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SPECIFICATION

Engine model Toyota 1KS
Type Natural gas
Cycle 4
Number of cylinder and arrangement In-line 3cylinders,
longitudinal arrangement
Combustion chamber typ: Heron Type
Valve mechanism OHV, Gear drive
Bore x Stroke mm 72.0x78.0
Piston Displacement L 0.952
Compression ratio 12.0
Compression presst MPa/400min™ 1.6
Dimensions mm
(LengthxWidthxHeight) 488x402x651
Service Weight kg 72.5 Without oil and water
Number of piston rings 2 Compression rings
and 1 Oil ring
Intake valve timing Open BTDC 10°
Close ABDC 45°
Exhaust valve timing Open BBDC 45°
Close ATDC 10°
Valve clearance Intake 0.25
mm Exhaust 0.25




HOW TO READ THIS MANUAL
EXPLANATION METHOD
1. OPERATION PROCEDURE
This manual describes detailed explanations of operational procedures, information, standards, and cautions
with illustrations and pictures showing various componets of 1KS gas engine and how to operate them.

2. MATTERS OMITTED IN THIS MANUAL
This manual omits descriptions of the following jobs, but perform them in actual operation:
(1) Cleaning and washing of removed parts as required
(2) Visual inspection (partially described)

3. TERMINOLOGY

Warning
Caution
Note

Standard
Limit

Items that may lead to an injury to either the operator or another person, and items and
operation points which, if not followed, may lead to an injury or accident.

Items that must not be performed because doing so will result in damage to unit or it's
components, and items in the operation to which special attention should be paid.
Supplemental explanations for performing the operation easily.

Value showing the allowable range in inspection or adjustment.

The maximum or minimum value allowed in inspection or adjustment.

4. ABBREVIATIONS

Abbreviation Original term Abbreviation Original term
ASSY Assembly LH Left hand
ABDC After bottom dead center OPT Option
ATDC After top dead center RH Right hand
BBDC Before bottom dead center SST Special service tool
BTDC Before top dead center STD Standard
BDC Bottom dead center SUB-ASSY [Sub assembly
EX Exhaust TDC Top dead center
IN Intake

OPERATING TIPS

POINTS FOR WHICH SPECIAL CARE MUST BE TAKEN
1. Always set the engine on an engine stand for carrying out assembly and disassembly of an
engine. Never operate on a workbench or on the floor as this is dangerous.




2.

When handling and moving the cylinder head ASSY or the cylinder block, always wear gloves and do
not use your bare hands.

GENERAL INSTRUCTIONS

1.

For safe operation

(1). Wear the correct safety gear (cap, safety goggles, gloves, safety shoes).

(2). To prevent bums, do not touch the radiator, muffler or exhaust pipe directly after stopping the engine.
(3). Do not put your clothing or tool near to the rotating part when the engine is turning.

(4). When the engine is not on. Always have the engine switch OFF, and remove the starter key.

. Preparation for disassembly

(1). Prepare general tools, SSTs, measuring instruments, lubricant and parts that cannot be reused.
(2). When disassembling
the function of the part in order to facilitate easy reassembly.

. Prevention of entry of foreign bodies

Foreign bodies such as dust, sand and metal pieces inside the engine cause faults to occur.
(1). Thoroughly remove sand and mud etc. sticking to the engine exterior.
(2). Protect disassembled parts from dust with a plastic cover or similar.

. Prevention of damage to parts

Damage to contact surfaces or rotating parts can cause oil leakage or burning.
(1). To disassemble contact surface of parts, do not use a screw driver or such,
but tap them lightly with a plastic hammer to separate them.
(2). When clamping parts in a vice, do not clamp them directly in the vice, but between aluminum plates.

. Washing parts

(1). Before reassembling each part, wash thoroughly, dry by blowing them with air and apply the specified oil.
(2). Parts that may not be washed in treated oil (kerosene, non-residue solvent etc.).
Rubber parts

. Removal and installation of fuel system parts

(1). Work area for removal and installation of fuel system parts
(a). Work in a well-ventilated area where there are no sparks from surrounding welding equipment,
grinder, drills, electric motors, or stoves.
(b). Do not work in or near a pit that could fill up with the vapor from evaporated fuel.
(2). Removal and installation of fuel system parts
(a). Prepare a fire extinguisher before beginning work.
(b). To prevent static electricity, attach an earth wire to the fuel changer, unit, fuel tank and forth,
and spread as much water on the floor as can be spread without causing slipping.
(c). Do not use electric pumps or working lights as these may give off sparks or become hot.
(d). Do not use a steel hammer as there is a possibility of a spark being generated during use.
(e). Dispose of fuel-soaked waste closes separately.
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7. Position and orientation when reassembling

(1). Reassemble each part with the same position and orientation from before it was disassembled

(2). Reassemble the correct parts in the correct order, keeping to the specified standards (tightening torque,
adjustment values etc. ). (Reassemble using the middle value within the range for tightening torque and
adjustment values).

(3). Always use genuine parts for replacements.

(4). Always use new parts for oil seals, gaskets, cotter-pins and so forth.

(5). Before reassembling apply seal packing for gaskets depending on their place of application, apply the
specified oil or grease
oil seals.

8. Handing hose clamps
(1). Before removing a hose, check the insertion depth of the hose, and the position of the hose clamps so
that you can definitely return them to their original positions.
(2). Replace deformed or fatigued clamps with new parts.
(3). When reusing the hose, align the new clamp over the mark left on the hose by the previous clamp.
(4). Adapt leaf spring clamps by applying force in the direction of tightening after attaching them.

9. Adjustment and checking operations
Use a gauge of tester to adjust to the specified service standard.

10. Disposal of waste fluids
When draining waste fluid from the unit, always drain it into an appropriate container.
Careless discharge of oil, fuel, coolant, of filter, battery or other harmful substances may adversely affect
human health and the environment. Always collect and sort them well, and ask specialized companies for
appropriate disposal.
Also, be sure to collect or wipe up spilled waste fluids.

11. Protection of functional parts
Before connecting the battery terminal after unit inspection or maintenance, thoroughly check each
connector foe any connection failure or imperfect connection.
Failure to connect, or imperfect connection of connectors related to controllers, especially, may damage
elements inside the controllers.



ELECTRICAL PARTS INSPECTION
1. Always disconnect the battery plug before inspecting or servicing electrical parts.
2. Pay sufficient attention when handling electronic parts.

(1). Never subject electronic parts, such as computers
and relays, to impact.

(2). Never expose electronic parts to high
temperature

(3). Do not touch connector terminals, as they may be
deformed or damaged due static electricity.

3. Use a circuit tester that matches the object and purpose of measurement.
Analog type :  This type is convenient for observing movement during operation and operating
condition.
The measured value should be used only for reference or rough judgment.
Digital type : A fairly accurate reading is possible. However, it may be difficult to observe
variation or movement.
(1) Difference between results of measurement with analog and digital types
The results of measurements using the analog type and the digital type may be different.
Use the circuit tester according to its instruction manual.
Differences between the polarities of the analog type and the digital type are described below.

a). Analog circuit tester
Example of measurement result
Tester range : kQ2 range
Forward direction : Continuity 11k @
Reverse direction : No Continuity oo

Black tester probe

b). Digital circuit tester
Example of measurement result
Tester range : 2MQ range
Forward direction : Continuity 2M Q
Reverse direction : No continuity 1

23 arndy Fumu s v
Black taster
e

R
o




(2). Differences in results of measurement with circuit testers
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The circuit tester power supply voltage depends on the
tester type : 1.5V, 3.0V and 6.0V

The resistance of a semiconductor such as a diode varies
with the circuit tester power supply voltage.

Diode characteristics are shown in the figure to the left.
The resistance values of the same diode measured with
two types of circuit testers having different power supply
voltage are different.

This manual described the results of measurement with an
analog circuit tester with a power supply voltage of 3.0V.

(3). Differences in results of measurement by measurement range.
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In the analog type circuit tester, changing the
measurement range switches over the internal circuit to
vary the circuit resistance. Even when the same diode is
measured, the measurement result varies according to the
measurement range.

Always use the range described in the repair manual
for measurement.



STANDARD BOLT AND NUT TIGHTENING TORQUE JUDGMENT

Standard bolt and nut tightening torque
Standard bolt and nut tightening torque are not indicated.
Judge the standard tightening torque as shown below.
1. Determine the tightening torques of the standard seat hexagon head bolts, welded bolts and stud bolt
by identifying the strength type in the table below, and checking the torque in the tightening torque table.
2. Determine the tightening torques of hexagon flange head bolts by identifying the strength type, and
checking the torque in the tightening torque table.
3. Determine the tightening torques of Nuts by applying the method in item 1 above to the connecting bolt.

BOLT STRENGTH TYPE IDENTIFICATION METHOD AND TIGHTENING TORQUE

Identification by bolt shape

Type Shape and Strength Type Strength Type
4=4T
¢ 5=5T
4 Bolt head No. 6=6T
7=7T
8=8T
@ No mark AT
Hexagon head bolt
Two embossed lines 5T
Standard bottom
surface
Three embossed lines T
1y
21 ! Four embossed lines 8T
Welded bolt
AT
No mark AT
Stud bolt
Grooved 6T




Identification by part number

Type Example of part number Shape
91611-40625
\
—l_— Length(mm) : A l\\\\\\\\m\\\“\“\\ B
Hexagon bolt |
Diameter(mm) : B L _ﬂJ
Strength Type A
92132-40614
L e 4 U D [ =
Stud bolt
Diameter(mm) : B ‘ \
A
Strength Type
Tightening torque table
Strength type Diameter Pitch Standard tightening torque
mm mm N-m
6 1.00 5.0
8 1.25 125
10 1.25 26.0
AT 12 1.25 47.0
14 1.50 74.0
16 1.50 115.0
6 1.00 6.5
8 1.25 155
10 1.25 32.0
ST 12 1.25 59.0
14 1.50 91.0
16 1.50 140.0
6 1.00 8.0
8 1.25 19.0
10 1.25 39.0
et 12 1.25 71.0
14 1.50 110.0
16 1.50 170.0
6 1.00 105
8 1.25 25.0
10 1.25 52.0
m 12 1.25 95.0
14 1.50 145.0
16 1.50 230.0
6 1.00 12.0
8 1.25 29.0
10 1.25 61.0
8T 12 1.25 110.0
14 1.50 170.0
16 1.50 260.0




Identification by bolt shape (Hexagon flange bolt)

Type 4.8T 6.8T 8.8T 10.9T 11.9T
No mark
Hexagon flange bolt
No mark
Tightening torque table
Strength type Diameter Pitch Specified torque

mm mm N-m
6 1.00 5.5
8 1.25 13.0
10 1.25 27.0

4.87 12 1.25 50.0
14 1.50 78.0
16 1.50 120.0
6 1.00 7.5
8 1.25 19.0
10 1.25 39.0

6.87 12 1.25 71.0
14 1.50 110.0
16 1.50 170.0
6 1.00 12.0
8 1.25 29.0
10 1.25 61.0

8.8 12 1.25 110.0
14 1.50 175.0
16 1.50 270.0
6 1.00 155
8 1.25 38.0
10 1.25 80.0

1097 12 1.25 145.0
14 1.50 230.0
16 1.50 360.0
6 1.00 175
8 1.25 42.0
10 1.25 89.0

1ot 12 1.25 160.0
14 1.50 260.0
16 1.50 400.0




PRECOATED BOLTS
(BOLTS WITH SEAL LOCK AGENT COATING ON THREADS)

1. Do not use precoat bolts in any of the following cases:
(1) When a precoat bolt is removed
(2) When a precoat bolt is removed as a result of
tightening torque check, etc.
(Loosened or tightened)

NOTE:

Check the torque with the lower limit of the
tightening torque. If it moves, retighten it
according to the following procedure:

Seal Lock agent

2. Reusing of precoat bolts
(1) Clean off the old adhesive from the bolt, nut or threads
(Also clean the threads when replacing the bolt.)
(2) Dry with compressed air.
(3) Coat the specified seal lock agent to the bolt thread.

