4. Adjustment of Fuel Infection Pump and Governor

4JH Series

{2) Measure the injection volume while lowering the
governor control lever to the idling position, and adjust
the position of the control lever with the idling adjust-
ment boit to bring it to the specified value.

Measuring stroke 1000 st

tdling Injection volume See injection purmp service data

4.7.4 Check injection volume when starting

(1) Make sure the control rack moves smoothly while
gradually reducing idling rpm.

(2) Next, fix the governor control lever at the full load
position with the pump at the specified rpm (Ng). Make
sure that control rack is at the maximum rack position
(11.05 ~ 12.05).

Measure the injection volume and check to make sare
it is within the specitied value.

Pump rpm (N4 200 rpm

Rack indicator scale 11.5~12.5mm(0.4527~0.4921 in.}
Measuring stroke 1000 st

Injection volume See injection pump service data

Checking injection stop

Drive the pump at rated rpm (N,) and standard rack
position (R,) with the governar control lever at the full
load position, operate the stop lever on the back of the
governor case, and make sure that injection to all
cylinders is stopped.

NOTE: Be sure to remove the rack fixing bolt when doing
this.

3-28
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5. Fuel Feed Pump

5. Fuel Feed Pump

The fuel feed pump pumps fuel from the fuel tank, passes it
through the fuel filter element, and supplies it to the fuel
injection pump.

The fuel feed pump is mounted on the side of this engine
and is driven by the {eccentric) cam of the fuel pump cam-
shaft. It is provided with a manual priming lever so that fuel
can be supplied when the engine is stopped.

Fuel feed pumgp

5-1 Construction of fuel feed pump

2 5 4 7 8 9 10
I
T T
//
£

1

—A

1. Bottom body

2. Piston spring

3. Piston

4. Diaphragm spring

6. Diaphragm assembly

5-2 Fuel feed pump specifications

Head im (3.28 ft)

230 ce/min (14,03 in*/rmin)

at 1500 cam rpm, discharge pressure
of 0.2 kglem? (2.84 Ibfin.?)

0.3 kglem? (4.26 Ibfin.?)

or more {at 430 cam rpm)

Discharge volume

Closed off pressure

-2
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6. Pin
7. Leverreturn spring
8. Lever assembly
9. 0-ring
10. Stop pin

1. Top body assembly
12. Packing

13. Cover

14. Small screw
15.Cap

4JH Series



Chapter 3 Fuel Injection Equipment
5. Fuel Feed Pump

4JH Series

5-3 Disassembly and reassembly of fuel feed pump

5-3. 1 Disassembly

{1) Remove the fuel feed pump mounting nut, and take the
fuel fead pump off the fuel injection pump.

(2) Clean the fue! feed pump assembly with fuel cil.

{3) After checking the orientation of the arrow on the cover,
make match marks on the upper body and cover, remove
the smal! screw, and disassemble the cover, upper body
and lower body.

5-3. 2 Reassembly

(1) Clean all parts with fuel oil, inspect, and replace any
defective parts.

(2) Replace any packings on parts that have been
disassembled.

(3) Make sure that the intake valve and discharge valve on
upper body are mounted in the proper direction, and that
you don't forget the valve packing.

(4) Assemble the diaphragm into the body, making sure the
diaphragm mounting holes are lined up (do not force).

{5) Align the match marks on the upper body of the pump
and cover, and tighten the small screws evenly.

kg-cm {ft-1b)
15 rv 25 (1.08 ~ 1.80}

Tightening torque |

5-4 Fuel feed pump inspection

(1) Place the fuel feed pump in kerosene, cover the dis-
charge port with your finger, move the priming lever and
check for air bubbles {Repair or replace any part which
emits air bubbles).

Measuring cylinder -, e ga—

Air pressure kg/cm®

Container filled
with light ail

(2) Attach a vinyl hose to the fuei feed pump intake, keep
the pump at the specified depth from the fuel oil
surface, move the priming lever by hand and check for
sudden spurts of fuel oil from the discharge pert. If oil is
not spurted out, inspect the diaphragm and diaphragm
spring and repair/replace as necessary.

(3) Diaphragm inspection
Parts of the diaphragm that are repeatedly burned will
become thinner or deteriorate over a long period of time.
Check the diaphragm and replace if necessary.

2 g

(4) Valve contact/mounting
Clean the valve seat and valve with air to remove any
foreign matter.

Inlet @V@ Outiet valve

(5) Inspect the diaphragm spring and piston spring for settl-
ing and the piston for wear, and replace as necessary.

NOTE: Replace parts as an assembly.

. 3-30
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6. Fuel Injection Nozzle

4JH2-Series

6. 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 uniformty 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 fue! 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 holder

Nozzle spring

T,

Nozzle cover mounting groove

Fuel starting pressure adjusting shim

6-1 Functioning of fuel injection nozzle

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

When ¢il reaches the specified pressure, it pushes up the
nozzle valve (held by the nozzle spring), and is injected
through the smali 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 witl
the adjusting shims.

Nozzle holder F.O. return pipe joint

- Mozzle cover
)

Fuel starting pressure
Adjusting shim

Nozzle spring

Nozzle spring seat Positioning pin

Stop plate
Nozzke valve

Nozzle body Nozzle clamp nut

Nozzle spring seat ‘
%Stop plate Hole— | - ‘!
oe > MNozzle valve
Positioni N Nozzle valve
'asitioning pin
——% }» Nozzle F.Q. reservoir
Nozzle body
b Nozzle body
Nozzle clamp nut
@onhole
Sprayang’I;
Engine model 4JH2E 4JH2-TE 4JH2-HTE 4JH2-DTE 4JHZ2-UTE
Nozzle I.D.Mark 165P235J20 140P 25520 140P255Z0 140P265J20 140P255Z0
Spray angle 155° 140° 140° 140°
No of injection hole X dia 5 X 0.23mm 5 X 0.25mm 8 X 0.25mm 5 X 0.26mm 5 X 0.25mm
Nozzle opening pressure 195 ~ 205kg/eri  (2.773~2.915 Ib/in.2)

Printed in Japan
A0A1029-9169SP



Chapter 3 Fuel Injection Equipment
6. Fuel Injection Nozzle

Nozzle body identitication number
The type of nozzie 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 244JO

I——— Dasign code

Nozzle size Psize
Ssize

Spray angle

Mounting angle

of nozzfe on

cylinder head
Code A: atangle
No code: not atangle

Type (DLL: semi-long type)

YANMAR

Identification number

6-2 Fuel injection nozzle disassembly

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

2. When disassembling more than one fuel injection
nozzie, keep the parts for each injection nozzle
seéparate for each cylinder (i.e. the nozzle for
cylinder 1 must be remounted in cylinder 1).

(1Y 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.

Fuelinjection nozzle

Hole type

4JH2-Series

(&) Putthe nozzle in avise

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

(3) Remove the nozzle nut

_— Box spanner

Holder

NOTE: Use a special box spanner for the hole type (the
thickness of the two 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.

6-3 Fuel injection nozzle inspection
6-3. 1 Washing

(1) Be sure to use new diesel oil to wash the fuel injection
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-B486B No.5789-001

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

{3) Clean off the carbon on the outside of the nozzle body
with a brass brush.
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Chapter 3 Fuel Injection Equipment
6." Fuel Injection Nozzle

4JH Series
{4) Clean the nozzle seat with cleaning spray.
Nozzle contact surface Pin
Seal surface E
|
Hole type
i , . (in)}
5) Clean off the carbon on the tip of nozzle with a piece of mm
© wood P P Nozzle contact surface wear limit | 0100039

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

Nozzle cleaning needle (piano wire)
0.2mm dia. wire, 22mm long x5 wires

]

1]

Part coda no. | 28210-000010

6-4. 2 Nozzle inspection

(1) Inspect for scratchesfwear
Inspect oil seals for abnormal scratches cr 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 halt
way from the body, it slides down by itself when releas-
ed.
Rotate the nozzle a little; replace the nozzle/nozzle
body as a set if there are some places where itdoes not
slide smoothly.

N\, \C\
7
-

(3) Inspecting stop plate {(inter-piece}
Check for scratches/wear in seals on both ends, check
for abnormal wear on the surface where it comes in
contact with the nozzle; replace if the stop plate is
excessively worn.
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(4} Inspecting nozzle spring
Replace the nozzle spring if it is extremely bent, or the
surface is scratched or rusted.

{5) Nozzle holder
Check the oil seal surface for scratches/wear, replace
if the 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 bodyinozzle set and
tighten the nut.

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

Nozzle nut tightening torque kg-m {ft-lb}

Hole type nozzle 4~ 45 (289 ~ 325




Chapter 3 Fuel Injection Equipment

6. Fuel Injection Nozzle
4TH Series

6-6 Adjusting fuel injection nozzle

6-6. 1 Adjusting opening pressure

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

Nozzle tester

Spray from each nozzle
hole is uniform

Poor

Injection starting pressure
kglocm? (Ibfin.t)

Injection starting pressure | 195 ~ 205 (2773 ~ 2915) / ﬁ
7-6. 2 Injection test

After adjusting the nozzle to the specified starting

»Excessive difference

pressure, check the fuel spray condition and seat oil in spray angle (&)
tightness. «Excessive ditference
oas in injection angle {a)
{1) Check seat oil tlghtn§s§ _ _ «Incomplete atomization
After two or three injections, gradually increase the «Shuggish starting/stopping

of injection

pressure up to 20 kgfcm? (284 Ibfin.?) 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
aqain if there is excessive oil leakage from the overflow
coupling.
Replace the nozzle as a set if cil 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:
* Proper spray angle (6)
* Correct injection angle (a)
« Complete atomization of fuel
* Promnipt starting/stopping of injection
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7. Troubleshooting

4JH Series

7. Troubleshooting

7-1 Troubleshooting of fuel injection pump

Complete repair means not only replacing defective
parts, but finding and eliminating the cause of the trou-
ble as well. The cause of the trouble may not
necessarily be in the pump itself, but may be in the
engine or the fuel systern. If the pump is removed
nrematurely, the true cause of the trouble may never
be known. Befare removing the pump from the engine,
at least go through the basic check points given here.

8asic check points
» Check for breaks or oil leaks throughout the fuel
system, from the fuel tank to the nozzle.

» Check the injection timings for all cylinders. Are they
correctly adjusted? Are they too fast or too slow?

* Check the nozzle spray.

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

7-2 Major faults and troubleshooting

Fault Cause Remedy
1. Engine Fuel not {1} No fue! in the fuel tank. Resuppiy
won't delivered to {2) Fuel tank cock is closed. Open
start. injection {3) Fuel pipe system is clogged. Clean
pump- {4) Fuel filter element is clogged. Disassemble and clean,
or replace element
(8) Air is sucked into the fuel due to defective connections Repair
in the piping from the fuel tank to the fuel pump.
(6) Defective valve contact of feed pump Repair or replace.
(1) Pjston spring of feed gump 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) Contro! 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
doesn't work. | (2} Nozzle seat is defective., Repair or replace
{3) Case nut is icose. Inspect and tighten
(4) Injection nozzle starting pressure is too low. Adjust
(5) Nozzte spring is broken, Replace
(6) Fuel oil filter is clogged. Repair or replace
(7} Excessive oil leaks from the nozzle sliding area. Replace the nozzle assembly
injection {1) Injection timing is retarded due to failure of the coupling. Adjust
timing is (2} Camshaft is excessively worn, Replace camshaft
defective. {(3) Roller guide incorrectly adjusted or excessively worn. Adjust or replace
{4} Plunger is excessively worn, Replace plunger assembly

2. Engine starts, but
immediately stops.

(1} Fuel pipe is clogged.
(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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4JH Series
Fauit 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 (toc slow) injection timing.
insufficient. | other failures. Repair or replace

(3} Insufficient fuel delivery from feed pump.

Nozzle (1) Case nut loose. Inspect and retighten
movements {(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 assemoly
Injection {1) Max. delivery limit bolt is screwed in too far. Adjust
pump is (&) Plunger is worn, Replace
defective. {3) Injection amount is not uniform. Adijust

(4) Injection timings are not even. Adjust

{8) The 1st and 2nd levers of the governor and the control Repair

rack of the injection pump are improperly lined up.
{6) Defivery stopper is loose.
{7) Delivery packing is defective.
{8) Delivery valve seat is defective.
(¥ 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 fitter.

Repair or replace
Repair

Repair

Iinspect and adjust
Adjust

Adiust

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 accel. 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, Repiace
max. rpm. 2) Injection performance of nozzle is poor. Repair or replace
7. Loud knocking. (1) Injection timing is too fast or too slow. Adjust
{2) Injection from nozzle is improper. 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
3. Engine When exhaust | (1) Injection timing is too fast. Adjust
exhausts| smake is (2) Air volume intake is insufficient. Inspect and repair
fsorr?oT;Ch black: {8) The amount of injection is uneven. Adjust
{4) Injection from nozz'e ig improper. Repair or replace
When exhaust | (1) Injection timing is too slow. Adjust
smoke is {2) Water is mixed in fuel. inspect fuel system,
white: and clean
{3) Shortage of lube oil in the engine. Repair
(4) Engine is over-coocled. Inspect
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8. Tools

4JH Series

Name of tool Shape and size Application

Pump mounting scale

far Yanmar tester 158090-51010
for Bosch (tester) 158080-51020

Measuring device
(cam backlash}

158090-51050

Plunger insert

158090-51100

Tappet holder
158090-51200

Weight extractor

158090-51400

. 5 3-37
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8. Tools

4JH Series

Name of tool

Shape and size

Application

Rack indicator

158090-51500

Rack lock screw

158090-51010

Dummy nut

158090-51520

Nozzle plate

158090-51700

Plunger gauge
121820-92540

Top clearance gauge
158090-51300

Timer extraction tool

3-38
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9. Fuel Filter LJH Series
9.Fuel Filter

The fuel filter is installed between the fuel feed pump and 9.1 Fuel filter specifications

fuel injection pump, and removes dirt/foreign matter from Filtering method filtar paner

the fuel pumped from the fuel tank.

The fuel filter element must be changed periodically. The
fuel pumped by the fuel feed pump goes around the
element, is fed through the peres in the filter and
discharged from the center of the cover. Dirt and foreign
matter in the fuel are deposited in the element.

% Discharge

Intake

Qééo
Element

Fuel filter bracket

840cm? {130.20in.%)
0.25 fimin (15.25 in.*/min)

100mm (3.8370in.} Hg
or less

Max. dia. of unfiltered particle S5u

Filtering arsa 1
Maximum {low

Pressure loss

9-2 Fuel filter inspection

The fuel strainer must be cleaned ocecasionally. If there is
water or foreign matter in the strainer bowl, disassemble
the strainer and wash with clean fuel oii to completely
remove foreign matter. Replace the element every 300
hours of operation.

