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SAFETY CAUTIONS

Warning Risk of fire and explosion ---0-2
@ Never use 0pen firg ==+« rrerrrrmrrrrmnnnnns 0-2
e Keep things tidy around the engine «-+--+--+: 0-2
e Do not open the crankcase until it has
COOled JOWN = rrrrrrrrrrrrrareraannaraaneraanns 0-2
e Pay attention to fuel and oil leakage +--+--+- 0-2
e Use explosion-proof light-«««««--rreereeens 0-2
@ Prevent Short CirGuit =« «===rr=r=srermsrrrranreranns 0-2
e Keep fire extinguisher and first-aid kit
athand r+esreesriniiiniiiii 0-2
Warning Risk of entanglement into
the machine -« -eeveeerieninnnan. 0-3
e Keep guards on the rotating parts =--------- 0-3
e Ensure safety in the surrounding area
when starting the enging «++«- -+« ++sreeereenn 0-3
e Keep away from rotating parts while the
ENQINE iS FUNNING ++++++rrerrrrnnnnsrereasrrnaanins 0-3
® LOCKOUL/tAQOUL «+r=rrerrrererrrrrrrrrnnaees 0-3
e Always stop the engine before any
INSPECHION/SErVICE +++=rrrrrrrrrmnnssrraaninaaiins 0-3
e Remove the turning gear after use --«---:«++ 0-3
Warning Risk of burn ««--+--erveeevinenniins 0-4
e Do not touch the engine while it is
running or for a while after it is stopped -----0-4
e Be careful when opening/closing the
radiator Cap -+« -+« =+ wdne st 0-4
e Replenish coolantonly when
the coolant in the system is cold «+--+--+--+- 0-4
e Do not remove heat insulating material ----- 0-4
Warning Exhaust gas is
poisonous ........................... 0-4
e_Ensure good ventilation while the
ENQINE IS TUNNING - ++++++rrrerrrnnnrsrerearrrnaanins 0-4
Warning Hearing difficulty «««-----eeeeeenn 0-4
® \Wear ear ProteCtor -« -+« «-rrerrrarrarrrrenens: 0-4
Warning Beware of falling engine -----0-5
e Exercise caution when lifting the engine ----0-5
e Do not climb on the enging «««--«xxxeeeeeeee 0-5
e Secure your foothold when carrying out
SEIVICE r+rererrrrrrnrrrnrertnrtrresirs s earasnaes 0-5
Caution Use correct engine oll
and LLC «cveevviiniiiniiniiiniiann 0-5
e Only use the specified fuel, engine oil

and Coolant (LLC) ................................. 0_5

e Handle LLC With care «««+-+++sssssrrersrsssnnns 0-5
e Lawful disposal of waste oil and
COOlant s +errrrr e 0-5
Caution Handling of battery.-----.---u:" 0-6
e Handle the battery with carg:-«»««---- - v 0-6
Caution How to handle
emergencies ....................... 0-6
e Engine overheat - Idle to cool down,
then stop the enging ««---+-xxrrrrrrrerenees 0-6
e Never restart the engine after a sudden
stop unless the cause is eliminated ««+-+-+-- 0-6
e Stop the engine immediately upon oil
PrESSUME Arop.:++eessssrersssrersssiinniiinnnan, 0-6
e Stop the engine immediately upon broken
fAN DEIL - rrrrrrrr e 0-6
Caution How to handle
emergencies ....................... 0-6
e Engine overheat - Idle to cool down,
then stop the enging =+« rerrerrrrrrnnenns 0-6
e Never restart the engine after a sudden
stop unless the cause is eliminated «--+--+-- 0-6
e Stop the engine immediately upon oil
PresSSUre drop «««r«=rreererssrrrsrrrrmnanneans 0-6
e Stop the engine immediately upon broken
fan belts rrerreenriniiiiiiiiiiiii, 0-6
Caution Other considerations:««««----: 0-7
e Never alter or modify the engine «=-«-+--++-- 0-7
e Do not tamper with sealing «««--««-xereeeee 0-7
e Daily and periodical inspection ««-=-«=+«=+xxx+- 0-7
e RUNNING-IN Period -« rrerrermrnre, 0-7
e Warming up the enging «+«--+---+-sreereeeenn 0-7
e Do not overload the engineg - =-«+«-xxerreeeesee 0-7
e Cooling down the engineg «««-«+xrreeeeeranes 0-7
e Do not spill water onto the engine =«--------- 0-7
e Air cleaner maintenance precautions «-=---+- 0-8
e Observe safety rules at work sites «««+---+++-- 0-8
e Wear appropriate clothes and protective
QBT+ reresrtr e 0-8
e Use appropriate tools when carrying out service
0-8

e Do not operate the starter continuously ---+- 0-8
e The battery switch must be kept ON while

the engine is ruNNing «««« -+« +xrrrrrarrereenes 0-8
e Precautions for road transport «+-«««««eeeeeees 0-8



