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for the purpose.

K the situation.

& IMPORTANT SAFETY NOTICE

Proper service and repair is extremely important for the safe operation of your
machine. The service and repair techniques recommended by @bed and

decribed in this manual are both effective and safe methods of operation. Some
of these operations require the use of tools specially designed by @ pem

To prevent injury to workers, the symbols ﬂland ﬁr\S are used to mark
safety precautions in this manual. The cautions accompanying these symbols
should always be followed carefully. Ifany dangerous situation arises or may
possibly arise, first consider safety, and take the necessary actions to deal with

N\

tinm

J

& SAFETY

GENERAL PRECAUTIONS

Mistakes in operation are extremely dangerous. Read
the Operation and Maintenance Manual carefully BE-
FORE operating the machine.

1.

Before carrying out any greasing or repairs, read
all the precautions given on the decals which are
fixed to the machine.

When carrying out any operation, always wear
safety shoes and helmet. Do not wear loose work
clothes, or clothes with buttons missing.

o Always wear safety glasses when hitting parts
with a hammer.

o Always wear safety glasses when grinding parts
with a grinder, etc.

If welding repairs are needed, always have a
trained, experienced welder carry out the work.
When carrying out welding work, always wear
welding gloves, apron, glasses, cap and other
clothes suited for welding work.

When carrying out any operation with two or more
workers, always agree on the operating proce-
dure before starting. Always inform your fellow
workers before starting any step of the opera-

tion. Before starting work, hang UNDER REAIR
signs on the controls in the operator’s compart-
ment.

Keep all tools in good condition and learn the
correct way to use them.

Decide a place in the repair workshop to keep
tools and removed parts. Always keep the tools
and parts in their correct places. Always keep
the work area clean and make sure that there is
no dirt or oil on the floor. Smoke only in the areas
provided for smoking. Never smoke while work-

ing.

PREPARATIONS FORWORK

7.

Before adding oil or making any repairs, park the
machine on hard, level ground, and block the
wheels or tracks to prevent the machine from
moving.

Before starting work, lower blade, ripper, bucket
or any other work equipment to the ground. If
this is not possible, insert the safety pin or use
blocks to prevent the work equipment from fall-
ing. In addition, be sure to lock all the control
levers and hang warning signs on them.

B(S)(C)4D105
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10.

When disassembling or assembling, support the
machine with blocks, jacks or stands before start-
ing work.

Remove all mud and oil from the steps or other
places used to get on and off the machine. Al-
ways use the handrails, ladders or steps when
getting on or off the machine. Never jump on or
off the machine. If itisimpossible to use the hand-
rails, ladders or steps, use a stand to provide safe
footing.

PRECAUTIONS DURING WORK

11.

12.

13.

14.

15.

When removing the oil filler cap, drain plug or
hydraulic pressure measuring plugs, loosen them
slowly to prevent the oil from spurting out.
Before disconnecting or removing components of
the oil, water or air circuits, first remove the pres-
sure completely from the circuit.

The water and oil in the circuits are hot when the
engine is stopped, so be careful not to get burned.
Wait for the oil and water to cool before carrying
out any work on the oil or water circuits.

Before starting work, remove the leads from the
battery. Always remove the lead from the nega-
tive (-) terminal first.

When raising heavy components, use a hoist or
crane.

Check that the wire rope, chains and hooks are
free from damage.

Always use lifting equipment which has ample
capacity.

Install the lifting equipment at the correct places.
Use a hoist or crane and operate slowly to pre-
vent the component from hitting any other part.
Do not work with any part still raised by the hoist
or crane.

When removing covers which are under internal
pressure or under pressure from a spring, always
leave two bolts in position on opposite sides.
Slowly release the pressure, then slowly loosen
the bolts to remove.

16.

17.

18.

19.

20.

21.

22,

23.

24,

When removing components, be careful not to
break or damage the wiring. Damaged wiring may
cause electrical fires.

When removing piping, stop the fuel or oil from
spilling out. Ifany fuel or oil drips on to the floor,
wipe it up immediately. Fuel or oil on the floor
can cause you to slip, or can even start fires.

As ageneral rule, do not use gasoline to wash
parts. In particular, use only the minimum of gaso-
line when washing electrical parts.

Be sure to assemble all parts again in their origi-

nal places.

Replace any damaged parts with new parts.

o When installing hoses and wires, be sure that
they will not be damaged by contact with other
parts when the machine is being operated.

When installing high pressure hoses, make sure
that they are not twisted. Damaged tubes are dan-
gerous, so be extremely careful when installing
tubes for high pressure circuits. Also, check that
connecting parts are correctly installed.

When assembling or installing parts, always use
the specified tightening torques. When installing
protective parts such as guards, or parts which
vibrate violently or rotate at high speed, be par-
ticularly careful to check that they are installed
correctly.

When aligning two holes, never insert your fin-
gers or hand. Be careful not to get your fingers
caughtinahole.

When measuring hydraulic pressure, check that
the measuring tool is correctly assembled before
taking any measurements.

Take care when removing or installing the tracks
of track-type machines.

When removing the track, the track separates sud-
denly, so never let anyone stand at either end of
the track.

00-002
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FOREWORD

This shop manual has been prepared as an aid to improve the quality of repairs by giving the serviceman
an accurate understanding of the product and by showing him the correct way to perform repairs and make
judgements. Make sure you understand the contents of this manual and use it to full effect at every opportunity.

This shop manual mainly contains the necessary technical information for operations performed in a ser-
vice workshop.

For ease of understanding, the manual is divided into chapters for each main group of components; these
chapters are further divided into the following sections.

STRUCTUREAND FUNCTION
This section explains the structure and function of each component. It serves not only to give an under-
standing of the structure, but also serves as reference material for troubleshooting.

TESTINGAND ADJUSTING
This section explains checks to be made before and after performing repairs, as well as adjust ments to
be made at completion of the checks and repairs.
Troubleshooting charts correlating “Problems” to “Causes” are also included in this section.

DISASSEMBLY AND ASSEMBLY
This section explains the order to be followed when removing, installing, disassembling or assembling
each component, as well as precautions to be taken for these operations.

MAINTENANCE STANDARD
This section gives the judgement standards when inspecting disassembled parts.

NOTICE

The specifications contained in this shop manual are subject to change at any time and
without any advance notice. Contact your beml Regional Office for the latest information.

B(S)(C)4D105 00-003



HOW TO READ THE SHOP MANUAL

HOW TO READ THE SHOP MANUAL

VOLUMES
Shop manuals are issued as a guide to carrying
out repairs. They are divided as follows:

Chassis volume : Issued for every machine
model
Engine volume : Issued for each engine series.
Electrical volume  : 3 Eachissuedas
} one volume to

Attachmentsvolume : J coverall models

These various volumes are designed to avoid
duplicating the same information. Therefore to deal
with all repairs for any model, it is necessary that
chassis, engine, electrical and attachment volumes
are ready.

DISTRIBUTION AND UPDATING

Any additions, amendments or other changes
will be sent to beml Regional office. Get the most
upto-date information before you start any work.

FILING METHOD

1. Seethe page number on the bottom of the page.
File the pages in correct order.

2. Following examples shows how to read the
page number.

REVISED EDITIONMARK (D @2 (3)...)
When a manual is revised, an edition mark is
recorded on the bottom outside corner of the pages.

REVISIONS

Revised pages are shown atthe LIST OF RE-
VISED PAGES on the between the title page and
SAFETY page.

SYMBOLES

So that the shop manual can be of ample prac-
tical use, important places for safety and quality are
marked with the following symbols.

Symbol Item Remarks
Special safety precautions are
& necessary when performing the

work.

Safety Extra special safety precautions

are necessary when performing
ZS the work because it is under

internal pressure.

Special technical precautions or
* Caution | other precautions for preserv
ing standards are necessary

Example. when performing the work.
1—|(t 3 Weight of parts or systems.
Item number (10 Structure Caution necessary when
and Function) Weight | selecting hoisting wire, or when
working posture is important,
Consecutive page number ete.
for each item. Tighten- Places that require special
QE ing torque | attention for the tightening
torque during assembly.
Coat Places to be coated with
12_ B 4_1_0 ) ) & adhesives and lubricants etc.
T Unit number (1. Engine) . —— -
: aces where oil, water or fue
Item m.me.er(z' Testing AW Oil, water | must be added, and the
and Ad jus_,tmg) capacity.
Consecutive page number 5
8 Places where oil or water must
10 of Group 4) 1 Drain | be drained, and quantity to be
drained.
00-004 B(S)(C)4D105-1



HOISTING INSTRUCTIONS

HOISTING INSTRUCTIONS N

ﬁ} Heavy parts (25 kg or more) must be
lifted with a hoist etc. In the Disassembly
and Assembly section, every part weighing
25 kg or more is indicated clearly with the

symbol

1. Ifapart cannot be smoothly removed from the
machine by hoisting, the following checks should
be made:

o Check for removal of all bolts fastening the
part to the relative parts.

e Check for existence of another part causing
interference with the part to be removed.

2. Wireropes
1) Use adequate ropes depending on the weight
of parts to be hoisted, referring to the table

below:
Wire ropes
(Standard “Z” or”S” twist ropes
without galvanizing)

Rope diameter (mm) | Allowable load (tons)
10 1.0
11.2 1.4
12.5 1.6
14 2.2
16 2.8
18 3.6
20 4.4
22.4 5.6
30 10.0
40 18.0
50 28.0
60 40.0

The allowable load value is estimated to be
one-sixth or one-seventh of the breaking

strength of the rope used.

the hook.

Slinging near the edge of the hook may cause
the rope to slip off the hook during hoisting,
and a serious accident can result.

2) Sling wire ropes from the middle portion of

3)

4)

/ \-\

Hooks have maximum strength at the middle
portion.

100%  88% 79% 71%  41%

Do not sling a heavy load with one rope alone,
but sling with two or more ropes symmetrically
wound on to the load.
Slinging with one rope may cause turning
of the load during hoisting, untwisting of the
rope, or slipping of the rope from its origi-
nal winding position on the load, which can
result in a dangerous accident.

Do not sling a heavy load with ropes forming a
wide hanging angle from the hook.
When hoisting a load with two or more ropes,
the force subjected to each rope will increase with
the hanging angles. The table below shows the
variation of allowable load (kg) when hoisting is
made with two ropes, each of which is allowed
to sling up to 1000 kg vertically, at various hang-
ingangles.
When two ropes sling a load vertically, up to 2000
kg of total weight can be suspended. This weight
becomes 1000 kg when two ropes make a 120°
hanging angle. On the other hand, two ropes are
subjected to an excessive force as large as 4000
kg if they sling a 2000 kg load at a lifting angle of
150°.

. P\
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i
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Lifting angle ; «
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STANDARD TIGHTENING TORQUE

STANDARD TIGHTENING TORQUE

1. STANDARD TIGHTENING TORQUE OF BOLTSAND NUTS

The following charts give the standard tightening torques of bolts and nuts. Exceptions are given in

section of “Disassembly and Assembly

Thread diameter width proa o
of bolt across flat
(mm) (mm) kgm Nm
6 10 1.35+0.15 13.2+1.4
8 13 3.2+0.3 31.4+2.9
10 17 6.7£0.7 65.7+6.8
12 19 11.5+£1.0 112+9.8
14 22 18.0+2.0 177+1.9
16 24 28.5+3 279129
18 27 39+4 383+39
20 30 56+6 549+58
22 32 7618 745178
24 36 94.5+10 927+98
27 41 135+15 1320+140
30 46 175+20 1720+190
33 50 225425 22104240
36 55 280+30 2750290
39 60 335+35 3280+340

This torque table does not apply to the bolts with which nylon packings or other non-ferrous metals
washers are to be used, or which require tightening to otherwise specified torque.

* Nm (newton meter): 1 Nm =0.1 kgm

2. TIGHTENING TORQUE OF SPLIT FLANGE BOLTS

Use these torques for split flange bolts.

Thread diameter Width Tightening torque
of bolt across flats
(mm) (mm) kgm Nm
10 14 6.7£0.7 65.7+6.8
12 17 11.5+1 112+9.8
16 22 28.5+3 279+29

00-006
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STANDARD TIGHTENING TORQUE

3. TIGHTENING TORQUE FORNUTS

Sealing surface

alg=

OF FLARED
Use these torques for nut part of flared.
Thread diameter width across flats Tightening torque
of nut part of nut part
(mm) (mm) kgm Nm
14 19 2.520.5 24.5+4.9
18 24 5+2 49+19.6
22 27 8+2 78.5+19.6
24 32 14+3 137.3+29.4
30 36 18+3 176.5+29.4
33 41 2015 196.1+49
36 46 2515 245.2+49
42 55 30+5 294.2+49

COATING MATERIALS

The recommended coating materials prescribed in beml Shop Manuals are listed below.

Nomenclature BEML code Applications
LT-1A Used to apply rubber pads, rubber gaskets, and cork plugs
LT-1B Used to apply resin, rubber, metallic and non-metallic parts when a fast,
strong seal is needed
Adhesives LT-2* Preventing bolts, nuts and plugs from loosening and leaking oil.
LT-3 Provides an airtight, electrically insulating seal.
Used for aluminum surfaces.
LT-4 Used to coat plugs (plate shaped, bowl shaped) and holes, and mating
portion of shaft.
LG-1 Used with gaskets and packings to increase sealing effect.
LG-3 Heat-resistant gasket for precombustion chambers and exhaust piping.
LG4 Used by itself on mounting surfaces on the final drive and transmission
Sealant gasket cases. (Thickness after tightening: 0.07 - 0.08 mm)
LG5 Used by itself to seal grease fittings, tapered screw fittings and tapered
screw fittings in hydraulic circuits of less than 50 mm in diameter.
LG-6 Silicon base type used in combination with LG-1 and LG-4.
LG-7 Has a shorter curing time than LG-6, and is easier to peel off.
Antifriction compound Applied to bearings and taper shafts to facilitate press-fittings and to
(Lubricant including LM-P prevent sticking, burning or rusting.
molybdenum disulfide)
Grease G2-L1 Applied to bearings, sliding parts and oil seals for lubrication, rust

( Lithium grease)

prevention and facilitation of assembling work.

Vaseline

Used for protecting battery electrode terminals from corrosion.

*LT-2isalso called LOCTITE in the shop manuals.

B(S)(C)4D105
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ELECTRICWIRE CODE

ELECTRIC

ELECTRIC WIRE CODE

This wire code table will help you understand WIRING DIAGRAMS.
Example: 5WB indicates a cable having a nominal number 5 and white coating with black stripe.

CLASSIFICATION BY THICKNESS

In the wiring diagrams, various colors and symbols are employed to indicate the thickness of wires.

Nominal Copper Wire
number | Number | Dia.of strands |Cross section | Cable O.D | Currentrating Applicable circuit
strands | (mm) (mm?) (mm) (A)
085 11 0.32 0.88 2.4 12 Starting, lighting,signal etc.
2 26 0.32 2.09 3.1 20 Lighting,signal etc.
5 65 0.32 5.23 4.6 37 Charging and signal
15 84 0.45 13.36 7.0 59 Starting (Glow plug)
40 85 0.80 42.73 114 135 Starting
60 127 0.80 63.84 13.6 178 Starting
100 217 0.80 109.1 17.6 230 Starting
CLASSIFICATION BY COLORAND CODE
Circuits
Prior-| Class Charging  [Ground| Starting Lighting Instrument Signal Other
ity |fication
1 |Pri- |Code w B B R Y G L
mary |Color White Black Black Red Yellow Green Blue
2 Code WR BW RW YR Gw LW
Color | White & red Black & White| Red & White | Yellow &Red |Green & White | Blue & White
3 Code WB BY RB YB xR LR
Color [White & Black Black & Yellow| Red & Black | Yellow & Black| Green & Red |Blue & Red
4 | Aux- |Code WL BR RY YG Gy LY
iliary |Color | White & Blue Black & Red | Red & Yellow | Yellow & Green | Green & Yellow | Blue & Yellow
5 Code WG - RG YL (GB) (LB)
Color [White & Green - Red & Green | Yellow & Blue | (Green & Black)| (Blue & Black)
6 Code - RL YwW G -
Color - Red & Blue | Yellow & White| (Green & Blue) -
00-008 B(S)(C)4D105



ENGINE

11 GENERAL
General VIEW  .....oooovvviiiiiiececcec e 11-002
SPECIfICAtIONS  ....cveevieieieviiee e 11-004
General assemblydrawing .........c.ccccueeeen. 11-006
Performance Curve .......ccccevvvinvenieenn. 11-010
Weighttable ..o 11-014
B(S)(C)4D105 11-01



GENERAL GENERAL VIEW

ASSEMBLY DRAWING 4

B4D105
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Oilfiller

Air cleaner

Fuel injection pump
Oilfilter

Fuel filter
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GENERAL GENERAL VIEW

2

BS4D105

Fan
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Fuel Filter

Fuel injection pump
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Fuel injection pump
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GENERAL

SPECIFICATIONS

SPECIFICATIONS

Engine model B4D105 B4D105
Applicable machine BL9H
No. of cylinders - Bore x Stroke nm 4-105x125
Total piston displacement cc 6,490
Firing order 1-3-4-2
«, | Overalllength mm 1018
S | (Fanto flywheel housing)
€ | Overall width mm 740
£ | Overall height mm 1115
= (Muffler to oil pan)
o | Flywheelhorsepower (kW) 54@2200
% (bhp @ r/min) 73@2200
£ | Torque (N.m/min) [ 278 @1400
£ kgm/rpm @1400
& | Highidling speed r/min 2380~2400
Low idling speed r/min 700 - 800
Min. fuel consumption g/kWh 225
Dry weight kg XXX
Fuel pump MICO
Bosch type
Governor All-speed type
mechanical
Lubricating oilamount () 15
(Refil capacity) (14)
Coolant amount (Engine Only) (I) 24
Aternator 12V, 90A
Starting motor 12V, 3kW
Battery 12V, 200Ah x 1
Air compressor --
Others
11-04 B(S)(C)4D105



GENERAL

SPECIFICATIONS

SPECIFICATIONS

Engine model BS4D105 BSC4D105
Applicable machine 62.5 kVA 82.5 kVA
No. of cylinders - Bore x Stroke mm 4-105x125
Total piston displacement cc 6,490
Firing order 1-3-4-2
., | Overalllength mm 960 965
S | (Fanto flywheel housing)
% Overall width mm 740 740
£ | Overallheight mm 1100 1100
O | (Muffler to oil pan)
© Flywheel horsepower (kW) 58@1500 78@1500
S (bhp @ r/min) 80@1500 102@1500
£ | Torque (N.m/min)
L kgm/rpm
& | Highidling speed r/min 1560max. 1560 max.
Low idling speed r/min 1000~1050 1000~1050
Min. fuel consumption g/kWh
Dry weight kg
Fuel pump MICO MICO
Bosch type Bosch type
Governor All-speed type | Allspeed type
mechanical Mechanical
Lubricating oilamount ()] 15 15
(Refil capacity) (14) (14)
Coolantamount EngineOnly) (I) 24 24
Aternator 12V, 40A 12V, 40A
Starting motor 12V, 3 kW 12V, 3kW
Battery 12V, 200Ah x 1| 12V,200Ahx |
Air compressor -- --
Others

B(S)(C)4D105
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GENERAL GENERAL ASSEMBLY DRAWING

GENERALASSEMBLY DRAWING
B4D105 o,

LEFT SIDE VIEW
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GENERAL ASSEMBLY DRAWING

GENERAL

N

GENERALASSEMBLY DRAWING

B4D105

RIGHT SIDE VIEW.

REAR VIEW
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GENERALASSEMBLY DRAWING
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GENERALASSEMBLY DRAWING

BS4D105

N o g W DN P
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GENERALASSEMBLY DRAWING

BSC4D105 (82.5 kVA)
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PERFORMANCE CURVE

B4D105 (BL9H) ENGINE

: 54 kW @ 2200 r/min.

Flywheel Horse Power
Maximumtorque

: 275 N.m @ 1400 r/min.

: 215 g/(KW.h)

Minimum fuel consumption ratio
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PERFORMANCE CURVE
BS4D105 ( 62.5 kVA)

Flywheel horsepower : 66 hp/2.350 rpm
Max. Torque : 25.58 kgm/1,400 rpm
Min. fuel consumption ratio : 165 g/HP.h

11-012 B(S)(C)4D105



PERFORMANCE CURVE
BSC4D105 ( 82.5 kVA)

Flywheel horsepower : 66 hp/2.350 rpm
Max. Torque : 25.58 kgm/1,400 rpm
Min. fuel consumption ratio : 165 g/HP.h

B(S)(C)4D105 11-013



GENERAL

ASSEMBLY DRAWING

WEIGHT TABLE

& This weight table is a guide for use when transporting or handling component.

B(S)(C)4D105 ENGINE

UnirtHg
Mo [, B4D103 BS{CHD103
CRinpamints BLSH 62.5 KVA, B2.5 KVA
1 Turbochwerger NIFPON GARRETT TO4E - 75
Cylinder haad, valve
2 Cylinder head ascembly vaive epring 40 40
3| Cvindur ok awanity | Einde ok, o 108 s
625 KvA
82.5 kWA 3=
4 | Filywheal assmbily Flywheal, rin gear BLIH 20
BLEH 0 G2.5 KVA
82.5 kWA 30

) Fiywhei housing misembly Flywheel housing

B Timming gear assambly

BL9H

Fi Ol pan

8 Crankghaft assambly Cranksheft, crankshaft gepr 42 42

g Camshatt sasembly Camehaft, camshaft gear B B

Pistan eonnecting rod Fiztan, plston ring, piston pin,

10 | amembly (for one engine] f;g';:‘;mﬂ eonnbcting 1 L)

11 Fuel injection pumg 13 13

12 | Water pump 18 18

13 | Grarting motar 18 16

14 | Alternatar B B

11-014 B(S)(C)4D105



ENGINE

12 STUCTURE AND FUNCTION

GENERAL STRUCTURE .........ccooiiiiiiins

INTAKE AND EXHAUST SYSTEM

Intake and exhaust system ...........cccceeueee.
Turbocharger ......cccccovevvviiiece e

ENGINEBODY

Cylinderhead .........ccccoooeeiiniinicicee,
Main circulationsystem (1/3) .......ccoeeenee.
Main circulationsystem (2/3) ........ccocee.e.
Main circulationsystem (3/3) ......cccceeenee.

LUBRICATION SYSTEM

Lubricationsystemchart ...........c.ccoccevenee.
Ol PUMP i
Regulator valve............ccoceeveniiniincnn,
OIIREr ...
Ol COOIEN ...

FUEL SYSTEM

Fuelsystemchart .........ccccoocevvieiieciecinnn,
For construction equipment .............ccocceevee.
Forgenerator .........cccooieiiiiiiiiciee e
Fuelinjection pump ....ocooeiiniiieeeee,
GOVEIMOI e
Feed puMP .oooeiie e
Fuelinjectionnozzle ..........ccccoevieeineennn,
FUuelfilter .......ocovee e,
Fuel cut solenoid .........cccccvvieiniiiicee

COOLING SYSTEM

Cooling systemchart ..........ccccovvviiiinnnnns
WaLer PUMP......oeeiiiiiniiee e
Thermostat .........ccccoevveeevieeeiieeece e,
CorroSioN reSISLOr .....ccveevvveeeeciieeeirie e,

ELECTRICAL SYSTEM

AREINALOT .....ccoveciiiece e
Starting Motor .........ccoevvevevenieeereeee
Starting aid .......oocevveiiiieee
SENSOM et

ACCESSORY

AIr COMPrESSOr e
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GENERALAND FUNCTION GENERAL STRUCTURE

GENERAL STRUCTURE

B6D105-1
—
1234567 8 9101112 13 1415
| T T TET 8
- F
: - _ _ ( ~ 19
40— T T -
i — ZFM —!_[ —l_I 'O - N 2n
39__# e g ] = » 8 B “‘-—-.21
. e - — C _—‘—___22
38-—’* @ . i @ ]
o ° 23
3 s\izide ]
36
35 |
34 33 32 3130 2928 21 2625 24
1. Fan pulley 11. Valve guide 21. Flywheel
2. Thermostat 12. Rocker arm 22. Rear seal
3. Cylinder block 13. Pushrod 23. Crankshaf
4. Cylinder liner 14. Rocker arm shaft 24. Main bearing cap
5. Piston 15. Cylinder head cover 25. Main bearing
6. Connecting rod 16. Cylinder head 26. Thrust bearing
7. Piston pin 17. Tappet 27. Connecting rod cap
8. Exhaust valve 18. Camshaft bushing 28. Qil pan
9. Intake valve 19. Flywheel housing 29. Oil strainer
10. Valve seat 20. Ring gear 30. Connecting rod bearing
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STRUCTUREAND FUNCTION

GENERAL STRUCTURE

31.
32.
33.
34.

