








FOREWORD 

This manual is written to give the information about maintenance procedures for the model TB45 gasoline 

engine, which is mounted on our forklifl trucks. It is compiled based on the work shop manual published by 

NISSAN MOTOR CO., LTD. The relationship of the engine models and our applicable trucks is as follows: 

Engine model Applicable truck model 

TB45 

This shop manual consists of eight sections as shown in the following table, which gives the updated 

symbols. 

Section 

I , . 
I ENGINE LUBRICATION (LU) 

Symbol 

. . 

ENGINE TUNE-UP 

ENGINE GENERAL 

(ET) 

ENGINE COOLING SYSTEM 

December 2004 

(EG) 

ENGINE MECHANICAL 1 (EM) 

( c o )  

I . . 

CORPORATION 

ENGINE CONTROL 

ENGINE FUEL SYSTEM 

(EC) 

(FL) 
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PRECAUTIONS FOR SAFETY AND QUALITY 

The following precautions must be carefully observed for safe 
and appropriate service work. 
Only the qualified and designated personnel must perform 
inspections, repairs and adjustments. 
Always keep the workplace clean, and store the tools neatly in 
the specified places. 

Safe Operation 
Do not run an engine inside the workshop without proper 
ventilation (ex. no ventilation ducts). 
Keep the workshop well ventilated and free of any flammable 
materials. Special care should be taken when flammable or 
poisonous materials such as gasoline are handled. 
Discard waste oil after oil changes or parts treatment in 
accordance with local laws and regulations. 
Be careful of burns and injury when working on high- 
temperature parts, rotating parts, or sliding portions. 
Ensure that adequate ventilation is provided for discharging any 
hazardous emissions when working in a pit or enclosed area. 

Do not work underneath a vehicle supported only by a jack. 
Always use safety stands at the prescribed points to support the 
vehicle. 
Support it at the prescribed points and lock it in position with 
safety devices before lifting the vehicle. 
Be careful that the vehicle body does not become off balance 
and fall when removing a heavy component such as the engine. 
Do not smoke during service work. 
Do not wear any rings and necklaces when working. These 
objects may cause electric short. 

Before starting repair work that requires no battery power, 
always turn OFF the ignition switch, and disconnect the 
negative battery cable. 

Do not touch any metal portions immediately after the engine is 
stopped. Otherwise the heated metals may cause burns. Do not 
attempt to remove any cooling system parts such as the 
radiator cap while the engine is hot. 
To perform repair work safely and efficiently, always use 
appropriate commercial service tools and specified Special 
Service Tools wherever required. 



PRECAUTIONS FOR SAFETY AND QUALITY 

Correct Operation 
Make sure that you understand the symptoms before starting 
trouble diagnosis. 
Check correct installation status prior to removal or 
disassembly. Make sure that they do not interfere with the 
function of the parts they are applied to if matching marks are 
required. 
Once they are removed, always replace parts indicated as "do 
not reuse" with new ones. This includes: oil seals, gaskets, 
packings, O-rings, lock washers, cotter pins, and self-locking 
nuts. 
Replace inner and outer races of tapered or needle roller 
bearings as a set. 
Arrange disassembled parts in order and prevent them from 
being mixed-up. 
Clean or flush disassembled parts prior to inspection or 
assembly. 
Use Genuine NISSAN parts for replacement. 
Use authorized grease and sealer. 
Release the pressure before disconnecting pressurized piping 
or hoses. 
Be sure to check for leakage after repairing fuel, oil, coolant, 
exhaust, or vacuum systems. 

Precautions for Radio Equipment 
Installation 
Check the following when installing a commercial/ham radio or 
mobile phone. If mounting position is not chosen carefully, the unit 
may interfere with the electronic control system. 

Separate the antenna as far from the ECM as possible. 
Route an antenna feeder line at least 20 cm (7.87 in) apart from 
the control unit harness. 
Adjust an antenna and feeder line to eliminate radio wave 
interference. 



HOW TO USE THIS MANUAL 

Description 
This manual explains how to perform "removal, installation, 
disassembly, assembly, inspection and adjustment" and "diagnosis". 

Definition of Terms 
WARNING : 

CAUTION : 

NOTE 

Standard : 
Repair limit : 

lnstruct~ons and precautions that may lead to fatal 
hazards andlor serlous in~uries if not observed 
properly. 
lnstruct~ons and precautions that require special 
attention and may lead to problems andlor accidents 
as well as damages to the vehicle andlor 
components. 
Supplementary information to facilitate the service 
work. 
lndicates tolerances for inspection and adjustment. 
Indicates maximum or minimum values allowed for 
inspection and adjustment. 