Replace the filter prior to this if the filter is very dirty,
deformed or damaged.

every 300 hours
129470-55700

Element changes
Element part code number

8-—@6 hole
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M20 x 1.5 Make sure there are
3.5 effective threads
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10, Fuel Tank (Optional)
4JH Series

10. Fuel Tank

A triangular 30 liter fuel tank with a 2000mm (78.7402in.)
rubber fuel hose to fit all mode!s is avallzble as an option.
A fuel return connection is provided on {op of the tank to
which a nubber hose can be connected to returmn fuel from

the fuel nozzles.
Fuel return connection /g ﬂ
Tank . i

l.evel gauge

Pipe joint

Clamp ———%

Drain cock
Rubber hose —
Clam'p—&
&
N
el
od
@
)
250 {9.84) = 15 (0.59) 362 (14.25)
<
o
L (']
= o AL s LTI
A = ™
_ | |
< g
. | — o
8 i 8
X ) s S
) & s 8 B
- . 9"_‘ 5 [~H] /
S N
Fan 5 - A
Ay @| 30(1.18) 36 (1.42)
<]
PF 112 ©
&
@
T
~r
L 623 (24.53) mm {in.!
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11, Fuel Supply System

11. Fuel Supply System
(4JH2-UTE)

Fuel injection pipe

Hole type fuel injection nozzle

Fuel return pipe

Fuel injection pump
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Chapter 3 Fuel Injection Equipment

12, Bleeding and Checking Injection Timing 1IH-UTE

12. Bleeding and Checking Injection Timing(4JH2-UTE)

1. Air bleeding in the fuel system

i the engine is operated when the fue! tank is empty, or with
the fuel tank outlet cock closed, air is sucked into the fuet 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
scraw firmly.

i F.O. injection
pump

{4) Next, vent air in the fuel injection piping. Loosen the fuel
injection pipe nipple on the fuel injection valve side.
Put the remote contrel handle in the intermediate speed
position, and the key swilch in the “ST” position to run the
engine. Repeat this procedure several times. After venting,
tighten the fue! injsction pipe nipple firmly.

O 2\)0
éit\je{;tion pipe
_
N

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

air, firmly tighten the hex nal bolt. i . i
yiig exagonal bo (5) After bleeding air from all of the cylinders, turn the engine

with the starter motor.
Make sure that the fuel injection for each cylinder gives off
a high-pitched hissing sound.

F.O. feed pump
priming !ever

F.O. feed pump
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12. Bleeding and Checking Injection Timing

2. Check the fuel injection timing as follows:

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

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

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

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

NOTE

Fuel injection pump stand
M //
T
=i

VE pum
|p 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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3. Removal and installation of injection pump

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

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

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

Remove the injection pump.

NOTE: When removing the pump;

1} Do not drop keys from the drive shalt into the gear
housing.
2} Avoid damage to O-rings on the pump.

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

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

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

(8) Tighten the drive shaft end nut to 7kg-m (51 Ib-ft.).
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13. Fuel Injection Pump Outline(4JH2-UTE)

Control lever

Drive shaft

Feed pump
Roller holder
Cam disk s

patathih il

Timer

Plunger spring /

Full-toad adjusting screw

Governor lever

Magnet valve

Distributor head

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.
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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 vehitles.

A VE type injection pump for direct injection
system engines has recently been developed,
and is expected to be adopted in a wide range
of fields, including construction machinery,
medium-sized trucks etc.
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14. Fuel System(4JH2-UTE)
/ Fuel filter Overflow pipe
B Overfiow valve
Magnet valve
Nozzle

Regulating valve

Drive shaft

Plunger barrel

J \ Plunger

Dedimenter.
—
L H

| =
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 intet.

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 oil pressure is proportional to drive shaft
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speed, and when it exceeds a specified pres-
sure excess fuel again returns to the inlet side
through a regulating valve located at the feed
pump’s fuel oil outlet.

The fuel ail in the injection pump chamber
flows through the distributor head inlet into the
pressure chamber, where plunger rotation and
reciprocating maotion 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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15. Injection Pump Construction and Operation

(4JH2-UTE)

Governor spring
Flyweight

e ————

Control lever shaft

Control lever / |

Regulating valve ‘

Idling spring

Full-load adjusting screw

Tension lever
Governor lever assembly

Magnet valve

Plunger

J Plunger barrel

=

Drive shaft

Feed pump

Driving gear
Cross coupling /

g 1
Tirmer
Roller

Rolier hoider

LN
Jy v Delivery valve
Control sleeve

Ptunger spring

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

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

Cam disk Magnet valve

Distributor

Outlet port Delivery valve

Fig. 4 Cutaway view of fuel delivery

Speed Governing

Control lever Control lever shaft

&.ﬂ Governor spring

Retaining pin

Governor
lever
assembly

Flyweight Ball joint

governor sleeve : T

Control sieeve Plunger

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

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

The governor lever assembly is supported by
pivot boits 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 governgr spring by a retaining
pin, while the opposite end of the governor
spring is connected to the contro! lever shaft.
The control lever shaft is inserted intc 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 contro! 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.



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

4JH2-UTE

Injection Timing Control 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 o1l pressure acts
on the opposite side (high pressure side}. The
timer piston position changes in accordance
with the balance of these two forces, 10 rotate
the roller holder via the roller 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 controlied by the above.

Timer spring

Fig. 6 Cutaway view of injection timing control

Feed Pump The feed pump comprises a rotor, blades and
liner.

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

From fuel filter e "9 The inside circumference of the liner is eccen-
} - 7 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 1o
suck fuel oil from the fuel tank. Conversely.
when the volume of these four chambers de-
creases fuel oil is pressurized.

To pump
chamber

Rotor ]

— ' Drive shaft

Fig. 7 Feed pump operation
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Regulating Valve Feed pump fuei oil delivery pressure inc_reas_es
proportionately with an increase In injection
pump speed.
However, the total fuel oil injection quantity
Fuel inlet Regulating 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 oit, 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.

Fig. 8 Regulating valve operation
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Plunger Operation

Drive shaft Gear

Face cam

Control sleeve

Magnet valve

Plunger

ol / Plunger barrel

I
LI

7 \/“CLUI”

1

\

Feed pump N

“ ‘
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 is 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

3-50

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

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

The plunger barrel has only one infet part, butit
has an outlet port for each engine cylinder.
However, although the plunger has the same
number of infet slits as engine cylinders, it has
only one outlet slit and one equahzing sht.
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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
L~ chamber
scoQoO0

S— Delivery valve
080009 . spring

/Plunger spring \ Delivery valve

Inlet port
inlet slit

Plunger

Cross-sectional view

Delivery stroke

As the plunger is rotated and lifted by the cam
disk, the plunger's outside face blocks the
piunger barrel's inlet port and compression of
fuel oil begins. At almost the same time the
plunger's outlet slit meets the plunger barrel's
outlet port. As a result of this, the fuel oil pres-
surized by the plunger lift overcomes the set
force of the delivery valve spring and the injec-
tion pipe's in-line residual pressure, and opens

Outlet port / the delivery valve. The fuel oil is then injected
‘ . through the nozzle and nozzle holder into the
Cross-sectional view engine's combustion chamber. (Fig. 11)

Cutaway view

Fig. 11 Plunger 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
suddenlty decreases, the delivery valve is
closed by the spring, and fuel oil delivery
finishes. These operations occur instanta-
neously. (Fig. 12)

Control sleeve

Cut-off port

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
meets the plunger's equalizing slit.

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)

Equalizing slit

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

Cutaway view

Fig. 13 Ptunger operation; equalizing stroke
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Reverse rotation prevention
While the plunger is moving in the normal
Cylinder A Cylinder8 direction of rotation, the inlet port is open dur-
/\ TN Cam lift ing the plunger's return stroke and sufficient
fuet oil is sucked into the pressure chamber.
N O T = During the compression stroke the inlet port is
closed and injection is performed.
BN Compression stroke However, should the engine rotate in the re-
[ Suction stroke verse direction (e.g. when a stationary, parked
— vehicle begins to roll backwards and the engine
— ; oo
NORMAL REVERSE is rotated, etc.) t,he_plunge_r barrels_ inlet port
OIRECTION 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 Ste(;ause of this the engine will immediately
op.

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 sleeve
Plunger’s
Cut-off port

Decreasing injection gquantity <J‘:D /—- rt @ Increasing injection quantity

Shorter effective stroke

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 s
reached, initial injection into the engine cyiinder
OCCUTS.

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, contro! sleeve travel
to the left decreases the effective stroke, and
conversely contro! sleeve travel to the right in-
creases the effective stroke and the fuel injec-
tion quantity.

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 olil
flow during the plunger's suction stroke.

a ==
a2
o X
a—F ™ Delivery valve spring

Delivery valve

Seating portion

Delivery vaive seat

Piston

A

gu=stjilliiii

A

Retraction
stroke

Fig. 16 Delivery valve operation

In the centre of the delivery valve is a piston.
After injection has ended and the piston edge
is contacting the top of the valve seat {Fig. 16-
BJ. the amount by which the injection pipe’s in-
line pressure is reduced is proportional to the
volume of fuel retracted up to the tme that the
delivery valve is completely closed.

- - 2
[n(piston immeter) X retraction stroke]

Because of this, cut-off of injection occurs im-
mediately after the end-of-injection and subse-
quent dripping is prevented. (Fig. 16-C)

Printed in Japan
A0A1029-9109SP

4JH2-UTE



Chapier 3 Fuel Injection Equipment
15. Injection Pump Construction and Operation

4JH2-UTE

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

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

Following this, because only the retracted fuel
oil is returned through the small crifice 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 1s installed tc prevent the
above problems.

Delivery valve hoider

Damping valve
spring

Orifice

Damping valve

Delivery valve
spring

Delivery valve

Fig. 17 Damping valve operation

Printed in Japan 3-55
A0A1029-3109SP



Chapter 3 Fuel Injection Equipment
16. Governing Mechanism

4JH2-UTE

16. Governing Mechanism(4JH2-UTE)

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

/

L

Flyweight holder

Flyweight

Gear

Governor shaft

Feed pump

Idling spring

Corrector lever

Tension lever

ag Full-load adjusting screw
Starting spring
Starting lever

Governor lever assembly

gl

l
e
=

Drive shaft Gear

Cam disk

@) Plunger

Ball joint
Control sleeve

Spring

Governor sleeve

Fig. 18 Variable speed governor construction

The construction of the variable speed gov-
ernor is shown in Fig. 18.
The rotation of the drive shaft (equipped with

two rubber dampers) is conveyed through an
acceleration gear to the flyweight holder
mounted on the governor shaft.
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Tension lever
Idling spring

Governor
spring

Corrector
lever

Contro!
lever
shaft

Fig. 19 Variable speed governor lever assembly
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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
fever by the starting spring only at engine start-
ing. moves the governor sleeve to close the
flyweights. As a resuit of this the ball joint at
the bottom of the starting lever, pivoting
around the tension and starting levers’ com-
mon fulcrum M2, can move the control sleeve
in the fuekincrease direction (1.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.

4JH2-UTE
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Maximum-speed
adjusting screw

Control lever

Governor spring

a

L

Starting lever

M1 (fixed); pivot bolt

Mz (fulcrum)

Control sleeve

Governor sleeve

ldling spring

H Point A

. Starting spring

r
=Y
o . ]
Tn

Plunger

Fig. 20 Variable speed governor operation: engine starting

To improve starting characteristics at engine
starting. the norma! 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 Ma.

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-
ston 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
. — Idling spring
Idling adjusting screw
Governor spring
%
Flyweight %
O | i ;\—-—3\—"’ }"'—"' . Tension lever
. Control lever
Starting lever
Mz {fulerum)
Control sleeve /
Fig. 21 Variable speed governor operation: idling operation
Once the engine has started the accelerator The control sleeve then travels in the fuel-
pedal is returned to its original position. The decrease direction and stops in the position
contro! lever is also returned to its original posi- where the flyweights centrifugal force and the
tion and the governor spring tension becomes idling spring force are balanced. Inthis position
"0". The flyweights then open, the starting le- stable idling operation can be obtained.

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

Maximum-speed
adjusting screw

Flyweight

Governor spring

§tarting lever

M {fixed}

Idling spring

Full-load adjusting screw

. Tension lever
- Corrector lever
~~__Ms (fixed)

Mz {fuicrum)

Control sleeve

Fig. 22 Variable speed governor operation: fuli-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 {M3) press fitted to the pump
housing (i.e. where the full-load injection
quantity is obtained) and can move no further.
At this time the governor spring set force is at
a maximum. Because of this, the idling spring
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is fully compressed and the flyweights, being
pushed by the governor sleeve, are closed.
Then, although the centrifugal force of the
flyweights increases with the increase in en-
gine speed, the flyweights cannot move the
governor sleeve until the governor spring’s set
force has been overcome.
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Maximum-speed
adjusting screw

mELD

Governor spring

e 2N [ [ 11

Governor sleeve

Starting lever
My (fixed)

M:z (fulerum)

Control sleeve

ldling spring

%

s,

A

Full-load adjusting screw

N ~. Corrector lever
1 Tension lever

Ma {fixed)

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 fue! 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
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performed in response to partial load condi-
tions.

The full-load injection quantity is determined
according to the amount that the full-load ad-
justing screw is screwed in. When the fuil-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 steeve in the fuel-decrease
direction.

4JH2-UTE
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Combination Governor Construction and Operation

Gear Starting spring

Starting lever

Partial load spring Tension lever
Governor spring Damper spring
Control lever Yoke Corrector lever
”‘ / Fuli-load adjusting screw
Flyweight holder 1"1!, Start-idling spring
Flyweight
0 g A TRG A iy

Governor shaft

Governor lever assembly

Feed pump
Y
ﬁ Plunger
- N ]
——] L4 ‘-—-— ”
= S
=L
| L{ﬁ -
Drive shaft Gear \ Spring
Cam disk \\ Control sleeve

Governor sleeve

M {fixed): pivot bolt
Mz (fulcrumj}

Fig. 24 Combination governor construction

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 vyoke. A
damper spring is installed at the end of the
yoke,

Governor spring Idiing control is performed by the start-idling
Starting lever spring, which is installed between the top of
the tension lever and the starting lever in the
Fig. 25 Combination governor lever assembly gavernor lever assembly,

Damper spring  Tension lever

Control lever shaft

Partial load spring

Corrector lever
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Engine starting
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Fiyweight

Governor sleeve

Starting lever

Mz {pivot)

Control sleeve

Ball joint

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 Mz 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
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Tension

Flyweight

fever

% T

Governor sleeve

Starting lever

i

Start-idling spring

N

L ~. Starting spring

Control sleeve

Mz {pivot) e

g

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

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

Control lever shaft

Damper spring

Governor sleeve

Starting lever

\ Start-idling spring

i . Point A

'3
L T

M2 (pivot)

Control sleeve

ujg

Tension lever

Fig. 28 Combination govemor operation: partial load operation

In the speed range exceeding idling the start-
ing spring and the start-idling spring are aiready
compressed, and the starting lever and the
tension lever, which are in contact at the con-
vex point A, both move together as one. {Fig.