35

43
44

45—
4
a1

48
49
30

51

Frontplate
Crankshaft gear
Front cover

Front seal

. Vibration damper
36.
37.
38.
39.
40.

Crankshaft pulley

Oil pump drive crank gear
Idler gear

Camshaft

Camshaft gear

41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

Fan

Water pump

Nozzle holder
Ribbon heater
Intake manifold
Fuel injection pipe
Coil heater

Fuel filter

Fuel injection pump

Feed pump

51
52.
53.
54.
55.
56.
57.
58.
59.

Oil pump

Muffler

Exhaust manifold
Piston top ring
Piston second ring
Piston oil ring

Oil filter

Starting motor

Dipstick

B(S)(A)6D105-1
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STRUCTUREAND FUNCTION INTAKE AND EXHAUST SYSTEM

INTAKE AND EXHAUST SYSTEM

INTAKE AND EXHAUST SYSTEM CHART
BS6D105-1

General description
1. Structure of intake and exhaust system

The intake and exhaust system consists of the precleaner,
air cleaner, exhaust manifold, muffler and exhaust pipe.
The intake manifold is built-in as a part of the cylinder
head.

BS6D105-1 ENGINE have turbocharger.

. Circulation of intake

The air intake is first filtered through the precleaner to
remove large dust particles after which it is cleaned of
fine dirt and dust by the air cleaner. The air is then
charged into the engine.

In case of turbocharger type engine, afte filter through
the air cleaners, th air intake is charged into the cylinders
under pressure by the blower impellers in the turbocharger.

Precleaner

Air cleaner

Turbocharger (BS6D105)
Blower impeller (BS6D105)
Intake manifold

Turbine impeller (BS6D105)
Muffler

Exhaust pipe

© © N o g M w D P

Dust indicator

[y
o

. Cylinder head
. Cylinder block

= e
N P

Piston

[a—y
w

Exhaust manifold

3. Functions of dust indicator

After filtered through the air cleaner, the negative in-
take air pressure is transmitted to the dust indicator on
the operator’s instrument panel. Thereby, the clogged
condition of the air cleaer can be sensed by the operator
in his seat.

Dust indicator is actuated (gives a red warning mark)
when the negative air pressure reaches 635 mm (water
column).

. Circulation of exhaust

Gases produced by the combusions in the cylinders
pass through the exhaust manifold, silenced by muffler,
and expelled from the exhaust pipe.

In case of turbocharger type engine, gases passed
through the exhaust manifold are charged into muffler
after driving the turbine impellers (the blower impellers).

12-04
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STRUCTUREAND FUNCTION INTAKE AND EXHAUST SYSTEM

BS6D105-1 INTAKE SYSTEM
Air cleaner body

For BE220-1, BE220LC-2 Outer element
Inner element
Intake pipe
Turbocharger
Intake pipe

Intake manifold

© © N o gk~ w D

Electrical intake air heater

-
o

Coil heater

[EEN
[N

. Relay switch

=
N

Dust indicator

BS6D105-1 EXHAUST SYSTEM

For BE220-1, BE220-2, BE220LC-2 For BE200-3, BE200LC-3,
BE100-2, BE125-1 BE220-3, BE220LC-3

2. Aircleaner body  15. Exhaust pipe

5. Intake pipe 16. Exhaust manifold
6. Turbocharger 18. Exhaust connector pipe
13. Muffler

B(S)(A)6D105-1 12-05



STRUCTUREAND FUNCTION

INTAKE AND EXHAUST SYSTEM

TURBOCHARGER

Piston ring
Turbine housing
Shroud

Journal bearing
Retaining ring
Center housing

Sealring

© © N o g & w D P

. Thrust bearing

=
©

Back plate

[EEN
[N

. Spring

Turbine impeller (Wheel shaft)

13

Thrust collar
Blower impeller
Blower housing

Lock nut

Airinlet port

Air outlet port
Exhaust inlet port
Exhaust outlet port
Oil inlet port

Oil outlet port

12-06
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STRUCTUREAND FUNCTION INTAKE AND EXHAUST SYSTEM

Structure: Specification :
. The turbocharger for BS6D105 type engine is the type Item Specification
TO4B. Type NIPPON GARRETT T04B
. Theturbocharger consists mainly of the blower housing, Overall length (mm) 225
blower impeller, turbine housing, wheel shaft and the cen- Overall width (mm) 195
ter housing provided with bearings and seals and form- Overall height (mm) 150
ing the lubrication and support section. Weight (kg) 75
. As the rotating components of a turbocharger, a wheel Continuous (rmp) 125,000 (max.)
shaft consists of turbine impellers and a shaft integrated rotating speed
together, and blower impellers are forcefitted on the shaft Maximum charge (kg/min.) 2
portion opposite to the turbine impellers and fixed posi- Compression ratio 3 (max.)
tively with lock nuts. Appropriate (°C) 675 max. (at inlet port)
. The blower housing and the center housing and inter exhaust temp.
connected with ring type V-clamps, while the center hous- Direction of rotation Clockwise as viewed from
ing and the turbine housing are mutually secured with 6 the blower side
bolts.
Function :

. Inthe turbocharger, the turbine impeller is rotated by the
energy of the flowing gases poduced by combustion in
the cylinders, and the blower impeller on the same shaft
in turn charges the intake air into the cylindes under pres-
sure.

. For lubrication, the engine oil is supplied through a hole
in the top of the center housing. The oil flows back into
the engine oil pan through a hole in the bottom of the
center housing after lubricating the bearing.

Oil in the turbocharger is prevented from leaking out by
means of the seals on both sides of the center housing.

B(S)(A)6D105-1 12-07
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ENGINE BODY

ENGINE BODY
CYLINDER HEAD

=
©

Yi

© © N o g M w D P

=

Yz

Cylinder head mounting bolt
Nozzle holder

Head cover

Rocker arm shaft

Cylinder head

Cylinder head gasket

Valve guide

Exhast valve

Valve seat

Nozzle holder packing

1.
12,
13.
14,
15,
16.
17.
18.

Section of intake valve {No. 1 cylinder)

Nozzle holder sleeve
Oil filler cap

Valve spring guide
Valve cotter

Valve spring

Valve spring seat
Intake valve

Push rod

-Y’ : Center of cylinder

12-08
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STRUCTUREAND FUNCTION ENGINE BODY

Structure :
1. Cylinder head 4. Cylinder head gasket
. The cylinder head is provided with the following. . The cylinder head gasket comprises top the bottom
features, for the smooth flow of the intake air and sheets of steel with interlocking claws, and con-
exhaust, as well as, for the satisfactory mixing of fuel taining a sheet of asbestos rubber adhered to the
and air;by imparting a swirling motion. inside face of the sheets, to withstand the high pressure
1) One intake air port and one exhaust port are provided and heat.
separately for each cylinder with a large space betwe- | The areas surrounding water oil and tappet holes
en the valves. are treated with a special coating to increase their
2) The intake air port (1) is shaped as a spiral as shown sealing effect.
below. . Steel wires are inserted around the holes in the

cylinders to catch hold of the stainless steel grom-
mets;thereby preventing gas leakage.

Detail of intake port

Section of intake and exhaust ports

Furthermore, the cylinder head is designed to prevent
the concentration of thermal and mechanical stresses.

1) Edges are eliminated from the machine parts.

2) The intake and exhaust valves are positioned alter-
nately for the uniform distribution of heat on the
heads underside surfacc.

3) The flow of cooling water surrounding the injection
nozzles, exhaust ports, where the temperature is
liable to rise a marked degree, is forced to flow
fast by means of guide tubes (directors).

2. Intake and exhaust valve
Valve inserts with high heat and wear resistant
qualities are force fitted into the seats for the intake
and exhaust valve.

3. Valve seat insert
When the valve seats have worn out excessively,
only the inserts need to be replaced, eliminating
the necessity of replacing the heads.

B(S)(A)6D105-1 12-09



STRUCTUREAND FUNCTION

ENGINE BODY

MAIN CIRCULATION PART (1/3)

© N o o > w DN -

Section B — B (No adapter)  Saction B — B (With adapter)

Bearing cover

Front cover

Cap (for engine speed take out)
Adapter (For engine speed take out)
Camshaft gear (52 teeth)

Idler gear (40 teeth)

Idler gear shaft

Bushing

9.
10.
1.
12,
13.
14,

Thrust plate (for idler gear)
Front plate

Cylinder block

Thrust plate (for camshaft gear)
Main bearing cap

Main bearing cap bolt

X-X’: Center of crankshaft

Y-Y’: Center of cylinder

12-010
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STRUCTUREAND FUNCTION

ENGINE BODY

Cylinder block

Crankshaft
Camshaft

Crankshaft

Camshaft

7 bearings
4 bearings

Stamp forging
High frequency hardening
on journal face

Stamp forging
High frequency hardening
on journal face and cam face

Valve timing
S
T.D.C.
Intake 18116 Exhaust
open close
‘ Exhaust
Intake ?'35 Spén
close 6° -
- o)
B.D.C.

B(S)(A)6D105-1
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STRUCTUREAND FUNCTION

ENGINE BODY

MAIN CIRCULATION PART (2/3)

O
N O

© © N o g M w D P

1
2 z
Y1 Y2 Y3
3
4
5 1
b = _
1 | —
O — | 5 ——
v
B I\
\ | | §{k i
¥ o A BAUPRLY Y .
X i N f R H R X
H ¢b II\\ . s
| _ T]I i ( A %
ot l_.J .
Y1 Y2 Y3
1" 12 13 14 15 16
Piston 14. Crankshaft gear (26 teeth)
Topring 15. Connecting rod bearing (Lower)
Second ring 16. Connecting rod bearing (Upper)
Oilring 17. Tappet
Snapring 18. Cam shaft
Piston pin 19. Crankshaft
Connecting rod 20. Main bearing (Upper)
Crankshaft pulley mounting bolt 21. Main bearig (Lower)
Tapered collar 22. Thrust metal
Vibration damper 23. Rear seal
. Crankshaft pulley 24. Ringgear
Front seal 25. Flywheel
Oil pump drive gear (44 teeth)

[a—y
w
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STRUCTUREAND FUNCTION ENGINE BODY

17 Valve timing
B6D105-1
o—N
T.D.C.
z 12° 12
Ya Ys Ye \ntake Exhags,
opel cloge
‘M G )
I A L ) . 2, & &
T
<
(1 B P __ P _l \| _ /OJ.‘:"FQ (’rooeo
| ! -
. — |
B 7= = | - 2= P — ll | 38’ Ag“
N TG IO I, T BDC.
rlt /, ¢
4 v ¢ -
i ( /‘)' M m— Valve timing
| : ¥ |
| : a
x— L] 1 1hS 74 G x BS6D105-1
I \\ @\*\ / b
( v N ( ‘\‘\_Q T.D.C.
Ho ]k ~ _ _ : RCRCY
@ Xha
—4 ope“ 01053 ust
Ya Ys Y& j
r'gri* '\% R
19 20 2 22 23 &%
n &
24 25 clogeke
20° AB'
B.D.C.
Piston Piston ring
. Type: Oval taper profile, thermal flow type. Engine Top ring Second ring Oil ring
Combustion chamber : ‘ _
MTCC (Micro Turbulence combus- CO—— [ —
tion Chamber) Magelstrom-combus- B6D10 Flat barrel Tapered face With coil expander
tion chamber. 51 Hard chrome Inner cut. Hard chrome )
. | plated. plated.
ront seal :
Single lip with dust seal. BSED105 [ et e — —
105-1
R | (Engine Keystone barrel. Single keystone With coil expander,
ear seal . . . . No., — ) Hard chrome tapered face. Hard chrome
Double lip (for construction equip- plated. plated.
ment
Singl)e lip (for generator) — o m— Coil steel type
BS6D7105-1 _
Piston cooling : (Engine Keystone barrel. |  Single keystone _ _
. — Hard ch tapered face. With coil expander.
Holes on cylinder block No.x—} | s ome apered ta Hard chrome
for cooling patec.

*: Refer to Parts Book for applicable Engine No.
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STRUCTUREAND FUNCTION ENGINE BODY

MAIN CIRCULATION PART (3/3)

U

&

e

"
N

Flywheel housing X-X’ : Center of crankshaft
Flywheel mounting bolt Y-Y’ : Center of cylinder
Cylinder liner

Crevice seal

Liner O-ring (Black)
Liner O-ring (Orange)

Oil pump regulator valve

1
2.
3.
4.
5.
6.
7.
8.

Camshaft bushing
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STRUCTUREAND FUNCTION ENGINE BODY

n

Cylinder liner
Wet type. Inside horning
Liner ring

Top: Crevice seal
Center : O-ring (Nitrile rubber)
Lower : O-ring (Silicon rubber)

B(S)(A)6D105-1 12-015



STRUCTUREAND FUNCTION LUBRICATING SYSTEM

LUBRICATING SYSTEM
LUBRICATING SYSTEM CHART

B(S)6D105-1

=

(S

C_ {om

| SRR

1. Oilstrainer 8. Crankshaft

2. Oilpump 9. Camshaft 17. Oil level sensor

3. Oil cooler 10. Piston (For BE200-3,CE220-C

4 Oilfilter 11 Piston cooling BE200LC-3, BE220LC-3)
5. Regulator valve 12. Rocker arm 17. Oil Pressure sensor

6. Oil filter safety valve 13. Intake or exhaust vavle (For BE200-3 CE220-C

7. Oil cooler relief valve 14. Turbocharger (BS6D105-1) BE200LC-3,BE220LC-3)
7’ Oil cooler thermo valve 15. Fuel injection pump W. Cooling water

7”. Oil cooler relief valve 16. Timing gear

12-016 B(S)(A)6D105-1



STRUCTUREAND FUNCTION

LUBRICATING SYSTEM
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Structure of lubricating system
The lubricating system consists mainly of the oil
strainer, oil pump, oil pump regulato, oil coller, oil filter

and safety valve to lubricate various engine parts.

Circulation of lubricating oil

The lube oil flows from the oil pan to the oil pump
through the oil strainer where relatively large particles
of dust, dirt or foreign matter is removed from the oil.
The oil pump is driven by the gear in the crankshaft
cluster to such in and charge out the oil under
pressure.

The oil discharged from the pump is cleaned fully
through the oil filter (full-flow type.)

Thus, the oil is distributed to various lubrication points
in the engine.

The oil is cooled, through heat exchanger with the
engine cooling water in the oil cooler.

B(S)(A)6D105-1
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STRUCTUREAND FUNCTION

FUNCTION OF THE OIL PUMP REGULA-
TOR

The oil pump regulator is provided in the discharge
circuit of the main oil pump. To prevent excessive
increase in the oil pressure in the lubrication
system.

If the oil pressure rises excessively, the oil pressure
on the discharge side (C) will depress the regulator
valve (2), opening the return circuit (E), which will,
in turn, cause the oil to flow back the the suction
side of the pump.

From oil pump

FUNCTION OF THE SAFETY VALVE

In the lubrication circuit, a safety valve is provided
in the filter in addition to the oil pump regulator to
prevent the interruption of oil flow to the lubricat-
ing points due to the clogged oil filter.

The safety valve is actuated by the pressure differ-
ence at the in and out side of the oil filter.

In the element (2) of the oil filter (1) is clogged, the
pressure deference between outside and inside of
the filter element will be larger, pushing in the valve
(3), which will in turn, casue the oil discharged from
the oil pump (A) to flow directly to various engine
parts (B), not by-passing the filter element.

1. Oilpump A. 1. Oilfilter A. From oil pump
2. Regulator valve B. Oil pump suction side 2. Filter element B. To various engine parts
3. Valvespring C. Oil pump discharge side 3. Safety valve
4. Regulator case D. Tooil filter
5. Plug E Oil return circuit
12-018 B(S)(A)6D105-1
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LUBRICATING SYSTEM

OIL PUMP

Oil pump
Type: Trochoid Pump
Pump speed: Engine speed x 1.158

Front oil seal
Single lip with dust seal

Structure
Oil pump isinstalled in the engine front cover.

The drive gear is attached at the rear end of the rotor
shaft of the oil pump and is in gear with the drive gear at
the front side of the crankshaft.

- Intake

Outer rotor
Pump cover
. Pump shaft
. Bushing

. Inner rotor

. Pump body

N o o N oW N P

. Drive gear (38 teeth)

Function
The inner rotor (1) of a trochoid pump is rotated to-
gether with the rotor shaft (3). The number of teeth in
the inner rotor is one less than the outer rotor (2). Both
rotors rotates in the same direction with their respective
centers set off.
The oil is sucked into the pump when the tooth clear-
ance between the inner and outer rotors is extended.
The oil is discharged when the tooth clearance becomes
smaller.

Exhaust

B(S)(A)6D105-1
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STRUCTUREAND FUNCTION LUBRICATING SYSTEM

Oil pump body
Drive gear

Pump cover

Pump drive gear (38 teeth)

Drive shaft

Driven gear
Driven shaft

Regulator valve

© o N o g B~ wWw DN P

Valve spring
10.Valveretainer
A.From oil strainer

B. From oil pump

C. To engine each section

D. Tooil pan

Oil pump
Type: Gear Pump
Pump speed: Engine speed x 1.158

Regulator valve
Cracking pressure : 6.5+0.5 kg/cm=2

Function

The gears rotate in the direction shown by arrow so that
the vacancy enclosed with each gear and pump body is
filled with oil.

The enclosed oil is moved along the pump body wall
toward the pump outlet with rotation of the gear.

Gear

Pump body . Onthe oil outlet side, two gear are meshed with each
Gear other to eliminate clearance, thus forcing the oil to go out
of the outlet port.
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REGULATOR VALVE
I 2 J 4 3
1 Nut
2. Shim
3. Valve body
il (- 4. Valve
5. Valvespring

Regulator valve
Cracking pressure: 8.25t08.75 kg/cm=

OILFILTER (with safety valve)

1. Filter bracket

u__L, 2. Cartridge

A. From oil pump

B. To engine each section
e a. Oil pressure tap
Safety valve cracking pressure

3 : 1+0.2 kg/cm2
L Oil filter effective area : 0.5m2

B(S)(A)6D105-1 12-021



STRUCTUREAND FUNCTION LUBRICATING SYSTEM

OIL COOLER
—-C B
{O\= ®
i
A '__ﬁ Uﬂ:
Ao P o
—C B é

Section B—B

Section E~E Section D-D

Section C—C

Oil cooler by-pass valve

1. Valvespring Cracking pressure : 4+0.2 kg/cm2
2. By-pass valve
3. Valve case Structure and function
The oil cooler consists of element and cover. The oil flow-
4. Cooler cover ing through the cooler element with the cooling fin is
5. Cooler element cooled properly by the engine cooling water flowing
G From oil pump (oil) outside the element.
H

. To engine each section (oil)

I.  From water pump (Water)

a. Water drain port
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STRUCTUREAND FUNCTION

LUBRICATING SYSTEM

J K £~
I
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' Section B~B
G
4 5
\ \ / /S
— ‘/ .
./“ nl H
Section A—A
Section E—-E
1. Spring Oil cooler thermo valve
2 Thermo valve Valve opening temperature 104° C
. 0
3. Valve spring szmperaturewhen fullyopen: 110 C
Lift when fully open 5mmmin.
4. Cooler cover
5. Cooler element

G From oil pump (oil)

H. To engine each section (oil)
I. From water pump (Water)

J. Tooail filter (Oil)

K. To engine each section (\Water)

B(S)(A)6D105-1
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FUEL SYSTEM

FUEL SYSTEM
FUELSYSTEM CHART

3
4
[+]
o

1. Fuel tank

2. Feed pump

3. Fuelfilter

4. Fuel injection pump

5. Fuel injection nozzle

GENERAL DESCRIPTION

1. Structure and function
The Fuel system consists mainly of the fuel tank, feed
pump, fuel filter, fuel injection pump, fuel injection
nozzles and governor (built as one unit with the fuel
injection pump).

2. Circulation of fuel

1) Fuel isdelivered from the fuel tank to the injection
pump though the fuel filter by the feed pump driven
by the fuel injection pump cam. During the course
from the tank to the injection pump, the fuel is cleaned
of rough dirt through the gauge filter at the inlet to
the feed pump. Then, complete dust removal and water
separation from the oil are accomplished through the fil-
ter.

2) Fuel entering the injection pump is pressurized by the
pump plunger to that required for injection and injected
into each cylinder through the injection nozzle timing for
the cylinder.

12-024
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STRUCTUREAND FUNCTION FUEL SYSTEM
FOR CONSTRUCTION EQUIPMENT
1 2 3 8 3
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18 18
1. Fuel hose (Filter inlet) 11. Fuel injection pump drive gear (52 teeth)
2. Fuel hose (Filter outlet) 12. Ball bearing
3. Fuel injection pipe (No. 6) 13. Engine speed takeout shaft
4. Fuel injection pipe (No. 5) 14. Lock nut
5. Fuel injection pipe (No. 4) 15. Drive shaft
6. Fuel injection pipe (No. 3) 16. Oil tube (Supply)
7. Fuel injection pipe (No. 2) 17. Pump bracket
8. Fuel injection pipe (No. 1) 18. Fuel injection pump
9. Spill tube 19. Fuelfilter
10. Air compressor 20. Oil tube (return)

B(S)(A)6D105-1
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STRUCTUREAND FUNCTION FUEL SYSTEM

Fustinjection] ____ oo -| Fuel tank ]

- {Fuel filte
L—‘rucr injection pump
'

Fuel circuit diagram

| 20
Z view Z' view
A: Form fuel tank (Fuel) Fuel injection pump
Type :  Bosch type PE-A
B From feed pump (Fuel) Lubrication : Forced lubrication
C. From fuel filter (Fuel)
S Governor
D: From injection pump (Fuel) Type : Bosch RSV, centrifugal, all speed
E Tofuel tank (Fuel)
£ Erom ol purmp (Oil Fuel injection nozzle
' pump (Ol Type . Multiple hole
G Tooil pan (Qil) Injection pressure : 225kg/cm?

Fuel injection timing
See TESTING AND ADJUSTING DATA.
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STRUCTUREAND FUNCTION

FUEL SYSTEM

FOR GENERATOR
1 2 4 5 6 1 8 9
)
f M = | b ' M \
AL NS ) |
———— \ —
U N— 11
/j |
,l‘(ib Z'-—-— —_
| F
| ? Aflal i 13
! L 14
|
I
/ |
11 16 13
1. Fuel hose (Filter inlet) 11. Fuel injection pump drive gear (52 teeth)
2. Fuel hose (Filter outlet) 12. Ball bearing
3. Fuel injection pipe (No. 6) 13. Lock nut
4. Fuel injection pipe (No. 5) 14. Drive shaft
5. Fuel injection pipe (No. 4) 15. Oil tube (Supply)
6. Fuel injection pipe (No. 3) 16. Pump bracket
7. Fuel injection pipe (No. 2) 17. Fuel injection pump
8. Fuel injection pipe (No. 1) 18. Fuelfilter
9. Spill tube 19. Oil tube (return)
10. Injection pump drive gear
B(S)(A)6D105-1 12-027



STRUCTUREAND FUNCTION

FUEL SYSTEM

. Form fuel tank (Fuel)

From feed pump (Fuel)
From fuel filter (Fuel)

From injection pump (Fuel)
To fuel tank (Fuel)

From oil pump (Qil)

G M m g O W >

Tooil pan (Oil)

a. Air bleeding bolt

Fuel injection pump

Type :  Bosch type PE-A
Lubrication : Forced lubrication
Governor

Type : Bosch RSV, centrifugal, all speed

Fuel injection nozzle
Type : Multiple hole
Injection pressure : 225kg/cm?