HANDLING THE FIPG (LIQUID GASKET)

Use 1280B made by THREEBOND or seal packing black for the FIPG
The part number is set as 08826-76001-71

Example of coating location description

Coating method and parts reassembly procedure

CAUTION
When removing the gasket, make sure that shreds from
the gasket do not enter the engine

(1) Clean the connection surface of parts and their
contact parts with a cloth to eliminate any oil,
moisture or dirt

(2) Coat the part to be reassembled with FIPG. The parts
that require coating are described in the key point
operations in each section

(3) Do not coat excessively or insufficiently. And be sure to
overlap the beginning and end of the coat

(4) Do not move the parts after they are reassembled

(5) Reassemble within 3 minutes of coating the parts

(6) Do not charge coolant, supply oil or start the engine for 2
hours after the reassembly
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BEFORE TROUBLESHOOTING

CONNECTOR HANDLING
1 Disconnect the battery plu before connectiong or
disconnecting each connector or terminal.

2 When disconnecting a connector, do not pull the wire
harness but hold the connector itself and pull it after
unlocking it.

To connect, push the connector fully until it is locked
in position.

3 Bring a tester probe into contact with a connector
terminal from the rear side of the connector (harness
side).

4 If insertion from the rear side is impossible, as in the
case of a waterproof connector, bring the tester probe
carefully into contact with the terminal so as not to
cause deformation of the connector terminal.

5 Do not touch connector terminals directly with your hand.

6 When bringing tester probes into contact with
terminals that voltage is applied to prevent two
twester probes from coming into contact with each

WIRE HARNESS AND CONNECTOR INSPECTION
PROCEDURE

When any trouble occurs, first inspect the connectors and
wire harness of the related circuit according to the
following procedure:

Continuity Inspection

1 Disconnect the connectors at both ends of the
corresponding harness.

2. Measure the resistance between corresponding
terminals of the connectors at both ends.
Standard : 10 Q or less

[Note]

« Measure while jiggling the wire harness up and
down and sideways.

« Open circuit at the wire harness occurs rarely
partway though a vehicle wireing but mostly at
connectors. Inspect especially the sensor
connectors with sufficient care.



Short Circuit Check

1.

Disconnect the connectors at both ends the
corresponding harness.

Measure the resistance betwenn the corresponding
connector terminal and frame. Be sure to inspect the
connectors at both ends.

Standard : 1 MQ or above

[Note]

Measure while jiggling the wire harness up and
down and sideways.

Measure the resistance betwenn the corresponding
connector terminal and frame. Be sure to inspect the
connectors at both ends.

Standard : 1 MQ2 or above

[Note]

The wireing may short-circuit due to pinching by
the body or defective clamping.

Visual and contact pressure checks

1.

Disconnect the connectors at both ends the
corresponding harness.

Visually inspect that there is neither rust nor foreign
matter trapped at connector terminals.

Inspect that there is no looseness or damage at the
crimped portion, Also, lightly pull the wire harness
from the connector to check that it does not come off.

Install a male terminal same as that of the connector
terminal to a female connector and check the draeing
force.

Defective contact may exist at a terminal where the
drawing force is less than that of other terminals.

[Note]

Even if there is rust or foreign matter trapped at the
terminal, or the contact pressure between male and
female terminals is low, abnormal contact condition
may be change to normal by disconnecting and
reconnecting the connector. In this case, disconnect
and reconnect the connecttor saveral times, and if a
fault occcure even once, then consider the terminal
may have a defective contact.



1KS ENGINE GEN-SET SPEC. ECU WIRING DIAGRAM
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1KS ENGINE GEN-SET SPEC. ECU TERMINAL ARRANGEMENT

112(3|4|5|6|7|8|9|10[11|12/13|14/15({16
17]18|19|20(21|22(23|24|25|26(27|28|29|30|31|32
33|34/35(36|37|38(39|40/41|42|43|44|45|46|47|48/49|50|51|52
53|54/55(56|57|58|59(60/61|62|63|64{65|66/67/68/69|70|71|72

MM
N | U h R U | J
No. | /O ITEM No. | /O ITEM
1| G |[ECUGND 1 38| - |N.C.
2| - |N.C. 39| - [|N.C.
3] - |N.C. 40| - |N.C.
4] - [N.C. 41| G |Cranl position sensor GND
5| - |N.C. 42| - |N.C.
6| - |N.C. 43| - |N.C.
7| - |N.C. 44| - |N.C.
8| - [N.C. 45| G |Gain adjustment signal GND
9| - |N.C. 46| - |N.C.
10| - |N.C. 47| G [Water temp. sensor GND
11| O |Fuel cutsolenoid 2 48| | |Water temp. sensor
12| O |Power delayrelay 49 - |N.C.
13| O |S/MS4 [A/F Control motor] 50| | [Gain adjustmentsignal
14| O |Water temp. warning lamp 51| | [Speed correction signal
15( - [N.C. 52| S [CAN(H)
16| - |N.C. 53| O [S/M+B1 [Throttle motor]
17| G |[ECUGND 2 54| O [S/M+B2 [Throttle motor]
18| | |Speed selectsw 55| O [S/M+B1 [A/F control motor]
19| - |N.C. 56| O [S/M+B2 [A/F control motor]
20| | |[Diagnisis SW 571 - [N.C.
21| | [Crank position sensor 58| - [N.C.
22| - [N.C. 59| O [S/MS2 [Throttle motor]
23| | [Qil press.SW 60| O [S/MS3 [Throttle motor]
24| - [N.C. 61| O [S/MS4 [Throttle motor]
25| - [N.C. 62| O [S/MS1 [A/F control motor]
26| | [Code clear SW 63| O [S/MS2 [A/F control motor]
27| O [Fuel cutsolenoid 1 64| O [S/MS3 [A/F control motor]
28| O [S/MS3 [A/F Control motor] 65| - [N.C.
29| O [ECU warning lamp 66| - [N.C.
30| O [Starter relay 67| G [Speed correction signal GND
31| - |N.C. 68| - |N.C.
32| - |N.C. 69| - |N.C.
33| P [ECU relaypower 1 70| O [Gain adjustment signal power 5V
34| P [ECU relaypower 2 71| O [Speed correction signal power 5V
35| | [Start/Stop signal 721 S [CAN(L)
36| - |N.C. 73| G [ECUGND 3
37| - |N.C.




DIAGNOSIS (SELF DIAGNOSIS FUNCTION)

General

When the computer detects a problem in the system, the fault is indicated by lighting a warning lamp
on the combination meter and displaying an error code, and fail-safe functions operate to ensure safety
by stopping the engine or controlling the engine to a low speed.

DIAGNOSIS DISPLAY METHOD

The diagnosis code is displayed when turn ON the diagnosis switch of unit.

LIST OF DIAGNOSIS CODES

CODE Error description Phenomenon on unit | Page
09 Water temp. sensor open abnormality Engine stop 1-5
25 Fuel cut solenoid 1 opeen abnormality .

26 Fuel cut solenoid 2 opeen abnormality Engine stop 1-6
52 S/M (Throttle motor) S1 opeen abnormality

53 S/M (Throttle motor) S2 opeen abnormality

54 S/M (Throttle motor) S3 opeen abnormality

55 S/M (Throttle motor) S4 opeen abnormality Engine stop 1.7
56 S/M (AJF control motor) S1 opeen abnormality

57 S/M (A/F control motor) S2 opeen abnormality

58 S/M (A/F control motor) S3 opeen abnormality

59 S/M (AJF control motor) S4 opeen abnormality

70 Oil press. Abnormality Engine stop 1-9

[NOTE]
*If there are multiple types of fault history, displayed in the order of error code.
Error code is erased after the failure recovery and 10 times normal start-up.

Example of flashing. (Erroe code The 10's place is lighting number of "A", The 1's place is lighting number of "B")

oN CODE 20
OFF H A= 1.0sec
_- A -?. A o B e
B =05sec
1 Cycle
a = 0.bsec
CODE 02 b = 0.5sec
‘ ‘ \ |7 ¢ = 3.0sec
BIaIB c
= 1 Cycle
GCODE 22
= | A [8] A b Bla|B o
2 | Cycle =




@ERROR CODE 09 (Water temp. sensor open abnormality )

Related portion

47 Water temp. sensor GND

Engine \tl\efr?ﬂtgr
ECU 48 Water temp. sensor sensor

Probable cause
@ Water temp. sensor defect
(@ Harness defect
@ Engine ECU defect

Inspect for the disconnect water temp. sensor No error
connector, internal leakage.reconnect, start the  ———— ¥ Connector contact defect
engine and check whether or not there is an error

l Error

Inspection 1:
Water temp. sensor resistance individual inspection

[ o

Inspection 2:
Harness continuity and short circuit inspection

[ o

Engine ECU defect

NG
I——— p Water temp. sensor defec

L} Harness defect

Inspection 1
Curry out water temp. sensor individual inspection.
Standard 2.45+0.24kQ (20°C)

Inspection 2
Inspect for continuity and sfort circuiting of the harness.
Standard Continuity




@ERROR CODE 25,26 (Fuel cut solenoid open abnormality )

Related portion

27 Fuel cut solenoid 1
34 ECU del Fuel cut
elay power solenoid 1
Engine
ECU
34 ECU delay power
11 Ful " I 12 Fuel cut
ule sut ssolenoi solenoid 2

Probable cause
@ Fule cut solenoid defect Fuse, relay and Harness terminals continuity inspection
(@ Harness defect
@ Engine ECU defect

Fuse, relay and Harness terminals No error
continuity inspection

l Error

Inspection 1: NG
Inspection the fuel cut solenoid

[ o

Inspection 2: NG
Inspection the harness

[ o

Engine ECU defect

p  Terminal contactt defect

p  Fuel cut solenoid defect

p  Hraness defect

Inspection 1 : Inspection the Fuel cut solenoid

Inspection 2 : Inspection the harness



@ERROR CODE 52~59(Step motor open abnornality )

Related portion

53 S/M +B1 4 Connector color : Red
64 SIM S1 6 [—]
60 S/M S3 5
54 S/M +B2 1 Throttle motor 6154
59 S/M S2 3 31211
61 S/IM S4 2
Engine
ECU 55 S/M +B1 4 Connector color : Whitg
62 SIM S1 6 [—]
28 S/M S3 S| A/F control
56 S/M +B2 1 motor 6|/5|4
63 S/M S2 3 3(2(1
13 S/IM S4 2
Probable cause
@ Step motor defect
(@ Harness defect
@ Engine ECU defect
Inspect for the disconnect step motor connector,
No error

internal wetting. reconnect, start the engine and
check whether or not there is an error

L Error

Inspection 1
Step motor individual inspection

[ ox

Inspection 2:
Harness continuity and short circuit inspection

[ ox

Engine ECU defect *: Can not exchange a individual motor.
Replace with a mixer assy, when having failure mixer

Inspection 1

Curry out an individual inspection of the A/F control motor and throttle motor

Motor resistance inspection

Standard

Wire color Resistance

(Terminal number) A/F control motor Throttle motor
Red(4) | White(5) 110Q+10% 340+10%
Red(4) | Brown(6) 110Q+10% 340+10%

White (5) | Brown(6) 2200+10% 680+10%

Orange(1)] Yellow(2) 110Q+10% 340+10%

Orange(1)| Blue(3) 110Q+10% 340+10%

Yellow(2)| Blue(3) 2200+10% 680+10%

Inspection 2

Inspect for continuity and sfort circuiting of the harness.