28)
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Therefore, during partial load operation the
damper spring and the partial load spring are
acted upon by {and oppose) the flyweights'

centrifugal force.
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1: Damper spring operation range
Ii: Partial load spring operation range

$1: Damper spring stroke
1 S2: Partial load spring stroke

c i I Accelerator variation
23 = (5)
Uy v
o= AS2
23 2y \ S
3 (3)‘{ 111 Sz
w2 {4)
T
TE
=
(8]

0

Injection pump speed ~—»

Fig. 29 Combination governor characteristics

Governor spring Partial load spring

Yoke Damper spring

d [~_Tension lever
S

,/ Control lever shaft

S1: Damper spring stroke
S2: Partial load spring stroke

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

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

In the intermediate-high speed range Il {where
the flyweights’ centrifugal force exceeds the
damper spring force, but is less than the gov-
ernor spring's set force) the damper spring is
fully compressed, and the partial load spring in
the yoke is compressed an amount equal to
ASz2 (Fig. 29). AS2 varies according to the bal-
ance of the flyweights’ centrifugal force with
each spring’s set force {i.e. engine speed and
engine load).

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

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

Furthermore, if the amount that the accelerator
pedal is depressed is altered, the control
sleeve position will move in the direction of the
arrow in Fig. 29.

Printed in Japan
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Full-lcad and no-load maximum speed control
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Partial load spring

Governor spring

Flyweight

M2 {pivot}

Control sleeve

Yoke

Damper spring

| . Tension lever
U™ Ma Hfixed)

i

g8k

NG

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

On moving the control lever until it cgntacts
the maximum speed stopper bolt, the tension
lever contacts the pin(or the stop lever of the
BCS or ACS)Ms 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.

Printed in Japan
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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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Flyweight

i
,f_ E r 1 Tension lever

Cut-off port
Control sleeve

Governor spring Partial load spring

Tension lever

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

To prevent the engine from exceeling 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 Mz 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

———

[ =

=P

s 1 2 3\ 4 5
g E

=]

o 2

> O A
']

L

w2 B
e

T E

=

(]

Injection pump speed —»

Fig. 33 Variable speed governor characteristics

I : Damper spring operation range
il : Partial load spring operation range
S2: Partial load spring stroke

—

Control sleeve position
{injection quantity)

=]

'njection pump speed —»

Fig. 34 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
sieeve will move in the fuel-increase direction
and will stop in the positon where the injection
guantity 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
goveins 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 gquantity.

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

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

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

Partial load spring Tension lever
Governor spring Damper spring
Control lever Yoke _Corrector lever

Fuil-load adjusting screw

Start-idling spring

Flyweight hoider

Flyweight
Gear _ i Starting spring
Governor shaft N Starting lever
» O ) Governor lever assembly
Feed pump
[ Eo LDV G
L.-5
acy Piunger
— H O
lai N i
ke -
QA
Spring

Drive shaft Gear

Governor sleeve

\ Control sleeve

Cam disk Torque control spring

Torgue control lever

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

The terque control lever is fitted with a torque
cantrol spring, the set force of which varies
according to the torque control stroke.

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

Ma (fulcrum)

M {fixed):
pivot bolt

Torque control lever

M2 {fulcrum)

Torque control spring

Fig. 36 Governor lever assembly equipped with
negative torque control device

[
0 -
==
=2
w=
e c
(=11 .
e 3 Negative torque control stroke
>
@
Q I
w 2 1 \ Sa
3 ! !
£ | i
S 1 I
1 |
1 ]
0 N1 N2

Injection pump speed

Fig. 37 Negative torque control characteristic
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The negative torque control device moves the
control sleeve through the torque control
stroke {Sz 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.

4JH2-UTE
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Governor sleeve

Starting lever

Torque control lever

Control sleeve

{pivot)

. L hani
16. Governing Mechanism 4JH2-UTE
Engine starting
y 7
_(hesnadrang] b flluiby
= L 7
Flyweight — Jovwy /
I [,
Q -
L H :
1]

i
Z

0

Plunger

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 torgue 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

3-72

pivots both the starting lever and the torque
control lever {connected at Maj in a counter-
clockwise direction around peoint Mz, thus
moving the control sfeeve in the fuel-increase
direction to supply a fuel injection quantity
sufficient for starting.
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idling operation
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Flyweight

Ma _J

(pivot) \

—
T
7
(mjrnor sleeve /
Starting lever
Mz

Torque control lever {pivot)

Start-idling spring

\ Tension lever

H Point A

rd

/I Pushrod

0

Control sleeve

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

On starting, the centrifugal force of the
flyweights causes the governor sleeve 10 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

Printed in Japan 3-13
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compress the start-idling spring until its set
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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Partial load operation

Partial load spring

Control lever shaft Damper spring
7 %, &
(el
. e T /
Flyweight I—I'“’JQ-WWI_—E
Ma {pivot)
Start-idling sprin
] Stopper pin 9 5pring
6 Y] T~ Point B
. M .
L ~._ Tension lever Starting spring
s Point A
Governor sleave N
Starting lever "
M2 : 7 Fushrod
Torgue control lever {pivot)
E

Control sleeve Eﬁ

Fig. 40 Operation of governor equipped with negative torque control device: partial load operation

In the speed range exceeding idling operation, consequent increase in the flyweights' centrif-
and the range where the control lever is posi- ugal force moves the governor sleeve to the
tioned between the idling position and the right, thereby pushing the torque control lever
maximum speed position, the starting spring to the right. Then, as the torque control lever,
and start-idling spring are already fully com- the starting lever and the tension lever behave
pressed, and the torque control lever and the as one component, movement of the governor
tension lever {which are in contact at points A sleeve by the flyweights' centrifugal force
and B through the torgue control lever pushrod compresses the damper spring and the partial
and stopper pin), and the starting lever, move load spring. and pivots the starting lever
together as one (Fig. 40). around Mz. Thus, the contro! sleeve is moved
Therefore, during partial load operation the to the left to decrease the fuel injection quanti-
damper spring and the partial load spring are ty. As a resuilt of this, the speed is decreased
acted upon by {(and oppose) the flyweights’ to maintain a suitable engine speed, and an in-
centrifugal force. jection quantity corresponding to the engine
If the speed increases during partial load opera- load etc. is obtained at the point where the
tton in accordance with a change in the control flyweights' centrifugal force is balanced with
lever position (i.e. the control sleeve position) the combined forces of the damper and partial
after the accelerator pedal is depressed, the load springs.
3-74 Printed in Japan
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Full-load maximum speed operation
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Governor spring

Partial load spring

Damper spring

Control sleeve

7 u
|
™
O
—
8 L. T ] -] rw
L \\ | ™ (fixed)
Governor sleeve
X ; k -
Sa: Negative torque control stroke |} /1] || jgg
Mz {pivot} ///1
—

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 Ma (i.e. where the full-lcad injection
quantity 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
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Flyweight

—

S

Starting lever

Negative torque control spring

==

7

A

NI=1N

|2}
L »]
7

Point B

Stopper pin

Torque control lever

Control sleeve

=

s

Fig. 42 Operation of governor equipped with negative torgue contro! 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 torgue control
spring.

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

3-76

control lever stopper pin), pivoting the starting
lever counterclockwise around Mz to move the
control sleeve in the fuel-increase direction.
The increase in the fuel injection quantity is de-
termined by the negative torgue control stroke
Sz ({refer to Fig. 41).
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No-load maximum speed operation
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Governor spring

i c—
Flyweight M Poddb

Governor sleeve

Starting lever

Tergue control lever

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-
que control lever) are then moved to compress
the governor spring until the governor spring
tension is balanced with the flyweights’ centrif-
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ugal force in the no-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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17. Timer Construction and Operation(4JH2-UTE)

tt is well-known that the relationship between
fuel injection timing and engine performance
(power, exhaust gas, engine vibration) is very
important.

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

Standard Type Timer (Speed Timer)

effected.

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

Drive shaft

Roller holder assembly

1
\ -

=

X
Timer spring \

Roller

Low pressure chamb

d__

] i —T
/ Crifice {

er

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

3-78

opposite to injection pump rotation.

When pump chamber pressure exceeds the
set force -of the timer spring due 10 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 roller hold-
er's rollers more quickly and injection timing is
advanced.
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When pump speed decreases and the timer
spring set force exceeds the pump chamber
pressure, the roller holder assembly is moved
in the direction to retard injection timing.
Additional devices such as the solenoid timer,
cold start device (C.S5.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
piston, but pushes the servo valve against

_

T
Servo valve/ \ Bushing \Timer piston pump chamber pressure. The servo valve posi-
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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When advance angle is “0”
{Low pump chamber pressure)

Timer spring  Servo valve The pump chamber pressure, compared to the
Rm 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

u%ﬁﬁ_k pressure side}) and the timer's high pressure

chamber is closed, and the timer's high press-

Bushing

J ) U ure chamber is connected to the timer's low
— - pressure chamber {fuel inlet side) by the servo
High pressure chamber valve.

Low pressure chamber

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

When pump chamber pressure has
increased

Timer spring Servo valve

Bushing The pump chamber pressure has increased,
C - the pump chamber pressure exceeds the timer
spring set force, and the servo valve has been

E,\l moved to the left (Fig. 47).

- The passage between the pump chamber and

ol ‘ / -] the timer's high pressure chamber is open and
the pump chamber pressure acts on the tim-

E h%\ er's high pressure chamber. Due to this the

timer piston is moved in the advance direction
(to the right in Fig. 47).

High pressure chamber

Low pressure chamber

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

Stable condition (balanced)

h chamber pressure and the timer
Timer spring Servo vaive The pump ambe pre

) spring force are balanced, and the servo valve
Bushing - 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.

NI 7 o there will be no change in the timer's high
. | pressure chamber pressure and the timer pis-
H ton will be stationary.
High pressure chambeK

ow pressure chamber

Fig. 48 Servo valve timer operation: stable
condition (balanced)
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When pump chamber pressure has
decreased

Timer spring Servo valve

Bushing From the stable condition, pump chamber

B pressure has decreased and the servo valve is
moved 1o the right (Fig. 49) by the timer spring
force. The timer's high pressure chamber and
the timer's low pressure chamber are con-
nected through the passage in the servo valve.
Therefore the timer high pressure chamber’s
high pressure escapes to the timer's low pres-

= - sure chamber and the timer piston moves in
High pressure chambar 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 vaive As the pump chamber pressure has completely
Bushing —-— overcome the timer spring force, the timer pis-
/ a ton moves until its end face contacts the timer
2 7 cover's low pressure chamber side. That is, if
pump chamber pressure further increases, the
u timer piston cannot move further in the ad-
vance direction. This position is the maximum
e, =
——— s advance position, _
_l\ According to the above, if the timer piston is
, moved through the driving reacticn 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
Printed in Jopan 3-81
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Load Timer

Governor shaft

Control port

Governor sleeve

Feed pump

Low pressure side

Flyweight

Fig. 51 Load timer construction and operation

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

With the load timer, the governor sleeve, the
governor shaft, and the injection pump housing
are specially constructed to facilitate the
escape of fuel 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.

3-82

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

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

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

]|

Fuel oil passage

\

=l Iyl
]
C U

During Operation

Magnet valve

Spring

Armature

tnlet port E

Y]

]

G Al
T

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 fue! 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.

4JH2-UTE
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19. Pump Reassembly,Adjustmentand Inspection

(4JH2-UTE)
1. Feed Pump Assembly
Liner Q Rotor .. .
Set the rotor and blades inside the liner as a
//(/\ ® unit, so that their axial clearance will be within

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

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

\@ \L } the specified tole(ance. (The feed pump is deli-
' vered as a pre-adjusted assembly )
Blade -

=i S
4 m

Fig. 1

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.)

Ditference in roller height:
+0.02 mm.

Fig. 2

3. Distributor Head Inspection

a) Plunger barrel movement.
With the center plug tightened to the head
at the specified torque (6-8 kg.m} insert the
plunger into the barrel. Confirm that in any
position the plunger slides smoothly in the
barrel. :

Fig. 3
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b) Plunger control sleeve movement
Move the control sleeve 4 mm in an axial
direction either side of the cut-off port. Ro-
tate control sleeve and repeat. The control
sleeve must slide smoothly in any position,

Fig. 4

4. Timer Movement Inspection

Position the plunger in the bottom dead center
position. Push the timer piston from the retard
side and observe timer movement. The timer
must move smoothly. The force required for
this movement should not exceed the speci-
fied value (Max 0.1 Kg.)

5. }I_isual Inspection of Timer Lock
in

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

Fig. 6
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6. Drive Shaft Key Way and Pin
Groove

Key way

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

Knock pin
—_— TN,

Pin groove

Brive disc

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

Fig. 8

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
the bottom dead center position, apply feed
pressure of 0.2 Kg/cm?. Test oil should flow
out of the measuring device over-flow tube.
Manually rotate the pump in the proper
direction. Read the dial indicator when test
oil stops flowing, and adjust the shim {(52)
in Fig. 25} on the plunger bottom so that
the dial reading is as specified.

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

\ / Instali the plunger and plunger spring in the
/// distributor head without the shim [{48) in Fig.
SN

25]. Push the plunger bottom lightly in an axial
direction and measure the dimension “KF”,

NN “KF" is the distance from the end face of the
#AR distributor barrel to the plunger tip. Adjust the
Ty A shim (48} refering to the specified "KF” dimen-

/ sion.
Pran

Shim /pistributor head Cam Lift {mm) | Dimension “KF" (mm)

o,
w
+

oW 4

ek =

Fig. 10
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NSO N0
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9. Governor Shaft Installation

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

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

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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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 : 0.357%2 mm

Fig. 13

12. Starting Stroke “MS” Adjustment

“MS" is the distance from the closing plug
Block gauge installed on the governor sleeve to the starting
Part No. 157828-1100 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.