GENERAL

2. Specifications
Engine Type S3L | s32 | s4L | s4L2
Type Water-cooled; 4-stroke cycle; Diesel powered
No. of cylinders 3 | 4
Combustion Swirl chamber type
Valve mechanism Overhead valve type
. . 78x% 78.5 78%x 92 78x 78.5 78x% 92
Cylinder borex stroke mm (i) |3 07x 3.09) | (3.07x 3.62) | (3.07% 3.09) | (3:07% 3.62)
I . 1.125 1.318 1.500 1.758
E Total displacement ¢ (U.S. gal) (0.297) (0.348) (0.396) (0.464)
© | Compression ratio 22.0:1
© [Fuel Diesel fuel (JIS K2204 Special 1~ 3)
Firing order 1-3-2 | 1-3-4-2
Direction of rotation Counterclockwise when viewed from the flywheel end
Overall length mm (in.) 536 (21.10) 620 (24.40)
Dimensions | Overall width mm (in.) 433 (17.04) 433 (17.04)
Overall height mm (in.) 572 (22.52) 572 (22.52)
Dry mass kg (Ib) 135 (297.6) 155 (341.7)
% Piston ring | No. of rings Oi?;)iﬁlgpzis/selgg;gir.)z: 1
2 Open BTDC 15°
.§ t\ifizlneg Inlet valve glose ggg g g i :
. pen
E (hot engine) | Exhaust valve Close ATDC 10°
ugj Engine mounting 4 mounts
Starting method Starter
Type Bosch M
Manufacturer DENSO
. Plunger .
LIB;CI;HOH diameter mm (in.) ® 5.5(0.21)
MS retard g0
£ (crank angle)
Z Cam lift mm(in.) 15 (0.59)
& | Governor Governing method Centrifugal fly-weight type
g Type Throttle nozzle
L Manufacturer Bosch Automotive Systems Corporation
Injection Spray angle mm (in.) 15°
K7’ Opening (k;\’[ﬂfc’fnz) 14.22 to 15.00 (145 to 153)
pressure : [2062 to 2176]
[psi]
Fuel filter Type Paper-element cartridge; Separate type w/ cock
Lubrication method Forced circulation (pressure feed by trochoid pump)
Grade CD Class (API Classification)
Engine oil ii‘i;‘:glgine) ((US. gal)| 3.7 (1.0) 42(1.1) 5.4 (1.4) 6.0 (1.6)
g Type Gear pump
@ | Oil pump : ¢ (U.S. gal)
E Displacement Jmin 18 (4.8)
o) Type Piston valve
Relief valve | Opening (k;f/if‘nz) 0.35% 0.05 (3.6% 0.5)
pressure [psi] [51% 7]
Oil filter Type Paper element (spin-on type)