* The conventional unit can be used for SI. 

Definition of Units 
The units and numerical values in this Standard are SI units, and 
those given in ( ) in this Standard are based on the conventional unit 
system and are appended for informative reference. 
Example: R:  59 - 78 N*m (6.0 - 8.0 kg-m, 43 - 58 ft-lb) 

SI (Metric system, yard-pound system) 

MAIN UNIT CHANGES 

Conversion factor to SI 

9 80665 

9.80665 

9 80665 

98.07 

0.133322 

0.735499 

1 .I  6279 

1 

9.80665 

1.3596 

Convent~onal unlt 

G 

kg-m 

kgf 

kg/cm2 

mmHg 

PS 

kcalh 

cc 

kglmm 

g1PS.h 

Measure 

Acceleration 

Torque, moment 

Force 

Pressure 

Power efflclency 

Volume 

Sprmg constant 

Fuel consumption 

SI 

m/s2 

N m  

N 

kPa 

kPa 

kW 

W 

cm3 

N/mm 

gkW-h ' 



HOW TO USE THIS MANUAL 

Description 
CAUTION : At the beginning of each section, the precautions 

exclusive to the section are described. 
Preparation: At the beginning of each section and during the trouble 

diagnosis items, the SSTs, gauges, and other tools to 
be prepared before operation are described. Some 
commercial service tools, assumed to be available in 
any workshop, are omitted. 

Description: To perform correct operations, operational 
procedures, notes, SSTs, and other service 
information are described. 

CAUTION : Descriptions of visual inspections and cleaning of 
removed parts are generally omitted. Please 
remember that actual operations require these 
processes. 

Component Parts Location 
The "Component Parts Location" diagram (refer to the figure) 
includes information for removal, installation, disassembly, and 
assembly (tightening torque, grease points, non-reusable parts) as 
well as other information important for repair work 

Stamp l  i ne 

$2 O-ring i ns ta l  l ing groove 

Crankshaft pul iey 
washer 

EGMOOSC 



HOW TO USE THIS MANUAL 

Component Parts Location (Cont'd) 
COMPONENT SYMBOLS 

Symbols 

PI 

e 

Symbols 

0 

* 

Description 

Tightening torque 

Should be lubricated with oil. 

Searing point 

Description 

Not reusable 

Select proper thickness. 

EGMOOU8 



TROUBLE DIAGNOSIS 

ECM Trouble Diagnosis 
CAUTION: 

The following trouble diagnosis procedures are designed 
to identify the trouble causes efficiently. When performing 
diagnoses, carefully observe the following instructions. 
Before starting a trouble diagnosis, carefully read and 
understand the contents in "Basic Inspection", "Diagnosis 
Chart by Symptom" and "Trouble Diagnosis Flowchart". 
After the repair work, always verify that the trouble is 
eliminated. 
For the locations of the parts and harness connectors, 
refer to "Component Parts Location" in the relevant 
section. 
To perform a simple inspection, utilize the circuit diagrams. 
To inspect the circuit for continuity in details including the 
sub-harnesses, identify the relevant connectors and 
harness layouts referring to the "Wiring Diagrams". 
Before inspecting a circuit for continuity, always turn the 
ignition switch to OFF. 
Before measuring voltage at a connector, always measure 
the battery voltage. 
After finishing diagnoses or inspections, always ensure 
that all removed harness connectors are reconnected 
correctly. 



TROUBLE DIAGNOSIS 

ECM Trouble Diagnosis (Cont'd) 
SYMBOLS 

Symbols Description Symbols Description 

DISCONNECT €a Check after disconnecting the connector to be 
measured. 

Procedure with SST 

CONNECT Check after connecting the connector to be Procedure without SST 
measured. 

Insell key into ignition switch. N C  switch is "ON". 

N C  switch is ''OFF'. 

Turn ignition switch to " O N  position. 

Start engine, or check with engine running. I controi unit connector - 

Apply parking brake 
CONNECT I 8 

Release park~ng brake 

Check after engine is warmed up suflcieotiy 

Voltage shouid be measured with a voltmeter. 

Circuit resistance should be measured with 
an Ohmmeter. 

Current should be measured with an ammeter. 
EGMOO4S 



TROUBLE DIAGNOSIS 

Connector Svrnbol 

Single line 

DireCtion mark 

Female connector 

Female ,connector Connector svmbol 

Double line 

Direction mark 

Guide is black. 