Fig. 14

a) Standard type
Hold the corrector lever against the biock
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”

Fig. 15
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Part No. 157829-3520

Part No. 157828-1100

Part No. 157829-8620

Part No. 157829-3520

Fig. 18
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b} Negative torque contro! type

(1) Use "MS” measuring device (Part No.
167829-8620), block gauge (Part No.
157829-1100} and Plunger Ilift stroke
measuring device {Part No. 157829-3520.)
Before measurement, the pin of the plun-
ger lift stroke measuring device (Part No.
157823-3520) must be replaced with the
pin of the "MS5" measuring device {Part
No. 157829-8620.)

{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
the distance from the end of the governor
shaft to the pump housing flange surface is
3 mm. After adjustment, tighten the lock-
nut to the specified torque.

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

Hold the corrector lever against the block
gauge. and push the tension lever against
the stopper pin, press-fitted into the pump
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.
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c) Boost compensator stopper and aneroid
compensator type

Part No. 157829-7620 install the block gauge (Part No. 157829-
7620} as shown in Fig. 19. Insert the pin of
Part No. 157829-8620 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 bliock
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 sized closing
plug to ensure that dimension MS is as
specified.

13. Governor Spring Installation
{Variable governor)

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

Fig. 20
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14. Testing Governor Lever
Assembly Movement

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

Fig. 21

‘ 15. Air-tightness Test
Blind plug

After completion of assembly, perform an air-
tightness test as described below.
Aol a) Tightly screw in the pump cover overflow
J i outlet plug (with a gasket).
I b) Supply compressed air (approx. 4 Kg/cm?)

_ T CO0 3 to the pump through the suction inlet.

3 e ¢} immerse the pump in light oil.
d) Check for bubbles indicating pump leakage
] {particularly at the drive shaft oil seal).

Suction inlet

16. Handling of O-Rings

Fig. 22 a} Rubber QO-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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20. Test Bench Adjustment of VE Pump(4JH2-UTE)

* For adjustment specifications, refer to the  Nozzle opening

individuat test standards. pressure S 133 wg/en
. Ay o Injection line 16X 2-450mm
Adjustment conditions: Test oil : SAE Standard Test Qil
Nozzle - DKKC Part No. {SEA J967d) or ISO
106780-0060 4113 test oil
(NP-DNOSD1510) Fuel oil termperature
Nozzle holder : DKKC Part No. (fuel tank) S 45%5eC
105780-2150 Supply pressure - 0.2 Kg/em?

133kg/ et

0 T8 @ﬁvm

{1) Pre-supply pump (4) Accumulator (5) Nozzle opening pressure 133 Kg/cm?
(2) Filter P1: Test oil inlet pressure 0—1 Kg/cm? (6) Measuring cylinder for overflow fuel
{(3) Regulator valveinlet  P2: Pump chamber pressure 0—-15 Kg/cm? volume
P3: Positive & Negative pressure; (7} Fuel tank
Positive: Boost comgensamr {8} Overflow valve
0-2 Kg/icm {9} Thermometer (fuel tank}
Negative: Aneroid compensator
0-76 cmHg

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

1.

- Standard Type VE Pump

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

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

a)

b)

d)

Apply the specified voitage to test the
pump's magnetic valve.

Fix the contro! lever in the maximum-speed
positicn.

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

Timer adjustment

fnstall 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 cne 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 adjustrment, 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 fullload point by measuring the
fuel injection quantity and referring to the
specifications. The measuring point at all
speeds must be within the specified range.
The fuel injection quantity for each cylinder
must not exceed the specified quantity.
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e}

f)

g)

h)

ldling adjustment

Adjust the idling fuel injection guantity 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 gperation,

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

the

Measurement of fuel injection quantity for
engine starting

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

Contro! lever angle (see Fig. 24)

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

|dling position/center position angle
idling/maximum-speed position angle
idling/partial load position angle
Distance from the end of idling stopper
to its boss portion

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

c: Distance from control lever partial load
position to idiing stopper

BRTR

o
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- 19
é idling
/-‘4
/
- 13-
. \ -—I\-/‘Iaximum-speed
b .
Idling Maximum-speed
_‘?_)
Fig. 24
2. VE Pump Special Specifications
a) Pump equipped with load timer b} Electrical shut-off
For a pump equipped with a load timer, {1} Actuating voltages.
move the control lever in the idling direction Check, as follows, at speeds as specified in
until the specified fuel injection guantity is the test standard.
reached at the specified test speed, and fix. Raise the voltage from O volts until the
Then, adjust the governor shaft so that the magnet actuates. Note the voltage and
timer advances as specified. compare with the specifications.

(2) Fue! injection stop control
Cut off the voltage at the specified speed
and ensure the fuel injection quantity is
zero.
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21. Troubleshooting

Malfunctions

Causes

Remedies

The engine does

not operate

1. Fuel o} 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. There is no fuel oil in the fuel
tank

2. The fuel ine from the fuel tank is
blocked

3. The fuel filter is clogged

4. There is air in the fuel filter or the
pump chamber

5. The accelerator linkage is not
properly connected

6. The magnet valve wiring is
broken or its armature is sticking

7.The feed pump blades are
sticking, and therefore not
operating

8. The drive gear or woodruff key is
broken

1. The drive gear or belt
connections are incorrect

2. The injection pump is incorrectly
instatled on the engine

3. The roller holder assembly’s roller
or pin is worn excessively

4.The plunger is worn excessively

1. The nozzle or nozzle holder is
functioning incorrectly

1. The pipe(s) to the injection pump
is blocked, or the fuel filter is
clogged

2. The fuel oil contains air or water

3. The feed pump's delivery
quantity (or pressure} is
insufficient

1. The injection timing is too
advanced

2. 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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Malfunctions

Causes

Remedies

The engine
exhaust contains
smoke and the
engine “knocks”

The engine
output is unstable

insufficient

output

1. The injection
quantity is
nsufficient

2. The injection
timing is 100
advanced and
the engine is
"knocking”

1. The injection timing is incorrect

2. The nozzle or nozzle holder is
functioning incorrectly

3. The injection quantity IS
excessive

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

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

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 1s worn
excessively

9. The deiivery valve spring is
broken

10. The delivery valve is not siiding

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 is not delivered

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

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

4. The plunger is worn

5. The delivery valve seating
portions are damaged

Readjust the timing
Inspect, then repair or replace

Readjust

Clean or replace

Inspect and repair

tnspect 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

3-96
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Malfunctions

Causes

Remedies

3. The injection
timing is 100
retarded and the
engine is
overheating or
the exhaust
contains smoke

4. The nozzle or
the nozzle
hoider is not
functicning
properly

The engine
cannot reach its
maximum speed

The engine’s
maximum speed
is too high

Idiing 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 tnjection quantities are not
uniform (the delivery valve is not
operating properly)

2. The governor’s idling adjustment
is improperly adjusted

3. The plunger is worn

4. The plunger spring is broken

5. The rubber damper is worn.

6. 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 ol detivery is
poor

10. The nozzle or the nozzle holder

is not functioning properly

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 reptace
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Fuel injection pump test data.

Pump speed rpm
500 750 1000 1380 1700 1800 1990 325 100
Fuel delivery 68.0 8.0 10.6 67
37.2 374 46.1 58.9 ~ 66.5 ~ ~ ~
cc/1000sts 70.0 17.0 17.0 g7
Specification
Model NP-VE4/11F1800RN P 1026
Cam Lift 2.8mm
Pulunger diameter @11 mm
Pump Cut-off poat 2x ¢40 a=0
Pulunger pre-stroke 0.45
Pulunger spring k= 11.7kg / mm
Delivery valve opening 22 .6kg / onf
Delivery valve spring k= 1.0kg / mm
Governor Control speed 325 ~ 1800 rpm
Timer spring k= 4.1kg / mm
Timer / piston stroke 1 deg/0.82mm
Timer Advance adjustment angle 3 deg/600 ~ 1500rpm
Piston stroke 1000 rom | 0.8 ~ 1.6mm
1500 rom | 2.0 ~ 2.9mm
Pump pressure 1000 rpm | 3.4 ~ 4.2kg / onf
Model NP-DNOSD1510
Nozzle opening pressure 133 kg / cnt
Nozzle Injection pipe @8/ 2 X 450mm
Only for rig test
(Only 9 ) Feed pressure 0.2kg / cnf
Nozzle holder Modei 105780-2150
3-98
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1. Intgke and Exhaust System )
4JH Series

1. Intake and Exhaust System

1-1 4JHE engine

Air enters in the intake silencer mounted at the end of the
intake manifold, is fed to the intake manifold and then on
to each cylinder.

Exhaust gas goes into the exhaust manifold {in the fresh
water tank) mounted on the cylinder head discharge. Alter
cooling it enters the mixing elbow which is directly con-
nected with the exhaust manifold, and is discharged from
the ship along with waste cooling water.

Intake system

f Intake air silencer

Cylinder head

)

Intake manifotd

Exhaust system

Mixing elbow

41
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1. Intake and Exhaust System

4JH Series

1.2 4JH-TE engine Air goes from the intake manifold mounted to the turbo-
charger, through the turbocharger and a rubber hose to
the intake manifold and is fed to each cylinder.

Exhaust gas goes from the exhaust manifold to the
turbocharger connected to the exhaust manifold, to the
mixing elbow mounted to the turbocharger, and is dis-

charged from ship along with waste cooling water,

Intake system Turbocharger

Intake air silencer

Tk BV

Cylinder head

Intake manitold

Mixing elbow

Turbocharger
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Air Cooler for Models 4JH2-HTE, 4JH2-DTE and 4JH2-UTE

Air introduced from the intake air silencer passes
through the air duct to the air cooler where it is
cooled, and is the distributed to each cylinder via
the intake manifold.
Exhaust gases pass through the water-cooled turbo-
charger to the mixing elbow and are discharged with
the sea water.

Air Cooler Specifications

Intake air silencer

Engine model 4JH2-HTE 4JH2-DTE 4JH2-UTE
Qutput

. T5HP / BBHP / 100HP /
Din6270B
Rating 3600rpm 3600rpm 3600rpm

Sea-water cocled,| Sea-water cooled,

Type Plate fin type [Corrugated fin type e
Radiation area | 0.76nf(1178in%) | 0.67nf(1038.5in?) -
Sea-water . N
capacity 0.86 ¢ (61.87in%} | 0.89 2 (64.31in?) -—

NOTE: = Charging Air
- Exhaust gas and Sea-water
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2. Turbocharger

4JH2-Series
2. Turbocharger
2-1 Specifications
Turbocharger maker ISHIKAWAJIMA-HARIMA HEAVY INDUSTRIAL CO..LTD.(IHI)
Turbine type Radial flow
Blower type Centrifugal
Bearing type Full foating
Lubrication method Quter lubrication
Cooling method Air cooled Water cooled
Continuous rated rpm 155,000 165,000 160,000
Max..gas inlet temp. 700°C
(continuous allowable)
Dry weight, approx. 4.2kg(9.261h.)
Turbocharger model - MY&§7 MY60 MY 34
Applicable engine maodal 4JH2-TE 4JH2-HTE 4JH2-DTE 4JH2-UTE
2-2 Construction
13 14 12 15 8 ] 10 17
Alr cutiet

Gas outlet <jms—

omits 1 —
\

Airinlet | )

t

Gas inlet

1. Turbine shatt
2. Oil thrower
3. Turhine side seal ring
4_Seal plate
5. Floating bearing
6. Thrust bearing
7. Blower wheel chamber
8. M5 hexagonal bolt
9. M5 lock washer
10. Blower side lop plate

e/

O

11. Turbine wheel chamber
12. M6 hexagonal bolt

13, Turbine side locking plate
14, Lock washer

15, Bearing chamber

16. Stop ring

17. Screw MJ

18, Intake silencer

19. Blower wheel fixing nut
20. Blower wheei

21. Heat Insulating board
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2. Turbocharger

4JH2-Series

2-3 Interchangeability of turbochargers
The IHI-make turbocharger used for the 4JH

series differ according to the engine model. incorrect
Care should therefor be taken

Cooling water

to assemble
only components for the turbocharger used in

your engine when replacing parts. The use of
turbocharger components will de-
tract from the performance of the engine.

Turbocharger models can be distinguished by

their name plates.

Turbocharger maode! nama plate

Turbo spec. [

H_____ Turbocharger model name

Serial No. RHB 52

B "IHI" serial No.

Parts No, l

WL

L Yanmar part No.

Exhaust gasCharging airCooling water

Engine modsl

Turbocharger model (spec.) YANMAR partsth

Turbine & Blower Spec.

Turbine Blower
4JH2-TE MY 67 129571-18000 5200IHP12NW | BRL3S511E
4JH2-HTE MYG60 129474-18001 9000IVHP12NF! BRL351E
4JH2-DTE MY34 129473-18000 5200[HP15NW | BRL351IE
4JH2-UTE MY 34 129473-18000 5200IHP15NW | BRL3511E
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2. Turbocharger

4JH2-Series

2-4 Interchangeability of turbocharger components

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

Z

Seal platet
Qil thrower

Thrust bearing

Floating bearing

Lock washer

Plate
Components Parts No,
Part name MY&§7 MY 60 MY 34
Turbine housing X-NE929010 X-NN139402
Bearing chamber X-NE$23300 X-NN133442
Turbine shaft X-NN13570 X-NN131502
Blower wheel X-NN136606 X-NN136606
Blower whesl chamber X-NE924350 X-NN134092
Applicable engine model - 4JHZ-TE 4JH2-HTE 4JH2-DTE-4JH2-UTE
4.6
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2. Turbpcharger

4JH Series
2-5 Disassembly, assembly
2-5.1 Preparations for disassembly
The following special tools are required for disassembly of
the turbocharger, in addition te the standard tools.
Name of tool Use llustration
mm (in.}

75 (2.9527) ——————= @7.5
(0.2852)

Bar To remove hrust metal and thrust bushings [

{

Material:  Copper or brass
Pliers To remove floating bushing stop ring
Pliers To remove seal ring s ‘

Torque driver {Phillips)
5 ~ 50kg/cm?
(71.11 ~ 71116 Ibfind)

To mount thrust metal and seal plate (+)

Standard  Model

Box wrench

To tighten turbine shaft
10mm (0.3937in.} x 12 square

i ——

Box only may be used

Torque wrench

For following bolts
M86: 10mm (0.3937in.)
110kg/cm? {1564.56 Ib/in.?)
MS: Bmm (0.3149in.}
45 kglcrm? {€4.005 Ibfin.?)
M5: Bmm (0.3149in.}
20 kgfem? (284,46 I1b/in?)