SERVICE STANDARDS

2. Tightening Torques Table

2.1 Major Bolts and Nuts

N d-:—:r;eeigr Tightening torque
Fittings x pitch Remarks
(mm) N m kgf m Ibf ft
Engine proper
Cylinder head bolt MI10x 1.75 83.4t093.2 8.5t09.5 61.5 to 68.7
Rocker cover bolt M8x 1.25 9.81to 12.7 1.0to 1.3 7.2t09.4
Rocker shaft bracket bolt M8x 1.25 9.81to 19.6 1.0t0 2.0 7.2to 14.5
Thrust plate bolt M8x 1.25 9.8t011.8 1.0to 1.2 7210 8.7
Main bearing cap bolt MI10x 1.25 49.0 to 53.9 5.0t05.5 36.2t039.8
Connecting rod cap nut MO9x 1.0 324t0373 33t03.8 23.9t027.5
Flywheel bolt M12x 1.25 127 to 137 13.0 to 14.0 94.0to 101.3
Crankshaft pulley nut M18x 1.5 147 to 196 15.0t0 20.0 |.108.5 to 144.6
Rear plate mounting bolt MI2x 1.25 53.9t0 73.5 5.5t07.5 39.8 to 54.2 | Equivalentto 7T
Fuel system
gggf:;:gf; oump) MI4x 1.5 | 19610245 | 20t02.5 14.5 t0 18.1
]()ﬁ‘ilellv ierfj?’e;’t"i‘i‘r’fpﬁl‘ﬁi‘ir — 39210490 |\ 401050 | 2891036.1
é}u“e'fllfuegftrl gé“lfump) M8x 125 | 9.81f0037 | 10t014 | 72t010.1
Nozzle retaining nut IDI M16x 0.75 34.3.t039.2 3.5t04.0 25.31t028.9
Nozzle holder IDI M20x 1.5 49.0 to 58.8 5.0t0 6.0 36.2t043.4
Fuel injection pipe nut MI12x 1.5 24.5 to 34.3 2.5103.5 18.1t0 25.3
Fuel leak-off pipe nut M12%=1.5 20.6 to 24.5 2.1t02.5 15.2t0 18.1
Sliding sleeve shaft M10x 1.25 29.4t041.2 30t04.2 21.7t0 30.4
Torque spring set special nut Ml2x 1.0 14.7 to 24.5 1.5t02.5 10.8 to 18.1
Oil system
Oil relief valve M22x 1.5 44.1 to 53.9 45t05.5 32.5t039.8
Oil pan drain plug Ml14x 1.5 343 to 44.1 35t04.5 25310325
Oil filter M20x 1.5 10.8 to 12.7 1.1to 1.3 8.0t0 9.4
Oil pressure switch PT1/8 7.85t0 11.8 0.8t0 1.2 5.81t08.7
Oil pan mounting bolt M8x 1.25 9.80 to 12.7 1.0to 1.3 7.2t09.4 Equivalent to 4T
Oil strainer nut Ml6x 1.5 24.5t029.4 2.5t03.0 18.1to0 21.7
Cooling system
Thermoswitch Ml16x 1.5 18.6 t0 26.5 1.9t02.7 13.7 to 19.6
Thermostat cover bolt M8x 1.25 16 to 20 1.6 t0 2.0 11.8to 14.8
Thermo case bolt Ml16x 1.5 39.2t049.0 4.0t05.0 28.9 t0 36.1
Inlet and exhaust systems
Inlet cover bolt M8x 1.25 14.7 t0 21.6 1.5t02.2 10.8 to 15.9
Exhaust manifold bolt M8x 1.25 14.7 t0 21.6 1.5t02.2 10.8 to 15.9
Electrical system
Starter terminal B M8x 1.25 9.81to 11.8 1.0to 1.2 7.2t08.7
Stop solenoid fixing nut M30x% 1.5 39.2t049.0 4.0t0 5.0 28.9to 36.1
Stop solenoid blind plug M30x 1.5 39.2t049.0 4.0t05.0 28.9 to 36.1
Glow plug M10x 1.25 14.7t0 19.6 1.5t02.0 10.8 to 14.5




ENGINE MAIN PARTS - DISASSEMBLY

1. Cylinder Head, Valve Mechanism

Spring fatigue

| Clogged oil hole

End face wear, damage

Bend
©)
Worn rocker shatft, S
Clogged oil hole Q - I @
> | Spring fatigue, S
| damage S
5

Valve guide wear, damage

Bottom face distortion

Cracks, Damage, Coolant leakage,
Oil leakage, Scale formation,

Gasket, Carbon deposit Wear, Valve seat contact,
Valve face contact damage, wear

Dent, Wear

Stepped wear, Damage

Disassembly of cylinder head and valve mechanism

<Disassembly sequence>

Rocker cover Cylinder head Retainer
Rocker shaft assembly Cylinder head gasket Valve

Push rod Valve cap Valve spring
Cylinder head bolt Valve lock Valve stem seal



ENGINE MAIN PARTS - DISASSEMBLY

1.1
)

(2)
®3)

1.2

1.3

Removing the rocker shaft assembly
Loosen the rocker stay bolts. Remove the
rocker shaft assembly together with the rocker
stay bolts.

Remove the valve caps.

Keep the rocker shaft assembly with the rocker
stay bolts.