Standard Continuity

r—— > Connector contact defect

-L»Step motor defect*

L} Harness defect

Wire color
6.Brown
5.White
4.Red

3.Blue
2.Yellow
1.0range



@ERROR CODE 70 (Oil pressure abnormality )

Related portion

23 Oil press. SW

Engine Oil press.SW ?7
ECU

Probable cause
@ Lubrication system defect
(@ Harness defect
@ Engine ECU defect

Inspectlgn L . -L»Lubrication system defect
Inspection the oil pressure
OK
Inspection 2: NG .
. L . . +——p-Oil pressure SW defect
Oil pressure SW individual inspection P

] ox

Inspection 3:
Harness continuity and short circuit inspection

[ ox

Engine ECU defect

L} Harness defect

Inspection 1: Inspection the oil pressure
Remove the oil pressure switch connector and inspection
*Remove the engine controled oil pressure switch connector when check by unit side oil pressure gauge.

Inspection 2: Oil pressure SW individual inspection
Measure the resistance between case and terminal at engine running.
Standard 1MQ min

Inspection 3: Harness continuity and short circuit inspection
Inspect for continuity and sfort circuiting of the harness.
Standard Continuity




TROUBLESHOOTING WHEN THERE IS NO ERROR CODE

Symptom Portion to be inspecte{Page for reference
Cannot running of specified number of revolutions Speed adjustment VR 1-11
Ignition system 11-1
Cannot start
(no starting combustion) ECU power system —
Starter 10-1
Cannot start
(Stop by startup overspeed) Speed sensor 1-12
) Gain adjustment VR 1-12
Abnormal engine —
Ignition system 111
Abnormal Combustion Ignition system 11-1

@ Speed adjustment VR
Probable cause
@ Adjustment defect
@ Speed correction defect or Harness defect
@ Engine ECU defect
Inspection 1:

OK

Speed adjustment by volume adjustment

NG

pAdjustment defect

Insoection 2:
Speed adjustment VR and Harness inspection

Volume adjustment range
Designated number of speed+25rpm

J

NG .
+———9 Speed correction defect or Harness defec

OK
Engine ECU defect

@ECU power system
Probable cause
@ Blown Fuse
@ Relay defect
@ Wire harness, connector defect

-25 rpm running than designated number of speed
when speed adjustment VR disconnection

J

Wire harness continuity inspectio

¢OK

Engine ECU defect

p Replace fuse

Inspection 1: NG
Unit controller fuse inspection

L OK

i : NG
Inspection 2 . L . p  Relay defect
Relay operation and continuity inspection

OK

Inspection 3: NG

p  Wire harness, connector defect



@Gain adjustment VR

Probable cause
@ Adjustment defect
@ Gain adjustment VR or Harness defect
@ Engine ECU defect

Inspection 1:_ - Resolution huntmg Adjustment defect
Control hunting by adjust volume
NG
Inspection 2: NG . .
. . . . Gain adjustment VR or Harness de'
Gain adjustment VR and Harness inspection > )

¢OK

Engine ECU defect

@ Speed sensor

Probable cause Speed sensor has built-in the magnetic-resistance
(1 Stick of contaminant element and IC parts and It difficult to individual inspection.
@ Mounting defect Therefore make a judgment on the acceptability for
® Sensor defect inspection result of troubleshooting.
@ Engine ECU defect
Inspection 1: NG

. . p  Effect of contaminant
Sensor inspection

[ ox

Inspection 2: NG .
N . p  Sensor mounting defect
Sensor mounting inspection
OK
Inspection 3: NG

p Engine ECU defect

sensor replace

$OK

Sensor defect

Inspection 1 : Sensor inspection
Remove a contaminant by waste cloth when stick of contaminant.

Inspection 2 : Sensor mounting inspection

N N
State of sensor bolt tighten and mounting state inspection @M
NG



ELECTRIC TROUBLE
INSPECTION

WATER TEMPERATURE SENSOR
(1) Remove the water temperature sensor.

(2) Use the circuit tester, measure the resistance value

between the terminals according to temperature

changes.
Standard
Temperature C 20 380
Resistance kqQ 2.45+0.24 (0.322+0.032

(3) Install the water temperature sensor.

Fig.1-Inspecting the water temperature sensor



REMOVING ADAPTER

1. Remove two bolts and remove adapter Fig.1.

NOTICE
Remove the deposit and the foreign substance
adhered in the adapter.

Fig. 1 - Removing ADAPTER

INSPECTION STEPMORTOR
STEPMORTER
for fuel control

STEPMORTER

for throttle valve contro 1. A tester is attached between the combination terminals
of the following table, and resistance is measured.
Connector color: WHITE Connector color:RED

The standard value between terminals

Wiring color Resistance
6151 4 615! 4 (Terminal No) STEPMORTOR
RED (4) WHITE (5) 1109 +10%
3121 3121 RED (4) BROWN(6) [ 110Q £10%
WHITE (5) | BROWN(6) [ 2209 +10%
ORANGE (1) [ YELLOW(2)| 1105 +=10%
ORANGE (1)| BLUE(3) 1109 +10%
YELLOW(2) [ BLUE(3) 2200 +10%

Fig. 2 - Inspection ADAPTER

INSTALLING ADAPTER

1. Use 2 bolts install the adapter
with a new gasket in-between.
Torque bolts to 21 Nm.

NOTICE

FLANGE Replace the gaskets with new parts.

GASKET

Fig. 3 - Installing ADAPTER



TROUBLESHOOTING
MECHANICAL TROUBLE

The causes of engine faults are divided into 3 factors of gas engines.

3 Factors of gas engines

3 factors

Main functional parts

Good air-fuel mixture Mixer etc

Good compression Engine body (Intake and exhaust valves, piston rings, cylinders etc.)

Good ignition Ignition coil, spark plugs, resistive cord and ignition

The basics are as described above, however, since insufficient maintenance also gives rise to faults. Carry out

pre-inspection of the following items

Pre-inspection item
Coolant Spark plugs
Engine oil Ignition timing
Battery and terminals Looseness in any engine part
Air cleaner

For the troubleshooting of the electronic control system, please refer to the repair manual for each unit

List of ltems
Statue Fault
Engine has trouble in starting or does |Engine does not crank normally
not start Engine does not start easily, or does not start at all

Engine running rough

Engine is rough, or stops, during idling
Cannot accelerate smoothly (including hesitation)
Insufficient power output (including hunting)

Engine overheats

Excessive fuel consumption

Abnormal combustion

Knocking
Run on

After fire
Back fire

Abnormal engine noise, or noisy enging

Noise that changes with operation of the clutch pedal
Noise that is often heard during idling

Noise that is often heard at a certain engine speed
Noise that is often heard regardless of engine speed

Excessive engine oil consumption

ENGINE DOES NOT CRANK NORMALLY
When the ignition key switch is turned ON, the starter motor does not respond, or makes an abnormal noise

Phenomenon

Main places for inspection and adjustment

Battery

Battery cables

Starter does not response
[Point 1]

Ignition key switch

Starter unit

Neutral safety switch

Slow cranking speed or clicking sound

Battery

Starter motor

WINPT~ WM

Engine body (When all the plugs are removed, the engine
should rotate easily)

1. Starter clutch

"Rev and rattle" sound

n

Ring gear

3. Magnetic switch




[Point 1]

To test whether the fault is with the circuit to the starter motor, or

with the starter motor itself. connect the starter motor directly to
the battery with the 30 terminal and 50 terminal leads. If the
starter motor turns, then the fault is in the circuit. If it does not
turn, then the fault is in the motor.

ENGINE DOES NOT START EASILY, OR DOES NOT START AT ALL

Phenomenon

Main places for inspection and adjustment

Ignition
[Point 1]

Spark plugs

Plug cords

Ignition key switch

Ignition coil

Igniter

Ignition timing

Fuel

Fuel

Mixer

Compression

Valve

Piston rings

Piston

POINIBINIROOTA W]

Cylinder

[Point 1]

Inspect sparks using the spark plug

Remove the spark plug and position it about 6 to 8mm (0.24 to
0.31in.) away from earth. Normally, during cranking, a strong
spark should fly out. Check all the plugs in the same way.

If there is no spark at all, inspect the Ignition coil and the primary
lead side.

ENGINE IS ROUGH, OR STOPS, DURING IDLING

Phenomenon

Main places for inspection and adjustment

Engine is rough during idling[Point 1]

Mixer

Resistive cord

Ignition coil

Ignition timing

Valve contact

olo[rlw[m]e

Plug

[Point 1]
Inspect non-combusting cylinders
Hold the bottom of the resistive cord and pull it off from the plug.
Work though each cylinder, disconnecting the cord end from the
spark plug terminal and stopping the spark. Inspect for the
presence of combustion by checking

*The change in engine speed

*Change in combustion sound, or change in vibration




CANNOT ACCELERATE SMOOTHLY (INCLUDING HESITATION)

Phenomenon

Main places for inspection and adjustment

Ignition

Spark plugs
Ignition timing
Ignition circuit

Compression

Intake and exhaust valve contact
Piston rings

Piston

Cylinder

PlWINIPIWINE

INSUFFICIENT POWER OUTPUT (INCLUDING HUNTING)

Phenomenon Main places for inspection and adjustment
Ignition L Ign?t?on tl.mm.g
2. Ignition circuit
Fuel 1. Mixer
1. Valve
Compression 2. P?ston nngs
3. Piston
4. Cylinder
ENGINE OVERHEATS
Phenomenon Main places for inspection and adjustment
Ignition 1. Ignition timing
1. Cylinder Head gasket
Compression 2. Cylinder head
3. Cylinder block
Cooling 1. Coolant

EXCESSIVE FUEL CONSUMPTION

Before beginning troubleshooting, ask the following questions and respond as necessary.
When did it start? (Since the unit was new, recently, since it has become colder etc.)

1.
2. High fuel consumption compared with what? (The unit used previously, a similar unit, other manufacture's unit etc)
3.

4. Others

What is the unit being used for?