A m, /D(reK 
2 3 4 5  

6 7 8 9 1 0  

I C O ~ O I  unit 

Male terminal 
D~reCtiOn mark 

Connector symbol 

ECM Trouble Diagnosis (Cont'd) 
SYMBOLS FOR HARNESS CONNECTOR 
FEMALE CONNECTOR 

When a harness connector is viewed from A (terminal side), the 
outer frame of the connector symbol is indicated with a single 
line. In addition, the direction indicator shows "TS" (Terminal 
Side) in description type font. 

When a harness connector is viewed from B (harness side), the 
outer frame of the connector symbol is indicated with double 
lines. In addition, the direction indicator shows "HS" (Harness 
Side) in description type font. 
Terminal assignments of a connector viewed from A and B are 
mirror images, indicating just as they are seen. 

MALE CONNECTOR 
The illustration method is the same as that for a female connector, 
the black guide box, however, indicates a male connector (the white 
guide box a female connector). 

SINGLE UNIT (CONTROL UNIT) 
A single control unit is viewed only from A, and the illustration is as 
shown in the figure. 



TROUBLE DIAGNOSIS 

ECM Abbreviations List 



ECM GENERAL SERVICE INFORMATION 

av Female terminal 

Connector Terminal Inspection 
CONNECTOR INSPECTION PROCEDURE 
In circuit inspection, inappropriate connector probing will cause 
connector damages andlor poor connection. The probes provided 
with the circuit tester may be too large to probe connector terminals 
without damaging them. Always use alligator clips and " T  pins 
according to following the procedure. 

INSPECTION FROM HARNESS SIDE 
For a standard connector without any waterproofing, use "T" pins 
from the harness side. 

CAUTION: 
For a connector with a rear cover, such as ECM 
connectors, remove the rear cover before the inspection. 
For a waterproof connector, do not probe the terminals 
from the harness side. Doing so may damage the seal. 

INSPECTION FROM TERMINAL SlDE 
1. Female terminal 

Female connector terminals have a small notch difference 
inside. insert a " T  pin along the step to inspect. 

CAUTION: 
Do not insert any objects to a female connector terminal 
other than the corresponding male connector terminal. 

In case of a female connector terminal without any notches, 
remove the retainer before probing. 

EG-I 1 



ECM GENERAL SERVICE INFORMATION 

1 Male terminal 1 

I Bend I 

Connector Terminal Inspection (Cont'd) 
2. Male terminal 
For a male connector terminal, apply a "T" pin to the surface of the 
terminal. 

CAUTION: 
Do not bend terminals. 

lnspection for Electrical System 
DESCRIPTION 

If the malfunction can be traced directly to the electrical system, 
first check for items such as burned-out fuses and fusible links, 
broken wires or loose connectors, pulled-out terminals, and 
improper connections. 
If a fuse or a fusible link is blown out, determine the possible 
cause and restore it. Always replace it with a new fuse or fusible 
link of the specified capacity. 
When removing a connector, do not apply excessive force to 
the main body by grasping and twisting. 
Do not pull a connector off by tugging on the harness. 
For a lock-type connector, disengage its lock first, then 
disconnect the connector by holding the main body of the 
connector. 

Before connecting a connector, check terminals for bends or 
breakage. Connect it securely. 
For a lock-type connector, press it until its lock is securely 
engaged. 
When installing parts, prevent harnesses from being snagged 
or overextended. 



ECM GENERAL SERVICE INFORMATION 

Control Unit and Electronic Component 
PRECAUTIONS 

Never reverse polarity of battery terminals. 
Install only parts specified for each model. 
Before replacing a control unit, check input and output signals 
tolfrom the control unit, and component functions. 
When disconnecting a connector, do not twist or apply 
excessive force. 
For a bolt-type connector, loosen the bolt first, then hold the 
main body of the connector to disconnect. 
Before connecting a connector, check terminals for bends or 
breakage. Connect it secureiy. For a bolt-type connector, screw 
in the bolt until the colored lug is flush with the surface to be 
sure it is secureiy connected. 

Do not drop, hit, or subject control units to impact. 
Be sure to protect control units from condensation caused by a 
sudden shift in temperature, or from raindrops or splashes. If 
any water drops adhere to the unit, dry it well prior to 
installation. 
Be sure to protect control unit connectors from oil. 
Avoid cleaning control units with benzine. 
DO not open a top or bottom cover on a control unit. 