Disassembling the  rocker  shaft
assembly

In the course of disassembly, place removed
valve rockers as well as the other parts neatly in
the order of disassembly so that they can be
reassembled back onto their original locations.
Doing so, original clearances between the valve
rockers and the rocker shaft is restored upon

reassembly.

Removing the cylinder head bolts

Loosen the cylinder<head bolts in the order of
the numbersillustrated. Do not loosen one bolt
completely before moving to the next bolt.
Loosen the holts.in.a couple of steps.

Note: Before removing the cylinder head bolts,

check the cylinder head components for any
fault. _If faulty, check the bolts for tighteness
with‘atorque wrench.

Removing the rocker shaft assembly

&

A
o ogh
0 %

&

Disassembling the rocker shaft assembly

ol o7 09 06

03 05

012 ©Ol4

< Front of engine

ol (OF) o7 Op

03 Oog 06
ol11 09

04| | S3L,S3L2

Tightening order for cylinder head bolts



ENGINE - INSPECTION / ADJUSTMENT, RUNNING-IN TRIAL AND PERFORMANCE TEST

2. Running-in Trial

Whenever the engine is reassembled after overhaul,
run in the engine on a dynamometer. While the
engine is being run-in, also perform the inspections
listed below.

2.1 Starting the engine

(1) Before starting the engine, check the levels of
coolant, engine oil and fuel. Also, bleed the
fuel and cooling systems of air.

(2) With fuel shut off, operate the starter for
approx. 10 secondsto crank the enginein order
to distribute oil throughout the engine.

(3) Movethecontrol lever dlightly in the direction
of increased fuel delivery (moving the lever to
thefull delivery position is not recommended).
Turn the starter key switch to the START
position to start the engine.

(4) Withthe engine started, move the control lever
to the no-load, low idle position.

2.2 Inspecting the engine during running-in
While the engine is being run-in, check the
followings. If faulty, stop the engine. Locate
the cause and take appropriate actions to
eiminateit.

(1) Oil pressure at the rated and low idle speeds
The oil pressure should be 0.29 to 0.39 MPa
(3.0 to 4.0 kgf/cm?)-[42.07 to 56.57 psi] at the
rated speed, and-0.098 MPa (1.0 kgf/cm?)
[14.22 psi] or above at the low idle speed.

(2) The coolant temperature, which should be 75
to85 (167to 185° ).

(3) Thetemperature of engine ail in the oil pan,
which'should be60t0 95 (140t0 194° ).

(4) < There should be no leakages of ail, coolant or
fuel. Pay particular attention to the
turbocharger lubrication oil pipe connections.

(5) Diesdl knock should disappear as the coolant
temperature rises. Other than that, there
should be no noise.

(6) The exhaust gas for any abnormal color or
smell.

2.3 Running-in timetable

The following table shows the running-in
phases together with the relevant load and time
duration for each phase.

Running-in timetable

Engine speed Load Tlme

(PS) (min)
1 Idle speed No load 5
2 1200 Noload 10
3 Rated speed 25 % 10
4| (variesdepending on 50.% 10
5| engine specifications) 5% 30
6 100 % 20

2.4 Inspection® and adjustment after

running-in

(@) 'Adjustthe valve clearance
(b) Inspect the fuel injection timing
(c).. Check the external bolts and nuts for

tightness



SERVICE STANDARDS

1. Service Standards Table

Unit: mm (in.)