Factors in high fuel
consumption

. Engine structure (Compression ratio, improved fuel buming, cooling loss,

mechanical efficiency etc)

. Unit structure (drivetrain system ect.)

. Conditions in the usage environment (weather, load environment, operation

method altitude etc.

. Maintenance status of the engine and unit (Ignition timing, air-fuel mixture,

compression pressure etc.)




Places for inspection and adjustment when fuel consumption has become greater than previously

Classification Main places for inspection and adjustment
Ignition 1. Ignition timing
Fuel 1. Mixer
1. Valve
Compression 2. P?ston rings
3. Piston
4. Cylinder
Cooling 1. Coolant temperature [Point 1]

[Point 1]

If the temperature of the engine coolant becomes too high or too low, optimal fuel combustion cannot be
achieved and fuel consumption increases. In particular, if repeated traveling and loading is carried out when
the engine is cold, the combustion timing is delayed due to slow propagation speed of the air-fuel mixture,
the engine may misfire, resulting in imperfect combustion and loss of engine output.

ABNORMAL COMBUSTION

The abnormal noises and other noises caused by abnormal combustion in the engine are classified as follows
1. Knocking
On sudden acceleration, a high pitched "ping ping" knocking sound is heard. This has a bad effect on the
piston and valves, and will also damage the engine

2. Runon
Even after the ignition key switch has been turned OFF, combustion continues in the combustion
chamber, and the engine continues to run erratically.

3. After fire

When traveling for a long time under engine braking, or when the throttle valve is suddenly released, a
loud "bang" is heard due to an explosion in the exhaust system, with flame being visible around the

4. Back fire
The combustion does not complete within the explosion cycle, and continues until the intake valve opens
for the next cycle, igniting the air-fuel mixture while it is still being intake. This causes a back fire, in which
the air-fuel mixture in the intake manifold or mixer explode.

Knocking
Classification Main places for inspection and adjustment
1. Ignition timing
Ignition 2. Spark plugs
3. Carbon build-up in the combustion chamber
Run on
Classification Main places for inspection and adjustment
Ignition 1. Spark plug.s . .
2. Carbon build-up in the combustion chamber
Atfter fire
Item Inspection content

Check the operation and adjustment of parts that might make the air-fuel mixture too rich.

Fuel, intake system ] .
« Air cleaner element clogging

Check the initial setting of the ignition timing and that the spark advance is operating normally.
Is the timing too retarded when idling?
Spark advance operation inspection (Do the vacuum advancer and the governor
controller start operating a little late when the throttle valve is suddenly released?)

Ignition timing,
spark advance

Is the stationary plate not sliding well?

Correct the cause of any occasional missing of the ignition

Spark plugs, Are the specified spark plugs being sued?

ignition device Inspect for soling, wear or gap defect of the spark plugs.

Inspect for soling or poor connection in the secondary circuit of the ignition system.

1-18



Back fire

Iltem

Inspection content

Fuel, intake system

Check the operation and adjustment of parts that might make the air-sue mixture too lean.
- rom the intake manifold

Ignition timing,
spark advance

Inspect to see whether the ignition timing is too retarded
+ Is the timing too retarded when idling?
- Timing control operation inspection (this occurs easily after engine O/H, or

reinstalling of the Crank position sensor - whenever the timing is extremely out)

Valve timing

Is the valve timing out?

ABNORMAL ENGINE NOISE, OR NOISY ENGINE

Further breakdown of abnormal noises, or excessive noise generation is as follows.
1. Noise that changes with operation of the throttle valve
2. Noise that is often heard during idling
3. Noise that is often heard at a certain engine speed
4. Noise that often heard regardless of engine speed

Noise that is often heard during idling

Probable cause

Example of sound

Notes

Oil seal squeal

Squealing sound
Chirping sound

Apply engine oil from outside the seal, or spray an anti-squealing
agent.

» The sound becomes quieter or stops.

Crankshaft thrust
direction play

Gravely sound
Ratting sound

Put a sound scope near the timing gear cover to check.

* When the engine is warmed up, the sound can be heard clearly.
When the engine is warm, if the engine is taken from idle to high
speed, the sound becomes small, or stops.

Inspect the sprocket gear runout.

Camshaft bearing wear

Knocking sound
Dull knocking
sound

Put a sound scope on the camshaft bearing section to check.
The sound becomes quieter at high speed.

Wear inside the oil pump
drive gear

Whirring sound
Clattering sound

Put a soOund scope on the oil pump drive gear check.
Remove the oil pump drive gear

Defective contact of the
valve and seat

Clicking sound

Check the valve clearance.

Put a sound scope near the cylinder head valve to check.
» The sound becomes smaller or stops when the valve is sticking up.

Improper contact or
damage to the valve lifter

Clicking sound

Put a sound scope in the cylinder head to check.
+ This sound often occurs when a pushrod is not turning.
» Remove the lifter and inspect the contact surface.

Run out of oil on valve
rocker arm

Grating sound
Squeaking sound

The sound becomes smaller or stops if engine oil is applied, or if
the valve rocker arm position is shifted.

Air intake noise

Sucking noise
Hissing noise

Inspect the intake manifold and air cleaner for appropriate installation.
« Try plugging the place where the air gets in with engine oil,
grease or cotton waste.




Noise that is often heard at a certain engine speed

Probable cause

Example of sound

Notes

Side knocking of the
piston

Knocking sound

The knocking sound is loud when the engine is cold, and grows

quieter or stops as the engine warms up.
. DINCe dlultinuril aluy pIistull expdliiu rore tidrll uie Cylruer,

the piston clearance grows smaller and the side knock grows

cmallar

If the spark plug is disconnected, the sound changes and
generally grows quieter.

Knocking of the
connecting rod bearing

Knocking sound

This can be heard loudly from the bottom of the engine when
acceleration after warm-up or directly after acceleration.

When the engine is at the speed when the knocking sound
usually occurs (about 1000rpm), if the spark plug is
disconnected, the sound changes, generally becoming quieter.

Crankshaft bearing
knocking

knocking sound

This can be heard loudly from the bottom of the engine when
accelerating after warm-up or directly after acceleration.
» The sound does not change even if the spark plug is disconnected.
- This is a somewhat lower, sharper sound than the connecting
rod bearing knocking.

piston pin knocking

Knocking sound
Ratting sound

The noise gets louder as the engine warms up, and is a harder
sound than the piston side knocking

When the engine is at the speed when the knocking sound
usually occurs (about 1000rpm), if the spark plug is
disconnected, the knocking sound changes.

Timing chain wear

Grating sound
Scraping sound

Put a sound scope on the timing chain cover to check.
The noise becomes louder if the engine id run at high speed.

Noise that is often heard regardless of en

inespee d

Probable cause

Example of sound

Notes

Excess valve clearance
or faulty contact

Clicking sound
Clattering sound

Inspect for the presence of valve clearance using a thickness gauge.

- If there is a clearance, the sound stops. In this case, correct
the oil tappet.

- If the sound does not stop, there is a defect in the contact of
the rocker arm and the valve

Valve sticking sound

Creaking sound
Squeaking sound

Put a sound scope on the valve section to check.

* The sound becomes quieter or stops if engine oil is applied, or
an anti-squealing agent is sprayed on.

Exhaust leak

A
"raspberry"sound
A "put-put"sound

Check by holding a wet cloth to the spot on the exhaust system to
plug where the leak is suspected to be.

+ The noise becomes louder when the engine speeds

Compression leak

Hissing sound

Disconnect the spark plug to inspect.

* When disconnected, the sound becomes quieter or stops.
Apply oil to the cylinder head gasket and to the spark plug gasket
attachment section to check.

- If there is a leak. The oil blows out.

If the gasket is destroyed, the combustion gas may leak into the
cooling system, causing bubbles to from in the top of the radiator.




EXCESSIVE ENGINE OIL CONSUMPTION

A classification of oil consumption by the main phenomena is as follows

1

3.

. Oil loss via the piston ring

This is when the oil that lubricates the cylinder walls gets into the combustion chamber.

After the engine has warmed up, after left idling or operated at about 1000 rpm for 4 to 5 minutes, if the
engine is raced, alarge amount of white-purple exhaust is output for the first 30 to 60 seconds, thereafter
tending to become less. In this case, if left idling or operated at under 1000 rpm for another 4 to 5
minutes, then raced again, the engine emits a large amount of white-purple exhaust again as before.

QOil loss via the valve guide

This is when the oil enters the combustion chamber from the clearance between the valve stem and the
valve guide.

After warming the engine, race it at about 2000 rpm and inspect the exhaust gas. At this time, a large
amount of white-purple exhaust gas is exhausted, and thei output increases gradually if the engine speed
is increased.

In-flow from the crankcase emission control system (PCVdevice)

Phenomenon Main places for inspection and adjustment

Leaking to the exterior of the engine Engine body

Cylinder head

Cylinder block

Head gasket

Oil loss via the piston ring [Point 1]
QOil loss via the valve guide [Point 2]

Leaking to the interior of the engine

SR Rl I el

[Point 1]
Inspect for oil loss the piston ring
A lot of carbon built-up will be visible around the top of the piston.

s T

[Point 2]

Inspect for oil loss the valve guide

This can be determined from the carbon build-up on the
intake valve head and on the top of the piston, and how wet
with oil the valve head is.
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Exhaust Manifold

Fig.1-Remove Exhaust Manifold

Ignition plug and tube

Intake
Manifold

Fig.3-Remove cylinder head cover

Fig.4-Set Cylinder No. 1 At TDC

REMOVE CYLINDER HEAD

1. Remove Exhaust Manifold

3. Remove Intake Manifold
4. Remove Ignition plug and tube

Use an ignition plug wrench and remove ignition
plugs (3pcs.) and ignition plug tube (3 pcs.)

5. Remove Cylinder head cover

(1) Cap Nut (3 pcs.)
Gasket (3 pcs.)
(2) Cylinder head cover Gasket

6. Set No. 1 piston at TDC

(1) Rotate crankshaft pulley until timing mark on
pulley is aligned with reference point on timing
cover.

(2) If intake and exhaust valves have clearance,
No. 1 piston is at TDC - compression stroke.

(3) If intake and exhaust valves do not have
clearance, turn crankshaft pulley one
complete revolution. Valves will then have
clearance.



Valve Stem Cap

Fig.6-Loosen Cylinder Head Bolts

DISASSEMBLE CYLINDER HEAD

7. Remove Valve rocker shaft assy
(1) Nut (3 pcs.) , Washer (3 pcs.)
(2) Remove the valve rocker shaft ASSY.
(3) Remove the Valve Stem Cap
8. Remove Valve push rod
NOTE

Mark push rods so that they may be
reassembled in their original position.

9. Remove cylinder head assembly.
(1) Loosen cylinder head bolts in the order shown.

(2) Remove set bolts hanger.

(3) Remove the cylinder head from the cylinder block.

NOTE
Carefully prevent the cylinder head installation
surface from any damage.