5)) CEE—

To measure play in shaft and axial direction @5 (0,1968) .
(horizontal and vertical) R10 mm {in.)
{0.3837) ]
- |
iy 7 (0.2755)
RS (0.1968
Gauge wire ~fE ] _ e )
M26 ~L+1 {0.0393)
P0.45
8 40 10 15
(|0.3149) (1.5748) {0.3937) (0.5905) Mount to dial gauge
Printed in Japan 47
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2. Turbocharger

4JH Series

2-5.2 Inspection prior to disassembly

(1) Make sure that the turbine and blower blades are not in
contact and that the rotor rotates smoothly.

{2) Measuring rotor play. mm (in)
Stancard Wear limit
Rotor play in direction 0.03 ~ 0.06 0.09
of shaft (0.0011 ~ 0.0023) (0.0035)
Rator ptay in axial 0.08 ~ 0,13 0.17
direction (0.0031 ~ 0.0051) (0.0066)

2-5.3 Disassembly
Make match marks before disassembling the turbocharger
to show how the super charger is mounted on the engine.
This determines the angle at which the turbine chamber,
bearing chamber and blower chamber are mounted.
{1) Removing blower chamber

1) Remove the M5 mounting bolts, spring washers and

blower side retaining plate.
2) Remove the blower chamber.

NOTE: 1. The blower chamber and bearing chamber mourn-
ting surfaces are coated with a liquid gasket.
2. Be careful not to scratch the blower blade when
disassembling the blower chamber.

{2) Removing blower blade
1) Fit a box wrench (10mm (0.3937in.)) to the end of the
turbine side of the turbine shaft and remove the shaft
end nut.

NOTE: The box end nut has left handed threads.
2) Remove the blower blade.

{3) Removing turbine chamber, lagging.
1) Remove the turbine chamber mounting bolts and the
turbine side retaining plate for lagging.
2) Remove the lagging and turbine chamber.
{4} Pulting the turbine shaft
1) Lightly hold the heat shield by hand and pull out the
turbine shaft.

NOTE: If the turbine shaft is hard to pull out, lightly tap
the blower side end of the shaft with a wooden
mallet.

2) Remove the heat shield.

NOTE: If the heat shield is hard to remove, tap it lightly
with a caulking chisel.

(5) Removing the seal plate
1) Loosen the M3 flat seal plate mounting screws with a
plus screwdriver and remove them along with the
double grip {tooth) washers.
2) Remove the seal plate.

NOTE: The seal plate and bearing chamber mounting
surlaces are coated with a liquid gasket.

3} Remove the il ring seal from the seal plate.
{6) Removing the thrust metal and thrust bushing.

1) Loosen the M3 flat seal plate mounting screws with a
plus screwdriver and remove them along with the double
grip washers.

2) Use a copper rod to remove the thrust metal and thrust
bushing.

{7) Removing the floating metal (bushing}
1} Remove the round R stop ring from the bearing
chamber with stop ring pliers.
2} Remove the floating metal from the bearing chamber.
{8) Removing seal ring
1) Remove the turbine side seal ring from the turbine
shaft.
2) Remove the large and small biower side seal rings
from the oil seal.

2-5.4 Preparations for reassembly

(1) When the turbocharger is reassembled, special tools,
liquid gasket {Three Bond No.12075 or Three Bond
No.1215) and burning preventative agent are needed in
addition to the standard toois.

(2) Always replace the following with new parts when
reassembling the turbocharger:

Turbine side seal rings
Blower side seal rings {large)
‘Blower side seal rings (small)
M3 flat screws

Bent washers

Double grip washers

Lube oil inlet

b

Near the turbine / Floating metal

Match up contact surface

Lube oil inlet

All other cases

Leoking from turbine side
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2-5.5 Reassembly

{1) Reassembly of floating metal
1) Mount the inside round R stop ring in the bearing

SRS

|
N

chamber with stop ring pliers. =
2) Fit the floating metal in the bearing chamber. Coat here
3) Mount the outside round R stop ring in the bearing
chamber.
NOTE: 1. The round R stop ring opening should be mount- ‘\
ed as shown in the illustration. The round part f
of the stop ring should be mounted on the :
metal. 1 -
2. When mounting, coat the floating metal with Bearing chamber 1|
engine oil. !
{2) Reassembly of the turbine shaft Be careful that the |
1) insert the seal ring in the turbine shaft. liquid gasket does
2) Mount the heat shield on the turbine side bearing not leak towards
chamber. this area.
3) Coat the journal of the turbine shaft with engine oil - mm (in}
and insert from the turbine side of the bearing Coating thickness | 0.1 ~ 0.2 {0.0039 ~ 0.0078)
chamber.

. NOTE: See the illustration for where to coat it.
NOTE: Take adequate care not to scratch the toating

metal with the turbine shaft. 4} Mount the sealing plate on the bearing chamber.
The seal ring opening should face the oil intake 5} Put the double grip washers on the sealing plate
and be inserted aligned with the turbine shaft mounting M3 flat screws and tighten with the torque
center. driver. kg-em {ft.1b}
{3) Reassembly of the thrust metal Tightening torque i 12 ~ 14 (0.86 ~ 1.01)
1) Insert the thrust bushing in the turbine shaft.
2) Coat the thrust metal with engine oil and mount it in {5} Mounting blower blade
the bearing chamber. 1) Put the blower blade on the turbine shaft.
3) Put the double grip washers on the thrust metal moun- 2) Tighten the turbine side shaft end nut of the turbine
ting M3 flat screws and tighten with the torque driver. shaft with a box wrench (10mm {0.3937in.)).
NOTE: The shalt end nut has a left handed thread.
kg-cm {#1-1b)

tube oil intake side
[ 18~22(1.30 ~ 1.59)

‘ Tightening torque

{6) Maunting turbine chamber
1) Mount the turbine chamber, aligned with the match

marks made before disassembly.
f NOTE: When replacing parts, mount after checking the oil
T

intake/discharge and exhaust gas intake positions.
J 2) Lugging

45° Put on the turbine side retainer plate for lugging and

the bent washer, and tighten with the M6 hex bolt.
Make sure to bend the washer after tightening the M6

Looking from blower side hex bolt,
kg-cmi {ft-Ib)
kg-cm {ft-Ib) Tightening torque | 105 ~ 115 (7.59 ~ 8.31)
Tightening torque l 12 ~ 14 {0.86 ~ 1.01} (7) Mounting blower chamber
(4} Mounting seal plate 1) Coat the blower side flange surface of the seal plate
1) Insert the seal ring in the oil drain. with the liquid gasket (Three Bond No.1207S or Three
2) Insert the seal plate in the oil drain. Bond No.1215).

NOTE: The seal ring opening should face the direction in- NOTE: Refer to page (21) for where to coat. o i)

dicated in the upper right illustration. Goating thickness l 01 ~ 02 (0.0039 ~ 0.0078)

3) Coat the blower side seal plate mounting surface of

the bearing chamber (20} with the liquid gasket (Three 2) Align the match marks made before disassembly and
Bond No.1207S or Three Bond No.1215). mount the seal plate in the blower chamber.
Printed in Japan 4-9
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NOTE: When replacing parts, mount only after checking
oil intakeldischarge and air discharge positions.

3) Replace on the blower side retaining plate and spring

washer and tighten with the M5 hex bolt. kg-cm (L.

40 ~ 50 (2.89 ~ 3.61)

Tightening torgue l

(8} Measuring rotor play
See item 3-2 on inspection procedure —the measuring
procedure is the same.
Rotor play above the standard is usually due to im-
proper assembly or use of the wrong part—
reassemble,

mm {in.)
Standard
Rotor play in direction of shaft (O_Ood?? : 8:8823)
Rotor glay in axial direction © (?0?3? : 8.8351)

2-5.6 Disassembly/reassembly precautions

Observe the following during and after mounting the
turbocharger on the engine.

Be especially careful to prevent the entrance of foreign
matter into the turbocharger.

(1) Precautions on mounting the turbocharger.

Lube oil system

1) Run new engine oil through the ¢il intake holes before
maounting on the engine, turn the turbine shaft by hand
and lubricate the journal metal (bushings} and thrust
metal.

2) Wash the engine oil intake pipe and oil discharge pipe,
check for damage and make sure it is not clogged up
with dirt or other foreign matter.

3) Make sure that there is no oil leakage from the oil
pipes and joints after assembly.

Intake system
1) Make sure that there is no dirt or other foreign matter
in the air intake system.
2) Make sure that there is no air leakage from the air sup-
ply duct/air cleaner connections.

Exhaust system

1) Make sure that there is no dirt or other foreign matter
in the exhaust gas system.

2) Make sure not to mix up the special heal resistant
bolts and nuts with the regular bolts when mounting
the parts. Coatl the beits, nuts, etc. with burning
preventive agent.

(Heat resistant hex bolts are used for the turbine
chamber.}

3) Make sure that there is no gas leakage from exhaust
piping/connections.

2-6 Inpsection and maintenance
2-6.1 Washing

{1) Inspection prior to washing
Mzke a visual inspection of disassembied parts before
washing to check for burning, wear, foreign, matter and
carbon build-up. Make an especially thorough in-
spection in case of breakdowns as a step towards
determining the cause of the breakdown.

Major items

Inspection Location

Carbon build-up

1} Turbine shaft turbine side seal ring and
back of blade.

2) Around the heat shield mounting of the
bearing chamber and the inside walt of
the bearing chamber.

Lubrication
{wear, burning,
discoloration)

1) Turbine shaft journal, thrust bushing,
oil drain.

2) Floating metal and thrust metal.

3} Around the inner bearing race of the
bearing chamber,

1} Inside wall of the turbine chamber.

2} Quter circumierence of the bearing
chamber and around the heat shield
maounting.

3} Turbine side seal ring of the turbine
shaft and the back of the blade.

4) Inside wall of the blower chamber.

5) Back of the blower blade.

6) Back of the seal plate and place
where the seal ring is inserted.

Qil leakage
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(2) Washing procedure
Keep the following in mind when washing the parts.

Procedure

ltem ToolsiCleaning Agent
{1} Turbine shaft 1. Tools
{1) Bucket
(500 x 5001

{2} Heat source
stearn or gas burner
{3} Brush

2. Cleaning agent
Standard carbon removing agent

{1) Boit the turbine shaft in the washing bucket. Do not hit the
blace to remove the carbon,

(2) Sozk in the cleaning agent until the carbon and other
materials adhering to the surface become soft.

{3) Use a plastic scrubber or hard hair brush to remove the
softened foreign matter.

(4) Be very careful not to scratch the turbine shaft bearing surface
or the seal ring grooves.

{5} Any foreign matter will unbalance the turbine shaft,
50 be sure to clean it well. Do not use a wire brush,

1. Tools
same as for turbine shaft

{2} Turbine chamber

2. Cleaning agent
same as for turbine shaft

{1) Boil the turbine chamber in the washing bucket,

(2} Soak in the cleaning agent until all the material adbering to
the surface becomes soft,

(3} Use a plastic scrubber or hard hair brush to remove the foreign
matter.

(3) Blower blade, 1. Tools
blower chamber (1) Bucket
(500 x 500
(2) Brush

2. Cleaning agent

(1) Soak in the cleaning agent until the foreign matter adhering
to the surface becomes soft.

(2) Use a plastic scrubber or hard hair brush to remove the
softened foreign matter,
Do not use a wire brush.

{4) Other parts {1} Wash all other parts with diesel oil.

{2) Clean all lube oil lines with compressed air.
(3 Be careful not to scratch parts or allow them to rust.
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2-6.2 Inspection procedure {6) Thrust bushing, oil seal and thrust metal. Inspect for
wear, scratches, discoloration, etc, and replace if

{1} Blower chamber ! L -
necessary, even if they remain within the wear limit.

inspect for scralches caused by contact with the
blower blade, scratches in the mounting surface, any
galling or cracks. Thrust bushing
Replace if necessary.

(2) Turbine chamber
Inspect for scratches caused by contact with the tur-
bine blade, flaking due to oxidation of the skin, and
deformation due to heat or cracks.
Replace if necessary.

(3} Blower blade
Inspect for scratches caused by contact, and for
breakage, corrosion or deformation.
Replace if necessary.

G:
L

|

o

=l

{4) Turbine shaft K
1) Inspect the portion around the turbine blade for scrat- ‘
. . : : Qil seal
ches, breakage, discoloration or deformation, and in-
spect the shaft for bending, discoloration of journal, 1) Thrust bush
abnormal wear, seal ring groove scratches or wear. Measure the thrust bush groove clearance (K), and
Replace if necessary. replace if it exceeds the wear limit. )
2) Measure the outer diameter of turbine shaft journal (A) mm Gin}
and seal ring groove width (E), and replace if beyond Wear limit
the wear limit. Thrust bush groove clearance K 4.07 (0.1602)

2} Gil ring
Measure the seal ring groove width {G1), (G2) and
replace if it exceeds the wear limit.

mm (in.}
Wear limit
E
. ) G, 1.31 (0.0515)
Seal dth
eal ring groove wi g, 111 6.0437)

3) Thrust metal
f 1 Measure the thrust metal width (J), and replace if it

exceeds the wear limit.

mm (in.}
Wear limit
Thrust metal width J 3.98 {0.1566)
V-block
(7} Floating metal
1) Inspect for abnormal wear, discoloration, scratches,
etc., and replace if necessary.
mm {in) 2) Measure the inner diameter (C} and outer diameter (D)
Wear limit of the metal, and replace if either exceeds the wear
Journal outer dia. A 7.98 (0.3141} limit. mm i)
Seal ring groove width ] 1.29 (0.0507) Wear limit
. . o Floating metal outer dia. C 12.31 {0.4846)
3) Measure turbine shaft undulation and replace if it Floating metal inner dia. D 8.04 {0.3165)
exceeds 0.011mm {0.0004in.).
(5) Head shield {8) Bearing chamber
Inspect for scratches due to contact, deformation due 1) Inspect for flaking due to oxidation of the skin, galling
to heat, and corrosion. and scratches, and replace if necessary.
Replace if necessary. 2) Inspect the round R stop ring for breakage or cracks

and replace if necessary.

3) Measure the (B) and (F)} dimensions of the bearing
chamber as shown in the illustration on the right, and
replace if either exceeds the wear limit.

4-12
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Inner plate /

mm {in.)

Wear {irnit

12.42 (0.4889)
15.05 (0.5825)

Bearing chamber inner dia. B

Turbine side seal ring F
area inner dia.

(9) Seal plate
1) Inspect for scratches due to contact, scratches in
mounting surface, galling and cracks and replace if
necessary.
2) Measure the blower side seal ring area (H:;, Hz) and
replace if either exceeds the wear limit.