o .
§ Item Nonlunal Standard value Limit Remarks
o value
Max. speed +30 .
(based on the rated speed) 270019 min
Min. speed 1000+ 25 min™
. 2.9 MPa (30 kgf/em?) 2.6 MPaZ Both oil‘and coolant
Compression pressure 491 osi (27 kgf/cm®) " t €20 t
(at 290 min™) [421 psi] [377 psi] | Loiperatures & <uio
or above or loss 30~ (68 to'86° )
0.29 to 0.39 MPa
— 2
|3 g| e [42.07 t0.56.57 o] Ol femperatue
S|E 2 0008 MD P 60095 (140 to
S| Z& : ' 2 194° )
S|m Low idle speed (1.0 kgf/em?)
o [14.22 psi]
ugJ) I)nl:ltl valve BTDC 15°
Valve timing [with Irlljle Cvalve The theoretical valve
2 mm (0.079 in.) closez v ABDC 41° timing figures for
clearance on the Fxhaust val inspection vary from
valve side; cold o;er?us valve BBDC 54° the actual valve
engine] timing.
Exhaust valve o
closed ATDC 10
Inlet valve 0.25 (0.01) .
Valve clearance Fxhaust valve 0.25 (0.01) Cold engine
Fuel injection timing (BTDC) 17°
Rocker arm inner diameter (37299) ((1)8749‘;8 :g (1)87‘912 (8)) —
8 . Q19 18.880 to 18.898
g | Rocker shaft diameter (0.749) | (0.7438 to 0.7445) —
~
Arm-to-shaft clearance 0.012 10 0.050 0.200
. (0.0004 Replace rocker arm.
(oil clearance) 0 0.0019) (0.0079)
Inlet @ 6.6 6.565 to 6.580 6.500
Valve stetn Oinctef (0.260) (0.2586 to 0.2592) (0.256)
@ 6.6 6.530 to 6.550 6.500
@ Exhaust |~ 260y | (02572 10 0.2580) (0.256)
g . Inlet @ 6.6 6.600 to 6.615
£l 2 Valve guide inner (0.260) (0.2600 to 0.2606)
g% | diameter Exhaust | @ 66 6.600 to 6.615
o) (0.260) (0.2600 to 0.2606)
£ Inlet 0.020 to 0.050 0.100
0 Valve stem-to-guide (0.0008 to 0.0020) (0.004) Replace valve and
clearance Exhaust 0.050 to 0.085 0.150 valve guide.
(0.0020 to 0.0033) (0.0006)
. Valve seat angle 45° Valve seat width
E . 0.25t0 0.75 1.5
g | Valve head sinkage 0 (0.0098 o 0.0295) (0.0591) -
=) :%
=) . 1.6 1.30 to 1.80 2.5 o
5 | Valve seat width (0.063) | (0.0512 t0 0.0709) (0.0985) | valve Valve
2 . 1.5 1.35t0 1.65 0.5 seat  Valve head head
o | Valve head margin (0.0591) | (0.0531 to 0.0650) (0.0197)  |engle sinkage  margin
<
S . . 10 9.5t 10.5
Installed valve guide protrusion (0.394) (0.3743 t0 0.4137) —




ENGINE MAIN PARTS - DISASSEMBLY

3. Cylinder Block, Crankshatft, Pistons, Oil Pan

Piston ring wear, damage,
Ring gap clearance

Piston wear, seizure,
streak,
Ring groove wear

Connecting rod bend,
twist,
Big end thrust clearance

Cylinder damage,
stepped wear

Top face distortion

Dirty orclogged oil and
water galleries

3 Crank journal/pin damage,
1]3 amige.d plugs and % uneven wear, cracks, bend,
nock pins Clogged ol hole
Damaged crankshaft ' The main bearings may be seized
gear teeth SN due to poor oil maintenance etc.
DL In that case, the crankshaft must
@ ( E ) be replaced.
2 :
. . \ : Replace: Side seal
Pealing Scoring
Seizing
>

Disassembly of cylinder block, crankshatft, pistons and oil pan
<Disassembly sequence>

Oil pan Piston

Oil strainer (Remove to as an assembly.)
Connecting rod cap Connecting rod bearing (upper)
Connecting rod bearing (lower) Main bearing cap

Connecting rod Main bearing (lower)

Piston pin Crankshaft

No. 1 ring Main bearing (upper)

No. 2 ring Cylinder block

Oil ring

Note: If the crankcase is to be replaced, carefully remove the relief valve and other parts from the old
crankcase for reassembly onto the new crankcase.

2-12



FUEL SYSTEM - DISASSEMBLY, INSPECTION AND REASSEMBLY

(6) Inspecting the control rack for smooth operation
(@) With the fuel injection pumps assembled,
ensure that the control rack slides smoothly.
(b) If not, possible causes include the following.
1) The elements do not slide smoothly.
2) Foreign matter is trapped between the
teeth of rack and sleeve.
3) The delivery valve holders have been
overtightened.
Disassemble and inspect.
(c) After reassembly, check the fuel injection
timing.

Inspecting the control rack for smooth
operation



ELECTRICAL SYSTEM - REMOVAL

3. Stop Solenoid

w/ rubber cap and plugs

w/ 3-pole waterproof
connector

Removal of the'stop solenoid

<Removal sequence>
Stop solenoid Nut
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