1. HEAD, CYLINDER
2 . GASKET, SYLINDER HEAD
3 . CAP, VALVE STEM
4 . LOCK, VALVE SPRING RETAINER
5 . RETAINER, VALVE SPRING
6 . SPRING, COMPRESSION
7 . VALVE
8 . SEAT, VALVE SPRING
9 . SEAL, VALVE STEM OIL
10 . BUSHING, VALVE GUIDE

11 . BOLT, STUD

CYLINDER HEAD COMPONENTS

2-3




Fig.7-Remove the valve

Exhaust l} . 5 3

Fig.8-Valve components

straight edge

Fig.10-Check Cylinder Head For Distortion

Remove Valve

(1) Set the Valve Spring Compressor to the valve to
compress the valve spring, and remove
two retainer locks.

(2) Remove spring retainers, springs, seats, valve
and oil seal.

NOTE
Remove parts shall be arranged orderly for
each cylinders.

INSPECT AND REPAIR

Be sure all gasket material is removed from surfaces
before checking. Use a gasket scraper if necessary.

a. Inspect cylinder head for cracks or damage.

b. Use a straight edge and check cylinder head
lower surface for distortion.

c. Check intake and exhaust manifold mounting
surfaces.

If mounting surfaces are distorted more than 0.1 mm,
the cylinder head must be replaced.

It is not recommended that cylinder head
mounting surfaces be resurfaced.

NOTE

Intake manifold and exhaust manifold
may be checked in the same manner. Use
same specifications as cylinder head.



3. Check Valve guide bush

fr T T . _— .
:,e_@—j,il N (1) Use a caliper gauge and measure the inside diameter
ke A S of the valve guide bush.

5[ ] a—_— LIMIT 6.10mm

If the limit is exceeded, replace the valve guide bush

A

U«

Fig.11-Check the valve guide bush inside diameter

4. Remove valve guide bushing if required.

(1) Use bushing driver, SST**-**.** press
out valve guide bushing from combustion
chamber side.

(2) Check valve guide bushing OD.
Then see specifications below.

Std. Bushing OD: - 11.05 mm
Replacement Bushing OD: - 11.08 mm

(3) If bushing OD measurement indicates that a
replacement bushing has already been
installed, the cylinder head must be replaced.

5. Using bushing driver, SST, press in new
valve guide bushing until tool bottoms on cylinder
head

SSTok**kk_kx

Fig.13-Installing Valve Guide Bushing

6. Check Valve

S 1 W e .l (1) Measure the valve head margin thickness
Y
b ¥ Standard 1.2~1.6mm
®
T Limit 0.8mm

If the thickness is less than the limit, replace the valve

Fig.14-Valve Dimensions



35mm

O

Fig.15-Measure Valve Stem Diameter

Contact at

Contact

width

Fig.16-Check the valve contact position and width

Fig.17-Correcting the Valve seat (1)

Contact width

~ 30°
1.2~1.6mm Y

—]

45°cutter

15°cutter

Fig.18-Correcting the valve seat (2)

(2) Measure valve stem diameter at specified
distance from end of valve, as shown in Fig.15.

LIMIT IN: 5.952mm
EX: 5.948mm

If the limit is exceeded, replace the valve

7. Check Valve and valve seat contact
(1) Thinly coat red lead on the valve face
(2) Insert the valve into the valve guide bush.
Push the valve lightly against the valve seat, and
inspect the contact position and width
Standard
Contact position:
Center on whole valve circumference
Contact width:
1.2~1.6mm
NOTE
Do not rotate the valve when it is in contact
with the seat

If standard is not satisfied, replace the valve or correct
the valve seat

8. Valve seat correction
NOTE

- Always inspect the valve contact position and
width during the correction.

- Gradually release the force near the end of
cutting to prevent stepping on the cut surface.

+ Start the correcting operation after inspecting the
valve guide bush.

(1) Use a 30°cutter and cut the minimum contact
width to become wider than the standard

(2) Cut so that the contact position comes to the center
of the valve face

(a) If the contact position is deviated to the outside,
cut with a 15°cutter

(b) If the contact position is deviated to the inside,
cut with a 45°cutter
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Fig.19-Lapping the valve

Fig.20-Check Valve Stem Cap

Squareness

—_— (—

Fig.21-Check Valve Springs

(3) Use a compound and lap the valve

(4) After lapping, use red lead and check that the valve
contact is uniform on the whole circumference

CAUTION
Thoroughly remove the compound after valve

lapping

9. Inspect valve stem cap for wear.

Replace if cap is worn recessed.

10 Check valve springs for squareness and free length.
(1) Use a straight edge and thickness gauge, and
measure the squareness at the top end of the
valve spring.
Limit: 1.0mm

(2) Use a vernier caliper and measure the free length
of the valve spring.

Limit: 30.7mm

Replace the valve spring if the limit is exceeded.



DISASSEMBLE ROCKER ARM SHAFT

Remove snap rings from ends of rocker arm shaft. Remove set screw from center rocker arm support. Disassemble
rocker arm assembly. Note position of all components.

SET SCREW

SPRING
ROCKER ARM

)

(s
Vam /5
é A(@
SUPPORT, VALVE ROCKER

WASHER SNAPRING

)
=)
(s

SHAFT, VALVE ROCKER

Rocker Arm Components
(1) Snapring removal (2 pcs.)
(2) Setscrew removal (1 pcs.)
(3) Other parts removal

CAUTION
Remove parts shall be arranged orderly

1. Check Valve rocker arm

(1) Check the rocker arm for the wear and damage
of the surface in contact with the valve stem.

(2) If slight surface defect is found, correct with an
oil stone.
If heavily worn or damaged, replace the rocker
arm.

Fig.22-Check the valve rocker arm (1)

2. Check Rocker arm and shaft

(1) Use a caliper gauge and measure the rocker arm
inside diameter.

Limit: 10.03mm

(2) Use a micrometer and measure the rocker arm
shaft outside diameter.

Limit: 9.957mm

If the limit is exceeded, replace the rocker arm and
rocker shaft.

Fig.23-Checking Rocker Arm And Shaft



ASSEMBLE ROCKER ARM SHAFT

Oil all components before assembling. Small grooves in rocker shaft next to oil holes must face down. Assemble

rocker arm components, noting order of assembly as shown in Fig. Note position of three thrust washers.
Install set screw in center rocker arm shaft support.

SET SCREW(1)

SPRING(2)

ROCKER ARM(6)

SUPPORT, VALVE ROCKER(
WASHER(3) SNAPRING(2)

SHAFT, VALVE ROCKER /

¥ Under side: slit

Check the direction of the rocker shaft

NOTE:

Coat engine oil on the sliding contact and rotating
surface.

Rocker Arm Components




ASSEMBLE CYLINDER HEAD

1 . HEAD, CYLINDER

2 . GASKET, SYLINDER HEAD

3 . CAP, VALVE STEM

4 . LOCK, VALVE SPRING RETAINER
5 . RETAINER, VALVE SPRING

6 . SPRING, COMPRESSION

7 . VALVE
8 . SEAT, VALVE SPRING
9 . SEAL, VALVE STEM OIL
10 . BUSHING, VALVE GUIDE
11 . ROD, VALVE PUSH
12 . SHAFT ASSY, VALVE ROCKER
13 . BOLT, STUD (T=12Nm)
NOTE:

When replacing rocker arm studs,
torque to 20.0 Nm

CYLINDER HEAD COMPONENTS

1. Install new valve stem seals.

SEAL, Oil inner surface and lip of seal before installing.
VALVE STEM Press seal on to valve guide bushing until it bottoms.
OIL

q

Fig.24-Install SEAL, VALVE STEM OIL




Fig.25-Assembling the valve (1)

Fig.26-Assembling the valve (2)

ALIGNMENT
DOWEL

LOCATIONS o ———y,

Fig.28-Install Cylinder Head Assembly

N

OTE:
Thoroughly clean the parts to be assembled.

+ Coat engine oil on the sliding contact and rotating

surface.

* Replace the gaskets and oil seals with new parts.

2.

Valve assembly
(1) Insert valve( A) into the valve guide bush.

(2) Install valve spring seat( B ) and oil seal( C).
Coat engine oil on the valve stem and oil seal lip.

(3) Install valve spring ( D) and spring retainer ( E ).

(4) Use the SST to compress the valve spring, and
install spring retainer lock ( F).

(5) Tap the valve at the top lightly with a plastic hammer
to settle the spring.

INSTALL CYLINDER HEAD

1.

2.

Place cylinder head gasket over alignment dowels
on cylinder block

Install cylinder head assembly

Lubricate threads of cylinder head bolts with engine oil.
Torque head bolts in 13.0 Nm increments

in sequence shown.

Torque head bolts in 35.0 Nm increments

in sequence shown.
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Fig.29-Install Push Rods

Fig.32-Set cylinder No.1 at TDC

3. Lubricate push rods with engine oil then install with
recessed end up

4. Install Valve rocker shaft ASSY

(1) Install CAP, VALVE STEM at its original position
before removal.

(2) Install the valve rocker shaft ASSY to the
cylinder head.

(3) Install washers and torque nuts, 3 set.
T = 19 Nm
NOTE
Make sure rocker adjustment studs are
seated in recessed end of push rods.
5. Install Exhaust Manifold
(1) Install a new gasket
(2) Install the manifold ASSY, 6 set nuts.
T = 19 Nm
6. Install Intake Manifold
(1) Install a new gasket
(2) Install the manifold ASSY, 4 set bolts and 2 set nuts.

T = 8Nm

ADJUST VALVES

1. Before adjusting valves, make sure that No. 1
cylinder is at TDC - compression stroke.



Fig.33-Adjust Valve Clearances

Piston Position Cylinder

No. 1 piston at TDC, of IN
compression stroke EX
Rotate Crankshaft 360° IN
clockwise EX

Fig.34-Install cylinder head cover

2. Vallve clearance adjustment

(1) Loosen the lock nut and turn the adjusting screw
for adjustment.

Standard : IN 0.25%0.05mm (Cool engine)
EX 0.251£0.05mm (Cool engine)

(2) Tighten the lock nut and recheck the valve clearance

T = 11 Nm

With No. 1 piston at TDC of compression stroke, check
and adjust valve clearances for cylinders shown in
chart at left.

Rotate crankshaft one complete turn (360°)"clockwise
to check and adjust remaining valves.

3. Install Cylinder head cover and gasket

(1) Install the gasket and cylinder head cover
SUB-ASSY.

(2) Install 3 gaskets and 3 nats.
T = 6Nm

NOTE
Make sure rubber seal is in groove in Cylinder head cover.
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REMOVING TIMING GEAR COVER AND GEARS

CHECKING GEARS

REMOVE GEAR CASE

REPLACE TIMING GEAR COVER OIL SEAL

ASSEMBLE TIMING GEAR CASE AND GEARS




Fig.1-Draining the engine il

SEAL CUTTER

==

G4/ -SEAL
CUTTER

Fig.3-Removing the oil pan

Fig.4-Removing the crankshaft pulley

REMOVING TIMING GEAR COVER AND GEARS

1. Engine oil draining
(1) Prepare a container for drained oil

(2) Remove the oil pan plug to drain the
engine oil

2. Remove Oil pan
(1) Remove 20 set bolts and 4 set nuts.
(2) Insert the blade of the SST between the oil pan

and cylinder block, and cut the sealant to remove
the oil pan.