Fuel injection timing
See TESTING AND ADJUSTING DATA.

12-028
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STRUCTUREAND FUNCTION FUEL SYSTEM

FUEL INJECTION PUMP

. Delivery valve holder
. Delivery valve spring

. Delivery valve

1

2

3

4. Oil reservoi
5. Plunger barrel
6. Plunger

7. Deflector
8. Control rack

9. Control sleeve

10. Plunger spring
11. Tappet
12. Camshaft
GENERAL DESCRIPTION
The fuel injection pump is a Bosh type PES-A. Its | |
pump housing, governor housing are forced lubricated
with the engine oil.
The fuel injection pmp is driven by the pump drive .
gear in the timing gear cluster and the direction of its e °
rotation is clockwise as viewed from the driving (fly- - ~ N
wheel) side. Bl 3
= i
13. Oilinlet port A. Frommain gallery g Ty
14. Oil outlet port B. Tooil pan | B TR N\
. \
15. Drain plug / /f A \\ B
. . \
16. Drain plug 13 16 i5 14
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FUEL SYSTEM

GOVERNOR

GENERAL DESCRIPTION

1. Functions of governor
The governor isa Bosch RSV mechanical all-speed

type and serves to control the engine output power

by changing the position of the control rack in the

fuel injection pump (by adjusting the quantity of fuel

injected).

A flyweight actuated by the centrifugal force in the

governor serves to move the sleeve depending on

change in the rotational speed and adjust the move

ment of control rack through the guide lever.

On the other hand, the fuel control lever adjusts the
movement of the contol rack though the tension lever

for the governor spring.

Tension lever
Start spring
Floating lever
Guide lever
Idling sub-spring
Shifter

Sleeve

Angleich spring
Flyweight
Full-load stopper

E-N
© o N o o A~ w DN

O —w o wn
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. Control rack

[y
N

Swivel lever

w0
[a—y
w

. Governor spring

=
b

Control lever
Camshaft

=
o1

10

=
o

Torque spring

[y
~N

Lever

In addition to the above, the angleich unit adjusting
the maximum fuel injection quantity at various rota-
tional speeds, the torque spring unit to obtain an in-
jection quantity corresponding to a sharp change in
load during engine operation, an idling such-spring
to maintain an idling speed, a start spring to as the
engine starting, etc. are installed in the governor.

12-030
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STRUCTUREAND FUNCTION FUEL SYSTEM

FEED PUMP

Gaugze filter
Nut

Oil seal

Priming pump
Camshaft
Piston

Suction port

W P> oo~ w NP

Discharge port

The fuel pump is driven by the cam on the fuel injec-
tion pump camshaft and delivers fuel under pressure
of approx. 1.5 kg/cm?2. When removing the air, you
can feed the fuel by pushing the priming pump by
hands.

Function
1 Preparation for fuel delivery
The piston (6) in the pump is pushed in by the cam on

the camshaft (5) causing the fuel in the lower section . Camshaft
below the piston to open the check valve (7) on the . Piston
discharge side and flow into the upper section of the  Check valve
piston. . Check valve

At this time, the check valve (8) on the suction side is
closed under the pressure of fuel pushed in by the
piston, thereby preventing the reverse flow of fuel.

. Piston spring
. Suction port

. Discharge port

2. Suction and discharge

If the camshaft (5) is rotated, bringing the cam out of
the piston, the piston (6) will be pushed upward by
the piston spring (9). The resultant fuel pressure will
close the check vavle (7) on the discharge side, while
fuel is delivered to the discharge port (B).

In the section below th piston will be generated the
negative prssure, causing the check vavle (A) on the
suction side to open so as to draw in fuel.

B(S)(A)6D105-1 12-031
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3. Control fuel supply

Fuel in the section above the piston is through di- _ Piston
rectly to the pass_age on the_ dls_charge s@e. If the fuel " Check valve
pressure on the discharge side increases, it will becom

. Check valve

impossible to push the piston (6) upward by the pis-

ton spring (9). Tus, the suction and discharge of fuel

will be stopped until the fuel pressure on the discharge

side drops by controlling the fuel quantity to be de-
livered.

. Piston spring
. Suction port

. Discharge port

4. Function of the priming pump
The priming pump discharges fuel in the section be-
low the piston when the piston (11) is pushed in by
hand, and sucks in fuel when the piston is drawn up
by spring (10).
The check valves on the suction and the discharge
sides (7) and (8) are used i common with those in the
feed pump body. When delivery fuel, the valves on
the suction side are closed and those on the discharge
side are opened. When sucking in fuel, the valves
on the suction sides are opened and those on th
dicharge side are closed.

Qil discharge A Oil suction

7. Checkvalve
8. Checkvalve
10. Spring
11. Piston

A. Suction port

B. Discharge port

12-032 B(S)(A)6D105-1
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FUEL SYSTEM

FUEL INJECTION NOZZLE

Structure and function

The fuel injection nozzle is of a MULTIPLE HOLE type
Fuel injection pressure: 225 kg/cm?

The high-pressure fuel delivered from the fuel injec-
tion pump is accumulated in the space at the tip of the
nozzle. When the fuel pressure built up in the space
overcome the tension of the nozzle spring compress-
ing plunger (5), the plunger is lifted. Thus, fuel isin-
jected into the combustion chamber through the four

holes .

Specification

w

DIESEL KIKI
Fuel injection presure

© N o o &~ w D=

Nozzle holder cap
Adjust screw
Nozzle spring
Nozzle holder body
Push rod

Nozzle cap

Nozzle body

Nozzle

A. From fuel pump

Fuel chamber

To fuel tank

225 kg/cm?

B(S)(A)6D105-1
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FUEL FILTER

1. Airbleeding plug
2. Filter bracket
3. Cartridge

A. From feed pump

B. Tofuel injection pump

Fuel filter
Fuel filter effective area : 0.3 m3

Function
The fuel filter is a cartridge type and serves to remove
dust, foreign substances of the fuel through filter
paper from the feed pump.
When fuel is contaminated with water, the wate will
be separated from the fuel while flowing through the
filter, resulting in accumulated water in the lower part
of filter.
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FUEL CUT SOLENOID

X - B Y i P
b i
i i
il GE
o G
inner wiring
1. Case MAGNETICSWITCH
. Maker: NIKKO DENKI
2. Piston
_ . Type: Sealed
3. Cail . Rated voltage: = DC24V
Operating current
Maximum: 35A max.
Continuity: 0.5Amax.
Stroke: 12+0.1mm
Weight: 2.7kg

B(S)(A)6D105-1 12-035
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COOLING SYSTEM

COOLINGSYSTEM CHART
1 2 12 3 4 5
/
b
. \ ‘.’Q‘
™ e
< -
1
8
~
| || 9
Oy
10
1. Radiator
2. Thermostat A
3. Water pump 6. Corrosionresistor 11 Oil cooler
4. \Water temperature gauge 1" 7. Cylinder head 12. Termo sensor
. . for BE200-3, BE220-3,
5. Water manifold (integrated 8. Cylider liner BE200LC-3,BE220LC-3
with the cylinder head)
9. Piston A. Fromoil pump (Qil)
GENERAL DESCRIPTION 10. Cylinder block

1. Structure of cooling system
The cooling system consists of the water pump, ther-  3) The cooling water in Thermostat will flow back to the

mostat, radiator, fan and water piping. It servesto water pump, when the water temperature is below
cool the cylinder liners, and the areas surrounding appox. 76 °C (generator: 80 to 84°C). If the water tem-
the combustion parts in the cylinder heads. perature is over approx. 90°C (generator: 95°C) OR SO,
In addition, oil piping or oil cooler is equipped for the thermostat will be opened fully, causing the water
cooling oil by the engine cooling water. to flow into the radator for cooling.

2. Circulation of cooling water 4) While the water temperature ranges from 76° (genera-
1) The cooling water is distributed under pressure from tor: 80 to 84°C) to approx. 90°C (generator: 95°C), some
the water pump driven together with the fan through of the water flows back to the water pump and the

the fan belt from the crank pulley. other to the radiator. The ratio of water flowing to the
2) The cooling water distributed under pressure from the pump and the radiator depends on the degree of open-
water pump passes through the oil cooer, cools vari- ing (varyling with the temperatre) of the thermostat.

ous parts in the engine, collects in the cylinder heads,
and from there flows into the thermostat.

12-036 B(S)(A)6D105-1
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LR
Engine each
section

Water pumpH Qil ooolw]——~

Coolant circuit diagram

Radiator

1. Oilfilter A. Fromoil cooler (oil)

2. Oil cooler B. Toradiator (water)

3. Qil pipe C. Fromradiator (water)

4. Thermostat housing D. Tooil cooler (water)

5. Singer E Toengine (water)

6. Thermostat F. Fromoil pump (oil)

1. Water connector a. Oil pressure takeout port
8. Water tube b. Water drain plug

9. Water hose c. Car heater takeout port

Thermostat

Temperature when start to open : 76.5° C

Temperature when full open :90°C
Full opening life : 10mm

B(S)(A)6D105-1 12-037
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X
Y

1. Spacer A. Toradiator (water)
2. Water tube B. From radiator (water)
3. Bracket C. Toengine each section (water)
4. Adjust plate D. Fromoil pump (oil)
5 Fan E Tooil cooler (cil) X-X’: Center of crankshaft
6. Fan pulley F. Fromoil cooling (oil) Y-Y*: Center of cylinder
7. Fanbelt G. Tooail filter (ail)
8. Water pump H. From ail filter (oil)
9. Alternator I.  Toengine each section (oil)
10. Alternator bracket J.  Toradiator

12-038 B(S)(A)6D105-1
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Pulley diameter

Crankshaft pulley : 144mm

Fan pulley : 156mm

Alternator © 95mm
Alternator

24V, 2A

Closed with regulator type

B(S)(A)6D105-1 12-039



STRUCTUREAND FUNCTION COOLING SYSTEM

WATER PUMP
B6D105-1, BS6D105-1 For BDG75, BDG100, BE200, BE220

1 8 g
1. Lock nut
2. Pulley
3. Shaft
4. Ball bering
5. Pump body
6. Water seal
7. Impeller
8. Snapring
9. Pump cover
A. Toengine each part (water)
— A
N
Fan pulley
Engine Applicable machines Pulley O.D. (mm)
BDG75 156
B6D105-1
BE200-1, BE200-2, BE200LC-2 200
BDG100 156
BS6D105-1 BE220-1,BE220-2,BE220LC-2 175
BLW200-1 256

12-040 B(S)(A)6D105-1
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BS6D105-1, for BE200-3, BE200LC-3, BE220-3 AND BE220LC-3

1 2 3 4 5 B 1 8

-
!
, P
7/
B
1. Pump shaft
2. Pump pulley
3. Ballbering
4. Pump body
5. Water seal Pump Pulley
6. Impeller Engine Applicable machin 0.D. Pulley
7. Snapring models (mm)
8. Pump cover BS6D105-1 | BE200-3, BE200LC-3 125
BE220-3, BE220Ic-3

A. From radiator

B. Toengine each part

B(S)(A)6D105-1 12-041



STRUCTUREAND FUNCTION COOLING SYSTEM

THERMOSTAT

1. Connector

2. Thermostat

3. Gasket

4. Thermostat case

\@"3'{

@

" A. Toradiator

B. Towater pump

C. From radiator

(e

" Thermostat operation

I Valve cracking temperature 1 745-78.5°C
Cc Valve full opening temperature : 90°C
Full opening lift : 8mm

Structure and function
The thermostat opens or closes depending on the
water temperature and serves to keep the cooling wa-
ter temperature withi the optimum range by automati-
cally adjusting the flow rate of the engine cooling
water into the radiator.

If the enigne cooling water temperature is too high,
oil deterioration, premature deterioration of seals, O-
rings, etc. and overheating will be caused.

Function of the thermostat

Within the thermostat is a cylinder containing was; — -

) ) ) - Application | For construction | Fog generator set
with a high expansion coefficient, movement of the machine
case opens and closes the thermostat valve. -

) ) ) Valve cracking

The optimum temperature of the engine cooling wa_ter temperature 75-78 80 -84
ranges from 75°to 90° C. If the water temperature is (°C)
too low, the engine will not be warmed up, resulting
) ] ; d ) | Valve full open-
in poor engm per ormz_ance ue to improper ¢ ea_rance?s ing temperature 0 %
between pistons and liners. Eventually, excessive oil (°C)
lubrication, oil contamination, and excessive BLOW-

BY will be encountered, during engine operatio

= Where a thermostat is used for a generator, its operat
ing temperature is set at a high degree, because a
continuous operation under light load is relatively
frequent and the engine is difficult to warm up.
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CORROSION RESISTOR

Corrosion resistor

1. Head

2 Cartridge Filterarea : 0.19m=

w

. Element (paper)
4. Element (drug)

5. Spring

A. Inlet cooling water

B. Outlet cooling water

B(S)(A)6D105-1 12-043
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ELECTRICAL SYSTEM
ALTERNATOR

Builtin regulator, open type (1)

i > it
! ] e
E
' A_Iternator l Regulator

1 Regulator Inner connecting diagram
2. Alternetor

3. Alternator

B,E, F R : Eachterminal

2 step pulley

Engine Applicable machine Model Specification Weight Outside diameter
(kg) of pulley (mm)
BS6D105-1 BE200 Nikko Denki 24V, 25A 7.3 95
Open type
BS6D105-B-1 BE220LC-3 7.0
BE200 Nikko Denki 24V, 25A 7.3
BS6D105-1 BE220LC Open type
BE220LC-2
BLWZ200L-1 7.0 7
12-044 B(S)(A)6D105-1
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Built in regulator, open type (2)

=
T gy |-
_ , _ 2
o ol 3
o}-§ $—c
[ANEi=mi
Alternator
; Regulator G E
b 2 step pulley
Inner connecting diagram
1. Alternetor
2. Alternator pulley
B, E, R : Each terminal
Engine Applicable machine Model Specification Weight Outside diameter
(kg) of pulley (mm)
B6D105-1 BLW200-1
Sawafuji Denki 24V, 50A 125 85
Open type
BS6D105-1

B(S)(A)6D105-1 12-045
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BL200, G10T(ATT),BD50, 100kVA, 125kVA

E—EARTH CONNECTION

EARTH LEAD

THIS LEAD SHOULD BE REMOVED

HJ
AFTER ENGINE TESTING AND s i Y I
BEFORE CONNECTING THE - E

VEHICLE WIRING HARNESS.

2-LUCAR TERMINALS

+VE OUTPUT TERMINAL

il

1. Alternetor

WARNING

. LAMP

SWITCH

2. Alternator Pulley

ALTERNATOR
TERMINAL| SIZE TIGHTENING TORQUE
+VE M8x1.25 45kg.cm - 55kg.cm /
-VE M6 x 1 25kg.cm - 30kg.cm 2 | ®HVE
WL LUCAR - -
6.35x 0.8t BAWE_R;E
W N -

W= A.CPHASE TAPTERMINAL
(UNREGULATED VOLTAGE TERMINAL)

iff——®

Engine Model | Applicable machine Type Specification Weight Outside diameter
model (kg) of pulley (mm)
BL200
B6D105-1 LUCASTVS 24V, 30A 10 95
G10T (ATT)
BS6D105-1 BD50 LUCASTVS 24V, 45A 10 95
BS6D105-1 BG605BX/G12T(ATT)| LUCASTVS 24V, 45A 10 95
BS6D105G 100KVAENGINE LUCASTVS 24V, 30A 10 95
BSA6D105G 125KVAENGINE LUCASTVS 24V, 30A 10 95

12-046 B(S)(A)6D105-1
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STARTING MOTOR
BD50, 100kVA, 125kVA 1

B

VIEW X' l i

\wi@ & | @
ﬁ N
\
ﬂr @ @
\AFFIX STICKER
WITH PART NO.
(OPPOSITE SIDE)
NEGATIVE TERMINAL
M12x1.75
4 ST STARTING
NUT 19 A/F HEX. RELAY MOTOR
SOLENOID TERMINAL N ] T
M5x0.8 e %5
NUT 8 A/F HEX. T ) C
BATTERY TERMINAL LUCAS—TVS
M12 x 1.75
NUT 19 A/F HEX.
1 Magnetic Switch
2. Pinion
3. Starting Motor
B,C.E: TERMINALS STARTING MOTOR
Engine Model Applicable machine Type Specification Weight | No. of teeth
model (kg) for pinion
BS6D105-1 BD50 LUCASTVS 24V, 7.5kW 32 12
(SM130PE)
BS6D105-1 BG605BX/G12T (ATT) LUCASTVS 24V, 45kW 32 11
BS6D105G 100 kVA LUCASTVS 24V, 45kW 32 11
BSA6D105G 125 kVA LUCASTVS 24V, 45kW 32 11
BL200
B6D105-1 LUCASTVS 24V, 45kW 32 11
G10T (ATT)
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Buit in safety relay

_.\L/

P mm—

-

| .

®

\z

=1°‘L

Safe-tv relay

B, C, SW : Each terminal

Starting motor

Inner connection diagram

Engine Applicable machine Model Specification Weight | No. of teeth
(kg) for pinion

Nikko Denki 24V, 5.5 KW 16 13
Sealed type

B6D105-1 BE200-1, BE200-2, BE200LC-2 Nikko Denki 24V, 715 KW 24 13
Sealed type

BE200-1, BE200-2, BE200LC-2 Nikko Denki 24V, 715 KW 18 13
Sealed type

BS6D105-B-1 | BE200-3,BE200LC-3 Nikko Denki 24V, 715 KW 18 13
Sealed type

Nikko Denki 24V, 55 KW 16 13
Sealed type

BS6D105-1 BE220-1, BE220-2, BE220LC-2 Nikko Denki 24V, 715 KW 24 13
Sealed type

BE220-3, BE220LC-3 Nikko Denki 24V, 715 KW 18 13
Sealed type

12-048 B(S)(A)6D105-1
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STARTINGAID

For easy starting in cold weather, a electrical intake air
heater is attached to inlet of intake manifold and a coil
heater is attached to both ends of intake manifold respec-
tively. Pull heater switch to ON, Heater is red while starting
switch is HEAT or START position to heat intake air.

1. Electrical intake air heater

O = O

2. Coil heater

Q

1. Heater coil
2. Housing

Rated current : 110Aat 22V

1 Inner pole
2. Heater coil
3. Outer pole
4. Insulator
5 Body

6. Nut

7. Insulator

Rated Voltage : 11.25V

Rated current : 33A

B(S)(A)6D105-1
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SENSOR

OIL PRESSURE SENSOR

Confront connecter

© =0

Section A — A Inner connecting diagram

OIL LEVEL SENSOR

C[!L‘@ Float section detail

é Raise

Lower

F—

Inner connecting

. . diagram
Mounting condition

1 Port

2. Diaphragm
3. Sensor

4. Tube

5. Connector

6. Terminal

Oil pressure sensor
. Type : Daaphragm type, normally
opened type (NO type)
. Operating points
ON : 1.3+0.3kg/cm?

off : 05 kg/cm?
+0.3

. When the oil %rezssure increses, the
tip of the diaphragm comes into con
tact with the terminal, turning the
switch ON. When the oil pressure de-
creases, the switch turns OFF. Thus,
you can tell wheather the oil pressure
is normal or not by seeing if the
switch is ON or OFF.

Connector
Tube

Plug

Float
Magnet
Switch
Case

N o ok w D

Oil level sensor

. Type : Float type reed switch

. The float moves up and down accord-
ing to the chage in the oil level, and also
causes the magnet in the float to move
up and down. This movement of the
magnet in turn causes the switch to turn
ON or OFF. Thus, you can find out the
oil level by seeing if the switch is ON or
OFF.

12-050
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THROTTLE SENSOR

y Performance drawing

100%

50% . Index
point
0 (90") 180°
Cw =
SPEED SENSOR

Inner connecting
diagram

e

Mounting procedure

Inner connecting diagram

g —

FO1

) w D e

Throttle sensor body
Tube

Connector housing
Pin

CW : \ariableangle

Throttle sensor

Resistance value : 5kQ+20%

. This meter is a variable resistor. Its

electric resistance varies according to
the change in the lever angle and
when the current flows, the voltage
varies.

This change in the voltage is detected
as an electric signal.

Connector hosing
Pine

Tube

Magnet

Case

Pole

Bobbin (coil)

N o ok w DN

Speed sensor

This sensor is called the electromag-
netic pickup. It has a built-in magnet
and coil to form a magnetic field.
When a piece of iron rapidly passes
across the magnetic filed, the volt-
age builds up.

This voltage is detected as an elec-
tric signal.

B(S)(A)6D105-1
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THERMO - SENSOR

=0

Inner connecting
diagram

Thermo - sensor

. o o 1 Thermistor
Applicable temperature range : -50°C to 150°C
. . 2. Sensor body
When the current flows to the thermistor (which change
. . . 3. Tube
the electric resistance depending on the temperature), the
magnitude of the current can be detected. In this way, you 4. Connector
5 Terminal

can tell whether or not the cooling water temperature is nor-
mal. The thermistor temperature gauge indicates the magni-
tude of the current on the teperature scael.
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WIRING DIAGRAM FOR PRICOL ENGINE SAFETY SYSTEM

B(S)(A)6D105-1
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ACCESSORY

AIR COMPRESSOR

1

10

A ——i (]

12

_b.m

Crankshaft

Oil seal

Ball bearing
Crankcase
Cylinder block
Connecting rod
Piston pin
Cylinder head

© 0o N o gk~ w DN e

Inlet valve spring
10. Inlet valve

16.
17.
18.
19.
20.

. Unloader valve

. Unloader valve guide
. Unloader valve spring
. Outlet valve spring

. Outlet valve

Outlet valve seat
Piston

Topring

Second ring
Oilring

12-054
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17
18
19 - _/I\
20 [
A. Airintake (inlet) Air compressor
B. Airexhaust (outlet) Type : D_IESEL K_IKI )
single cylinder, double acting
C. Unload . ) .
Cylinder : 70x40mm (Dia x stroke)
Discharge volume : 385 I/min. (2500 rpm)
Alir pressure 10 kg/cm?
Wieght : 6.5kg

Unloader valve
Valve opening pressure : 7.0to 8.0 kg/cm?
Valve shutting pressure : 6.2to 7.3 kg/cm?

B(S)(A)6D105-1 12-055
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13 TESTING AND ADJUSTING

FUEL SYSTEM
Adjustment of fuel injection timing .............. 13-002
Adjusting fuel injection pump ..........c......... 13-006
Adjusting fuel injection quantity .................. 13-012
Calibration data injection pump .................. 13-014
PERFORMANCE TEST
Testing method of performance................... 13-015
Run-instadard .........ccccoeoevinieniiineciee, 13-017
Performance testcriteria...........cccoceeeveeenn. 13-018
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TROUBLESHOOTING
Method of reading troubleshooting
taADE .o 13-025
Troubleshooting table ............cccooeviiienee 13-027
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FUEL SYSTEM

ADJUSTING OF FUEL INJECTION TIMING

Adjustment of fuel injection timing consists of
adjutment of the injection pump itself and also ad-
justment when fitting the pump onto the engine.

Adjustment when fitting the pump onto the engine
consists of the following:

A. Alignment of the match marks when re-fitting the
injection pump onto the engine without actually
repairing it.

B. Delivery adjustment when either re-fitting a
repaired pump or fitting a new pump.

* Carry out adjustment with cylinder 1 set tothe
compression TDC position.

1. ADJUSTMENT OF MATCH MARKS

1) Fita new O-ring onto the seal cover part of
the injection pump, and lightily smear it with
grease.

2) Align the thick tooth of coupling (5) indrive
case (4) with the thick tooth of injection pump
drive shaft spline, and then mount the injection

pump.