Seal plate
[
Z
9
fs
H, 4+ H,
77
L4 =4
/
77
mm (in)
Wear limit
Blower side seal ring H, 12.45 (0.4901)
area inner dia. H, 10.05 (0.3956)

(10} Seal ring
Inspect for wear or deformation and replace if
necessary.

(11) Inspect retaining plates, bolts and spring washers
for deformation and replace if necessary. Always re-
place the M3 flat screw bend washer and grip washer.

Printed in Japan
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2-6.3 Periadic inspection

(1) Periodically inspect the overall condition of super-
charger and the amount of dirt build-up. Inspect at the
intervals specified in the following chart.

Interval
ltem 3 months or | 6 months or | 12 months or
1500 hours | 3000 hours 6000 hours
Rotation of rotor O
Rotor play @]
Disassembly, cleaning
and inspection of Q
entire unit
Cleaning and
inspection of air filter Every 300 hours

{2) inspection Procedure

1) Rotation of rotor
The rotation of the rotor is checked by listening for any
abnormal noise when it is rotating. Use a listening bar,
placing the tip of the bar firmly against the turbo-
charger and gradually increasing engine rpm. If a loud
noise is ernitted every 2 or 3 seconds, rotation is ab-
normal. The turbocharger should be replaced or
repaired as something may be wrong with the metal or
rotor.

2) Rotor play
Remove the turbocharger from the engine and check
the play in the shaft axial and radial directions as
shown below.

3) Rotor play in the shaft axial direction.

Magnet base
Turbine wheel chember

Dial gauge

*\Q

Rotor play in the shaft

Move the turbine shaft
in the shaft axial directior

axial direction
[ 1
mm {in}
Standard Wear limit
Rotor play in 0.03 ~ 0.06 0.09
shaft axial direction (0.0018 ~ 0.0023) {0.0035)
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4} Rotor play in shaft radial direction.
Magnetic base
Diat gauge f::} @
L _J
1 - —l Move the turbine shalt both ways
Play in radiat direction
Ot inlet
mm fin.}
Standard Wear limit
Rotor play in the 0.08 ~ 0.13 017
shaf{ radial direction {0.0031 ~ 0.0051) {0.0066)
5) Boost pressure
mmHg(inHg)
Standard
Eng. Model 4JH2-TE 4JHZ-HTE 4JHZ2-DTE 4JH2-UTE
750~900 925~1075 885~1035 870~1020
Boost pressure (29.53~35.43) {36.42~42.32) {34.84~40.75) (34.25~40.16)
Exhaust gas pressure et turbocharger inlet (3%?37) (3%5.528} (3%?25) (3?34)
Testing condition Max. rating output and back pressure 300mmAqg (11.81 inAq)
4-14
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mm fin}
ltems to check Standard Wear limil
Turbine shaft journal outer dia. (A) 7.99 ~ 8.00(0.3145 ~ 0.3149) 7.980 (0.3141)
Turbine side seal ring groove width (E) 1.25 ~ 1.28 (0.0492 ~ 0.0503) 1.210 {0.0476)
Turbine shaft Blower side seal ring groove width {G)) 1.22 ~ 1.23 (0.0480 ~ 0.0484) 1.310 (0.0515)
Blower side seal ring groove width (G,) 1.02 ~ 1.03 (0.0401 ~ 0.0405) 1.110 (0.0437)
Turbine shaft play 0.01 (0.0003) 0.011 (0.0004)
Floating bearing inner dia. (C} 8.01 ~ 8.03{0.3153 ~ 0.3161} 8.040 {0.3165)
Bearing Fioating bearing inner dia, {D) 12,32 ~ 12.33 {0.4850 ~ 0.4854) 12.310 {0.4846)
Bearing set ring inner dia. (B} 12.40 ~ 12.41 (0.4881 ~ 0.4885) 12.420 (0.4889)
) Thrust bearing width (J) 399 ~ 4.01{0.1570 ~ 0.1578) 3.980 (0.1566)
Thrust bearing " " -
Thrust bushing groove dimension (K) 4.04 ~ 4,05 (0.1590 ~ 0.1594) 4.070 {0.1602)
Turbine side (bearing wheel chamber) {F) 15.00 ~ 15.02 (0.5905 ~ 0.5913) 15.050 (0.5925)
Seal ring fixing area Blower side (seal plate) (H,) 12.40 ~ 12,42 (0.4881 ~ 0.4889) 12.450 {0.4901)
Blower side (seal plate} (H,) 10.00 ~ 10.02 (0.3937 ~ 0.3944) 10.050Q (0.3956)
Play of roter in shaft axial direction 0.03 ~ 0.06 (0.0011 ~ 0.0023) 0.090 (0.0035)
Play of rotor in radial direction 0.08 ~ 0.13 (0.0031 ~ 0.0051) 0.170 (0.0066}

Tightening torque

Screw dia. Tightening torque
mm kg-cm?!t-lb)
Turbine chamber M6 105 ~ 115
set bolt (7.59 ~ 8.31)
Blower chamber M5 40 ~ 45
set bolt (2.89 ~ 3.25)
Thrust metal M3 12 ~ 14
set screw {0.86 ~ 1.01)
Seal plate 12 ~ 14
set screw M3 0.86 ~ 1.01)
left hand screw 18 ~ 22
Blower blade nut M5 (1.30 ~ 1.59)
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2-7 Troubleshooting

The engine will not produce the required output if the
turbocharger breaks down. If the engine output drops, first
check the engine to see if anything is wrong, and then
check the turbocharger according to the following pro-
cedure if there is nothing wrong with the engine.

2-7.1 Excessive smoke
(1} Insutficient air intake

Cause

Remedy

1) Air cleaner is clogged up.
2) Air intake is closed.
3) Leakage from air intake system connections.

+ Replace or wash the element.
» Open to proper position,
+ Inspect and repair

{2) Turbocharger does not rotate

Cause

Remeady

1) Build-up of foreign matter in ¢il on seals inhibiting turbine
shaft rotation.

2) Burned metal
«|nsufficient oil or clogging up of supply pipe.

« Oil temperature too high. Rotating parts are out of balance.
«Insutficient warming up or sharp stopping.
3} Turbine or blower blade knocking samething or broken.
s Excessive rpm
= Excessive exhaust gas temperature rise.
» Entrance of foreign matter.
*Worn metat {bushings)
+ [mproper reassembly

» Disassemble and clean turbocharger and change engine oil.

« Disassemble turbocharger and repair.

= Inspect engine oil supply system, repair any parts as necessary
and change the engine oil.

» Wash or replace rotating parts.

s Read operation manual and cperate engine accordingly.

* Inspect engine parts and adjust.

» Disassemble and thoroughly remove any foreign matter, inspect
the air cleaner, and engine parts, and repair as necessary.

*» Disassemble turbocharger and repair.

« Reassemble

(3) Excessive exhaust gas drag {resistance})

Cause

Remedy

1} Insufficient turbocharger rpm due to leakage of exhaust gas
before entry into turbocharger.

2) Insuificient turbocharger rpm due to deformation of
exhaust system piping.

« Inspect fittings and repair.

+ Repair

2-7.2 White exhaust smoke

Cause

Remedy

1) Qil leaking on blower side or turbine side due to clogging
or deformation of return piping.

2) Seal ring excessively worn or broken due to excessive
metal wear.

¢ Repair or replace pipe.

*» Disassemble turbocharger and repair.

2-7.3 Excessive oil consumption

Cause

Remedy

1) Seal ring excessively worn or broken due to excessive
metal wear.

» Disassemble turbocharger and repair.

2-7.4 Decrease in {engine) output

Cause

Remedy

1) Gas leakage from exhaust gas system.
2) Air leakage from blower side discharge.
3) Air cleaner element clogged up.
4} Turbocharger dirty or damaged.

* Inspect parts and repair.

* Clean or replace element.
+ Disassemble turbocharger and repair, or replace.

4-1
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2-7.5 Poor (stow) turbocharger responsivenass (starting)

Cause

Rermedy

1) Carcon build-up on turbine side (blade seal} inhibiting
turtine shaft rotation.

2) Incompiete combustion,

Disassemble and wash turbocharger and replace engine oil.

Inspect engine fuel system and improve combusticn efficiency.

2-7.6 Abnormal noise or vibration
(1} Abnormal noise

Cause

Remedy

1) Blower discharge air flows back {surges) when the gas line
area is considerably reduced due to closing of the turbine
chamber nozzle or during acceleration,

2) Rotating parts knocking something.

-

Disassemble and clean turbocharger.

Disassemble turbocharger and repair or replace.

(2) Vibration

Cause

Remedy

1} Fittings connecting turbocharger and exhaust gas piping/oil
pipe have become l00se,

2) Rotaling parts making contact with surrounding parts
because of metal failure, or turbine blade or blower blade
damaged due to entrance of foreign matter.

3} Rotating parts out of balance.

Inspect fittings and retighten/repair as necessary.

Disassemble turbocharger and repair or replace.
Thoroughly remave any foreign matter.

Repair or replace rotating parts.

2-8 Turbocharger blower washing procedure

2-8.1 General

(1) Use "Blower Wash” and clean water to wash the
blower.

{2) Make it a general praclice to wash the turbocharger
blower when the air supply pressure has decreased by
about 10 percent. The frequency of this will differ great-
ly depending on working conditions, but about once a
week is generally sutficient,

{3) This prodecure cannot be used for cleaning the entire
turbocharger. It must be periodically disassembled and
cleaned.

(4) Only remove the inlet cap when washing the blower —it
must not be removed under any other circumstances.

2-8.3 Blower washer parts cord

Volume X Q'ty
4 liters X 4cans
180 cc X 6 botties X 15 sets
18 liters X 1 box

Cord number
91920010000
919200--20000
919200-30000
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2-8.2 Procedure

{1} Run the engine at normal load (3/4 ~ 4/4 load) and app-
ty Blower Wash for 4 ~ 5 seconds with a 20cc standard
oiler.

(2) 3 ~ § minutes after application of the Blower Wash the
dirt will be loosened up. Slowly put in 20cc of water
{over about 4 ~ 10 seconds).

(3) Use a viny! container to feed in the cleaning agent or
waler. If too much cleaning agent or water enters sud-
denly there might be a breakdown or breakage of the
blower blade. Be sure to feed in the cleaning agent or
water at the correct speed.

{4) If there is no change in the air supply pressure or

exhaust gas temperature after washing, repeat the
washing after about 10 minutes.
No change after washing the blower 3 ~ 4 times
indicates that either the biower is extremely dirty or
something else is out of order. Disassemnble and clean
the washer, and take any other action as necessary.

(5) Run the engine under load to dry for at least 15

minutes after feeding in the agent or water.

© Qiler

/9

| N

Clean the biower: Every 150 hours
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3. Mixing Elbow

3-1 Construction

Threre are two types of mixing elbows for the 4JHE engine:
the L and U types. Both types are bolted to the
exhaust mainfold.

There are also L and U types for the 4JH-TE, 4JH-
HTE and 4JH-DTE engines,

Both are mounted on the turbocharger discharge.

For model 4JH2E

L-type
Mixing elbow
{stainless steel)

For models 4JH2-TE, 4JH2-HTE and 4JH2-DTE

Turbocharger

4-18

3-2 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.

{Option)

U-type
Mixing elbow
{bronze casting)

Exhaust manifold

{Option)
U-type mixing elbow
{bronze casting)
Turbocharger
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1. Lubrication System

4JH2-Series

1. Lubrication System

The tube oil in the oil pan is pumped up through the intake
filter and intake piping by the lube 0il pumnp, through the
holes in the cylinder body and on to the discharge lilter.
The lube oil which flows from the holes in the cylinder
body through the bracket to the oil element is liltered and
sent to the oil cooler. It returns from the oil cooler to the
bracket, the pressure is regulated, and it is fed back to
main gallery in the cylinder body. )

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

Qit is sent from the gear case camshaft bearings through

[Lubrica!ing oil cc»olerL

the holes in the cylinder body and c¢ylinder head to the
valve arm shaft to lubricate the valve arm and valves.

Qil is also sent from the main gallery 1o the piston cooling
nozzle to cool the piston surface, and is sent through the
intermediate gear bearing (oil) holes to lubricate the in-
termediate gear bearings and respective gears.

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

Part of the lube oit 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,

Lubricating oil filter ]

m——

Git itch
Qil pressure ! pressure swite I

| Turbo charger I
L_____Q

[Fuel injection pump I

Qil pressure
regulator valve

—

Cylinder biock main gallery

regulator valve _‘ i
, |

|

f f

Lubricating ofl pump

Idle gear shaI'lI lCam shaft bearing;E{ Crank journal I

Cooling nozzle I

! !

Lubricating oil filter

I Idle gear facel arm shaft

Valve rocker

Valve rocker arm]

{
[ Crank pinj [

Piston ]

Tappet and cam facel

\

Qil pan
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Chapter 5 Lubrication Systemn

1. Lubrication System
iearion % 4JH2-Series

Turbocharger Models: 4JH2-TE

4JH2-HTE
4JH2-DTE
4JHZ-UTE

Main gallery
To cylinder head valve rocker

i
1
/e .
» {;'. Main bearing
4 H
/1. \\:\\ ‘ ] /7} (< ] [+}
) L ’ /2 )
s A QL
~ (} * (]
~. /) Y
. \\< 'y
~ [~}
(24
¢

2N
S AN
> N g’ ' \“ JOTLE . b
S): @ oy
s N P NN \\5“& NEZA @

O
1‘
-
e
g 2
Piston cooling nozzle a y

Lubricating oil filter (inlet side} é

L e

2

Lubricating oil pump

/
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Chapter 5 Lubrication System
2. Lube Oil Pump

2. Lube Oil Pump

2.1 Lube oil pump construction

The trochoid type lube cil pump is mounted on the gear
case side engine plate, and the rotor shaft gear is driven
by the crankshaft gear.

The lube oil flows from the intake filter mounted on the
bottom of the cylinder body through the holes in the
cylinder body and engine plate, and out from the holes in
the engine plate and cylinder body to-the discharge filter.
The lube oil pump is fitted with a pressure regulating
valve which maintains the discharge pressure at 3kg/em?.