NOTICE
- Do not use the SST on the timing chain cover
side. Use a screwdriver if necessary.
- Slowly operate so as not to deform the
oil pan flange.

(3) Remove 17 set bolts and 2 set nuts.

(4) Remove two strainer set bolts and two strainer set nats
and remove the oil strainer.

3. Remove Crankshaft pulley

(1) Install SST(flywheel holder)

(2) Remove the pulley bolt

(3) Remove crankshaft pulley using Tool SST.



4. Remove timing gear cover

(1) Remove set bolts (12pcs), and set nats (2pcs)
cover

(2) Discard timing gear cover gasket.

NOTE

Carefully prevent the timing gear cover and
timing cgear case installation surface from
any damage.

5. Remove oil pump drive gear.
(1) Remove set bolt

(2) Check oil pump drive gear for damaged teeth.

QOil pump gear

CHECKING GEARS

Inspect gear teeth for wear or damage.

CHECK GEARS IN SEQUENCE SHOWN.

1. Check gear backlash between idler gear and
crankshaft gear using dial indicator as shown in
Fig.7.

a. Set tip of indicator on gear tooth, then rock
idler gear back and forth noting indicator
reading.

NOTE
Crankshaft must not turn while checking.

Fig.7-Checking Idler Gear Backlash

2. If backlash exceeds 0.2 mm check idler
gear bearing and shaft for wear, Fig.8.

Reject Dimension:
Idler Gear ID - 34.17 mm
Idler Gear Shaft OD - 33.91 mm

a. If idler gear bearing and shaft are within
specification, replace with new idler gear and
recheck.

b. If backlash exceeds 0.2 mm with NEW
idler gear, crankshaft gear is worn.
NOTE
If crankshaft gear is worn the crankshaft must be replaced.

Idle gear shaft

Idle gear

Fig.8-Checking Idler Gear And Shaft



ID MARK

Fig.12-Installing Oil Pump Rotor

3. Hold idler gear as shown and check gear backlash
between camshaft timing gear and idler gear using
dial indicator, Fig.9.

Camshaft timing gear backlash must not exceed 0.2 mm.

NOTE
Idler gear must not turn while checking.

REMOVE GEAR CASE

(1) Remove camshaft thrust plate set bolt
(2) Remove 5 set bolts
(3) Remove timing gear case and discard gasket

(4) Remove oil pump rotor from cylinder block.

REPLACE TIMING GEAR COVER OIL SEAL

(1) Use a screwdriver and a hanmer to drive out
the oil seal

(2) Use SST, to install new oil seal

S ST kkkkk_kkkkkk

(3) Coat MP grease on the oil seal lip

ASSEMBLE TIMING GEAR CASE AND GEARS

1. Clean and lubricate oil pump rotor with engine oil
and install in cylinder block, Fig.12.

a. |ID mark on rotor must face cylinder block.



Fig.14-Installing Idler Gear Shaft

Fig.16-Torque Screws

2. Install timing gear case with new gasket. Install
camshaft retainer, Fig.13.
NOTE It may be necessary to rotate oil pump
drive to engage oil pump rotors.
NOTE Position camshaft retainer so that center
hole does not interfere with camshaft.

Note position, length and number of bolts as shown.
a.M6x28 mm: 4
b. M6 x 18 mm : 3
c.M6x16mm:1

Torque bolts to 8.0 Nm.

3. Assemble idler gear shaft with arrow up.

4. Check that the NO,1 cylinder is in the TDC.

5 With crankshaft key at 12 o'clock position,
assemble idler gear so that timing mark AA is

aligned with timing mark A on crankshaft gear,
timing mark BB is aligned with timing mark B
on camshaft gear, as shown in Fig.15.

a. Install oil pump gear.

6. Tighten 5 bolts

A M10XxX29mm(1lpcs) T = 43Nm
B M8Xx45mm(2pcs) T = 26Nm
C M8x20mm(1lpcs) T = 19Nm



Fig.17-Installing Timing Gear Cover

Fig.20-Sealant coating area

7. Install timing gear cover with new gasket.

Use 12 bolts and 3 nuts and install the timing
gear cover with a new gasket in-between.

A M6X30mm@9pcs) T = 8Nm
B M6X55mm(3pcs) T = 8Nm
C M6 Nut(2pcs) T = 8Nm

8. Install crankshaft pulley with timing mark at
12 o'clock position (#1 cylinder)

NOTE:

Be sure alignment pin in crankshaft gear is seated
in hole in pulley.

a. Torque bolt to 88.0 Nm.

b. Remove flywheel holder.

9 Use 2 bolts and 2 nuts and install the oil strainer
with a new gasket in-between.

T = 8Nm

10 Oil pan installation

(1) Remove the sealant (FIPG) adhered to the oil pan
and cylinder block mating surface with a
screwdriver, wire brush and gasket scraper.

(2) Degrease the sealant coating area and mating surface

(3) Coat the sealant on the oil pan as illustrated.
FIPG : 08826-76001-71

CAUTION

- The sealant coating width shall be about
3mm.

- Coat the sealant on the inner sides of bolt hole
and on the center groove at other places.

- The sealant shall be coated without dis-
continuity, and always overlap the coating
starting point and end point.

- Install the oil pan within 3 minutes after
coating the sealant.

- Do not fill coolant and engine oil and do not
start the engine within 2 hours after
installation.

(4) Install the oil pan NO,1 to the cylinder block and tighter
17 set bolts, and 2 nuts to the specified torque.
T= 8 Nm
(5) Install the oil pan NO,2 to the oil pan NO,1 and tighten
20 set bolts, and 4 nuts to the specified torque.
T= 8 Nm
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Fig.2-Removing Seal Retainer

Fig.3-Removing Oil Seal

Fig.4-Installing Oil Seal

REMOVING PAN AND FLYWHEEL
1. Remove QOil pan (see section 3)
2. Remove Flywheel
(2) Install flywheel holder
(2) Remove the pulley bolt
(3) Remove set bolts (6pcs)
(4) Inspect flywheel for cracks or damage. Inspect
flywheel ring gear for worn, chipped or cracked teeth.

If ring gear is worn or damaged the flywheel must
be replaced.

1. Remove rear seal retainer and discard gasket.

(1) Remove set bolts (6pcs)

REPLACING OIL SEAL
1. Remove oil seal.

Use a screwdriver and a hanmer to tap out
the oil seal

2. Lubricate outside diameter of oil seal.
Use the SST and hammer, and drive in the oil
seal until it becomes flush with the end surface
of the retainer

SST 09223-87802-000



FLYWHEEL
HOLDER
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Fig.6-Installing Flywheel

INSTALLING REAR SEAL RETAINER AND

FLYWHEEL
1. Install rear seal retainer with new gasket.

(1) Use 6 bolts install the Oil seal retainer
with a new gasket In-between.

T = 6Nm

2. Install flywheel.
NOTE
Use new 6 bolts or apply sealant to used flywheel
bolts.
T = 47Nm

Remove flywheel holder.

3. Oil pan installation (see section 3)
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ENGINE STAND
An automotive type engine stand is recommended when complete engine disassembly is required. See drawings
below for dimensions to make an engine stand mounting fixture.

—

215 mm

— G5 mm 44
8-3/8"
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O— 0
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80 mm 60 mm .If
| - 65 mm

@
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Ie——— 45 . — ———— 50 mm ———~———— 57 mm —e_— 35 mm —

- 107 mm

Mounting Plate

1/2° THICK

THRU HOLE

2132

1-1/2" DIA.




CYLINDER BLOCK DISASSEMBLY
VALVE LIFTER
@)
T~ @ 1. Remove cylinder head. See Sec. 2.
) < 2. Remove oil pan, oil pick up tube, timing cover,
G’;O gears and gear case. See Sec. 3.
@ e

3. Remove flywheel and rear seal retainer. See Sec. 4.

4. Remove valve lifters.

a. Number lifters so that they may be re-installed
in the same position.

5. Remove camshaft.

NOTE

Use care when removing camshaft to
prevent damaging cam bearing, journals
and lobes.

Fig.2-Removing Camshaft

6. Remove connecting rod and piston assemblies.

NOTE
Remove carbon or ridge from cylinder and
number connecting rod/piston assemblies
before removing from cylinders.

a. Remove connecting rod cap with lower bearing.

b. Push connecting rod and piston out through
top of cylinder.

c. Reassemble connecting rod cap to connecting
rod to prevent interchanging components.

7. Remove crankshaft main bearing caps, keeping
main bearings with their respective caps

NOTE
Main bearing caps are numbered 1 through 4.

Fig.4-Removing Main Bearing Caps



8. Remove crankshaft.

T sVAN
M FEARING a. Remove crankshaft thrust washers (#3 mainbearing).
b. Remove upper main bearings from saddles
and place with respective bearing caps.

Fig.5-Removing Crankshaft
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CHECKING CYLINDER BLOCK
Nz s Remove all traces of sealant and gasket material from

mounting surfaces. Inspect cylinder block for damage,
cracks and stripped threads. Inspect cylinder bores for
damage or scores.

1. Check cylinder block deck for distortion, Fig.1.
Distortion Limit: 0.08 mm

Fig.1-Checking Cylinder Block

2. If cylinder block exceeds limit shown, it may be
A resurfaced, Fig.2.

Std Dimension:

238.70-239.30 mm

Minimum Dimension:

238.60 mm (After Resurfacing)

Fig.2-Cylinder Block Height
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(BELOW RIDGE)

T
/J CENTER OF RING TRAVEL
™

BOTTOM OF RING TRAVEL

Fig.3-Checking Cylinder Bore

Fig.6-Removing Cam Bearing

3. Check cylinder bores for wear, Fig.3.
Standard Bore Size:
Model Series:
¢ 72.00-72.030 mm

a. Measure cylinder bore in 6 points at right
angles as shown, Fig.3.

b. If cylinder bore is worn more than 0.075 mm
or more than 0.035 mm out of
round, it must be resized.

Always resize to exactly .25 mm over standard

bore size. If this is done accurately, the service
oversize rings and pistons will fit perfectly and proper
clearances will be maintained.

4. Check valve lifter bore, Fig. 4.
Std. Dimension: 18.018 mm
Reject: 18.05 mm

5. Check valve lifter, Fig. 4.

Std. Dimension: 17.98 mm
Reject: 17.91 mm

6. Check camshaft bearing.
Replace if greater than 36.06 mm

REPLACING CAMSHAFT BEARING

1. Remove camshaft bearing, Fig.6.
a. Use camshaft bearing puller,SST.

SST=09215-87801-000



Fig.9-Installing Camshaft Plug

ADAPTER

Fig.10-Removing Oil Pressure Switch

2 Install camshaft bearing, Fig. 7.
a. Use camshaft bearing driver, SST.

SST=09215-87802-000

NOTE

Notch on camshaft bearing must face out.
Be sure oil hole in bearing is aligned with
oil hole in cylinder block.

REPLACING CAMSHAFT PLUG

1 Remove rear camshaft plug, Fig.8.
a. Use a wood dowel or brass rod to prevent
damage to camshaft bearing.

2. Install new camshaft plug using camshaft bearing
driver, SST.
a. Install camshaft plug flush with cylinder block

SST=09215-87802-000

If cylinder block is being resized, the following
parts should be removed so that cylinder block
may be thoroughly cleaned.