3) Align the spline part of the injection pump with
the mark (a) on the drive case, and tighten up
the mounting stud bolt and nut.

INJECTION PUMP
ADJUSTMENT

REFER TO SECTION
= ON INJECTION

INJECTION TIMING|
ADJUSTING

PUMP ADJEUSTMENT

A ALIGNMENT OF

ADJUSTMENT
WHEN MOUNTING
PUMP

MATCH MARKS
B DELIVERY

ADJUSTMENT

13-002
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2. DELIVERYADJUSTMENT
Delivery adjustment is the same as the match mark
alignment method of adjustment up to the time when
the pump is mounted ( except for some slight diffe-
rences in sequence).
The adjustment method differs from the point where
the pump mounting bolts are tighten up.
Here, a description will be given of the procedure
after the mounting bolts are tightened up.
Adjustment of a flange type injection pump is per-
formed by adjusting the position of the flange
mounting bolts and nuts in the slotted holes.

1. Checking injection timing by delivery method

1)

2)

3)

4

Set cylinder 1 at the compression T.D.C. posi-
tion. (refer tothe section on valve clearance
adjustment.)

Rotate the crankshaft 30 to 45° in the reverse
direction from the compression T.D.C. position.

. Because the crankshaft is adhead of the T.D.C.

position, it is necessary to rotate it slightly
counter clockwise.

Remove the delivery vavle holder from cylinde 1
of the injection pump, then remove delivery
valve spring (1) and delivery valve (2) from
inside the holder and reassemble the holder.

. Unless the delivery valve is fitted, fuel will

pass through the intake and outlet ports of the
plunger barrel and flow out from the delivery
holder if the priming pump is operated when the
pump plunger is not in the injection position.

. Check the injection timing at the position where

fuel ceases to flow (the position at which the
plunger closes the intake and outlet valves).
Remove rack cover and adjust rack position
by pushing in as follows.

.
. : \
N} '
; { &z i i
i H '
N 1 Lt LT
- v e R
s Y !

e I

:

)

* Rack position (Dimension a)
Engine Engine Machine Dimension
model No. model a(mm)
B4D105-1 - 5
BS4D105-5 All model 14

L [

Flange type

B(S)(C)4D105
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5 Check the position at which fuel ceases to flow
out of the delivery valve holder by gradually
turning the crankshaft clockwise while lightly
operating priming pump (3).

Do not operate the priming pump vigor-
ously otherwise fuel will spurt out and get
and the face and hands.

* Ifthe “O0° I.J” injection timing mark on either
crank pulley (4) or the vibration damper is in line
with pointer (5) at the point where fuel ceases to
flow out, the injection timing is satisfactory.

* IfBEYOND line: Injection timing is RETARDED.

* IfBEFORE line: Injection timing isADVANCED.

* Rotate the crankshaft in the clockwise direction. If it
is turned too far, turn it back in the opposite
direction. Repeat this procedure until the crankshaft
is in the correct position.

2. Adjustment of injection timing by delivery method . T.D.C.
(additional checking work)
If the injection timing is found to be incorrect
as a result of the above inspection, adjustit
according to the following procedure:

1) Rotate the crankshaft 30 to 45° counterclock —-
wise from the T.D.C. position.

2) Rotate the crankshaft clockwise and align the
pointer with the “O0° 1.J” injection timing mark
on either the crankshaft pulley or vibration !
damper. |
* Carryout alignment accurately.

3) Loosen the nutand bolt at the slotted hole in
the mounting flange of the injection pump.

4) Loosen the four mounting bolts of the injection
pump.

5) Push the injection pump 5 to 10° outwards.

6) Shiftthe injection pump very gradually to the
inside (cylinder block side) while lightly
operating the priming pump until the fuel
ceases to come out of the valve holder (check
by injecting fuel).

* If the pump is shifted too far, bring it back
again and read just.

Injection timing
| (angle before T.D.C.)_

PRp——

|
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* Carry out adjustment in such a way that the

pump moves to inner side.
. Because the crankshaft and the injection 4 \y
pump drive shaft rotate in the same R
direction, moving the pump totheinner
side (by turning it down in the opposite
direction to the shaft) will cause the shaft
to rotate relatively clockwise.
Unless adjustment is made by rotating the
shaft clockwise the resultant setting will
be inaccurate by the amount of gear
backlash.
7) Tighten up the injection pump mounting bolt.
8) After tightening up the mounting bolt of the
injection pump, recheck the injection timing and
confirm that it meets the specifications.

9 Remove delivery valve holder (6), then fit the
delivery valve and delivery valve spring which
were previously removed and tighten up the

delivery holder to the specified torque.
* Take care that dirt does not get into the pump.

10) Connect up the injection pipe and tighten up
injecton pipe lock nut (7) to the specified torque.

11) Fitholder lock (8).

B(S)(C)4D105 13-005
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ADJUSTMENT OF FUEL INJECTION PUMP

Necessary tools AlB|C Necessary tools D|IE|F|G|H
Fixing stand 1 Measuring device (Rack) | 1
Coupling 1 Adjusting device 1
Nozzle holder 1 Measuring device (plunger) 1
Nozzle 1 Special wrench 1
Injection pipe 1 Special wrench 1

*  For adjusment procedure described here, the test
stand of diesel unit type 5760-050 (10PS) is used.
When other type of test stand is applied, proceed
to the following adjustment procedure after having
been familiar with the instruction manual for
corresponding test stand.

Preparatory work

1. Remove tappet cover, feed pump and coupling.

2. Fit rubber cap or plate to installation part of feed
pump to plug part.

3. By means of fixing stand A, mount injection pump
on test stand.

4. Connect pump to test stand with coupling B.

5. Connect nozzle, nozzle holder, injection tube C and
fuel inlet hose respectively.

6. Supply engine oil through tappet cover of injection
pump. Oil capacity: 200cc.
*  Before supplying, be sure to put plugs in both

lubricating oil outlet and inlet.

7. Install measuring device D to control rack.
Loosen control rack stopper (1).
*  The control rack cap nut should be removed in
advance.

13-006
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FUEL SYSTEM

8.

)

Pull fully control lever (control pinion) in non-

injection direction, and set the measuring device

after aligning zero point of vernia with zero point of

scale.

* After setting device, make sure rack moves
smoothly by pushing fully control lever.

Displacement of rack: About 14 mm

Install adjusting device E to test stand and set the
device to control lever.

Adjustment of fuel injection timing

1

Place control lever in its full load position and fix
lever in that position with adjusting device. (Fix
control rack to full load position.)

Manually rotate pump until the 2nd cylinder tappet
comes to its lower dead point.

Set measuring device F to pump cover plate. Allow
measring edge of dial gauge to contact tappet guide
of 2nd cylinder, and fix gauge.

Match pointer of dial gauge to zero, and make sure
pointer does not move when turning gently the
pump to right and left ( in other words, tappet lies in
its lower dead point.)

Place each levers and control valves on test stand
to their starting position.

1) Place selector cock lever (2) to vertical position.

2) Turn fully both high pressure valve (3) and cut-
off valve (4) in clockwise direction for closing.

3) Operate liquid pump adjustment lever (6) to
vertical position.

4) Turn liquid motor adjustment handle (7) to the
full counter clockwise to open it.

5) Place charge lever (8) to zero position.

B(S)(C)4D105
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6. Turn on switch of fuel supply pump to open ball
valve of nozzle holder (9). Fuel will flow.

7. Adjust the oil supply pressure adjustment valve so

that the oil pressure becomes 1.6 kg/cm?2.

8. Manually rotate fuel injection pump in the regular
direction (clockwise when viewed from drive
side), and make adjustment on cylinder so
that flow of fuel stops just when value of dial gauge
of measuring device (stroke oftappet) becomes

2.7 £0.05 mm.

To adjust fuel injection timing, loosen tappet lock
nutand change the thickness of shims (10) inserted

between tappet and plunger.

Thickness of shim — allows the injection timing
to quicken.

Thinning of shim —= allows the injection timing
to retard.

9. With tappet positioned to upper dead point, inspect
clearance (tappet clearance) between tappet and
plunger when lifting both plunger spring by means

of a screw driver.

Tappet clearence:  Morethan 0.3 mm

When tappet clearance is smaller, re-adjust the
injection timing.

10. Taking cylinder whose injection timing has been
adjusted as standard, set dial (12) of flywheel (11) to
around degree. Then, by rotating manually injec-
tion pump clockwise, make sure the positions for
stoppage of fuel flow have an interval of
90°% 30" A respectively in the injection order
of 1-2-4-3, looking at flywheel that is graduated in
degree. Ifsuch interval does not fall within the
range of 90°£30°, make adjustment according to

instruction of Item 8 above.

13-008
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Adjustment of fuel injection quantity

1

Throw selector valve lever (2) down to right.
(Position of Delivery Quantity).

Turn to open high pressure adjustment valve (3)
counter clockwise to the full.

Throw change lever (8) down to left (Slow).

Turn liquid pump adjustment lever (6) down to right
(Clockwise).

Close ball valve of nozzle holder and turn on switch
of drive motor for both fuel feeding pump and
injection pump.

. When oil feeding pressure adjustment valve (5),

adjust pressure to 1.6 kg/cm?.

Match control rack to position as shown in adjust-
ment specification, and fix it by rack stopper.

By means of liquid motor adjustment handle,
operate injection pump at a rotating speed by which
injection quantity is measured.

* When rotating speed exceeds 1000rpm, throw down
change lever toright (High).

To measure injection quantity, set stroke setting device
dial (13) to the specified stroke.

To adjust fuel injection amount, loosen clamp of
control pinion and turn control sleeve both to
right and left.

Clockwise of control sleeve makes injection to
increase the capacity.

Counter clockwise of control sleeve makes
injection to decrease the capacity.

B(S)(C)4D105

13-009



TESTING AND ADJUSTING

FUEL SYSTEM

Adjustment of governor

Number of rotating of pump shown in the following

procedure for governor adjustment as well as symbols

for positions of rack are the same as those shown in the
characteristic curve of governor.

* Prior to proceeding with adjustment, loosen idling
subspring, angleich spring and torque spring so that
they do not actuate.

1 Pull fully control lever in STOP direction, and set
stopper bolt (14) of control lever so that position of
control rack becomes 0.5 to 1.0 mm.

* By this measure, when pulling control lever fully in
top direction, excessive force does not apply to link
mechanism inside the governor.

2. Operate fuel injection pump at a speed by which
governor does not actuate (governor becomes
non operative at lower speeds by about 200 rpm than
rated rpm), and place control lever to full position.
Then, using special wrench G and screw driver, adjust
full load stopper bolt so that control rack comes to
occupy position of (a).

3. Place control lever to full position, and gradually
increase rotating speed of fuel injection pump. when
rotating speed reaches speed of B’, set maximum speed
stopper bolt (15) so that control rack becomes to
occupy a position of (b) for purpose of adjusting high
speed control point.

4. Further increase rotating speed of fuel injection pump.
With screw driver, adjust adjustment screw of swivel
lever so that when control rack is returned to position
C, itsrotating speed falls within 1340 to C’. Like this,
set speed deviation ratio. Before adjusting adjustment
screw, control lever should be fully returned to stop
direction.

Tightening of screw makes the speed deviation ratio

better.

Loosening of screw makes the speed deviation ratio

WOrse.

* Never loosen screw by more than 20 notches (5
turns) from fully tightened position. Otherwise, it
may fall free.

* By adjusting adjustment screw, tension of governor
spring varies o cause high speed control point to
be displaced. Read just control point.

13-0010
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5. Operate injection pump at speed a little slower than D’
and place control lever to full position. With special
wrench H, tighten angleich spring so that control rack
comes to position d for pupose of adjusting angleich.

Gradually increase rotating speed, and make sure when
speed reaches D’, control rack startsto move, and
when speed reaches A’, control rack comes to postion
(a). If above relationship can not be obtained, adjust
tightening amount of angleich for positions of control
rack, and adjust thickness of shim of angleich spring
for rotaing speeds.

6. Removes lock nuts of full load stopper bolts (16) situ
ated at boss of governor cover, taking care not to
allow stopper bolts toturn. Instead, install closing
cover.

7. Operate injection pump at speed a little slower than D’,
and with special wrench G and screwdriver, make
adjustment on full load stopper bolt finally so that
control rack comes to position D’. Then, secure bolt
with lock nut (that has been removed in Item 6). After
securing bolt, install cap nut.

8. Once stopping fuel injection, set control lever so that
control rack occupies postion (f). Then, operate pump
at speed of G’, and adjust tightening amount of idling
subspring (17) so that control rack becomes to occupy
position (g). After that, set idling. After adjusting,
secure spring with lock nut and install cap nut.

9. Operate injection pump at speed of E’, and adjust
tightening amount of torque spring (18) so that
control rack becomes to occupy position (e). Set torque
spring. After adjusting, secure spring with lock nut and
install cap nut.
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ADJUSTING FUEL INJECTION QUANTITY

FUEL INJECTION PUMP

Engine B4D105-1 BS4D105-1
Item
Maker MICO MICO DATAWILL BE
Type Bosch PES-A Bosch PES-A GIVEN LATER
Direction of rotation Clockwise as viewing Clockwise as viewng
from drive side from drive side
Injection order 1-3-4-2 1-3-4-2
Camlift
SPECIFICATIONS FOR SERVICE ADJSTMENT
Engine B4D105-1 BS4D105-1

Item

Injection nozzle Maker part number

Nozzle holder Maker part number

* Injection pressure kg/cm=

Injection pipe Inside diameter x Outside

diameter x Length mm
Fuel feed pressure kg/cm=
SPECIFICATIONS FOR DELIVERY ADJSTMENT
Engine B4D105-1 BS4D105-1

Item

Injection nozzle Maker part number Nozzle holder
Maker part number

* Injection pressure kg/cm=

Injection pipe Inside diameter x Outside

diameter x Length mm
Fuel feed pressure kg/cm= 16
SPECIFICATIONS FOR ENGINE IS ON MACHINE
Engine B4D105-1 BS4D105-1

Item

Injection nozzle Maker part number

Nozzle holder Maker part number

* Injection pressure kg/cm=2

Injection pipe

Inside diameter x Outside
diameter x Length mm

Fuel feed pressure

kg/cm=2

* The value of injection pressure is under the bench test. This value differs from conditions

13-0012
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Pump Assembly Number Applicable Machine Applicable Engine
6134-71-1110(190000-6910) Model Serial No. Model Serial No.
( ): Manufacturer’s part No. BLOH B4D105-1
Injection Pump
Pump Type Manufacturer
Injection Timing
Unit Basis Allowance

Rotating direction Clockwise viewed from drive end Engine specification

Injection order 1-3-4-2 Rated horsepower HP/r/min

Injection interval Maximumtorque  kgm/rpm

Plunger pre-stroke mm High idling r/min

Delivery valve Cow idli

retraction volume mm3 ow 1dling rpm
Calibration Standard
Conditions Manufacture standard Service standard
o Manufacture Nozzle part no.

standard is data for| Nozzle holder part no.

factory test. Iniection pi

o Service standard njection pipe

indicates data us- | (O/D x I/D x length) nmm

ing calibration test | Test oil

parts Qil temperature °C

Nozzle opening pressure kg/cm?

Transfer pump pressure kg/cm?

Injection volume

Service standard (cc/100 st)

Manufactur standard (cc/100st)

Rack Pump Maximum Maximum
Position | Speed variance variance
(mm) (rpm) |Basis| Allowance | between | Basis | Allowance|between
cylinder cylinder
o Rack positions Calibration Each cylinder | max Each cyl max.
BtoEare therefer- | Basic point
ence volume when B
adjusting the injec- c
tion volume.
o Marks * are average D
volumes. E
Governor performance
DATA WILL BE GIVEN LATER
B(S)(C)4D105 13-0013
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CALIBRATION DATA

Machine Model Engine Model Pump Assembly No. Applicable Engine Ref. Page
Serial Number
BL9H B4D105 0527100289 Z057840002-
(30G 401 3618)
62.5kVA BS4D105-1 0627100018 Z06A060001-
82.5kVA BSC4D105-1
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PERFORMANCE TEST

TESTING METHOD OF PERFORMANCE

* When the engine was overhauled or was given an
extensive repair, this test is done to check the
engine for performance and presence of abnormali-
ties after assembly.

1. OILSUPPLY
Supply the engine oil, class-CD SAE30 (class-CD,
SAE10W if temperature is 0° C within) until it goes
as far as to the marking H of the oil level gauge.
When the injection pump was removed and re-
paired, supply about 200 cc of the same oil to the
governor room of the pump and about 60 cc to the
cam room.

2. INSTALLATION TO THEDYNAMOMETER

Mount the engine on the stand of the dynamometer.
After installing the saucer to the flywheel with the

bolts of more than 6 (¢10, P = 1.5), adjust levelling
of the engine on the stand against the dynamom-
eter in regard to all directions, up, down, right, left,
forward and backward. Then, tighten all set bolts
to secure the engine to the stand.

Eccentricity of the flanges located at the engine side
and the dynamometer side, should be, if the flexible
jointis used, within 0.13 mm of full deflection of

the dial indicator.
Check the dynamometer for levelling and functions.

3. WIRINGAND PIPING
Make all connections to the cooling system using
the pipes.
Make all connections to the system, and pour the
fuel to the filter.

Install the start up switch, set-motor, and thermostat
to the 24V 120 Ah 2 battery, and distribute all wires

between them.

Install the exhaust pipes in a manner that they do
not affect the intake air temperature as much as
possible.

Install the fuel control lever.

4.

INSTALLATION OF MEASURE DEVICES

Engine tachometer

The tachometer equipped with a dynamometer gives,
in general, relatively large error in measurements
because of its wide speed range. Therefore, it is
advisable to take measurement by placing the clock
type tachometer (Hussler tachometer, minimum
graduation: 5 rpm) on the edge of the dynamometer,
or by installing to the shaft of the dynamometer the
electromagnetic pickup which is connected to the
counter.

Measurement apparatus for fuel consumption
Connect the 3-way cock and buret tube between
engine and the fuel tank as follows. (Measuring
accuracy: 1%)

Fuel tank

Buret tube

To engine
—_—

Thermometer for intake air

Install the bar thermometer or thermistor thermom-
eter at the inlet of the air cleaner. (Minimum gradua-
tion: 1°C)

Thermometer for exhaust air

Install the thermocouple on the exhaust pipe appro-
ximately 50 mm from the flange of the exhasut mani
fold outlet. If cold junction is not provided for the
thermocouple, measurement are subject to the effect
of room temperature.

As thermometer, alumel-chromel thermocouple is
recommended. (Minimum graduation: 1°C)
Thermometer for coolant

Install the bar thermometer (adapter is necessary) or
the thermistor thermometer to the outlet for water
temperature gauge provided on the top of the cylin
der head. (minimum graduation: 10°C)

B(S)(C)4D105
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5. RUN-IN

1

After the engine has been repaired, perform the
Run-In according to the standard procedure so that
the piston and piston ring can get good familiarity
with sliding areas such as cylinder liner and bearings
for smooth running of the engine.

Before starting engine, make sure the followings.
Each part of the engine, and tightness of the engine
set bolts.

Tension of the fan-belt.

Replenishment of the engine oil and coolant.

Oil supply to each part of the dynamometer.
Injection timing.

The fan must be removed.

When starting up the engine, place the lever in NO
INJECTION position, and idle with the starting

6.

1

POWER ADJUSTMENT AND PERFORMANCE
TEST

Standard performance test

The flywheel horsepower is the value of the meas-
ured power multiplied by (JIS) modification factor.
This value should exceed 96% of the lower limit
specified in the Standard Performance Test.

Make sure the engine performance transfers
smoothly, referring to the performance curve at ship
ment from the factory (See Page 01-12 to 17).
According to the degree of overhaul or adjustment,
the engine performance may be below the standard
values.

The values shown in the standard performance
test differrs from those in the specifications, be-
cause the standard test is done without the fan.

motor for 15 to 20 seconds during which make sure ~ 2) Conditions for performance test.
the followings. Alternator No load
1. The dial of the oil pressure gauge deflects. Aiir cleaner Installed
2. The engine runs smoothly without any abnormal Fuel Injection timing:
sound. B4D 105-1 18° before the top dead center
Do not idle the starting motor for more than BS4D 105-1 19° before the top dead center
20 seconds. Fuel used : ASTM D975 No.2 diesel
Lube oil used DS-class series NO.3 DAE
2) During running of the engine, make sure the NO.30 engine oil (Komatsu
followings. recommended).
Lube oil
1 Oil level is between H and L of the dipstick.
2. Oil pressureisbetween 1.0 and 6.0 kg/cm2.
3 Coodlantisnot enteredin theail.
Coolant
1 After start up of the engine, replenish the coolant
as necessary so as to fill the cooling system with
coolant.
2. Temperature of the coolant is maintained at 70 to 80°C.
Exhaust color
Presence of leakage of coolant, oil and compressed gases
Abnormal sound on each part
Tightness of each part installed
3) After Run-In, make sure the followings.
Check the oil. If badly dirted, replace with new oil.
Adjust the valve clearance.
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RUN-IN STANDARD

Engine Applicable Test item Order

model machine 1 2 3 4 5 6
Runningtime min. 5 10 15 20 10 5
Engine speed rpm| 700-750 1,150 1,450 1,850 2,150 2,350

BaD105-1 |BLOH Load kg 0 8 125 195 25 3l
Output Hp 0 9 17 3 52 71
Runningtime min. 5 10 10 15 15 5

BSAD105-1 | 62.5 KVA Engine speed rpm | 775-825 1,050 1,300 1,650 1,900 2,100
Load kg 0 10 17 26 34 41.5
Output Hp 0 9.5 21 42 62.5 85

13-0017
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PERFORMANCE TEST CRITERIA

Engine |Applicable Test item Specified value Engine speed Dynamometer
model machine (fully equipped) (rpm) (kg)
Flywheel horsepower 70 HP/ 2,350 rpm 2,345-2,355 30.9-32.6
BAD105-1 BLOH Max. torque 24 kgm/ 1,400 rpm 1,300- 1,500 33.8-374
High idling speed 2,650 - 2,750 2,650- 2,750 0
Low idling speed 700 - 750 rpm 700-750 0
Flywheel horsepower
Max. torque
: High idling speed
BS4D105-1 | 62.5kVA Lowidling speed
Flywheel horsepower
BSC4D105-1| 825kvA |Max.torque
High idling speed
Low idling speed
13-0018 B(S)(C)4D105
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* The values given for the output and torque are with the fan removed, so they differ from those of the
specification.
* Values are standardized under the following conditions: Air cleaner installed; alternator idling; and air
compressor (ifinstalled) open.
*» Dynamometer are given for the case of the arm length is 716 mm.
» Fuelused: ASTM D975 No. 1 or No. 2 diesel fuel.
* Lubrication oilused: CLASS - CD SAE30.
Output Torque Fuel Coolant Lubrication Lubrication | Exhaust temperature
(HP) (kgm) consumtion temperature |oil temperature| oil pressure (°C)
(sec /500 cc) (°C) (°C) (kg/cm?) t = Intake temp. - 20°C
68.0-72.0 - Min. 23.6 70-95 80- 115 3.0-55 650 + 3t max.
- 25.2-26.8 Min. 34.4 70-95 80- 115 - 650 + 3t max.
0 - 70-95 80- 115 - -
0 - 70-95 80 min. 1.0 min. -
B(S)(C)4D105 13-0019
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Table 1. Relationship between dry/wet bulb temperature
and partial water vapor pressure PW
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Table 2. Chart for modification factor K
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TESTINGANDADJUSTING TOOL LIST