4JH Series

Intake

Exhaust

\

Inner rotor

Cylinder body

Lubricating oil pump

Gear case flange

Printed in Japan 53
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Chapter 5 Lubrication System

2. Lube Oil Pump 4JH Series
4JH2 Series

Qil pressure regulator valve

i
-T-— Spring
|~ .
4 L) -
7
o R d p
Outer rotor ~ &
1
Inner rotor —— | i il ?
| - | \.\ L/
Rotor shatt
Gear
Purmp body
Side cover
Side caver
Safety valve
Pump body
Quter rotor
Rotor shakt
Inner rotor

2.2 Specifications of lube oil pump

Engine speed 3600 rpm
Gear ratio

{crank gear/pump gear) 28129
Pump speed 3477 rpm

5-4
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Chapter 5 Lubrication System
2. Lube Oil Pump

2.3 Lube oil pump disassembly

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

(2) The lube cil pump cover may be disassembled, but
do not disassemble the rotor, rotor shaft or drive gear.
The oil préssure 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.

Quter rotor

Body

Feeler gauge

mm {in.)
Standard Wear limit
Quter rotor and 0.100 ~ 0.170 0.25
pump body clearance (0.0039 ~ 0.0066) {0.0098)

(2} Clearance between cuter 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

Quter rotor

Feeler gauge

5-5
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4JH Series

== Clearance

_)\ inner rotor
Cuter rotar

mm {in.)
Standard Wear limit
Quter rotor and 0.050 ~ 0.105 0.15
inner rotor clearance {0.0018 ~ 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

Body

Feeler gauge

mm {in.}
Standard Wear limit
Pump body and inner rotor, 0.03 ~ 0.09 0.13
outer rotor clearance (0.0011 ~ 0.0035) {(0.0051)

{4) Clearance between rotor shaft and side cover
Measure the rotor shaft outer diameter and the side
cover hole diameter, and replace the entire assembly if
the clearance exceeds the limit.

mm {in)
Standard Wear limit
Rotor shaft and 0.013 ~ 0.043 0.2
body clearance (0.0005 ~ 0.0016) (0.0078)

{5) Check for looseness of driver gearfrotor shaft fitting,
and replace the entire assembly if [cose or wobbly.

{6) Push the oil pressure regulating vaive piston from the
oil hole side, and replace the assembly if the piston
does not return due to spring breakage, etc.

{7) Make sure that the rotor shalt rotates smoothly and
easily when the drive gear is rotated.

Turning torque L

less than 1.5 kg-cm (0.108 ft-1b)




Chapter 5 Lubrication System
3. Lube Oil Filter

4IHE4TH-TE

3. Lube Oil Filter

3-1 Lube oil filter construction

The lube oil filter is a full-flow paper element type,
mounted to the side of the cylinder body with the fiiter
bracket. The cartridge type filter is easy to remove.

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
the pressure in front and behind the paper element
reaches 0.8 ~ 1.2kg/cm? (11.38 ~ 17.06 Ib/in.?).

To ol pan

Filter bracket
To lubricating

il cooler @

Cylinder body main gallery

From fubricating oil pump

To tubricaling il pump

1
}
From fubricating @ l
il cooler
i @ From lubricating oil filter {inlet side)

Option
To lubricating oil cooler Qil pressure sender unit

f To lubricating oil cooler

By-pass valve

Port from cylinder body
lg lubricating oil hilter

AR

~To cylinder body
main gallery

Qil pressure regulator valve \ " By-pass

Qil pressure
regulator valve

Elernent

From lubricaling oil cooler

6-6
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Chaprer § Lubrication System
3. Lube Oil Filter

Type Full flow, paper element
Filtration area 0.10m* (155 in.1}
Discharge volume 30 #/min (1830 inX/min)
1
Pressure loss {26 ~ 7.1 iofin)
By-pass valve 08 ~ 12 kglem?
regulating pressure {11.37 ~ 17.06 |bfin.})

3-2 Lube cil filter replacement
{1) Period

The paper etement 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.

Qil filter replacement period

Every 300 hours of
engine operation

(2) Replacement

1) Remove the lube oil filter with the special tool.
2} Clean the filter mounting surface on the filter bracket

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 bracket mounting surface, and then

2 ~ 3 turns more.

5} Run the engine after mounting the filter, and make

sure that there is no cil leakage,

Printed in Japan
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Chapter 5 Lubrication System
4. Oil Pressure Control Valve

4. Qil Pressure Control Valve

4-1 Oil pressure control valve construction

The oil pressure control valve built into the oil filter
bracket controls the oil pressure from the time the lube oil
leaves the filter and is cooled in the lube oil cooler until
just before it enters the cylinder body main gallery.

When the pressure of lube oil entering the ¢ylinder body
main gallery exceeds the setting, the control valve piston
opens the bypass hole and lube cil flows back into the oil
pan.

Shims

@ O ,\4 Pressure regulator spring
Plug va‘O(

poy -
")
L

Qil fifter

Packing

. 2
Regulating pressure ( 49??58 146525%’?&2&’)

4-2 Qil pressure control valve replacement

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

If the oll pressure control valve is disassembled due to
spring trouble, etc, mount a pressure gauge on the oil
pressure sender unit mounting washer, and adjust the
pressure with adjustment shims until it is at the specified
value.

Shim thickness

Shim part No.

0.2mm {0.0078 in.)

121850-35210

0.5mm (0.0196 in.)

121850-35220

1.0mm (0.0393 in.}

121850-35230

4.3 Vibration preventing damper

The filter bracket hydraulic (oil pressure) sender unit
mount is constructed so that a vibration preventing
damper can be mounted on it.

The hydraulic sender unit is mounted on the damper.

5-8
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Chapter 5 Lubrication System
5. Lube Oil Cooler

4JH2-Series

5. LUbe O“ COOIGr [Applicable Engine Model 4JH2E

5-1 Lube oil cooler construction

The spiral thread of the inner pipe is in contact with the
inner surface of the cuter pipe. This forms a spiral
passageway.

The lube oil flows through this passageway and is cooled
by the cooling water (sea water) flowing through the inner

pipe.

Sea water outlet 4y

Lubricating oil outlet {3

Sea waler

Lubricating oil inlet J

Inlet

There are two such pipes, connected side by side, design-
ed so that the lube oit and sea water flow in the opposite
directions.

Sea water outlet

o Sea water Inlet

Printed in Japan
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Lubricating oil

Cocling area 0.0192m? (29.76 in.Y)

Cooling water

drechargs volume 3773 tihr (230228 Inm)

Lubricating oif

ioaharge volume 2160 thr (131803 in/h)

Model 4JHE: 110°C or below

Lubricating oil temperature
Model 4JH-TE: 115°C or below

at 40°C room air

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,
repair or replace the cooler.

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

Test pressure
8 kgicm® {113.78 Ibiin.?}
4 kglem? (56.89 Ibfin)

Lubricating oil circuit
Sea water circuit

6-9



Chapter 5 Lubrication System
5. Lube Oil Cooler

4JH2-Series
. 4 -
Lube Oil Cooler iaspiicable Engine Model 4JH2-DTE]
4JH2-UTE
5-1 Lube oil cooler construction Lubricating oil outlet

The lube oil cooler is comprised of 36 cooling pipes
and 9 internal baffle plates.

The lube oil flows through this passageway and is
cooled by the cooling water (sea water} flowing
through the inner pipe.

Sea water outlet
.- Lubricating oil outlet

y

~ I :

NI _TTTTTTTT
— i | 4 —E-_-F
Il Wl il ke Sl DUOR SO
Sy -_-:_}: Cof ok

Sea water inlet y

Qil outlet
Cooling area 0.165m* (255.75in.%)
g@.ﬁ?\g?g:ﬁ:,m 35008/hr (213570 in* /h)
Lubricating oll .
discharge volume 2160 tmr (131803 in'M)
Lubricating oil temperature "
=3 /@ at 40°C room temperature 100°C or below

iea water fnrq\:‘ .
AN

~0il inlet

e a

jea water outlgt/ Flywhee! housing

5.2 Inspecting the lube oil cooler

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

{2) If the rubber hose connection or welds are corroded,
repair or replace the cooler.

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

Test pressure
Lubricating oil circuit 15kg/em? (213.30 Ibfin.?})
Sea water circuit 4 kgicm® (56.89 b/in?}
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Chapter 5 Lubrication Systern
6. Piston Cooling Nozzle

4JH2 Series

6. Piston Cooling Nozzle

6-1 Pisten cooling nozzle construction

A nozzle made trom steel piping is mounted on the lower
part of cylinder body main gallery. Lube cit from the main
gailery is sprayed cut in a jet from the steel tip (81.77mm
{0.0697in.)} of this pipe.

This jet spray cools the piston surface when the piston
goes down.

4

Cylinder body
main gallery

Piston cocling nozzle

|- Piston

Qil injection volume 1.3 fimin, {73.32 inXmin}

Oil injection pressure 3.5 kglcm? {49.78 Ibfin.?)

Printed in Japan
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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
necessary.




Chapter 5 Lubrication System
7. Rorary Waste Qil Pump (Oprtional)

4JH Series
7. Rotary Waste Oil Pump (Optional)
A rotary waste oil pump to pump out waste oil during cil
changing is available as an option.
This is a vane fype pump. Turning the handle
rotates the vanes and pumps out lube oil.
Ratary waste qil pumg Rubber hose

7-1 Construction

Cover

Vane

@) Spindie

Spring i
O
@)
&
Y

Rotary waste oil pump

7-2 Inspecting the waste oil pump

Deli i . . : .
Ofe c‘,‘:,‘;“;,fgﬁf"*’ 0131 793 in.) (1) Disassemble the waste cil pump and check for spring
Delivery pressure 1.5 kglem? {21.33 Infin) or below break.age_ or vane damage when ther‘e is an extreme
Suction head less than im (3937 in) drop in dlschar'ge volu_rne, and feplace if necessary.
(2} Replace the oil seal if there is excessive cil leakage
Part No. 43600-002311
from the handie shaft.
Rubber hose (3} Replace the impelier if there is an excessi\fe gap
Inner dia. x length @12 x 1000mm beh:veen lpe 1mpeller and the. covers on both sides of
' {0.4724 x 39.37 in.) casing. This will cause a drop in discharge volume.
Part No. of rubber hose 43720-001220 (4) The hose coupling is coated with adhesive and screw-

ed in. It therefore cannot be disassembled.
5-12
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Chapter 6 Cooling Water System
1. Cooling Water System

4JH2 Series

1. Cooling Water System

The cooling water system is of the indirect sea water
cooled, fresh water circulation type. The cylinders,
cylinder heads, turbocharger and exhaust manifold are
cooled with fresh water, and the lube oil cooler air cooler
and fresh water cooler (heat exchanger) use sea
water,

Sea water pumped in from the sea by the sea water pump
cools the intercooler 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, the cylinder head and then turbocharger. The

NN Sca water circuit

Fresh water circuit

fresh water pump body also serves as a discharge passage-
way {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 thermo-
stat opens, fresh water flows to the heat exchanger, and it is
then cooled by the sea water in the tubes as it flows
through the cooling pine. The temperature of the fresh
water i5 thus kept within a constant range by the thermo-
stat,

-
Heat exchanger ||
e --— Mixing
Turbo- elbow
- - charger \
|
Thermostat | | [t _]
b ]
l Cyl. head T
: .
£ Cyl. Block Lube. oil m
cooler
m
Fresh water pump L
gear
Lube. oil
cooler
—_—
Air coaler

Sea water pump

Kingston cock

T
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Chapter 6 Cooling Water System
1. Cooling Water System

Fresh water line [ENGINE MODEL: 4JH2E & 4JH2'TE]

Heat exchanger

Filler cap {with pressure control valve)

Thermostat cover

Wa'ler temperature sender unit
Qutlet for water heater

Waler temperature switch

Inlet for water heater Fresh waler pump V pulley

Sea water line [ENGINE MODEL: 4JH2E & 4JH2-TE]

Heat exchanger

Sea waler pump

4JH Series

Printed in Japan
A0AT029-9002



Chaprer 6 Cooling Water System

1. Cooling Water System 4JH2-Series

Fresh water line [ENGINE MODEL: 4JH2-HTE, 4JH2-DTE, 4JH2-UTE]

Turbocharger

Inist for water haater Fresh water pump

Sea water line [ENGINE MODEL: 4JH2-DTE, 4JH2-UTE]

V pulley

Mixing elbow

Lubricating oil cooler

s

To marine-gearbox

Air cooler

Sea water =
pump e Mﬁ: :f"‘
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Chapter 6 Cooling Water System

2. Sea Water Pump

"

1. Sea water pump body

2. Side cover

3. Impeller {C-type)

4. Wear plale
5. Pump shaft

0

6. Mechanical seat

11. Water seal ring

7. Circlip 12. Gear
8. Bearing 13. Oting
9. Bearing 14, Hexagonal bolt
10. Ol seal 15. tmpelter blind cover

2-2 Specifications of sea water pump

Engine speed (max.) 3600 rpm
Gear ratio {crank gear/pump gear) 28/31

Pump speed 3252 rpm
Suction head 05m (166 ft)
Total head 9.5m {31.16 ft)

Delivery capacity

3250 t/h (198315 inh)

2-3 Sea water pump disassembly

{1) Remove the rubber hose from the sea water pump
outiet and then the sea waler pump assembly from the

gear case.

{2) Remove the sea water pump cover and take out the

Q-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.

Direction of rotation

4JH2-Series

Oullet

rernove the pump shaft, bearings, and drive gear as a

set,

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

2.4 Sea water pump inspection

(1) Inspect the rubber impeller, checking for splitting
around the outside, damage or cracks, and replace it

(5) Lightly tap the pump shaft from the impeller side and necessary.
mm (in.)
Standard Clearance at assembly Maxlrg:g:;:_!!&wable Wear limit
Impeller width 31.6 ~ 31,8 {1.2440 ~ 1.2519) 31.3(1.2322)
Wear plate thickness 2 (0.0787) 1.8 (0.0708)
Housing width 33.8 ~ 33.9 (1.3307 ~ 1.3346) 0~03(0~0018) 08 (0.0314) —_—
Side plate thickness 2 {0.0787) 1.8 (0.0708)

§-4
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Chapter 6 Cooling Water System
2. Sea Water Pump

[ﬁg
LT L.L.Ur

1. Sea water pump body 6. Mechanical seal

2. Side cover 7. Cirelip

3. Impeller {C-type) 8. Bearing
4, Wear plate 9. Bearing
5. Purmp shaft 10, Qil seal

2-2 Specifications of sea water pump

inlet q)

11. Water seal ring

12 Gear

13. G ring

14, Hexagonal bolt

15. Impeller blind cover

Engine speed (max.) 3600 rpm
Gear ratio {crank gearfpump gear) 28/31

Purmp speed 3252 rpm
Suction head 0.5m {1.66 f1)
Total head 95m (3116 )

3750 #/h (228825in.h)

Delivery capacity

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
Q-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.