3. Remove oil pressure switch, water gallery plug
and oil filter adapter, Fig.10.



4. Remove timing gear oil nozzle, Fig.11.

@ c
@ ¢ @ OIL NOZZLE

5. When re-installing oil nozzle, oil hole must be
positioned at 45°angle, pointing towards idler
gear, Fig.12.

5 a B

AapnBaEN oA
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Fig.12-Installing Oil Nozzle
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CHECKING CRANKSHAFT

Inspect crankshaft journals for grooves or signs of
scoring. If found, crankshaft must be re-ground or
replaced.

1. Check the main bearing and crankpin journals for
wear and taper, Fig. 1.

Standard size:

Main - 41.976-42.000 mm

Crankpin - 36.976-37.000 mm

Maximum out of round and taper: 0.02 mm

If crankshaft journals are not within specification, the
crankshaft may be re-ground and .25 mm

Fig.1-Checking Journals undersize bearings installed. See illustrated parts list
for part numbers.

2. Check the crankshaft for run-out at #3 main
bearing journal, Fig.2.

Maximum Run-out: 0.06 mm

a. If run-out exceeds specification shown, the
crankshaft must be replaced.

Fig.2-Checking Run-out



Fig.6-Measure Clearance

3. Check crankshaft timing gear teeth for damaged
teeth, Fig. 3.

NOTE
See Section 3 for procedure to check
crankshaft timing gear for wear.

If crankshaft timing gear teeth are damaged or worn,
the crankshaft must be replaced.

CHECKING MAIN BEARING CLEARANCES
If main bearings show signs of flaking or scoring,
bearings must be replaced.

Main bearing saddles in cylinder block, main bearing
caps, main bearings and crankshaft journals must be
clean and free of oil.

1. With upper main bearings installed, install crankshaft.
a. Lay a strip of plastigage lengthwise on journal, Fig.4.

Do not lay plastigage across oil hole in crankshaft
journal.

2. Assemble main bearing cap with bearing and
torque to 58.3 Nm, Fig. 5.

DO NOT ALLOW CRANKSHAFT TO ROTATE.

3. Remove the bearing cap. Measure the plastigage

at its widest point, Fig. 6. If the clearance is not
within specification, replace the bearings.

Crankshaft Main Bearing Clearance:
STD: 0.020-0.044 mm
Reject: 0.07 mm

Repeat procedure for each main bearing.



CHECKING CONNECTING ROD BEARING
CLEARANCES

PLASTIGAGE If connecting rod bearings show signs of flaking or
scoring, bearings must be replaced.
Connecting rod bearings and crankpin journals must

be clean and free of oil.

; 1. With upper bearing assembled to connecting rod,
install connecting rod.

a. Lay a strip of plastigage lengthwise on journal, Fig.7.

Do not lay plastigage across oil hole in crankpin
journal.

Fig.7-Install Plastigage

2. Assemble connecting rod cap with bearing and
torque to 36.0 Nm, Fig.8.

DO NOT ALLOW CRANKSHAFT TO ROTATE.

3. Remove the connecting rod cap. Measure the
plastigage at its widest point, Fig. 9. If the

clearance is not within specification, replace the
bearings.

Connecting Rod Bearing Clearance:

STD: 0.020-0.044 mm
Reject: 0.07 mm

Repeat procedure for each connecting rod.

Fig.9-Measure Clearance

CHECKING CRANKSHAFT END PLAY

With thrust washers installed, check crankshaft end
play at #3 main bearing as shown, Fig. 10.

Crankshaft End Play:
STD: 0.020-0.24 mm
Limit: 0.30 mm

If end play exceeds limit, .125 mm over size
thrust washers are available. See illustrated parts list.

Fig.10-Checking Crankshaft End Play



CHECKING CAMSHAFT

1. Measure camshaft lobe height, Fig. If lobes are
not to specification, replace the camshatft.
Intake and Exhaust:

STD: 30.065-30.135 mm
Reject: 29.965 mm

Fig.11-Checking Camshaft Lobes

2. Measure camshaft journals, Fig. 12.

STD: Front - 35.959-35.975 mm
Reject: 35.890 mm

STD: Center - 35.910-35.955 mm
Reject: 35.84 mm

STD: Rear - 35.910-35.955 mm
Reject: 35.84 mm

3. Measure camshaft run-out, Fig. 13.
Maximum Run-out: 0.03 mm

a. If run-out exceeds specification shown, the
camshaft must be replaced.

Fig.13-Checking Run-out
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Fig.1-Removing Piston Rings

ID MARK
70 mm

L

L @ STOPPER

SUPPORT

ID MARK

Fig.2-Disassembling Piston/Connecting Rod

DISASSEMBLE PISTON AND
CONNECTING ROD

1. Remove compression rings and oil ring using ring
expander, Fig. 1.

2. Disassemble piston from connecting rod to use the SST.

SST=09221-87206-000
09221-87207-000

NOTE
To take out Stopper in the bottom of Support.



CHECKING PISTON AND RINGS

If the cylinder bore is to be resized there is no reason to
check the piston as a new oversized piston will be used.
If the cylinder is not going to be resized and the piston
shows no signs of scoring, the piston should be checked.

M/ 1. Check side clearance of ring grooves using NEW
rings, Fig. 3. If a 0.11 mm feeler gauge can be
inserted, the ring groove is worn. The piston

must be replaced.

NEW PISTON RING

Fig. 3 - Checking Ring Grooves

2. Check ring end gap, Fig. 4.

a. Clean carbon from end of rings and using the
piston, insert approximately 25 mm
into cylinder (below ring travel).

( ) Ring End Gap Reject Size
- s

I o I Compression Rings Oil Ring

— CHECK END GAP

| ™ BELOW RING TRAVEL

C 0.53mm 0.68mm

I I

I

Fig. 4 - Checking End Gap

3. Check piston pin bore, Fig. 5.

a. Replace if greater than 18.03 mm or
| | 0.01 mm out of round.

Fig. 5 - Checking Piston Pin Bore

CHECKING PISTON PIN AND

CONNECTING ROD

1. Check piston pin, Fig. 6.

a. Replace if less than 17.98 mm or
0.01 mm out of round.

o
S

Fig. 6 - Checking Piston Pin



Fig. 7 -Checking Piston Pin Bearing

Fig. 8 - Checking Crankpin Bearing End

Fig. 9 -Checking Connecting Rod

GUIDE
« NO.2

PISTON PIN

GUIDE
NO. 1

Fig.10 -Assembling Piston/Connecting Rod

2. Check piston pin bearing, Fig. 7.

a. Replace if greater than 17.98 mm or 0.01 mm out
of round.

3. Check crankpin bearina end of connectina rod for
out of round, Fig. 8.

a. With bearing inserts removed, assemble
connecting rod cap and torque to 33.9 Nm.

Maximum out of round: 0.02 mm.

b. If out of round exceeds specification shown,
the connecting rod must be replaced.

4. Check for bent or twisted connecting rod, Fig. 9.

NOTE:

Thrust faces must be free of any burrs or
nicks or connecting rod will not lay flat on
surface plate.

a. With connecting rod on a surface plate, any
distortion will be evident by a rocking motion.
b. If a 0.05 mm feeler gauge can be
inserted at piston pin end of connecting rod the
rod must be replaced.

ASSEMBLE PISTON AND
CONNECTING ROD

Piston and connecting rod assembly

Use the SST to press the piston pin.
SST=09221-87206-000

09221-87207-000

NOTE
Match the front marks on the piston and
connecting rod.

1. Coat engine oil on the piston pin.
Piston pin put in the Guide NO.2, screwing the
Guide NO.1.

a. Turn on the ID mark of Piston and connecting rod.
Piston and conndecting rod through the Guide No.1.



2. Toinsert Stopper in the bottom of Support.

ID MARK

70 fnm up a. Turn on the ID mark of the piston.

I

J— @ STOPPER

b. Piston and guid NO.2 keep to support.
Press fit the piston pin to guide No.1 hit stopper.
ID MARK

After assembly, shake from side to side and holding
the Piston and Connecting rod make sure that
Connecting rod is free to swing

SUPPORT

Fig.11 -Assembling Piston/Connecting Rod

ASSEMBLE PISTON RINGS TO PISTON
1. Install oil ring coil expander.

a. Install lower side ring , through the
top ring and center ring channel while turning.

b. Install upper side ring in the same way.

Fig.12 -Assembling Oil Ring

2. Install piston rings using ring expander.

] TOP Install center compression ring then, top
L — compression ring with ID marks up.
0= - ID
MARK
| 2nd
Fig. 13 - Installing Piston Rings
3. Stagger ring end gaps as shown, Fig. 14.
OIL RING
TOP RING
2nd RING

Fig. 14 - Stagger Ring End Gaps
8-4
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Installing Upper Main Bearings

<y

9

Installing Lower Main Bearings

INSTALL CRANKSHAFT

Install main bearings in cylinder block, Fig. 1.

NOTE
Upper bearing has an oil groove and oil holes.

1. Install upper main bearings in their respective
saddles.

a. Be sure bearing is seated in saddle and tang in
bearing is aligned with notch in saddle.

b. Lubricate bearings with engine oil..

2. Install lower main bearings in bearing caps, Fig. 2.

a. Be sure bearing is seated in bearing cap and
tang in bearing is aligned with notch in bearing
cap.

b. Lubricate bearings with engine oil.



INSTALL
SHIMS
#3 MAIN
BEARING

ID MARK

Fig. 6 - Installing Piston And Connecting Rod

3. Install crankshaft with gear facing front of cylinder
block, Fig. 3. Take care not to damage journals or
bearings.

a. Install crankshaft shims on #3 main bearing
web with grooves facing out.

b. Lubricate journals with engine oil.

4. Install main bearing caps, Fig. 4. Lubricate
threads of screws with engine oil.

a. Install bearing caps in their respective
positions with arrows facing front.

b. Starting with #3 bearing cap, torque bearing
caps one at a time in sequence shown to 61.0Nm.

c. Recheck crankshaft end play.
Crankshaft End Play: 0.025-0.23 mm

NOTE
After torquing bearing cap, make sure
crankshaft rotates freely before proceeding
to next bearing cap.

INSTALL PISTONS AND
CONNECTING RODS

1. Install connecting rod bearings, Fig. 5.
Be sure tang on bearing is seated in notch in
connecting rod and cap.

a. Install a piece of vinyl tubing over each
connecting rod screw to prevent damage to
screw threads or crankpin when installing
piston and connecting rod.

Rotate crankshaft so that crankpin is at bottom of
stroke. Then, lubricate cylinder walls, piston and rings,
bearings and crankpins.

2. Using ring compressor, SST, install piston
and connecting rod assemblies with arrow on
piston facing front, Fig. 6.
a. Install connecting rod cap with ID mark facing
front. Lubricate threads and torque nuts to
34.0 Nm.