No.| Inspection and measuring item Fault finding tool Part No. Remarks
1 | Engine speed Multi-tachometer 799-203-8000 | Digital reading
60~ 2,000 rpm
2 |Battery S.G 1,100~ 1,300
Freezing temperature of Battery, coolant tester 795-500-1000
cooling water -5°C~50°C
4 | Water temperature, oil temperature, | Thermistor temperature 0°C~200°C
air intake temperature gauge 790-500-1300
5 | Exhaust temperature 0~1,000°C
6 | Lubrication oil pressure 0~ 10kg/cm?
7 | Fuel pressure Engine pressure 0~ 20 kg/cm?
8 | Intake pressure, exhaust pressure measuring kit 799-203-2002 | 0~ 1,500 mmHg
9 | Blow-by pressure 0~1,000mmH,0
10 | Air intake resistance -1,000~0mmH,0
11 | Compression pressure Compression gauge 795-502-1204 | 0~ 70 kg/cm?
12 | Blow-by pressure Blow-by checker 799-201-1503 | 0~500 mmH,0
13 | Valve clearance Feeler gauge 795-125-1330 |0.25,0.45mm
795-116-1330 | 0.35,0.65 mm
14 | Exhaust gas color Handy smoke checker 799-201-9000 | Dirtiness 0 ~ 70% with
standard color
(Dirtiness % x 1/10= Bosch scale)
15 | Water and fuel content in oil Engine oil checker 799-201-6000 | Provided with 0.1and 0.2
water content standard samples.
16 | Fuel injection pressure Nozzle tester Commercially | 0~ 300 kg/cm?
Fuel injection nozzle spray condition available
17 | Coolant quality Water quality tester 799-202-7001 | PH, nitrite ion concentration
18 | Pressure valve performance Radiator cap tester 799-202-9001 |0~ 2 kg/cm?
Leakage in cooling water system
19 | Radiator blockage (wind speed) Anemometer 799-202-2001 (1~40m/s
(Air speed gauge)
20 | Engine cranking Cranking kit 799-610-1000 | DC24V with starting engine
Barring device 795-215-1600
21 | Electrical circuits Tester Commercially | Current, voltage, resistance
available

13-0022
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TESTINGANDADJUSTNG DATA

Engine Model B4D105-1 BS(C)4D105-1
Applicable machine model BL9H 62.5 & 82.5kVA
Ei(%ss- Item Condition,etc Unit Standard Tolerance Standard Tolerance
§ Engine speed High idling speed r/min | 2,650 - 2,750
g Low idling speed r/min | 700-750
g Necessary 0°C r/min | Min. 200
8 |Starting speed - 20° C (with starting aid) | r/min | Min. 100
£ |Intake resistance At rated output mmH,0| Max. 300
‘%i Intake pressure At rated output mmHg -
% |Exhaust pressure At rated output mmHg -
E Exhaust temperature | All speed (20° C) °C Max. 650
E Exhaust gas color Quick acceleration Bosch | Max.6.0
& Athigh idling Scale -
% Valve clearance Intake valve mm 0.25
= | (atcold.) Exhaust valve mm 0.45
Compression Oil temperature:
2 |Pressure 40°C~60°C [Kg/cm2| Min. 32
% (Engine speed) (rpm) | (270-350)
.S |Blow-by pressure At high idling
, (Oil temperature: mmHO| Max.50
Min. 60° C min)
Oil Pressure Athighidling Kglcm?| 3.0-6.0
5 |(saE30 oil
% temperature: Atlow idling Kg/cm?| Min.1.0
S |Min.80°Cmin.)
§ Oil temperature All speed (Oilinoilpan) [ °C 80-115
% Oil consumption At continuous rated output| % Max. 0.6
ratio (Ratio of fuel consumption)
£ |Fuel injection Nozzle tester Kg/cm? 225
‘3‘;" pressure
; Fuel injection B.T.D.C degree 20
T timing
Coolant temperature | All speed °C 70~95
(atengine outlet)
= Valve cracking temp. °C | 74.5~785
Z% Thermostat function | Full open temperature °C 0
2 Full open lift mm 10 £0.5
'S |Radiator pressure Opening pressure Kglcm?| 0.75+0.1
© |valve (Differential pressure)
Fan speed At rated engine speed r/min
Fan belt tension mm 10
*  The values given in the Testing and Adjusting data are NOT for adjustment of the output.
Do not use these values as a guide to change the setting of the fuel injection pump.
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TESTINGAND ADJUSTING TROUBLE SHOOTING

POINTS TOREMEMBER WHEN TROUBLESHOOTING

Troubleshooting means locating the basic cause of the failure, and carrying out swift repairs, and ensuring that the failure
does not occur again.

When carrying out troubleshooting, it is of course important to understand the structure and function. But to carry out the
troubleshooting effectively, a quick method is to carry out troubleshooting using the problems mentioned by the operator as
a guide in locating the cause.

1. Do not disassemble the machine simply because there
isafailure.
If the machine is disassembled immediately just
because there is a failure:
o Unrelated or unnecessary places are also disas
sembled
o It becomes difficult to locate the cause of the failure

4. Confirming failure

Check the degree of the problem to judge for yourself if it

isreally a failure, or if there is some problem in the han-

dling or operation of the machine.

* When driving the machine and re-enacting the fail-
ure, be sure that the investigation or measurement

. . . does not make the failure worse.
This means that there is not only a waste of time and

money on replacement parts, oil, and grease, but this
action will also lose the confidence of the user and op-
erator.

For this reason also, it is important to carry out trouble-
shooting based on full investigation before starting and
troubleshooting following the correct order.

5. Trouble shooting

Narrow down the causes of the failure from the results of
the questions and checks in the above Items 2 - 4, then
follow the troubleshooting flow chart to locate the fail-
ure.
* Basic procedure for troubleshooting

1) Startfrom the simple places.

2) Start from the most probable places.

3) Investigate related parts also.

2. Questions to ask the user and operator

1) Arethere any problems other than those already re-
ported ?

2) Did anything unusual happen before the failure occ-
urred ?

3) Did the failure occur suddenly, or had the condition
of the machine been poor before the failure occ-
urred ?

4) What were the conditions when the failure occurred?

5) Had any repairs been carried out before the failure
occurred ?

6) Had any similar failure occurred before ?

6. Basic action to remedy cause of failure
Even if the failure is repaired, if the root cause of the
failure is not repaired, the same failure will occur again.
To prevent this, it is necessary to investigate why the
failure occurred, and to remove the root cause of the
failure.

3. Checks before troubleshooting

1) Checkthe oil level

2) Check for any external leakage of oil from the piping
and hydraulic equipment.

3) Check the travel of the control levers.

4) Other maintenance items can also be carried out visu-
ally, so carry out any check that is considered neces-
sary.
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TESTINGAND ADJUSTING TROUBLE SHOOTING

METHOD OF READING TROUBLESHOOTING TABLE
DESCRIPTION OF SYMBOLS USED IN TROUBLESHOOTING TABLE

The following symbols are used in the * Remedy ”
column to indicate the method of eliminating the cause of
afault.

X:Replace;  A:Repair

A Adjusting; C:Clean

METHOD OF READING TROUBLE- o
SHOOTING TABLE §
The symbol Oin the table is inserted only for causes S a7blcld e
which can be diagnosed. If acasuse can not be diag- Remedy A
nosed, the corresponding box is left blank. Problems KICl [ AX
If the result of problems 1 using the troubleshooting 1 ololo
table shown at right is abnormal, the cause of the trouble 2 o) o)
can be assumed to lie between a and d. because it is not 3 o o
possible to make a problems regarding e, it is necessary 2 o o
to perform the next problems (owing to the possibility of 5 o o

amultiple fault).
If the result of problems 1 is normal, the cause of the fault
does not lie between aand d. In such a case, bhefore
diagnosing the cause as e, however, carry out a check by
means of problems 2 or 5. /

) Example 1
If now the result of problems 1is abnormal and the

result of problems 2 normal, the cause is one of a, b or © a/bjc/d/e

d. To determine which of b or d isthe actual cause, Remedy % é YN

perform problems 4. Problems 1| X

If the result of problems is abnormal, blacken out the 1 o6 o0

corresponding O in the table and then perform the 2 : © ©

next problems on these causes in order to narrow 3 d et

the likely causes. Not necessary 4 © ©
problems — 5 o o

Example 1:

Problems 1— Abnormal

Problems 2— Normal From the table of

Problems 4— Normal ofthe faultis b g

Problems 3— Abnormal [ CX@mple L, the cause
Example 2

@]
a/b/fc/d/e
Remedy A 4
Example2: From the table of Problems ©/x/A /X
Problems 1 Normal example 2, the cause 1 O|0 00|,
Problems 2— Abnormal of the fault is . Not necessary > ° °
problems — 3 S S
* In example 2, it is evident that the cause is e without y = =
carrying ot problems 2 however problems 2 is ; —
J A~ A4

performed by way of an additional check.
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TESTINGAND ADJUSTING TROUBLE SHOOTING

[%)
. o3}
Example3: Example3 §
Problems 1— Abnormal From the table of 3
Problems 2— Normal example 3, the cause is ajbjcjdje
Remedy A
Problems 3— Normal oneofa, cande. X/C Al X
: Problems X
| 1 oo o0 o
: 2 o |o
'Continue problems 3 © ©
| 4 @) @)
: 5 o o
|
v
From the table of
Problems 4— Normal
example 3-1, the cause o
Problems 5— Normal isc. Example 3-1 §
4]
a/b/c/d/e
Remedy A
Problems X/C X A X
1 o o o o
2 ) ]
3 O
4 O O
5 O
Example4: 4
Example4 3
Problems 1— Abnormal From the table of amp S
Problems 2— Normal example 4, the cause is — ajbjcjd/e
! emedy A
one of a, b or d.
: Problems X/C X AlX
: 1 oo oo
| 2 (®) (®)
|
Continue problems 3 © ©
: 4 ©) o
| 5 @) (@)
|
|
v
Problems 3— Abnormal From the table of
Problems 4— Abnormal example 4-1, the cause 5&)’3
Problems 5— Normal isaord. Bxample4-1 S
[a/bfcjd]e
As can be seen from the above examples, it is not Remedy x/c/Aalx
necessary to perform all of the problems. Prablems X
Also, looking at a particular cause, no matter how many 1 hd bl il Bd
. marks there are in the column corresponding to that 2 © ©
cause, it will cease to be an actual cause if there is even 3 hd hd
one © mark in the same column. 4 hd hd
5 © &)

13-0028 B(S)(C)4D105



TESTINGAND ADJUSTING TROUBLE SHOOTING

TROUBLESHOOTING TABLE
1. Starting defective or badness.

1) Engine does not turn.
Questions to ask operator before starting trouble-

shooting

1. Did machine stop suddenly during operation ? —
Damage or seizure of internal parts.

2. Did machine make abnormal noise during
operation ? — Damage parts.

o
N
* Cause h: battery charging rate s
j<5
Charging &
rate | 100% | 90% | 80% | 75% | 70% 7 -
Temperature g §,
20°C 128 |126 |124 | 123 | 1.22 el & §
0°C 129 [127 |125 | 124 | 123 § g2
-10°C 130 |128 |126 |125 | 124 ;5 §
o
Specific gravity should be at least figure for EL ..g
70% charging rate. o2
N

In cold weather, specific gravity must be at
least figure for 75% charging rate.

— | Fail

T

No. Problems Remedy | x x/x X[ X

When setting the starting switch to START; o
1) No sound of pinion moving out.
2) Pinion grates.

3) pinion engages but does not turn.

When checking battery, electrolyte level or specific o

gravity is low.

When cranking engine with barring tool;
©)

1) Does not move.

3 2) Moves backlash only. (@)
3) Can be turned in reverse direction. o] O |O
Remove head cover. When checking valve cotter, it is

4 out of place. ©
Remove oil pan. When checking internal parts, they

5 are abnormal. ©
Remove cylinder head. When checking internal o

6

parts, forein matter appears.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

2) Engine turns but no exhaust gas is emitted.
Check before troubleshooting

1
2
3

4.
5.

6.

Is there any fuel in fuel tank ?

Is fuel feed valve open ?

Is fuel piping leaking or damaged between fuel
tank and injection pump ?

Is there any leak from fuel filter ?

Is there any water, rust or sludge mixed with fuel
drained from fuel tank or fuel filter ?

(Injection pump or nozzle are frequent causes of
failure.)

Is compression release lever placed in
“RELEASE” position. (For 155-4 series engine)

Shaft damageq

9ged
Iogged

No.

Problems Remedy |xC X/X X/

5
\
O

No fuel comes out even if injection pump bleed plug

is loosened and priming pump operated.

When cranking engine with starting motor;
1) Injection pump (coupling) does not rotate.

2) No fuel comes out even if injection pump bleed

plug is loosened.

3) No fuel spurts out even if injection pump pipe

sleeve nut is loosened.

When removing injection pump tappet cover,

control rack does not move.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

13-0030
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

3) Exhaust gasin emitted but engine does not start.

If there is always great difficulty in starting, lack
of output power isa possible cause, so perform
this troubleshooting.

Check before troubleshooting

1

2

3

4,

Is dust indicator red ? — Air cleaner element
clogged.

ISSAE30 oil being used at temperature below 0° C?
(Oil viscosity is too high) — At temperature below

0°C,use SAE10W oil.

Is ASTM D975 No. 2 diesel fuel being used at
temperatures below - 10°C? (Clogging caused by
precipitated parafin)— Use ASTM D975 No. 1 at

temperature below - 10°C.

Is fuel control lever bent? Is there any play? Is the

pin out of place?

No. Problems Remedy

When turning starting switch to HEAT. (At cold
weather operation).

gravity is too low.

! 1) Heater signal lamp does not light.
2) Heater mount does not become warm. 0]
Rotating speed of starting motor is too slow to start
2 engine. ©
s When checking battery, electrolyte level or specific
©)

4 | Engine starts if air cleaner element is removed.

rack and plunger do not move.

When removing injection pump tappet cover, control

not inject.

When checking injector nozzle with nozzle tester, it does

Compression pressure is too low; blow-by is high.

Valve clearance is not proper value.

9 | Injection timing is not proper position.

10 Air cleaner does not aspirate air.

(After maintenance)

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

2. Engine stopped during operation.

Questions to ask operator before troubleshooting.
1. Did engine stop slowly?— Fuel supply cut.
2. Did engine stop suddenly?— Internal parts dama-

ged or seized.
3. Did engine make abnormal noise?—parts damaged.

Check before troubleshooting

1 Isthere any fuel in fuel tank? ° ke
2. Is fuel control lever bent? Is there any play? Is the E 3 3 §
pin out of place? O N S| <
3. Isfuel piping leaking or damaged between fuel tank o Sl
and injection pump. & g
4. Is beed hole of fuel tank cap clogged? g :";
38 &2
2 [o)e [4e]
No.|  Problems Remedy | x | X |X XC/ X/ Cl X[ XIX[XA
1 | Starting motor cranks engine, but engine stops if gear o
shift lever is moved to any speed position.
Starting motor does not crank engine
1) engine does not turn when cranking engine with o
2 barring tool.
2) Engine turns backlash distance only. o)
3) Engine can be turned in reverse direction. @)
3 | No fuel comes out even if injection pump bleed plug is o
loosened and priming pump operated.
When cranking engine with starting motor;
- . ©)
1) Injection pump (coupling) does not rotate.
4 | 2) No fuel comes out even if injection pump bleed plug olo
is loosened.
3) No fuel spurts out even if injection pump pipe sleeve
. O |0|0O
nut is loosened.
5 | When removing injection pump tappet cover, control
rack does not move. ©

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

13-0032
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

3. Engine runs abnormally.

1) Engine speed is too high.
Cause Remedy
a | Governor function defective XAA
b | Governor adjustment defective
2) Engine does not stop.
Cause Remedy
Fuel control lever linkage is bent;
a | there is too much play; pin is out of VAN
position; something is catching.
b | Injection pump control rack function XA
defective
¢ | Injection pump function defective XAA
(part other than rack)
d | Governor function defective XAA
3) Hunting.
Cause Remedy
a | Air sucking into system between
fuel tank and feed pump XA
b | Governor function defective XAA
¢ | Governor adjustment defective A
d | Injection pump control rack XA
function defective
* Set injection pump and governor on test stand
when adjusting.
* Making up fuel pump by injecting more fuel than

standing may damaged engine.

4. Fuel consumption too high.
Before starting the troubleshooting, ask

the operator

why he noticed the fuel consumption was too high.

Cause Remedy
External leakage of fuel;
Fuel tank, injection pump, XA
a fuel filter and piping.
(Common cause when fuel consu-
mption increases suddenly)
Excessive fuel injection, Follow
b | poor fuel combustion ratio (in this | “6. Exhaust
case exhaust gas is black). gas is black”.
Internal leakage of fuel;
Leakage from fuel tube inside VAN
c cylinder head cover Change ail

(In this case, oil level rises and oil
smells of kerosens)

to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

The following symbols are used to indicate the action

B(S)(C)4D105
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

5. Lack of power.
* If lack of power is accompanied by black exhaust

gas, follow problems “6. Black exhaust smoke.”

*  First troubleshoot whether the cause is in the
engine or in the chassis as follows.

Measure torque converter | |At torque converter oil
stall speed. (tachometer) <_teperature approx.
70°C, and at Forward
N.G Good highest speed
& Apply brakes fully
Problem with | Problem with Be careful machine
engine machine does not move.

Judge mainly checking for track tension, brake func-
tion, acceleration and engine high idling speed when
mounting DIRECT transmission.

Check before troubleshooting

1

2
3

4.
5.

Is fuel piping damaged or fuel leaking between fuel
tank and injection pump?

Is bleed hole of fuel tank cap clogged?

Is tube damaged or leaking between injection pump
and nozzle holder?

Is incorrect fuel being used?

Is there any water, rust or sludge mixed with fuel
drained from fuel tank?

(Injection pump or nozzle are frequent causes of
failure.)

(Check strainer clogged when no fuel comes out.)

No. Problems

Remedy |xa | X [XC| X cx/ C XAXA%A

1 | Even with fuel control lever at FULL position, injection

pump lever does not contact to the full-stopper. ©
2 | When operating priming pump; olo

1) No reaction or slight reaction and quick return.

2) No reaction or slight reaction with normal return. 0]

is loosened and priming pump operated.

3 | No fuel comes out even if injection pump bleed plug

4 | Improper engine-running happens by hunting.

defective or injection pressure is low.

5 | When checking with nozzle tester, injection spray is

nut is loosened.

6 | No fuel spurts out even if injection pump pipe sleeve

7 | Some cylinder little or no pulse when injection pipe is

and down.

held between fingers. ©
8 | When removing injection pump tappet cover and
checking movement of plunger, piston does not move up (@)

smoothly.

9 | When removing injection pump tappet cover and
checking movement of control rack, does not move

©)

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.

X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTING AND ADJUSTING

TROUBLE SHOOTING

6. Exhaust gas is black.

Check before troubleshooting

1
2

3
4.

Is dust indicator red?—Air cleaner element clogged.
Is injection pump seal out of position?—Pump out of ad
justment (excessive injection).
Is air leaking between turbocharger and cylinder head?
Is standard spec. machine operating at high altitude?

No Problems Remedy [XA/X
1 Exhaust gas color improves when air cleaner element o)
is removed.
5 When checking with nozzle tester, defective injection 0
spray is defective or injection pressure is low,
Match marks of injection pump plunger and coupling
3 or drive case are not properly aligned.
Checking injection timing by delivery method shows O
timing is out of adjustment.
4 Blow-by is excessive, O
b Compression pressure is lack. O|0
6 Valve clearance is too large or too small. O
7 Exhaust gas color improves when muffler is removed. O
3 Turbocharger is sluggish when turned by hands. '®)
(For engines with turbocharger)
9 Exhaust gas color improves when injection pump is ®)

replaced.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

B(S)(C)4D105
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

7. Exhaust gas is blue. (Combustion of engine oil)

Check before troubleshooting

1

2

3

Has engine continued to run for over 20 mins at low
idling?— Oil coming up into cylinder, oil leak from seal at
turbocharger turbine side.
Has engine continued to run for over 20 mins at high
idling?— Oil coming up or down into cylinder, oil leak from
seal at turbocharger blower side.
Is turbocharger oil return pipe damaged?— oil leak from
seal turbocharger seal.

No. Problems Remedy X/ CIX|IX[X
1 Inside of turbocharger intake pipe is coated with oil.
2 Turbocharger shaft play is excessive. O
3 Compression pressure is lack.

4 Blow-by is excessive.

5 When checking breather element, it is clogged with oil. e}

Remove cylinder head. When checking intake valve ®)
and valve guide, the clearance of them is big.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

13-0036
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TESTINGAND ADJUSTING TROUBLE SHOOTING

8. Oil Consumption too high.

Before starting the problems, ask the operator why he

noticed the fuel consumption was too high.

* Ifanswer is: “Oil consumption was high and exhaust gas
was blue”, follow problems “7. Exhaust gas is blue”.

Check before troubleshooting
Is engine or engine lower part coated with oil.
(Remove earth and sand and check.)

No. Problems Remedy

1 Oil leaking out of engine {check around engine). O
2 Cooling water is mixed with engine oil. O
3 0il in main clutch or TORQF LOW transmission O

or damper increases.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

9. Oil level rises. (Mixed water or fuel)

Check before troubleshooting

Is the cooler of engine oil dirt - white?— Mixed water.

No. Problems
1 Water mixed with engine oil. O
2 Fuel mixed with engine oil. O
3 Qil in main clutch or TORQFLOW transmission® o
or damper decreases.
4 Seal or seal contact face of hydraulic pump drive

shaft is worn or damaged.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

13-0038
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TESTINGAND ADJUSTING TROUBLE SHOOTING

10. Oil quickly becomes dirty.

Before starting the troubleshooting, ask the operator the

following questions.
1 Were oil and oil filter changed in accordance with the

“Operation and Maintenance Manual”?
2. Was improper oil used?

No. Problems
1 Exhaust gas is blue when engine is run at high speed
with light load. oo
2 Compression pressure is lack. OO
3 Blow-by is excessive. O
a After running at high idling for approx. 10 mins,, oil
can be seen leaking from turbocharger turbine outlet. o

5 Turbocharger shaft play is excessive. O

* If the above problems does not reveal the cause, a common secondary cause of dirty oil is carbon from incom-
plete combustion mixing with the oil. In this case follow problems in “6. Exhaust gas is black”.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTINGAND ADJUSTING TROUBLE SHOOTING

11. Engine oil pressure gauge indicator fluctuates

abnormally.
No. Problems Remedy
1 Qil level in oil pan istoolow. ) o)
(Check whether oil consumption is excessive.)
2 Fluctuation stops when gauge is replaced. O
3 Mounts in instrument panel are loose. . O

(Check directly)

4 Regulator valve is catched, spring is fatigued, valve o
or valve guide is damaged. (Check directly)

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

12. Lack of oil pressure.
(At enigne speed of over 700 rpm, indicator of
engine oil pressure gauge is to left of “green range”.)

Question to be asked before starting troubleshooting.

Is 10W oil being used at temperature above 0°C?

No. Problems

Qil is leak from hose or tube.
(Check for signs of external oil leakage},

2 Water or fuel mixed with fuel, ')
3 Qil in oil pan is lack {no sign of external oil leakage). O
4 Engine oil pressure is normal if gauge is replaced. O
5 Oil hose, tube are clogged or damaged.
(Check directly) O
6 Qil filter is clogged and bypass valve function is
defective. (Check directly) O
7 Metal particles are caught in oil filter element.
K.O.W.A (oil analysis) shows abnormality. O
8 Remove oil pan. When checking oil, strainer is o

clogged or oil pipe is damaged.

9 or valve guide is damaged. {Check directly)

Regulator valve is catching, spring is fatigued, valve o

Qil pump does not rotate smoothly and oil pump o)
shaft play is excessive.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTINGAND ADJUSTING TROUBLE SHOOTING

13. Oilincooling system.

Cause Remedy

a | Pipe broken in oil cooler, X
O-ring damaged

b |Head gasket damaged X
¢ | Cylinder head cracked X
d | Cylinder block cracked X

14. Water temperature does not rise.
Water temperature gauge indicator is to left
of “green range”

* In cold weather operation, if reversible
fan and radiator shutters are not fitted,
the engine may not warm up.