Direction of rotation

4JHZ2 Series

Outlet

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 repface if

(5) Lightly tap the pump shaft from the impeller side and necessary.
mm {in}
Standard Clearance at assembly Mamr;lérar;aar:!:c;wable Wear limit
Impeller width 316 ~ 31.8 (1.2440 ~ 1.2519) 31.3 (1.2322)
Wear plate thickness 2 (0.0787) 1.8 {0.0708)
- - 0~ 0.3{ ~0.0118 0.8 (0.0314
Housing width 33.8 ~ 33.9 {1.3307 ~ 1.3346) ~03{0~ ) ( ) —
Side plate thickness 2 (0.0787) 1.8 {0.0708)
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Chapter 6 Cooling Water System
2. Sea Water Pump

(3) Inspect the mechanical seal and reptace if the spring is
damaged, or the seal is corroded. Also replace the
mechanical seal if there is considerable water leakage
during operation.

Cooling water leakage [ less than 3 cc/h (0.18 infh)

Parts No. of oil seal i 128795-42670

(4) Make sure the ball bearings rotate smoothly. Replace if
there is excessive play.

2.5 Sea water pump reassembly

{1} When replacing the mechanical seal, coat the No.1101
oil seal and pressurs 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.

~J

Rotational direction
of rubber impeller

NQTE: 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) Mount the Q-ring side cover.
NOTE: Replace the O-ring.

6-6
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Chapter 6 Cooling Water System
3. Fresh Water Pump

4JH2 Series

3. Fresh Water Pump

3-1 Fresh water pump construction

The fresh water pump is of the centrifugal (volute) type,
and circulates water from the fresh water tank to the
cylinders and cylinder head.

The fresh water pump consists of the pump body, im-
peller, pump shaft, bearing unit and mechanical seal. The
V pulley on the end of the pump shaft is driven by a V belt
from the crankshaft.

The bearing unit assembled in the pump shaft uses grease

Thermostat

Cylinder haad

Printed in Japan
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Water temperature
sender unit

6-7

lubricated ball bearings and cannot be disassembled.

The totally enclosed mechanical seal spring presses the
impelier seal mounted on the impeller side away from the
pump body side. This prevents water from leaking along
the pump shaft.

As the impeller and pulley flanges are press fit assembled,
they cannct be disassembled.

Walter temperature switch




Chapter 6§ Cooling Water System
3. Fresh Water Purnp

47H2 Series
. To heat exchanger
Inlet f h (fresh water tank}
n or water heater '
T 2t [ - L Purmp plate
For turbine cooling water joint . . . :
and water temperature Switch. Bearing unit L
—- Gaske!
For sender unit V puiley
+— Impeller
™~ Bypass port

From heat e
exchanger
{fresh water tank)

3-2 Specilications of fresh water pump

Crank shaft speed {max.} 3600 rpm
Pulley ratio

{crank shaft/pump shaft) 2134/2120
Pump shaft speed 4020 rpm

866 Hmin {5284 in?min)
4m {1312 f1)

Delivery capacity
Total head

3-3 Fresh water pump disassembly

(1) Do not disassemble the fresh water pump. It is difficult
to disassemble and, once disassembled, even mare 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 andfor fresh water pump and pump plate are
disassembled, retighten to the specified torque.

Fa

Tightening torque for

70 ~ 110 kg-cm
pump setting bolls

(5.06 ~ 7.94 ft-Ib)

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) Impelter inspection
Check the impeller blade, and replace if damaged or
corroded, or it the impeller biade is worn due to contact
with pump body.

V pulley flange

6-8

g\\\“

Pump body
Mechanical seal

Y

— To cylinder body

Oring

Gasket Pipe fange

(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
waler leakage due to mechanical seal or impeller seal
wear or damage.

(5) Inspect the fresh water pump bedy 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 beilween the impelier 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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Chapter 6§ Cooling Water System
3. Fresh Water Pump

Measuring clearance between impeller and pump body.

Thickness gauge

Measuring clearance between impeller and pump body

bracket.

Thickness gauge

Straightedge

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 (0.0580) -
Printed in Japan
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Chapter 6 Cooling Water System
4. Heat Exchanger

4JH2 Series

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 balfle
plates.

Outlet Side cover

O ring

N
Inlet eyl .

Seawater /

Cooling pipe

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 tep of the heat exchanger has a pressure
valve, which lets off steam through the overflow pipe
when pressure in the fresh water system exceeds the
specified value. |t also takes in air from the overflow pipe
when pressure in the fresh water system drops below the
normal value.

Filter cap

Qring

Fresh water

Side cover

Fresh water inlet >

Cooling pipe Filler cap
Overflow tube Heat exchanger
C& / Coolmg tube oo plate
- {
fa i 4 I I
Fresh water =) |I ‘E T T 7 f <
inlet T T T T it = Sea water outlet
e . T
) 4 L 1 4= Sea waler inlet
Side cover L T I I
Fresh waler , ™ “ (s) o 1O JO
Exhaust gas ©> 1] I Drain plug outlet :_E ;[ If l [ ] [ > Exhaust gas
: - : \ outlet
- of o V@ 30L
—— [__,T\ o
Fresh water tank \
Exhaust manitold
B8-10
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Chapter 6 Cooling Water System
4. Heat Exchanger

4JH2-Series
4-2 Specilications of heat exchanger
Model of engine 4JHZ2E - 4JH2-TE 4HZ-HTE 4JHZ-DTE 4JHZ-UTE
Qutput{DING270 B rating) HP/rpm 50/3600 $2/3600 75/3600 88/3600 100/ 3600
. . , : ¢6.4/¢ 8 X36 ?6.8/¢ B x44, $4.75/96.35x 2

Pie dia. x Pieces mm (in.) (0.251970.3149) $0.2677/ $:0.3150) ( ¢0.1870/ ¢ 0.2500)
Radiation area nin.?) 0.208 0.298 0.416(644.8) 0.416(644.8) 0.416{644_8)
Radiation area/HP m/HP(in./HP) 0.00596(9.24) 0.00481(7.457) 0.00555(8.604) 0.00473(7.333) 0.00416(6.445)
Fresh water discharged volume g /br(in.*/hr) 5562(338393)

See water discharged volume £ /hr(in.*/hr) 3500(213570)

Fresh water flow speed in cooling pipe m/s(ft/s) 1.53(5.02)

Sea water flow speed in cooling tube m/s{it/s) 1.34(4.39)

Fresh watar capacity £ (in.") £.7(408.8)

{3) Heat exchanger body water leakage test

4.3 Disassembly and reassembly of the heat 1) Compressed airfwater tank test

exchanger

(1) Remove the covers on both sides and take out the cool-
ing pipe ang O-ring{(s}.

Fit rubber covers on the fresh water and sea water in-
lets and outlets. Place the heat exchanger in a water

tank, feed in compressed air from the overflow pipe

NOTE: Replace the O-ring(s) when you have removed the and check for any (water) leakage, (air bubbles).

cooling pipe.

{2) Remove the filler assembly. Prassure gauge

Air hose

/ Filler cap

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 "*z‘:gb“
necessary.
- Test tank

NOTE: Disassemble and wash when the cooling water
temnperature 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 cutside of the tubes.

Rubber cap

Heal exchdnger

Test pressure i 2 kglem® (28.44 Ibfin®)

2) Use of the tester

Fit the fresh and sea water inlets and outlets with rub-
ber covers and fill the fresh water tank with fresh
water. Fit a pressure cap tesler in -place of the
pressure cap, operate the pump for one minute and
set the pressure at 1.5kgfcm? {21.33Ib/in.?). If there are
any leaks the pressure will not rise. If there are no leaks
the pressure will not fall,

{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 exhaust gas intake flange and line, and
replace if corroded or cracked.

Pressure tester

Pressure gauge

? Rubber cap
Q Q o
o] Le) < o

Rubber cap
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Chapter 6 Cooling Water System
5. Pressure Cap and Sub Tank

4JH2-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 controf 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 s within
the specified value of 0.8kg/cm’ (12.80tbfin.2). This seals
the fresh water system.

When the pressure within the fresh water system exceeds
the specified value, the pressure valve opens, and steam
is discharged through the overflow pipe. When the fresh
water is cooled and the pressure within the fresh water
system drops beiow the normal vaiue, atmospheric
pressure opens the vacuum valve, and air is drawn in

through the overflow pipe.
Pressure vaive operation /F‘ressm valve spring

—

Overfiow tube

Pressure valve

\Ftubber 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
Pressure valve Open at 0.9 kg/cm?G (12.80 1bfin.%)
Vacuum valve Open at 0.05 kgicm®G {0.71 Ib/in?) or below

6-12

5-3 Pressure cap inspection

Precautions

Do not open the pressure cap while the engine is running

or right after stopping because high temperature steam

will be blown out. Remove the cap only after the water has

had a chance to cool down.

(1) Remove scale and rust, check the seat and seat valve,
etc. for scratches or wear, and the spring for corrosion
or settling. Replace if necessary.

NOTE: Clean the pressure cap with fresh waler as it will
not close completely it it is dirty.

(2) Fit the adapter on the tester to the pressure cap. Pump
until the pressure gauge is within the specified
pressure range {0.75 ~ 1.08kg/cm? (10.67 ~ 14.91ibfin.?)}
and note the gauge reading. The cap is normal if the
pressure holds for six seconds. If the pressure does
not rise, or drops immediately, inspect the cap and
repair or replace as necessary.

Parts No. of cap tester ] 120445-44600

5-4 Function of the sub tank

The pressure valve opens to discharge steam when the
steam pressure in the fresh water tank exceeds 0.9kg/cm?
{12.80Ibfin.%).

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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Chapter 6 Cooling Water System
S. Pressure Cap and Sub Tank 4IH Series

5-7 Precautions on usags of the sub tank
{1} Check the sub tank when the engine is cool and refill

Filer cap with fresh water as necessary to bring the water level
~ = " between the low and full marks.
sub tank L5710 : {2) Check the overflow pipe and replace if bent or cracked.

Clean out the pipe if it is clogged up.

mm{in)
=
S
o ]
o =]
=3 ~
["s]
« HEULL
g 7 &
o H o
=3 HE o
a i 3
il
E] HEOW |
a L
61(2.40)
212G (4.72)

5-5 Specifications of sub fank

Overall capacity 1254 (76.27 in}

Subtank capacity Full-scale pasition 0.8¢ {(48.81inY)
Low-scale position 022 {12201in3)

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 waler
is being cooled,
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Chapter 6 Cooling Water System
6. Thermostat

4JH Series

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 coocled 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.

Thermaostat cover

o ]
o o
° 5 Thermostat valve

A
°Dz&a X From cylinder head
|

impeller

When valve is closed {by-pass passage is opened)

To heat exchanger

:/ Thermestat valve

From cylinder head

When valve is opened {by-pass passage is closed)

6-2 Thermostat construction

The thermostat used in this engine is of the wax pellet
type, with a solid wax pellet located in a smali chamber.
When the temperature of the cooling water rises, the wax
melts and increases in volume. This expansion and con-
struction is used to open and close the valve,

6-3 Characteristics of thermostat

75 ~ 78°C (167 ~ 174°F)
90° (194°F)
gmm (0.3143 in.)
3.7mm (0.1456 in.)
81.5°C (178°F)

QOpening temperature

Full open temperature

Valve lift at full open

By-pass valve lift

By-pass valve close temperature
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Chapter 6 Cooling Water System
6. Thermostat

4JH Series

6-4 Thermostal inspection

Remove the thermostat cover on top of the fresh water
pump and take out the thermostat. Clean off scale and
rust and inspect, and replace if the characteristics
{performance) have changed, or if the spring is broken,
deformed or corroded. .

Thermostat cover
[fresh water outlet connection}

Gasket

Part No. of thermostat 129470-49800
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6-5 Testing the thermostat

(1) Put the thermostat in a beaker with fresh water, and
heat it on an electric stove. The thermostat is function-
ing normally if it starts to open between 75 ~ 78°C, and
opens 8mm (0.3150in.) or more at 90°C. Replace the
thermostat if it is not functioning normally.

(2) Normally, the thermostat should be inspected every
500 hours of operation, but, it should be inspected
before this if the coocling ternperature rises abnormally
or white smoke is emitted for a long time after engine
starting.

(3) Replace the thermostat every year or 2000 hours of
operation (whichever comes first).




Chapter 6 Cooling Water System
7. Kingston Cock {Optional)

4JH Series

7. Kingston Cock (Optional)

7-1 Construction

The Kingston cock, installed on the bottorn 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.

Sunction pipe

Hull

Kingston cock cover

Screw

7-2 Handling precautions

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

If the Kingston cock is left open, water will flow in reverse
and the vesse! 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

7-3 Inspection

When the cooling water volume has dropped and the
pump is normmal, remove the vessel from the water and
check for clogging of the Kingston cock.

If water leaks from the cock, disassemble the cock and in-
spect if for wear, and repair or replace it.
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Chapter 6 Cooling Water System
8. Sea Warer Filter (Optional)

8. Sea Water Filter (Optional)

When operating the engine in areas where the sea water
contains a large amount of mud, sand or other forgign
matter, a sea water filter should be provided between the
kingston cock and the sea water pump.

Occasionally inspect the sea water filter and clean the dirt
and scale off the element. Remove the dirt and sand from
the bottom of the filter.

4JH Series

.~ Sea water pump

Sea water strainer

Element

From kingston cock

Body

To sea water pump
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Chapter 6 Cooling Water System
9. Bilge Pump and Bilge Strainer (Optional) 4JH Series

9. Bilge Pump and Bilge Strainer (Optional)

Cable connector

48 {1.8898)

Pu
> Lol

[—

57 (2.2440)
w
L]
-
e
B
=
-~
B
x
o
&
w

—
A
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i

]
a

90 (3.5433)
|

Cable connecter

{g_} fr\_h*'—y

\,
¥l
=

R,
=
=
. J )
I ' 4.955 (2.1654) Holes 50 (1.9685)
@17.5 (0.6890)
ooling water outlet  Cooling water inlet
941 Bilge pump 9.2 Bilge strainer
9-1.1 Specifications
Code No. 120345-46010 (with strainer) mm {in.)
Model No. BP190-10 169 (6.6535}
Rating 60 min. g
o —
Voltage 12v @ / §
~— w
Qutput 0w v b4 — N2
~ U L1 ~
Weight 3.0kg {6.6 Ib) s
31.2 Performance of pump (in pure water) 124 (4.8819)
Voltage 11.5v
Suction T
performance Max. suction lift 1.2m (3.94 ft)
Suction time 4 sec.
Voltage 11.5v
Pumnping lift Cument 8A
performance | Total lift 1m (3.28 ft)
Lifting volume of water 17 Hmin
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