NOTE:
After torquing rod cap, make sure crankshaft
rotates freely before proceeding to

next cylinder.
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FLYWHEEL
HOLDER

O

Fig. 9 - Installing Flywheel

ID MARK

OIL PUMP Q)
ROTOR — —& ®

Fig. 10 - Installing Oil Pump Rotor

GENERAL ASSEMBLY 1

1. Install gasket, oil pick-up tube and strainer, Fig. 7.
a. Torque bolts to 8.0 Nm

2. Install gasket and rear seal retainer, Fig. 8.
a. Torque bolts to 6.0 Nm

3. Install flywheel, Fig. 9.

NOTE
Use new 6 bolts or apply sealant to used flywheel

a. Torque bolts to 47.0 Nm

CAMSHAFT
AND GEARS

1. Lubricate oil pump rotor with engine oil and install
in cylinder block, Fig. 10.
a. ID mark on rotor must face cylinder block.

boli



2. Install timing gear case with new gasket.

NOTE:
It may be necessary to rotate oll pump
drive to engage oil pump rotors.

Note position, length and number of screws
as shown, Fig. 11.

a. M6x28 mm: 4
b. M6x 16 mm:1
Torque screws to 8.0 Nm.

3. Lubricate, then install camshaft in cylinder block,
Fig. 12. Take care not to damage lobes or cam
bearing.

a. Install camshaft retainer.
b. M6 x 18 mm : 3

Torque bolts to 8.0 Nm
NOTE:

Position camshaft retainer so that center
hole does not interfere with camshatft.

4. Assemble idler gear shaft with arrow up.

TN
arrow A . ®® 5. Check that the NO,1 cylinder is in the TDC.
o ©

Fig.13 - Installing Idler Gear Shaft

6 With crankshaft key at 12 o'clock position,
assemble idler gear so that timing mark AA is

aligned with timing mark A on crankshaft gear,
timing mark BB is aligned with timing mark B
on camshaft gear, as shown in Fig.14.

a. Install oil pump gear.

Fig. 14 - Aligning Timing Marks



Fig.16-Installing Timing Gear Cover

Fig.18-Installing Oil Pan

7. Tighten 5 bolts

A M10X29mm(1pcs) T = 41INm
B M8Xx45mm(2pcs) T = 25Nm
C M8x20mm(1lpcs) T = 19Nm

8. Install timing gear cover with new gasket.

Use 12 bolts and 3 nuts and install the timing
gear cover with a new gasket in-between.

A M6X30mm@pcs) T = 8Nm
B M6X55mm(3pcs) T = 8Nm
C M6 Nut(2pcs) T = 8Nm

9. Install crankshaft pulley with timing mark at
12 o'clock position (#1 cylinder)

NOTE:

Be sure alignment pin in crankshaft gear is seated
in hole in pulley.

a. Torque bolt to 88.0 Nm.

b. Remove flywheel holder.

10 Use 2 bolts and 2 nuts and install the oil strainer
with a new gasket in-between.

T = 8Nm

11 Oil pan installation

(1) Remove the sealant (FIPG) adhered to the oil pan
and cylinder block mating surface with a
screwdriver, wire brush and gasket scraper.
(2) Degrease the sealant coating area and mating surface
(3) Coat the sealant on the oil pan as illustrated.
FIPG : 08826-76001-71
(4) Install the oil pan NO,1 to the cylinder block and tighter
17 set bolts, and 2 nuts to the specified torque.
T:=8Nm
(5) Install the oil pan NO,2 to the oil pan NO,1 and tighten
20 set bolts, and 4 nuts to the specified torque.
T:=8Nm



GENERAL ASSEMBLY 2
1. Lubricate tappets with engine oil and install in
cylinder block.
2. See Section 2 for install
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IGNITION SYSTEM PARTS

Ignition sysytem consists of three main component parts.

1. Cam position sensor of a permanent magnet and Camshaft rotor for ignition signals
2. Igniter which controls ignition timing based on the signal from cam posision sensor
3. Ignition coil prepared for every cylinder

IGNITION SYSYTEM CIRCUIT

+B /I\ #1IGNITION COIL 41SPARK PLUG
SENSOR . ‘———EEE:I]]]]J
A
[ ) . #2IGNITION COIl2SPARK PLUG
' ! g
CAMSHAFT
#3IGNITION CO”#SSPARK PLUG
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) E IGNITER TERMINAL qlrrangeme nt
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o) ePECnered !
DOROMNEO®)
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REMOVING ADAPTER

1. Remove two bolts and remove adapter Fig.1.

NOTICE
Remove the deposit and the foreign substance
adhered In the adapter.

INSTALLING ADAPTER

1. Use 2 bolts install the adapter
with a new gasket in-between.
Torque bolts to 21 Nm.

NOTICE

FLANGE Replace the gaskets with new parts.

ATAPTER

GASKET

INSPECTION SPARK PLUG

1. Remove spark plug.

2. Clean and inspec spark plug.
Replace it if damaging.

3. Check and adjust the gap of spark plug.
Standard :0.7 - 0.8 mm

4. Install spark plug.
Torque to 18Nm

REMOVING IGNITION COIL

1. Remove three bolts and remove ignition coil Fig.4.

Fig. 4 - Removing IGNITION COIL
10-2



Terminal 2nd (=)

=M

H

Terminal 1st (+)

Terminal 1st (=)

Fig. 5 - Terminal of the IGNITION COIL

terminal

Fig. 8 — Inspection Cam position sensor

INSPECT IGNITION COIL

1. Use the circuit tester, measure the resistance value
between the 1st terminal (+) and (-).

Standard :2.52 - 3.08 Q (20°C)
2. Use the circuit tester (+) to the 2nd terminal (=)

and the circuit tester (-) to the 1st terminal (+),
the electrical connection is checked.

INSTALLING IGNITION COIL
1. Use 3 bolts install the ignition coil.Fig.6

Torque bolts to 3.5 Nm.

INSPECTION OF IGNITER
Since the check by an igniter simple is difficult,
it judges a quality by the result of the troubleshooting.

REMOVING, CHECK, AND INSTALL CAM POSITION
SENSOR

1. Removing Cam position sensor

(1) Remove a bolt and remove Cam position sensor.Fig.7

2. Inspection of Cam position sensor

(1) Measure the resistance between 2 terminals
using circuit tester.

Standard: 950 - 1,250 Q (20°C)
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O ring

Fig.11-Installing the cam position sensor

3.

10-4

Cam position sensor installation

(1) Coat clean engine oil on the O ring.

(2) Set Cam position sensor to the engine,
tighten 1 set bolt.

Torque bolt to 8.0 Nm.
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OIL FiLL GAP

Fig.2-Checking Oil Pressure

DESCRIPTION

1KS engine use a full pressure lubrication system with an oil filter.
The gear driven oil pump draws oil from a screened oil pickup in
the oil pan and pumps the oil through the oil filter.

The filtered oil flows through oil galleries in the cylinder block and
is distributed to the main bearings, connecting rod

bearings, camshaft bearings and rocker arm shatft.

A pressure relief valve limits the maximum oil pressure

in the system.

CHANGE OIL
Remove oil fill cap and refill with oil of recommended
grade and viscosity.

CHECK OIL PRESSURE

1. Remove oil pressure switch.

2. Install oil pressure gauge.

3. Start the engine and allow it to reach normal
operating temperature.

4. Check oil pressure at 3000 RPM.
Oil Pressure: 2.0 ~ 5.0 Bar (28 ~ 70 psi)
See charts below for troubleshooting guide.

Low Oil Pressure

Engine RPM Too Low

Wrong Viscosity or Diluted Oil
Low Oil Level

Broken Pressure Relief Spring
Missing Pressure Relief Plunger
Worm Bearings

High Oil Pressure

Wrong Viscosity Oil
Plugged Oil Galleries
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OIL PUMP
ROTORS

Fig. 3 - Inspect Rotors

PLUNGER

§
5,

SCREV

Fig. 4 - Checking Pressure Relief Valve

DISASSEMBLE GEAR CASE,

REMOVE OIL PUMP
1. Remove GEAR CASE. See Sec. 3.

2. Inspect rotors for wear or damage, Fig. 3.
NOTE:

If pump rotors are worn or damaged,
replace the gear case.

3. Remove and check pressure relief valve
assembly, Fig. 4.

a. Make sure plunger has no nicks or burrs.
b. Check pressure relief valve spring free length.
4. Spring free length: 35.5 mm + 1.0 mm

5. Assemble GEAR CASE. See Sec. 3.
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STARTER CURRENT DRAW TEST

Important:

When making the starter current draw test

make sure that all parasitic load is removed from the
engine and that engine has the correct viscosity oil.
Engine temperature should be at least 21° C

Make sure battery and solenoid connections are clean
and tight.

NOTE
Battery voltage must not be below 11.7 volts.

Test Equipment

The following equipment is required to test current
draw of starter, Fig. 1.

1. Digital multimeter.

2. A fully charged 12 volt battery.

Fig.1-Test Equipment
12-1



Testing Starter

NOTE:
To prevent engine from starting, remove Resistive ¢ ord.

The DC Shunt must be installed on the negative (-)
terminal of the battery, Fig.2.

1. Attach RED meter test lead to RED post terminal
on shunt.

2. Attach BLACK meter test lead to BLACK post
terminal on shunt.

3. Activate starter.

a. Allow 3 seconds for meter reading to stabilize.

4. Current draw should not exceed 80 amps DC.

Fig. 2 - Starter Current Draw Test
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CAM POSITION SENSOR REMOVAL,

INSPECTION AND INSTALLATION
1. Cam position sensor removal

(1) Remove one set bolt, and remove cam position
Sensor.

Remove one set bolt, and remove cam position
Sensor.

2. Inspection of Cam position sensor

(1) Measure the resistance between 2 terminals
using circuit tester.

Standard: 950 - 1,250 Q (20°C)

Terminals
Inspection of cam position sensor
3. Cam position sensor installation
(1) Coat clean engine oil on the gasket
(2) Set Cam position sensor to the engine,
tighten 1 set bolt.
O ring

Installing the cam position sensor

WATER TEMPERATURE SENSOR
INSPECTION

(1) Remove the water temperature sensor.

(2) Use the circuit tester, measure the resistance value
between the terminals according to temperature
changes.

Standard
Temperature °C 20 80
Resistance k@ 2.45+0.24 0.322+0.032

(3) Install the water temperature sensor.

Fig.1-Inspecting the water temperature sensor
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Section 14
SPECIAL SERVICE TOOL

ILLUSTRATION PART NO. PART NAME
] ) 09201-87801-000 VALVE GUIDE BUSHING REMOVER
@ ) 09201-87802-000 VALVE GUIDE BUSHING REPLACER
09202-87802-000 VALVE SPRING REPLACER

09210-87701-000 FLYWHEEL HOLDER

SUPPORT -STOPPER _ _
@ @ )) 09221-87206-000 PISTON PIN REMOVER & REPLACER

09221-87207-000
O REMOVER & REPLACER )):]:)mmn

09213-87801-000 CRANKSHAFT PULLEY REPLACER
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ILLUSTRATION

PART NO.

PART NAME

09215-87801-000

CAMSHAFT BEARING REMOVER

09215-87802-000

CAMSHAFT BEARING REPLACER

09223-87801-000

TIMING GEAR COVER OIL
SEAL REPLACER

09223-87802-000

REAR OIL SEAL REPLACER
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