No, Problems Remedy [ X/ X

1 Water temperature rises if gauge is replaced. O

When thermostat is removed, it is found to stay open:
2 or performance test shown cracking temperature is O
too low.,

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
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TESTING AND ADJUSTING TROUBLE SHOOTING

15.Water temperature rises excessively.
(Water temperature gauge indicator goes to
right of “greenrange”. engine overheats)
Never remove the radiator cap when the
temperature is still high. Boiling water may
spurt out and cause serious burns.

* When the engine overheats, stopping the
engine immediately means water is no longer
sent out by the water pump. As a result the
temperatre of the parts being cooled rises
sharply and this may cause cracking or other
damage to the engine.

Before starting the troubleshooting, ask the
operator the following questions.
1 Isanti-freeze being used in summer?
2. Is water being supplied according to
the“Operation and maintenace Manual”.
Check before troubleshooting
1 Ismachine being operated under exces-
sive load?
2. Isfan damaged or deformed?
3. Is belt groove of fan pulley or crank
pulley worn?
4. Areradiator shutter and reversible fan
being used properly ?

No. Problems Remedy

1 Coolant level is too low.

2 Cooling water mixed with oil.

3 Fan belt loosens, O

4 Radiator core is damaged or clogged with mud or dust. O
Difference in temperature between upper and o

5 lower tanks is extreme.

6 Radiator is only slightly warm, OO0

7 Valve opens when testing thermostat only.

8 If water temperature gauge is replaced, it returns ®)
to normal.

9 Torque converter oil temperature is too high. O

(with TORQF LOW transmission}

* |f exhaust smoke is black, follow problems 6. Exhaust gas is black’".

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

B(S)(C)4D105 13-0043




TESTING AND ADJUSTING

TROUBLE SHOOTING

16. Too much vibration.
No. Problems Remedy
1 Engine mounting bolts are loose. (Check directly) O
2 Vibration damper is not warm to touch after operation 0
during operation, gear noise is also excessive,
3 Air is mixed in fuel system. @)
4 Engine runs abnormally at low idling. (No air in fuel 'e) [®)
line; exhaust gas color normal)
5 Exhaust gas is black. O|0|0
6 Water temperature does not rise or rises slowly. O
7 When checking injector nozzle with nozzle tester, in- 0O 0
jection spray is defective or injection pressure is low,
8 Injection pump seal is out of position, injection pump 0]
is out of adjustment. (Check directly with pliers)
9 When loosening injection pipe sleeve nuts in order at O 0
low idling, speed of some cylinders does not change,
10 | Oil pressure is low at low idling. O
1 Remove cylinder head when checking it, the tappet 0
or intake and exhaust valves are abnormal.
12 The wear and clearance of front support pilot is large.
The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean
13-0044 B(S)(C)4D105



TESTINGAND ADJUSTING

TROUBLE SHOOTING

17. Abnormal noises emitted.
* When noises indicating internal damage.
are being emitted continuing to operate
machine may make the damage worse.
* As far as possible, classify the abnormal
noise to make location of the cause easie
Type of noise;
Interface
. Abnormal combustion
. Gear
Internal, external
. Engine, power train
No. Problems Remedy [X [ X[ X [AX/XAICX/ X [ X[A[X[X[X[A |AX
1 External or interference engine noise occurs. O
2 Exhaust gas is black. ®)
3 Combustion noise is abnormal, 9) oo
4 | Seal is broken. (Check injection volume on test stand.)
5 | Water temperature does not rise, @)
6 Vibration damper is not warm to touch after operation;| o)
during operation, gear noise is also excessive.
7 When loosening injection pipe sleeve nut and setting 0
engine to low idling, engine speed does not change,
8 Valve clearance is too large or too small. O
9 Compression pressure is lack; blow-by is excessive, @)
10 When checking injector nozzle with nozzle tester, in- olo
jection spray is defective or injection pressure is low.
1 Remove oil pan. When checking it, internal engine 0
noise is excessive,
12 | Remove gear cover. Gear noise is occured.
13 When removing cylinder head, Internal engine noise
is excessive,

Other causes of abnormal noise (direct check)

Cause Remedy
PTO gear damaged or worn X
Air compressor damaged X
Turbocharger damaged X

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

B(S)(C)4D105
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

18 Excessive wear of engine parts.

Before starting the troubleshooting, ask the

operator the following questions.

1 Is the specified oil being used?

2. Is the specified fuel being used?

3. Is the air cleaner element cleaned and
replaced according to the “Operation and
Maintenance Manul”?

4. Is the fuel filter element cleaned and
replaced according to the “Operation and
Maintenance Manul”?

5 Are theengineoil and oil filter element
replaced according to the “Operation
and Maintenance Manul”?

6 Has there been repeated rapid acceleration,
or rapid gear shifting?

7. Isthe machine warmed up before operation,
and left idlig before stopping engine accor-
ding tothe *“Operation and Maintenance
Manul”?

No. Problems
1 Dirt gets into engine. (Check directly) ®)
2 Exhaust gas is black, (See problems 6. Exhaust gas
is black") O
3 Fuel is mixed with oil, (See problems 9, Qil level
rise’’) O
4 Water is mixed with oil. (See problems*9. Qil level
rise*’) @)
5 Oil is dirty. (See problems “*10. Qil quickly becomes
dirty”) O
6 Dirt or water drains out when fuel tank drain plug is
removed. O
7 Fuel filter is dirty or damaged. O

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X:Replace;  A:Repair
A Adjusting; C:Clean

13-0046
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

19. Engine does not start because of
fault in electrical system. (Chek
starting circuit)

When checking, take care not
& to becaught in fan or other rot-
ating parts if engine statrs.

Check before troubleshooting

1 Is battery electrolyte level or specific
gravity too low?

2. Check starting circuit for broken or
disconnected wires, loose terminals or
short circuits (Visual check)

Battery <> Safety relay <> Starting
switch <> Battery relay switch <>

Battery

3. Immediately after repair, mistaken wiring
connection is possible cause.

4. When problems (1-1) “Engine does not
turn”, use this problems.

Problems

If terminals (B} and (C) of starting motor are
connected, pinion moves out.
* Sparks are produced by this test,
When pinion movement is confirmed, discon-
nect-terminals immediately,

If terminals (B) and (C) of starting switch are
connected, engine will start.

If terminals (b) and (E) of battery relay switch are
connected, engine will start.

If plug terminal of safety switch is connected to
terminal {B) or (+) of starting motor, engine will start.

If terminals (B) and (C) of safety relay are connected,
engine will start,

Starting motor does not turn even if No, 1 starting
motor terminals (B) and (C) are connected.

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X Replace;
A Adjusting; C:Clean

A': Repair

B(S)(C)4D105
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TESTINGAND ADJUSTING

TROUBLE SHOOTING

20. Battery does not charge. (Chek starting circuit)
When checking, take care not

to be caughtin fan or other
rotating parts if engine starts.
Take care also to cause short circuits. Be-
fore starting the troubleshooting, ask the
operator if the battery is old (in se for 2 or
more years).
Check before troubleshooting

1. Is alternator drive belt loose?

2. Check starting circuit for broken or discon-
nected wires, loose terminals or short circuits.
(Visual check, continuity check)

Battery <> Safety switch <> Ammeter <>
Regulator <> Starting motor<> Alternator<>
Battery relay switch <> Battery

3. Do lamps or heater exceed specified limit? Are
they left on?

* When engine is stopped and charged lamp
stays on, or ammeter indicator deflects to one
side, lamps are still on, or there is a short cir
cuit.

4. Following repairs, mistaken wiring connec
tion is possible cause.

No. Problems

Remedy [XA

3
3
g

lamp are normal.

During operation, deflection of ammeter and charging

Continuity test using tester shows;

1) Little or no continuity when terminals (AC) and (B)
of starting switch are connected, {with switch ON)

2 2) When the starting switch is ON, continuity be-
tween them above 1) is proper, but when being--

OFF, no continuity.

3) Little or no continuity between (+) terminal and

{—) terminal of ammeter or charging lamp.

Run engine at medium speed (1,000 — 1,500 rpm) and

measure charging voltage with tester.

1) Tester does not show charging voltage (26 — 30V)
between terminal (E) of alternator and terminal
(N) of regulator.

2) Tester shows charging voltage between terminals
(B) and (E) of alternator, but does not shown with
above.

3) Tester shows charging voltage with 2) only.

O

The following symbols are used to indicate the action
to be taken when a cause of failure is locked.
X Replace;
A Adjusting; C:Clean

A': Repair

13-0048
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14 DISASSEMBLY AND ASSEMBLY

GENERAL

Disassembly .o 14-002
Assembly s 14-016
Assembly TOOIS .....covirreeccceee 14017
TURBOCHARGER

Disassembly .o 14-042
Assembly e 14-045
OILPUMP

Disassembly .o 14-050
Assembly e 14-051
WATERPUMP

Disassembly .o 14-052
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DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

GENERAL DISASSEMBLY

8 17 18 19
Cank case| |Cylinder | Rocker
breather [|head cover|[JArm assy. [17UShROd
9
1 [ Fueffilter ]
Aiir cleaner 10 20
Cylinder |
haed
2 13 14
Fan Oillevel F_uel injec-
gauge tion pump
3
Starting 6 R
motor EE—
OV stand 11 16
Fuel injection
4 pump spill tube Alternator
Muffler exhaust
tube wiring
5)
Alternator 12
Intake air heater
6
Exhaust manifold
Muffler 15
Turbocharger Water pump
24
Crank pulley
21
Oil pan 23
Flywheel |
22 housing
FLywheel
14-02
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DISASSEMBLY AND ASSEMBLY GENERAL DISASSEMBLY

2
Piston connecting rod
asembly
—_— 26
Oil pump

27
Fuel injection pump
Front plate A £3)
Crankshaft | __|Cylinder Liner
28
Idler Gear
3l
Idler Gear
shaft
25
—— Front cover
30 33
Crank shaft Tappet

B(S)(C)4D105 14-03



DISASSEMBLY AND ASSEMBLY GENERAL DISASSEMBLY

Special tool required

Part No. Part Name Al B|C|D|E

- Engine stand 1

- Engine stand

- . Adapter plate
- Remover 1
- Piston ring tool 1
- Spring pusher 1

Preparatory work
. Clean the outside thoroughly, removing all mud and dirt.
. Drain the coolant and engine oil.

’ Engineoil : approx. 151
L]
—
. Prepare engine stand A to secure the engine for preven-
tion of turnover.

I Engine assembly: approx. 425 kg

* These values depend on installation vehicles.

B4D105 ENGINE ASSEMBLY TOOLS

SI. No. | Part Number Description
BEML TOOL DESIGN
1 008003600215 REARSEAL DRIVER
2 008003600355 CYL.BLOCK LINER REMOVALTOOL
3 008003600365 CON.ROD PULLER
4 008003600105 PISTON HOLDER
5 008003600165 FRONT SEAL PRESS TOOL
6 008003600345 CYL. BOLCK LINER PRESSING TOOL
7 008003600655 CAMBUSH PRESS TOOL
8 008005600135 CYL.HEAD COTTER SPRING PUSHER
9 008003600875 CRANK GEAR DRIVE TOOL
10 00803600155 MAIN BEARING CAP REMOVAL TOOL
1 00803600055 FIP SHAFT SEAL DRIVE TOOL
12 008000801525 FUPGUIDING/ALIGNMENT MANDREL
13 008003600895 FIP SHAFT DRIVING TOOL (B4D105-BL9H)
14-04 B(S)(C)4D105



DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

1. Aircleaner
Disconnect the connection tube (1) at the hose
connection part (2), and remove the air cleaner (3).

2. Fan
Remove tha fan (4).

3. Starter
Remove the starter (1).

4. Muffler drain tube and wiring
1) Remove the muffler drain tube (2).

2) Disconnect the wire (3), and remove the relay (4).

5. Alternator
1) Remove the fan belt tension adjustment bolt (1),
loosen the alternator mounting bolt (2), push the
alternator (3) to the engine side, and remove the
V-belt (4).
2) Remove the alternator (3).

6. Exhaust manifold, turbocharger

1) Loosen the hose clamp (1), and remove the
turbocharger outlet pipe (2).

2) Remove the turbocharger inlet pipe (3).

3) Mount the guide bolt (10 mm, pitch = 1.5, length
= 200mm) on the exhaust manifold (4),
and remove the exhaust manifold, turbocharger
and muffler as a unit.

4) Remove the gasket (5).

B(S)(C)4D105
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DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

7. Engine overhaul stand set
1) Mount the adapter plate supplied with the
engine overhaul stand B to the engine.
2) Liftthe engine assembly (1), and install the
engine overhaul stand B to the adapter plate
attached.

S
[ kg | Engine assembly: 425 kg

8. Crankcase breather

1) Remove the breather cover (2) by loosening the

clamp (1).
2) Extract the breather element.

9. Fuel filter
Disconnect the fuel filter inlet hose (1) and
outlet hose (2) from the fuel injection pump,
and remove the fuel filter (3).

10. Oil filter
Remove the oil filter (4).

11. Fuel injection pipe and spill tube

Remove fuel injection pipe (1) and spill tube (2).

* Seal the fuel port with a rubber cap or tape
to prevent entry of foreign matter

12. Intake air heater
Remove the intake air heater (3).

14-06

B(S)(C)4D105



DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

13. Oil level gauge and oil cooler
1) Remove the bracket, and remove the oil level
gauge guide.
2) Remove the oil cooler (1).

14. Fuel injection pump
1) Disconnect the feed pipe from the fuel injection
pump.
2) Check the matching mark (a) of the injection
pump and Spacer.
* If no mark is provided, punch the matching
mark before removal.
3) Remove the fuel injection pump (2).
* Seal the fuel and oil ports with tape to
prevent entry of foreign matter.

15. Water pump
Remove the water pump (1).

16. Nozzle holder
Remove the nozzle holder (1).
* Carefully handle the nozzle holder so as not
to strike the tip against anything.
* Putatag on the nozzle holder monting
position. When reassembling, mount it at
the same position if no abnormality exists.

B(S)(C)4D105
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DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

17. Cylinder head cover

18.

19.

Remove the cylinder head cover (1).

Rocker arm assembly.
1) Loosen the adjusting screw lock nuts, and
loosen each adjusting screw a few turns.

* The adjusting screws are loosened at this
stage so as not to apply excessive pressure
on the push rod when installing the rocker
arm assembly.

2) Remove the mounting bolts (2), and remove the

rocker arm assembly (1).

Disassembly of rocker arm assembly

i) Remove the clips (2) from both ends of the
rocker arm shaft (1), and extract the spring (3),
plug (4), rocker lever (5), bracket (6) and
spring (7).

* Loosen the lock bolt while pressing it to the
spring side because spring tension is applied
to the bracket.

* Mark the mounting positions of the rocker arm
and brackets to mount at the same positions
when brackets to mount at the same positions
when reassembling.

Push rod

Remove the push rods (1) from the cylinder

head.

* Put tags or marks with a marker pen on the
mounting positions of the push rods. When
reassembling, mount them at the same
positions if no abnormality exists.

14-08
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DISASSEMBLY AND ASSEMBLY GENERAL DISASSEMBLY

20. Cylinder head
1) Remove the cylinder head mounting bolts.
2) Remove the cylinder head assembly (1) assem-
bled with the intake manifold (2) and ther
mostat (3).

o)
[ kg | Cylinder head assembly: 40 kg

3) Remove the cylinder head gasket.

*  Disassembly of cylinder head
i) Press the valve spring with the valve spring
pusher (E) to remove the valve cotter (2).
ii) Slowly decrease the spring pressure, and remo-
ve the spring guide (3), spring (4) and seat (5).

6134P319 3

iii) Raise the cylinder head, and remove the intake
valve (7) and exhaust valve (6).
* Arrange valves in order after marking
respective mounitng positions.

B(S)(C)4D105 14-09



DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

21. Oilpan
Turn the overhaul stand to bring the oil pan
to the upper side.
Remove the oil pan (1).
* Since deformation or damage on the mount-
ing surface may cause oil leakage, remove
the oil pan with care.

22. Flywheel
Screw in the guide bolt © (14 mm, P = 1.5).
Remove the mounting bolts (1) and then
remove the flywheel assembly (2).

")
__%8 | Flywheel assembly : 38 kg

23. Flywheel housing
1) Temporarily suspend the flywheel housing (1)
using suspension bolts @ (Thread dia.= 12mm,
Pitch 1.75 mm).
2) Remove the mounting bolts and flywheel
housing.

)
%8 | Flywheel housing: 30 kg

24. Crank pulley
1) Remove the bolt (1), and remove the plate
).
2) Extract the crank pulley (3) with the puller
@, and remove the taper collar.

14-010
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DISASSEMBLY AND ASSEMBLY GENERAL DISASSEMBLY

25. Frontcover
Remove the front cover (1).

26. Oil pump
1) Extract the oil pump drive gear (1) with the
puller ©.

2) Remove the oil pump (2) and suction tube (3).

27. Fuel injection pump drive case.
1) Remove the fuel injection pump drive gear (1).

B(S)(C)4D105 14-011



DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

28. Idler gear
Remove the plate (1) and idler gear (2).

29. Piston and connection rod assembly
Turn the overhaul stand to direct the piston
and connecting rod assembly horizontally.
Check the punched number on the connecting
rod cap.
If no marking is provided, punch the number on
the cam side before removal.
Remove carbon inside the cylinder liner at the
upper side of the piston.

1
2

3

4)

Turn the crank shaft until the piston to be
extracted reaches bottom dead center.
Remove the mounting bolt (2), and remove
the connecting rod cap (1).

Press in the piston and connecting rod
assembly with a wooden stick from the oil
pan side, and remove it with the piston
supported at the cylinder head side.
Remove with care so as not to damage the
inside of the line with the edge of the
connecting rod.

Follow the same procedures for removal of
other connecting rods.

Store the disassembled parts with care so as
not to damage the piston sliding surface or
metal.

14-012
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DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

*

30.

31.

32.

Disassembly of piston and connecting rod assem-

bly

i) Remove the snap ring (4) on one side with
pliers (a).

ii) Hold the connecting rod (5) by hand, gently
extract the piston pin (6), and disconnect the
connecting rod from the piston.

iii) Remove the other snap ring.

iv) Remove the piston ring (7) with a piston ring
tool (D).

* Arrange piston pins, connecting rods, bear-
ings, piston rings and piston pins in the order
of cylinder numbers.

Camshaft

Remove the thrust plate (2) mounting bolt (3), and
then remove the camshaft assembly assembled
with the gear (1).

Idler gear shaft
Remove the idler gear shaft (1).

Front plate
Remove the front plate (2).

s
Samma s
L
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DISASSEMBLY AND ASSEMBLY

GENERAL DISASSEMBLY

33. Tappet
Remove the tappet (3).

34. Crankshaft.
Turn the engine overhaul stand to place the
crankshaft face upward.
1) Remove the main cap (1).

* Lower thrust bearings are mounted on
both sides of the No. 5 main cap. Mark
respective mounting positions after
removal of these.

2) Remove the crankshaft (2) with a nylon sling.

* Carefully lift the crankshaft so as not to
damage the cylinder block.

* Carefully avoid damaging the sliding
surface of the crankshaft.

14-014
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DISASSEMBLY AND ASSEMBLY GENERAL DISASSEMBLY

35. Cylinder liner

Turn the engine overhaul stand to make the

cylinder head face upward.

Before removal of the cylinder liner, measure

the protrusion of the liner with dial gauge® .

* When measuring the protrusion, press down
the liner with the plate @ to eliminate any lift
caused by the O-ring.

* Always measure the liner protrusion if oil
leakage from the cylinder head mounting gasket
or entry of water into the oil pan is detected.

Measure the liner bore before removal of the liner

for judgement on wear. The standard cylinder bore

is specified after it is installed in the cylinder
block.

1) Setthe remover C, and remove the cylinder
liner (1).

2) Remove the O-ring (2) and clevis seal (3) of the
cylinder liner.

B(S)(C)4D105 14-015



DISASSEMBLY AND ASSEMBLY GENERALASSEMBLY
GENERAL ASSEMBLY
1
Cylinder 7 17
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14-016
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DISASSEMBLY AND ASSEMBLY GENERALASSEMBLY

Special tool required

Part No. Part Name A|B|C D E|F|G|H

- Engine stand 1
- Engine OV-stand
- . Adapter plate

- Liner drive 1
- Piston ring tool 1
- Spring pusher 1
- Piston holder 1
- Seal guide 1
- Filler guage 1

Preparatory works
Clean all parts, and check for rust, sharp edges and break-
age.
Mount the adapter plate on the cylinder block, and set it
on the engine overhaul stand B.

14-018 B(S)(C)4D105



DISASSEMBLY AND ASSEMBLY GENERALASSEMBLY

1. Cylinder liner
* Check the cylinder block liner mounting part,
contact surface with the O-ring and O-ring
groove for rust or pitting defects.
If rusted or pitted, remove the rust with No. 100
sand paper and smooth pitting with Three Roy.

1 Mount the cylinder liner.

1) Applyengine oil (CLASS-CD-SAE30) to the O-
ring groove of the liner and the contact surface
with the O-ring of the cylinder block.

2) Appl engine oil (CLASS-CD-SAE30) to the O-
ring, and perfectly fit it in the O-ring groove of
the liner with fingers.

3 Putin asmooth stick (approx. $10) as shown in
the figure, and make one or two turns around
the liner to eliminate any twist caused during
installation.

2. Mount the liner clevis seal.
1) Applyengine oil (CLASS-CD-SAE30) to the Press it to the groove
clevis seal groove of the liner.
2) Applyengine oil (CLASS-CD-SAE30) tothe
clevis seal, and fit it in the groove of the liner
with fingers. Rounded
3) Mount the seal as shown in the figure.

3. Install the cylinder liner.
1) push the cylinder liner (2) with fingers until the
O-ring is brought into contact with the block

).

B(S)(C)4D105 14-019



DISASSEMBLY AND ASSEMBLY GENERALASSEMBLY

2) Install the liner (2) perfectly with a liner driver

©).

4  After press fit of the liner, measure the protrusion

with a dial gauge @ .

* When measuring the protrusion, press down
the liner with the plate @ to eliminate any lift
caused by the O-ring.

* Cylinder liner protrusion: 0.05 to 0.13 mm.

. Crankshaft
1 Mount the upper bearing (1) with the bearing
protrusion adjusted to the cylinder block notch.
* Check the oil port alignment.
*  Applyengine oil (CLASS-CD SAE30) to the
bearing surface.

2. Install the thrust bearing (2).
* Let the groove face outwad.
* After installation of the bearing, apply engine
oil to the sliding surface.
*  The trust bearing are composed of two upper
bearing and two lower bearings.

14-020 B(S)(C)4D105



DISASSEMBLY AND ASSEMBLY GENERALASSEMBLY

3 Liftthe crankshaft (3) with a nylon sling, and
adjust the positioning with the cylinder block.
* Carefully prevent the crankshaft from striking
the cylinder block.
*  Apply engine oil (CLASS-CD-SAE30) to the
crankshaft journal.

(e
ke |Crankshaft (including crank gear): 42kg

4. Mount the lower bearing (4) with the bearing
projection adjusted to the main cap notch.
*  Mount the lower bearing with the “F” mark
facing the engine.

5 Mount lower thrust bearing (5) on both sides of
No. 5 main cap.
*  Mount thrust bearing with the groove facing
outward.
* Check that the roll pin protrusion is in the
range from 1.5t0 1.9 mm.

6. Install the main cap.
* Check that number marked on the main cap
agrees with the cylinder number and install it
with the “F” mark facing forward.

B(S)(C)4D105 14-021
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GENERALASSEMBLY

7. Tighten bolts of the main cap (6) with a torque
wrench @.
*  Applyengine oil (CLASS-CD SAE30) to the
thread part of the mounting bolt and the seat.
*  Tighten the center bolt first, then outer bolts
sequentially.
&% Main cap tightening torque
kgm
Sequence | Target Range
1st 7 6~8
2nd 20 19~21
3rd 0 Loosen completely
4th 7 6~8
5th 14 13~15
6th 20 19~21
* After tightening, check that the crankshaft
rotates smoothly.
8  Measure the end play of the crankshaft with a dial
gauge @ .
* Crankshaft end ply: 0.14t00.315 mm
14-022 B(S)(C)4D105
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3. Tappet
. Applyengine oil (EO30-CD) to the periphery of the
tappet, and install the tappet (1).
* Check that the tappet moves up and down
without resistance.

4.  Frontplate
. Install the front plate (1) with the gasket attached.

*  Apply adhesive agent (LG-1) to the gasket for
installation so that bolt holes will not be
displaced during front cover installation.

* Be sure to tighten all three mounting bolts (2).

5. Idler gear shaft
. Install the camshaft (3).

6. Camshaft
1) Install the camshaft (1).
* Gently install so as not to damage the
camshaft.
2) Install thrust plates (2), and tighten the mount
ing bolts (3).
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GENERALASSEMBLY

7. Piston connecting rod assembly
* Assembly of piston and connecting rod
assembly
1) Mount the expander (6) on the piston (4).

2) Mount the oil ring (7) with the piston ring
tool (D).

*

*

Install the piston ring with the matching

mark at the slit facing upward.

Check that the expander fits perfectly to

the oil ring.

* Adjust the relative positioning of the
expander and ring as shown in the
figure below.

a: Coil connection port
b: Teflon tube
c: Slit

3) Mount the compression ring (5).

4) Insert the piston pin (3) with the mark
“FRONT” on the piston head set on the
same side as the embossed item number of
the connecting rod, and assemble the
connecting rod (2) and the piston.

*

If it is hard to insert the piston pin, warm
the piston in hot water before installa-
tion.

Check the cylinder number of the piston
and connecting rod.

The cylinder number should be marked
on the connecting rod with an electric
pen.

Mount snap rings (1) on both sides of the
piston.

14-024
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6) Assemble upper bearing (8) of the connect-
ing protrusion.
7) Install the connecting rod bolt (9) to the
connecting rod.
* Direct the notch of the head to the
connecting rod center and prevent the
head from protruding.

Turn the overhaul stand to direct the cylinder block

horizontally.

Bring the crank pin of the cylinder, to which the (3 0

piston connecting rod assembly is installed, to "¢.

bottom dead center. i
*  Apply engine oil toinside of the cylinder, piston Eront

ring and connecting rod metal.
1 Direct the slit of the piston ring as shown in the
figure.

2 Insert the piston and connecting rod assembly (4)
from the cylinder head side to the piston ring
position.

* Install the piston with the embossed mark
“FRONT” facing forward.

* Check that the cylinder number of the piston
and connecting rod assembly faces the cam
side.

3 Depress the piston ring with the piston holder F,
push the piston head with a wooden stick, then
draw in the large end of the connecting rod until it
is fitted to the crank pin.

4. Install the bearing with the notch of the connect-
ing rod cap (10) adjusted to the protrusion of the
lower bearing (11).
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5 Install the connecting rod cap (10) having the same
cylinder number as the one on the connecting rod,
and with the number facing the cam side.

6. Install the connecing rod cap according to the

following procedure:

*  Apply engine oil to the threaded part of the
connecting rod bolt and the seat.
* Mount the bolts alternately according to the

following steps.

& m1 Connecting rod cap tightening torque

kgm
Tightening sequence| Target Range
1st 6 5~7
2nd 11 10~12
3rd 0 Loosen completly
4th 6 5~7
5th 11.2 10.6 ~11.7

* After mounting the piston and connecting rod
assembly, turn the crankshaft to make sure that
the rotation is free from binding or any other

troubles.

7. Move the connecting rod cap to one side, and
measure the side clearance between the cap and
crankshaft with a feeler gauge (a).

* Capside clearance: 0.16t00.33 mm

14-026
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=

Oil pump

Install the oil pump (1).

Install the suction pipe (2) with the O-ring.

*  Tighten the clamp so that no execessive
pressure is applied to the suction pipe during
installation.

Fuel injection pump drive gear and idler gear
Install the fuel injection pump drive gear (1).
Assemble theidler gear (2), and then install the
thrust plate (3) with correct positioning of the roll

pin.

Bolt tightening torque: 11 £ 1.5 kgm
G ]

*  Check the matching marks on drive gears and the

idler gear.

B(S)(C)4D105

14-027



DISASSEMBLY AND ASSEMBLY

GENERALASSEMBLY

10. Oil Pump drive gear
Install the oil pump drive gear (1).

*  Measurement of gear backlash and end play

After assembling each drive gear and idler gear,
measure the backlash and end play of the follow-
ing gears:

* Backlash of each gear

mm
Position Point to be measured Range
A |Crank gear idler gear 0.11~0.37
B Fuel injection drive gear and idler gear 009~ 043
C |Cam gear and idler gear 0.11~0.41
D |Oil pump gear and idler gear 0.12~0.37

* End play of the camshaft: 0.15to 0.35 mm
End play of the idler gear: 0.05t00.21 mm

11. Frontcover
1 Press fit the oil seal (1) to the case with a push tool
@ (Outside diameter: 90 mm).

14-028
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2. Install the front cover (1) on the gasket.

=  Applygrease (G2-LI) to the lip surface of
the front seal (50 to 80% of the lip).

* Since gasket recess from the mounting surface
may cause oil leakage, check that the gasket is
protruding from the surface. Cut the gasket is
protruding from the bottom of the cylinder
block so as to be flush with the cylinder block
surface.

12. Crank pulley

1. Assemble the crank pulley (1) to the crankshaft
after aligning the key.

2. Assemble the taper collar (2).
3. Install the plate (3), and tighten the bolt (4).

*  Apply engine oil EO30 - CD) to the screw and
seat of bolt.

m Mounting bolt: 38 £3 kgm
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13. Flywheel housing
1 Install the rear seal.
Press fit the rear seal (2) tothe flywheel
housing (1) with a seal push tool
(outside diameter: 135 mm).

A~ Applygrease (G2-LI) tothe lip surface of
the front seal (50 to 80% of the lip).

2. Install the flywheel housing (1).

1) Mount tool G on the crankshaft end.

2) Lift the flywheel housing, and install the
housing after centering with the dowel on
the cylinder block.

.. Mounting blot: Antifriction agent

(LM-P)
Mounting bolt
%1 tightening torque: 11415 kgm
* Check that the gasket has not receded from the
installed surface, and cut the protruding
gasket so it is flush with the surface.

3. Measure radial runout and face runout.

1) Tomeasure the radial runout, set magnet
stand (a) on the crankshaft end surface,
Contact the spindle of the dial gauge with
the flywheel housing end. Rotate the
crankshaft one complete turn and read the
difference between the maximum and
minimum indications.

* Move the crankshaft to one side to elimi-
nate the error caused by the end plate.
Check that the dial gauge indicates the
starting value after the crankshaft has made
a complete turn.

* Flywheel housing radial runout limit

0.35 mm : (indicator deflection)
2) To measure the face runout, bring the spindle into
contact with the socket joint portion of the
flywheel housing. Rotate the crankshaft one
complete turn and record the maximum reading.
* Flywheel housing face runout limit 0.30
mm: (indicator deflection)

Flywheel
housing

Rear seal

Lip contact
surface

14-030
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14. Flywheel

1 Screwin the guide bolt © (14 mm, P = 1.5) to the

flywheel mounting surface.
2. Setthe flywheel (2) on the crankshaft.

3. Tighten the flywheel mounting bolt (1) as follow:
*  Apply engine oil (EO30-CD) to the threaded

part of the bolt, seat and washer.
Tighten the bolts in the order given in the figure.

& am] Flywheel tightening torque

kg.m
Procedure Target Range
Isttime 9 3~12
2nd time 18 16 ~20

4. Measure the flywheel radial and face runouts.

1) Placea magnet stand (a) on the damper cover
mounting surface of the flywheel housing. Bring
the spindle of the dial gauge into contact with the
flywheel end. Rotate the crankshaft one complete
turn and the read the difference between the
maximum indications.

* The radial runout is me asured with the
crankshaft moved to one side to eliminate
the error caused by the end plate. Check
that the dial gauge indicates the same value
as the starting indication after the crank

shaft has made a complete turn.

* Flywheel radial runout limit: 0.15 mm

2) The face runout is measured with the spindle
head in contact with the socket joint portion of
the flywheel. Rotate the crankshaft one complte
turn, and read the difference between the
maximum indications.

* Face runout limit: 0.15 mm (indicator deflec-
tion)

B(S)(C)4D105
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15.

16.

Oilpan

Check the height difference between the cylinder
block, gear case cover, front plate, and flywheel

housing.

* Allowable height difference for oil pan installa-

tion: 0.25 mm max.

Cut off the gasket protruding from the mounting
surface.

Apply liquid gasket to mating surfaces of the oil
pan, gear case cover, the front plate and flywheel
housing.

-+ = 0il pan mounting surface: (LG-1)

Install the oil pan (1) with gasket.
* Set the gasket with the hot rolled surface (with
luster) facing the block side.

0 = Gasket: Liquid gasket (LG-1)

G w1 Oil pan moounting bolt tightening
torque: 2.5 =1 kgm

Cylinder head
Assembly of cylinder head
1) Check the nozzle protrusion by inserting the
nozzle holder assembly.
* Nozzle protrusion: 0.79t01.71 mm
2) Apply engine oil (CLASS-CD SAE30) to the
stems of intake and exhaust valves and inside
of the valve guide.
3) Install the valve (1).
Check the recess of the valve from the head
bottom when the valve is installed.
* Valve recess: Intake valve: 1.51+0.24 mm
Exhaust valve: 1.5+0.28 mm
4) Assemble the seat (2), spring (3), guide (4) and
valve cotter (5).

14-032
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5). Push the vlave spring with a valve spring pusher (E)
to fit the valve cotter to the valve stem.

* Lightly strike the valve stem with a plastic
hammer to check that the cotter is perfectly
fitted.

1 Install the intake manifold (5) and thermostat
assembly (6) on the cylinder head.
* |f the thermostat has been removed, assemble it
with the leak hole at the position shown in the
figure.

Leak hole

2. Install the cylinder head assemlby
* Different materials are used for cylinder heads
with and without turbocharger (notinter-
changeable. Care must be excercised at the time
of repair.
Check the cylinder head and cylinder block

mounting surfaces for dirt, and inside of the
cylinder for dirt and other foreign matter.

3. Mount the gasket on the cylinder head.

4.  Liftthe cylinder head assembly (7), and install it with
four mounting bolts as the guide.

5 Tighten the cylinder head in the following order:
*  Apply molybdenum disulfide (LM-P) or
engine oil (CLASS-CD SAE30) to the threaded part
of the cylinder head mounting bolts and both sides
of washers.
* Tighten mounting bolts in the order given in
the figure.

&&m]  Cylinder head mounting bolt
tightening torque:

kgm 14 3 (s I
Sequencel When coat with MoS, | Coated engine oil P P @ @ SJ @

Target Range Target Range 7
1st 9 8~10 9 8~10 - h o
ond | 13 12~ 14 13 12~ 14 () (=) é (7)

3rd 18 17.5~18.5 20 19.5~20.5

——{ Rear

Front
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17. Pushrod AT, -
- Assemble the push rods (1). ‘ s =% m"\ :
* Push rods are the same for intake and exhaust ' s 4l ﬁ/
manifolds. - . | &
* Check that the push rods are perfectly fitted to L

the tappets.

18. Rocker arm assembly
*  Assembly of rocker arm
1) Mount the adjustment bolt and lock nut to the
rocker arm lever (When previously removed).
2) Mount the snap ring on the front end of the
rocker arm shaft, and insert the plate.

3) Assemble the exhaust lever (1), bracket (2),
intake lever (3), spring (4), exhaust lever,
bracket, intake lever.... to the shaft in this order.
* Since the last bracket with lock bolt and

lever to be assembled are under spring
tension, push these in with the front end of
shaft downward.

4) After pushing in the levers and brackets, check
the agreement of oil hole positions with the
shaft, and mount the plate and snap ring to the
shaft rear end.

1 Correctly position the rocker arm assembly (1).
* Check that adjustment screw balls are fitted
to the sockets of the push rod.
* Release the valve spring tension on the rocker
arm, if any with the adjusting screw, so that no
excessive pressure is applied to the push rod.

2. Tighten the mounting bolts (2).
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3. Adjust the valve clearance as follows:
* Adjust the clearances between the valves and
the rocker arm to the values below.

Intakevalve : 0.35mm

Exhaust valve: 0.6mm

* Engineignition order: 1-3- 4-2
1) Turn the crankshaft forward, and align the “1.4

TOP” line of the crank pulley with the pointer,

while observing the valve movement.

* When No.1 cylinder reaches top dead
center, adjust the valves marked with @ in
the table.

* When No. 4 cylinder reaches the top dead
center, adjust the valves marked with gin
the figure.

Cylinder No. 1 2 3 4
8= Intake valve ® O @ O

Exhaust valve ® L ] o O

2) Put the filler gauge (H) between the rocker arm
(3) and valve stem (4), and turn the adjustment
screw (5) to allow smooth movement.

3) Tighten the lock nut (6) atthis position to fix
the adjustment screw.

G  Locknut: 3.1510.35 kgm

* After tightening the lock nut, check the valve
clearance again.

19. Cylinder head cover
Install the O-ring on the cylinder head cover (1).
* The O-ring should be mounted to the head
cover with adhesive to avoid twisting.

& e 1Head cover mounting nut: 01 to 0.9
kgm
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20. Nozzle holder
*  Check the inside of the holder sleeve and contact
surface of the nozzle holder for dirt and defects.
*  Apply engine oil (EO30-CD) to the threaded part
of the nozzle holder mounting bolt.
Install the nozzle holder (1) on the cylinder head.
* Evenlytighten the nozzle holder mounting
bolts.
%75 Nozzle holder: 1.75+0.25 kgm
21. Water pump
Install the water pump assembly (1) with gasket.
0= Gasket: Liquid gasket (LG-1)
22. Oilcooler
Install the oil cooler (1) with gasket.
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23.

Fuel injection pump
Mount the O-ring (1) to the fuel injection pump (2).

0= O-ring: Grease (G2-LI)
Align the coupling wide tooth center in the
coupling with the drive shaft spline wide tooth
center of the fuel injection pump.

Put the injection pump gently in the case, and
combine the coupling and spline.

Install the fuel injection pump by aligning the
marked line on the flange with the matching mark
(a) of the coupling case.

Connect the feed pipe (3).

* Fill 60cc of engine oil to the pump cam case and
200cc to the governor case.

* Oil level gauge guide
Mount the oil level gauge guide (4) and
bracket (5).

B(S)(C)4D105
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24. Fuelinjection pipe and spill tube

*  Before installing the fuel injection pipe and spill
tube, clean inside the pipe with an air cleaner.

1 Connect the injection pipes (1).
G ] Sleevenut: 2.2 +0.1 kgm

2. Connect the spill tube (2).

* Since it ishard to take out a joint bolt gasket
that has fallen inside the cylinder head, be
careful during mounting.

Gl Jointbolt:  1.840.2kgm
25. Intakeair heater
Install the intake air heater (3) gasket.
26. Qilfilter

Mount the oil filter (4) with the O-ring.

* When installing thefilter, lightly apply engine
0il (CLASS-CD SA30) to the O-ring at the
connection surface of th filter. Tighten another
2/3 turns after the packing surface is brought
into contact with the seal surface of the filter
stand.

27. Fuel filter
Install the fuel filter (3), and connect the outlet hose
(2), and inlet hose (1).
28. Crankcase breather
Install the breather element, and mount the breather
cover (2) using the clamp ().
,-‘. ‘J,',".
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29.

30.

32.

Removal from engine stand

Temporarily suspend the engine assembly, remove
the connecting bolts of the adapter plate and
overhaul stand (B), and remove the engine assem-
bly.

Set the engine assembly (1) on engine stand A.

Remove the adapter plate.

Exhaust manifold, turbocharger and muffler.

Mount the gasket, and install the exhaust manifold,
turbocharger and muffler (1) in assembled state.

Connect the turbocharger outlet and inlet pipes.
* Connect each connection pipe carefully so that
no excessive twisting pressure is applied.

Alternator and fan belt.

Install the alternator (1) on the mounting bracket

@)

Set the alternator mounting bolt (3) from the fan
side, and temporarily tighten nuts (with spring
washer inserted).

Set the adjustment plate (4) to the water pump and
mount the adjustment lock bolt (5).

Set the fan belt (6) on the pulley groove.

Put the bar between the alternator and cylinder
bolck to adjust the belt tension, and tighten the
adjusting bolt and mounting bolts.

* The tension of the fan belt should be adjusted
to give 10 mm of flexure when depressed with
finger (approx. 6 kg) at the middle part of the
water pump pulley and the alternator pulley.

B(S)(C)4D105
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32.

33.

34.

35.

Muffler drain tube
1. Connect the wire (1), and install the relay (2).
2. Install the muffler drain tube (3).

Starting motor

Install the staring motor (4) with the plug.

Fan
Install the fan (4).
Air cleaner

Connect the tube (1) with the hose (2), and install
the air cleaner (3).

14-040
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DISASSEMBLY OF TURBOCHARGER

3

Rotor ass’y

The subsequent disassembly
and repair operations should
be performed in BEML
authorized maintenance shop.

Blower
housing

Diffuser

1 2
Turbo- i
obree Feouking V band
Tools to be prepared
beml Gallet P/N Part Name A|B|C|D
- Penetrating oil
- Deep socket 1
- Cartridge holder 1
- T-wrench 1
- Retaining ring remover 1

1)

2

3
4)

Turbine housing
Spray penetrating oil on the turbine housing mounting bolts
and leave the housing as sprayed for about 15 minutes.

* Since the mounting bolts are often found in burnt or
seized state by high heat, be sure the oil penetrates
to their thread areas.

Give matching marks to the turbine housing mating or

contacting parts.

* These matching marks are given to prevent erroneous
locations of parts in reassembling the turbine housing.

Straighten lock plates and loosen bolts.

Remove the turbine housing.

* At this time, be careful not to damage the turbine
housing. If the housing is stuck in position, remove the
housing gently, giving light blows to the outer
circumference with a plastic face hammer.

V band
Remove V band (2), using a deep socket A.

Rotary assembly
- Remove rotor assembly from compressor housing (3).

* Impeller and turbine wheel are in the state of high-

precision, dynamic balance, requiringextreme carein
their handling. If damaged or deformed, they cannot
be reconditioned.

Diffuser
Remove diffuser (5) from the compressor housing.

B(S)(C)4D105
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*  The subsequent disassembly and reassembly operations
should be performed in a BEML authorized maintenance shop.

9
Center hous-
5 6 7 g Shroud ing ass'y
Rotor Wheel shaft
Lock nut Impeller Back plate ,
Ass'y N P Ass’y 10
Piston ring
12 13 15
Retaining
Thrust . '
. n rin
1 bearing Seal Ting Beating
Cente
hO'rJ.lsll':g Thrust'col-
Ass’y lar Ass'y 14
Piston
ring
5. Locknut

1)  Secure cartridge holder with a vice. Put rotor assembly (4) in the
holder and keep it so that the end of wheel shaft is set in socket.
2)  Remove locknut (6), using T wrench C.

* Ifthe lock nutisremoved, the wheel shaft assembly will fall
out of the rotor assembly. Therefore, when carrying the rotor
assembly, be sure to support the wheel and center housing
sections by two hands.

6. Impeller

1) Remove rotor assembly (4) from the cartridge holder and rest
it on blower housing (3).

2)  Remove back plate (7) mounting bolts.

3) Remove impeller (8) out of place.

7. Backplate
Remove back plate (7) out of place.

8.  Wheel shaft assembly
Remove wheel shaft assembly (9) from center housing (10).

9. Shroud I 1
Remove shroud (11) from the center housing.
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10.

11.

12.

13.

14

Piston ring
Remove piston ring ( 12) from wheel shaft assembly by sepa-
rating the mating parts wide by fingers.

Thrust collar assembly

Remove thrust collar assembly ( 13) from center housing (10).

Thrust bearing
Remove thrust bearing (14) from center housing (10).

Seal ring
Remove seal ring (15) from center housing (10).

. Piston ring
Remove piston ring (16) from thrust collar assembly (13),

15. Retaining ring and bearing

1) Remove outer retaining ring ( 17) from the blower side of

center housing (10), using a retaining ring remover D.

2) Remove bearing ( 18) from the blower side of center housing
(20).

3) Remove inner retaining ring from the center housing in the
same manner as described in 1) above.

4) Remove retaining ring (17) and bearing ( 18) from the turbine
side of center housing (19) in the same manner as described in

1), 2) and 3) above.

B(S)(C)4D105
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ASSEMBLY OF TURBOCHARGER

1 4 5 ]
roving [ g sy [ seat g || Housing A
3
Thrust Piston Thrust Thrust col-
collar ring bearing lar Ass'y
8 10 1
A - Wh‘ee1 shaft Shroud impeller Lock nut Rotor ass'y
ass'y
Wheel shaft [—  hton Whee! shaft
Tools to be prepared
beml Gallet P/N Part Name B|CID|E|F|G |H

- Lubriplate
- Deep socket
- Cartridge holder 1
- T-wrench 1
- Retaining ring remover 1
- Piston ring guide 1
- Pig 1
- Radial play measuring 1

Intrument
- Radial play measuring 1

Instrument
- End play measuring instrument 1
- End play measuring instrument 1

14-044

B(S)(C)4D105



DISASSEMBLY AND ASSEMBLY

TURBOCHARGER

1)

2
3
4)

Retaining ring and bearing

Insert retaining ring (17) into center housing (10).  using

retaining ring remover D.

* Make sure that the mating ends of ring are in a correct con-
tact with each other with the oil outlet side up.

Coat the inner and outer surfaces of bearing with engine oil

Set bearing ( 18) in the center housing.

Insert the outer retaining ring in the same manner as described

inl).

Oil outlet port

Piston ring
- Install piston ring (16) on thrust collar (19)

Thrust collar assembly

1) Coat thrust bearing ( 14) with engine oil.

2) Install the thrust bearing in groove in thrust collar (19).
* At this time, oil groove (a) in the thrust collar
should~face outside. .

Thrust collar assembly
Install thrust collar assembly in center housing (10).

Seal ring
Install seal ring (15) in the groove on the circumference of
center housing (19).

Back plate

1) Coat the inside hole of back plate with engine oil.
2) Install back plate (7) with threaded hole plate and drilled
hole in center housing ( 10) aligned with each other .
* Provide a space for name plate away from oil hole in the
housing.

B(S)(C)4D105
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3) Hold the center housing and back plate by hands, taking care
not to allow the set partst o get out of place, and turn them
with the back plate down.

4)  Tighten the back plate (7) mounting bolts.

&1 Tightening torque of the back plate mounting bolts:
0.95+1kgm

7. Pistonring

Install piston ring (12) on wheel shaft (20), using piston
ring Guide E.

8.  Wheel shaft assembly

1)  Rest center housing assembly (21) on blower housing (3)
used as support.

2) Coat a bearing section in wheel shaft assembly (9) with oil.

3) Correct piston ring in the wheel shaft assembly, using pig F
and insert wheel into the center housing, rotating the wheel
gently.

9. Shroud

Install shroud (11) in center housing assembly (21)

10. Impeller

1) Remove the center housing wheel shaft assembly from the
blower housing and set it in cartridge holder B.

*  Take care of no pulling out the wheel shaft assembly.

2) Coat the impeller mounting shaft and the lock nut installing
thread area with lubriplate (to prevent-seizure).

3) Install impeller (8).

11. Lock nut

1) Tighte lock nut (6).

6] Lock nut tightening torque: Q.22 +0.01 kgm

2) Retighten the lock nut further by 90°, using T -wrench C.
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12.

1)

2)

3)

4)

13.

14.

2)

12 13 14 13 16
Turbine . Blower Checking after
: Diffuser - V band completion of
housing RQtEEsEY housing aSSEI’?]blY
Rotary assembly

Install rotor assembly (4) in turbine housing (1).

* Install the rotor assembly gently, taking care not to impair
parts.

* Install the turbine housing in place as shown in schematic
drawing.

* Locate drilled hole in shroud so as to face an oil inlet side.

Coat turbine housing mounting bolt holes with antifrication

compound.

* Antifrication compounds:  NICHIMOLI PG Paste or MOLI-

COAT AST Compound
Tighten the turbine housing mounting bolts.

6] Tightening torque of turbine housing mounting bolts:
1.7+0.1kgm
. Parallel
Bend lock plates. Oil outlet
View from turbine side

Diffuser
Install diffuser (5) on back plate (7).

* Bring protrusion (b) of the diffuser to the right side of pro-
trusion (c) of the back plate to prevent the diffuser from
turning clockwise.

* |If the diffuser has three protrusions, bring these protrusions
in holes in the back plate.

Blower housing
1) Install blower housing in place as shown in schematic
drawing below. 0

238°

QOil outlet
View from blower side

Tighten the tightening bolt of blower housing.

6] Housing of tighten bolt: 1.35+0.15 kgm
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15. V band
Attach and tighten V band (2), using deep socket A and
torque wrench (d).

&1 V band tightening torque: 0.8+0.1kgm

16. Checks after completion assembling

1) Make sure that the rotor assembly rotates smoothly by giving
light push there to.

2) Checkplay of rotor in the radial direction (radial play).

i) Attach a measuring instrument G to oil outlet of center
housing (10) and set a dial gauge so that its probe comes into
contact with shaft.

i) Hold the rotor by hands on both ends and move it in parallel
in the radial direction to measure play.
* Rotor radial play allowable range: 0.975t00.150 mm

3) Check play of rotor in the axial direction. (End play)

i) Setdial gauge in end play measuring instrument H and replace
the gauge probe with an exclusive one for this measurement.

i) Attach the measuing instrument to inlet port in blower
housing (3) and set the dial gauge so that a probe comes into
contact with the shaft end.

iii) Measure end play by moving the rotor in its axial dirction.
* Playof rotor in axial direction (End play)

Allowable range: 0.025t00.075mm

14-048
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DISASSEMBLY OF OIL PUMP

1 Remove the cover (1).

2. Remove the outer rotor.

3. Disconnect the gear (3) and inner rotor (4).

4. Remove the bushing (5).

5 Remove the dowel pin (6).

B(S)(C)4D105
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ASSEMBLY OF OIL PUMP

1. Install the cushing (5).
2. Driveinthe dowel pin (6).

3. Pressfitthe gear (3) to the inner rotor (4).

4. Istall the outer rotor (2).

5. Install the cover (1) with the dowl pin position
correctly adjusted.
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DISASSEMBLY AND ASSEMBLY WATER PUMP

DISASSEMBLY OF WATER PUMP

1. Removethe nut(1). T

2. Remove the fan pulley (2) with the puller ©.

3. Take off the snap ring (3) to remove the cover.

4. Remove the impeller (5) with the puller @.
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DISASSEMBLY AND ASSEMBLY WATER PUMP

5 Remove the snap ring (6).

6.  Extractthe shaft (7) from the impeller side.

*  Remove the shaft and bearing as a unit.

7. Remove the water seal (8).

8  Remove bearing (9) and (10) from the shaft.
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DISASSEMBLY AND ASSEMBLY WATER PUMP

ASSEMBLY OF WATER PUMP

1 Install bearing (9) and (10) on the shaft.

*  Make the ball side of the bearing face inside.

2. Install the shaft assembly (7) on the water pump case
(11) from the pulley side.

. Between bearing: Grease (G2-LI)

3. Fixtheshaft assemblywith the snap ring (6).

4. Pressfitthe fan pulley (2).

5. Fixit with nuts.
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DISASSEMBLY AND ASSEMBLY WATER PUMP

6. Install the water seal (8).

7. Pressfittheimpeller (5).

8 Mountthe cover (4) with the O-ring.

9. Fixitwith thesnap ring (3).
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MAINTENANCE STANDARD

TURBOCHARGER

TURBOCHARGER
(BS4D105)
2 11

8 3
Unit: mm
No. Check item Criteria Remedy
1 |Axial play of rotor Standard Repair limit
0.075-0.150 0.18 Repair or replace
Radial play of rotor 0.025-0.075 0.10
Thickness of thrust bearing 4.36 4.35
4 |Inside diameter of back plate 12.70 12.73
Measuring point Standard Repair limit
5 |Outer diameter of A 10.155 10.13
wheel shaft B 17.340 17.29 Replace
Bend of wheel shaft Repair limit:  0.010 (Total indicator reading)
Measuring point Standard Repair limit
6 |Inside diameter of C 15.80 15.81
center housing D 18.03 18.08
7 |Tightening torque of blower 1.3+0.2kgm
housing mounting bolts
8 |Tightening torque of turbine 1.7+0.1kgm

housing mounting bolts

15-02
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MAINTENANCE STANDARD TURBOCHARGER

CHECKINGAND INSPECTION

A. Rotating C. Rotating
- Disconnect the pipe from the blower and rotate - Setadial gauge to the redial play measuring instru-
the blower impeller while pushing it toward the ment, and replace the measuring indicator of the
turbine to see if the blower is in contact with the guage with that of exclusive use.

housing or it interferes with something.
Rotate the rotary by hand to see if it rotates
smoothly.
Dial gauge
B. Radial play of the rotor
Set a dial gauge to the redial play measuring instru-
ment, and replace the measuring indicator of the
guage with that of exclusive use.

End play measuring tool

Probe

Dial gauge : Put the gauge to the air inlet the blower housing and
set the indicator so that it touch the end face of the
shaft.

Measure the end play, by moving the rotor in an axial

Radial play measuring tool . .
direction.

Probe

Put the gauge to the oil outlet of the center housing
and set the indicator so that it touch the shaft.
Measure the radial play, by moving the rotor up and
down with hands at both ends.
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MAINTENANCE STANDARD CYLINDER HEAD

CYLINDER HEAD

o?o?of@f@

INo.l ‘Noz |N03 )

Front |— Rear
$ %
Unit: mm
No. Check item Criteria Remedy
1 |Distortion of cylinder head Tolerance Repair limit Repir by grind-
mounting surface 0-0.09 0.12 ing or replace
2 |Protrusions of nozzles Engine No. Standard Replace nozzle
129~221 sleeve
3 |Tightening torque of cylinder Order | When coat with MoS, | When coat with engine oil
head mounting bolts Target (kgm)| Range (kgm)| Target (kgm) | Range (kgm) | Tighten in
(Coat the thread with 1st 9 8-10 9 8-10 sequence as
molybdenum disulfide or 2nd 13 12-14 13 12-14 |indicated above
engineoil) 3rd 18 175-185 20 19.5-20.5
4 Tightening torque of nozzle 1.75+0.25kgm
holder mounting bolt
5 Tightening torque of cylinder 0.9+0.1kgm
head cover
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MAINTENANCE STANDARD

ROCKER ARM SHAFT, PUSH ROD AND TAPPET

ROCKER ARM SHAFT, PUSH ROD AND TAPPET

3
unit: mm
No. Check item Criteria Remedy
Outside diameter of rocker Engine No. Standard Tolerance Replace rocker
arm shaft 19 -0.010 arm shaft
-0.030
Inside diameter of rocker 19 +0.020 Replace rocker
1 |armshafthole +0 am
Clearance between rocker Engine No. Standard clearance | Clearance limit Replace rocker
arm shaft and rocker arm 0.020-0.060 0.13 arm shaft or
rocker arm

Bend of rocker arm shaft

Repair limit : 0.20 (Total indicator reading)

Replace rocker
arm shaft

2 | Bend of push rod

Repair limit : 0.30 (Total indicator reading)

Replace push
rod

Engine No. Valve Standard Tolerance
3 | Valve clearance (at cold) Intake 0.25 +0.02 Adjust
Exhaust 0.45 +0.02
Standard Tolerance
Outside diameter of tappet 18 -0.015 Replace tappet
-0.035
4 | Inside diameter of tappet hole 18 +0.020 Replace cylinder
0 head

Clearance between tappet and Standard clearance Clearance limit Replace tappet

tappet hole 0.015-0.055 0.20 or cylinder head
5 | Tightening torque of rocker 3.15+0.35kgm

arm adjustment screw locknut

B(S)(C)4D105
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MAINTENANCE STANDARD VALVE AND VALVE GUIDE

VALVES AND VALVE GUIDE

unit: mm
No. Check item Criteria Remedy
EngineNo.| Valve Standard | Tolerance | Repair limit
1 | Amount of valve sinking Intake 0 0.1 11 Replace valve or
Exhaust 0 101 11 valve seat
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MAINTENANCE STANDARD VALVE AND VALVE GUIDE
Unit: mm
No. Check item Criteria Remedy
Valve Standard Repair limit
2 | Thickness of valve lip intake 210 17 Replace valve
Exhaust 150 17
Intake 3° - Replace valve
3 | Valve seat angle Exhaust 45° - and valve seat
or replace
Engine No. Valve Standard Tolerance
Outside diameter of Intake 9 -0.030
valve stem Exhaust - -0.045 Replace valve
4 Inside diameter of Intake 9 +0.030 Replace valve
valve guide Exhaust +0.010 guide
Engine No. Valve Std.Clearance | Clearance limit
Intake 0.040-0.075 0.20 Replace valve
Clearance between valve Exhaust or valve guide
guide and stem
Bend of valve stem Repair limit: 0.02 (Total indicator reading for 100 mm) Replace
Engine No. Valve Standard Tolerance
5 Protrusion of valve guide Intake 25.9 +0.25 Repair
Exhaust
Engine Standard size Repair limit
Valve spring No. Free | Installed | Installed| Free |Installed
(Intake and Exhaust) length length |load(kg) length | load
6 63.6 501 |29.0+1.3 62.4 26.0kg Replace
Squareness of valve Repair limit: 2° (for both end)
spring
B(S)(C)4D105 15-07



MAINTENANCE STANDARD CYLINDER BLOCK

CYLINDER BLOCK

15-08 B(S)(C)4D105



MAINTENANCE STANDARD CYLINDER BLOCK
Unit: mm
No. Check item Criteria Remedy
Tolerance Repair limit Repair by
1 Distortion of cylinder head grinding
mounting surface 0 — 0.080 0.12 or replace
Standard Tolerance
Inside diameter of main
bearing mounting hole 91 +0.020
0
, Replace main
. N bearing cap
Straightness of mounting hole Repair limit: 0.010
Roundness of mounting hole Repair limit: 0.005
Standard Tolerance Repair limit
3 Inside diameter of main lIjel;)l_an::s.\ main
bearing +0.130 earing
81 +0.060 85.16
Standard Tolerance N
ide di ¢ Repair or
4 lnsnﬁl_e lameter o Ca';” replace cylinder
bushing mounting hole 575 +g_030 block
Standard Tolerance Repair limit
5 Inside diameter of cam Replace cam
hi :
bushing 54.5 +g_075 54.78 bushing
Uneven mounting surfaces

6 | between cylinder block and Repair limit: 0.16
flywhee! housing
Uneven mounting surfaces :

7 | between cylinder block and Repair limit: 0.13 Repair by
front cover reassembling
Uneven mounting surfaces Repair limi . .

. pair limit  Protrusion of plate: 0.04
8 | between cylinder block and Retreat of plate: 0.22
front plate
Order Target (kgm) Range (kgm)
1st 7 6—-8
Tightening torque of 2nd 20 19-21
9 main bearing cap bolts ard o L (etel
r o0ose
(Coat thread area with sen completely
engine oil) ath 7 6_8
5th 14 13-15
6th 20 19-21
Tightening torque of cil pan

10 mounting bolts 2.5 £1.0 kgm
Tightening torgque of crankshaft

n pulley mounting bolt 38 + 3 kgm

B(S)(C)4D105
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MAINTENANCE STANDARD

CYLINDER LINER

CYLINDER LINER

_‘w;r’fs—f
B

Unit: mm
No. Check item Criteria Remedy
Protrusion of - . - Replace liner or
1 cylinder liner Permissible range: 0.05 ~ 0.13 cylinder block
i A Standard size Tolerance Repair limit
Inside diameter of
cylinder liner 105 +g.035 105.20
2 .
Roundness of bore Repair limit: 0.08 Replace cylinder
liner
Cylindricity of bore Repair limit: 0.08
Outside diameter of Standard size Tolerance
cylinder liner
{counterbore) 127 +0.115
3 +0.075
Interference between Standard inferference Interference limit Replace cylinder
cylinder liner and liner or block
block (counterbore) 0.015 —-0.115 0.01
Outside diameter Standard size Tolerance i
cylinder liner 5130 lF_%epIace cylinder
(counterbore bottom) 121 —0- ine
4 —0.170
Cleance between
cylinder liner and . _ Replace cylinder
block Standard clearance: 0.165 — 0.280 liner or block
(counterbore bottom)
Qutside diameter of Standard size Tolerance Replace cylinder
cylinder liner _0.010 liner
(O-ring) 118.7 0,035
5

Clearance between

Standard clearance: 0.010 — 0.070

Replace cylinder

cylinder liner and liner or block
block (O-ring)
15-010 B(S)(C)4D105



MAINTENANCE STANDARD CRANKSHAFT

CRANKSHAFT

Unit: mm
No. Check item Criteria Remedy
Standard Repair limit
Replace thrust
1 End play bearing or correct
0.140 — 0.315 0.40 oversize
Standard Tolerance Repair limit
8.T.D. 85.00 84.86
0.25 U.S. 84.75 84.61
Outside diameter of —0.050
main journal 0.50 U.s. 84.50 —0.070 84.36 Current
undersize
0.75 U.8. 84.25 84.11 or replace
2
1.00 U.S. 84.00 83.86
Roundness of main journal Repair limit: 0.020
Standard clearance Clearance limit
Lo Replace main
Clearance of main journal bearing
0.060 — 0.130 0.30
Standard Tolerance Repair limit
S.T.D. 66.00 65.91
0.25 U.S. 65.7 X
Outside diameter of 575 I
crank pin journal —0.050 Current
) 0.50 U.S. 65.50 —0.070 65.41 undersize
or replace
0.75 U.S. 65.25 65.16
3
1.00 U.S. 65.00 64.91
Roundness of crank pin journal Repair limit: 0.020
Standard clearance Clearance limit Replace
Clearance of crank pin journal connecting
0.040 — 0.110 0.30 rod bearing
T _— ) Current undersize
4 Bend of crankshaft Repair limit: 0.090 (Total indicator reading) or replace
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MAINTENANCE STANDARD CAMSHAFT
— A—
[ S
A 1 =
[N —HID
A
1 - 3
Q.
SECTION A — A
Unit: mm
No. Check item Criteria Remidy
1 End play Standard Repair limit Replace thrust plate
0.15~0.35 0.50
Outside diameter of Standard Tolerance
camshaft journal
545 -0.080 Replace camshaft
-0.110
2 Clearance of Camshaft Standard clearance Clearance limit
journal
0.080~0.180 0.280 Replace cam
bushing
3 Bend of camshaft Repair limit : 0.03 (Total indicator reading)
Enngé? E'qglme Cam [Standard [Tolerance Fﬁ%ﬂr
B4D105 Intake | 45.74 +0.10 45.24
Exhaust
4 Cam height
BS4D105 Intake | 46.24 +0.10 45.74
Exhaust
15-012 B(S)(C)4D105



MAINTENANCE STANDARD TIMING GEAR

TIMING GEAR

Unit: mm
No. Check item Criteria Remidy
Measuring | Gears Standards | Repair limit
point
A Crakshaftgearand [0.11~0.37 Replace bushing
idler gear of gear.
-- Gear backlash B Idler gear and inje- ]0.09~0.43
ction pump gear 0.6
C Idler gear andcam [0.11~0.41
shaft gear
Outside diameter of Standard Tolerance
idler gear shaft -0.025
44 -0.050
Inside diameter of +0.075
idler gear shaft a4 +0.010
Replace bushing.
1 Cleargncebetwee igtler Standard clearance Tolerance limit
gear bushing & sha
0.035~0.125 0.20
Standard Repair limit
Replace thrust
plate.
End play of idler 0.05~0.21 0.4

B(S)(C)4D105 15-013



MAINTENANCE STANDARD

PISTON, PISTON RING AND PISTON PIN

PISTON, PISTON RING AND PISTON PIN

2\‘r—z; B \) L
— B :Ej,'r_— =
‘ s Ll
s —
el
1
Unit: mm
No. Item Criteria Remedy
1 | Outside diameter of piston Standard size Tolerance Repair limit | Replace
105 -0.125 104.80 piston
-0.150
No.| Measuring point Standard Tolerance
2 No. 1ring 3.0
2 Thickness of piston ring 3 No. 2 ring 2.5 -0.01 Replace
-0.03 piston ring
4 Oilring 5.0
2 Topring
Clearance is 1.5mmor less Replace
3 | Width of piston ring groove | 3 Second ring when raplace with new ring piston
4 Oil ring 5 +0.04
+0.2
No. | Measuring point Standard  Clearance limit | Replace
4 | Clearance between piston | 2 Topring Clearanceis 1.5 mmorless |pistonor
ring and ring groove 3 Second ring when installed ring piston ring
4 | OQilring 0.03 - 0.07 0.15
Piston ring gap 2 Topring 0.3-0.5 2.0 Replace piston
3 Second ring 0.3-0.45 1.5 ring or cylin-
4 Qilring 0.3-0.45 1.0 nder liner.
Outside diameter of piston| _ Standard clearance Tolerance Replace
pin hole 40 0 piston
5 -0.005
Inside diameter of piston 40 -0.015 Replace
pinhole 0 piston or
Clearance between piston Standard clearance Clearance limit piston pin
and piston pin 0-0.020 -0.005
_ | Weight of Piston 1,150+15g Replace
piston
15-014 B(S)(C)4D105



MAINTENANCE STANDARD

PISTON, PISTON RING AND PISTON PIN

BS4D105-1
2 ) b b
— B r‘J :
A/W 5 !
T
Unit: mm
No. Item Criteria Remedy
1 [ Outside diameter of piston Standard size Tolerance Repair limit | Replace
(20°C) 105 -0.125 104.80 piston
-0.155
No.| Measuring point Standard Tolerance
2 No. 1ring 3.0
2 Thickness of piston ring 3 No. 2 ring 2.5 -0.01 Replace
-0.03 piston ring
4 Oilring 5.0
2 Topring
Clearance is 1.5mmor less Replace
3| Width of piston ring groove | 3 Second ring when raplace with new ring piston
4 Oil ring 5 +0.04
+0.2
No. | Measuring point Standard  Clearance limit | Replace
4 | Clearance between piston | 2 Topring Clearanceis 1.5 mmorless |pistonor
ring and ring groove 3 Second ring when installed ring piston ring
4 Oilring 0.03 - 0.07 0.15
Piston ring gap 2 Topring 0.3-0.5 2.0 Replace piston
3 Second ring 0.3-0.45 15 ring or cylin-
4 Oilring 0.3-0.45 1.0 nder liner.
Outside diameter of piston|  Standard clearance Tolerance Replace
pin hole 40 0 piston
5 -0.005
Inside diameter of piston 40 -0.015 Replace
pin hole 0 piston or
Clearance between piston Standard clearance Clearance limit piston pin
and piston pin 0-0.020 -0.005
_ | Weight of Piston 1,200+50g Replace
piston
B(S)(C)4D105 15-015



MAINTENANCE STANDARD

CONNECTING ROD

CONNECTING ROD

2
Unit: mm
Mao. Check item Criteria Remedy
Standard Talerance
Inside diameter of bushing at ,
connecting rod small end a0 +0.040 Replace bushing
+0.025
1
Standard clearance Clearance limit
Clearance between bushing at S— ———  Replace bushing
connecting rod small end or piston pin
and pistan pin 0.025 — 0.050 0.10
Standard Tolerance
2 Inside diameter of bushing Replace
hole at connecting rod big end 43 +0.035 connecting rod
+0.010
Standard Talerance Repair limit
Inside diameter of bearing at
3 | connecting rod big end
ferank pin journal) 66 :gg‘?g 66.15
7 +0025 70.04
4 Inside diameter of bearing
hale at connecting rod big end
Measure after tightening connecting rod cap with specified torque.
Bend Replace
a7 Repair limit cannecting rod
Twi z'_;& —7a
: i wist <84 —tEH,
5 sl:;ﬂ and twist of connecting 20 M Bend 0.08
— Twist 0.30
Order Target (kam) Rang (kgm)
Tightening torque of 1=t B =t
connecting rod cap
& mounting bolts 2nd 1 10—12
[Coat the bolt threads jatal
nrld_nut seats with g 9 LEOWIE. ComPaselY.
engine oil.) 4th & 5_7
5th 11.2 106 - 11.7
R
7 | Weight of connecting rod 2087 +704q mploce

connecting rod

15-016
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MAINTENANCE STANDARD

FLWHEELAND FLYWHEEL HOUSING

FLYWHEEL AND FLYWHEEL HOUSING

Unit: mm

No. Check item Criteria Remedy

Face runout of flywheel T
1 housing Repair limit: 0.35
9 Iﬁladngl runout of flywheel Repair limit: 0.20

ousing Repai
epair by
reassembling

3 Face runout of flywheel Repair limit: 0.20
4 | Radial runout of flywheel Repair limit: 0.15

Tightening torque of flywheel .
5 housing mounting bolts 11 £3.5 kg

On 7® Order Target {kgm) Range (kgm)

Tightening torque of ¢

the flywheel mounting @———@
6 | bolts ‘ ] st 6-12

\ /
(Coat the bolt threads |
with engine oil.) @ ’+"®
2nd 16 — 20

B(S)(C)4D105

15-017



MAINTENANCE STANDARD OILPUMP
OIL PUMP I
6
4 i
2
5 i
9 i
8
Unit: mm
No. Check item Criteria Remedy
Standard Tolerance Standard Clearance
size Thickness Depth of clearance limit
1 | Axial clearance of rotor of rotor rotor room
0 , 400756 | 0.040—
26 —0.020 +0.040 0.095 0.15
Replace
Standard Toleanc Standard | Clearance
size Rotor Rotor room | ¢learance limit
2 | Radial clearance of rotor 0.D. .D.
=0.10 +0.055 0.110 —
78 —0.13 +0.010 o180 | 925
Standard Tolerance Standard Clearance
a haft size Shaft Hole clearance limit
earance between sha
3 | and bushing Replace bushing
0 +0.060 -
2 —0.015 +0.030 0.075 0.10
Clearance between oil pump =0.010 +0.025 0.010 -
4 | and block 3 —0.035 0 0.060 0.10 Replace
Stal:ndard 10lanes Standard | Interference
5 | Interference between o v ShattO.D. | Gearp, | 'erFerenee | timit Replace
pump gear and shaft
0 =0.040 0.025 -
22 ~0.015 —0,060 0,080 0.02
Standard Repair limit
” Banklan: t:rl:twean téil_ pump Repair or
gear and oil pump drive
near 0.12 - 0.37 0.60 replace
15-018 B(S)(C)4D105



MAINTENANCE STANDARD

WATER PUMPAND THERMOSTART

WATER PUMP AND THERMOSTAT

h‘—‘——.
r’/
Unit: mm
Ne. Check item Criteria Remedy
Standard Tolerance Standard | Interference
size interference limit
Interference between Shaft Hole "
1 impeller and shaft Replace impeller
15.9 +0,020 -0.020 0.025 —
) +0.005 =0.050 0.070

2 Clearance between impeller
and body

Standard clearance: 0,1 — 0.63 {include end play)

Abrasion of seal ring T
3 in water seal Pl it 0 Replace
Repair limit: 0.1 {Total indicator reading: Specified as face runout
4 | Bend of shaft at 40 mm radius of pulley)
Valve cracking
temperature "C) 745 -785
Construction Full opening o
machine temperature el -
Full opening lift {mm) 10 min,
§ | Thermostat function : Replace
Valve cracking
temperature ) 80 -84
F :
Generator teﬂ;‘:ﬁ:?g (°c) 95
Full opening lift (mm) 10 min,

B(S)(C)4D105
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