When using a circuit tester, ensure the appropriate distance 
between test probes. A longer distance is recommended, 
because if the distance is too short, it may cause contact of the 
test probes, resulting in a short circuit. A short circuit allows 
battery voltage to be applied directly to the control unit, resulting 
in damage to its internal power transistors. 
Use the specified check adapter to check input and output 
signals tolfrom control units. 



ECM GENERAL SERVICE INFORMATION 

SST 
DESCRIPTION 

SST is a small, lightweight handheld tester. When connected to 
the vehicle-side data link connector, it communicates with 
control units installed on the vehicle and performs a variety of 
diagnostic tests. 

FUNCTION AND APPLIED SYSTEM 

FUNCTION SYSTEM Cnec~s each system as ECM basc inspec1:on 
-. - . . - 
SEl F-DIAG RESJ-TS 1Receives&diaanostic resu ts from conlro mil ana ndicates DTCs an0 n~mber of occbrrences. 

items 

SELF-DIAG RESULTS- I DTCs (Dlaanosto Trouble Codes) recorded in control unit's memorv are dis~iaved. 

Function 

WORK SUPPORT /Sends command to control unit to set status suitable for inspection and service. 

[MEMORY] 

DATA MONITOR 

DATA MONITOR lSPECl 

- 
Recelves input/output signals from control unit and indicates and stores them to facllltate locahng cause of 
malfunctions. 

Active test 

DTC RECORD DISPLAY 

Control unit part No. 

Control unit identification No. 

Sends command to control unit to change output signals and check operation of output system. 

indicates seif-diagnostic results stored in ECM prior to the most recent "ERASE MEMORY'. 

Displays control unit pan number. 

Displays controi unit identification number. 

Diagnostic systems Engine 

- WORK SUPPORT 1 0 

SELF-DiAG RESULTS 

DATA MONITOR 

Control unit identification No. I 

0 

0 

Active test 

SELF-DiAG RESULTS [MEMORY] 

DATA MONITOR ISPEC~ I n 

0 
DTC RECORD DISPLAY 

Control unit oart No. I n 



PRECAUTIONS 

Precautions in Draining Engine Coolant 
Drain coolant only after the engine has cooled down. 

Precautions for Disconnecting Fuel Piping 
Operation should be done in a place free from fire. 
Relieve fuel pressure before operation. Refer to EC section, 
"Release of fuel pressure". 
After disconnecting, plug the pipe to prevent fuel from draining. 

Precautions for Removing and 
Disassembling 

Use correct Special Service Tool in the specified position. 
Always pay attention to safety. 
Be careful not to lose surface accuracy of mating or sliding 
surfaces. 
To prevent foreign material from entering the engine, close 
openings with appropriate tape as necessary. 
Arrange disassembled parts in their normal positions in order to 
simplify locating the cause of damage or excessive wear and to 
ensure correct reassembly. 
Unless otherwise specified, loosen bolts and nuts from outside 
to inside in a crisscross pattern. 

Precautions for Inspection, Correction, and 
Replacement 

Thoroughly inspect each part following the inspection 
procedure, then correct or replace as necessary. Inspect new 
parts in the same way, and replace if necessary. 

Precautions for Assembly and Installation 
Always use a torque wrench when tightening bolts and nuts. 
Unless otherwise specified, tighten bolts and nuts from inside to 
outside in a crisscross pattern. Tighten them gradually and 
evenly in 2 to 3 steps. 
Always replace gasket, packing, oil seals, and O-rings with new 
ones. 
Thoroughly wash, clean, and blow-dry each part. Be sure that 
engine oil and coolant passages are free of clogs. 
Remove any dirt and lint on sliding and mating surfaces. Before 
assembly, apply ample amount of engine oil to sliding surfaces. 
If coolant was drained, bleed air from the system. 
After assembly, start engine and increase the engine speed, 
then check coolant, fuel, oil, grease, and exhaust gas for 
leakage. 



PRECAUTIONS 

Caution for Use of Power Tools 
Do not use any power tools (e.g. air ratchet, impact wrench) to 
tighten the bolts and nuts. Use these tools only for loosening the 
bolts and nuts. However, do not use power tools in any event and for 
any purposes on the parts subject to heat (catalyst, muffler, and 
other exhaust parts) and the tapping screws. These parts may also 
be damaged when loosened with a power tool. 

Precautions for Liquid Gasket Application 
REMOVING PARTS ATTACHED WITH LIQUID GASKET 

Remove mounting nuts and bolts. Using a seal cutter (SST), 
remove liquid gasket. 

CAUTION: 
Be careful not to damage the mating surfaces. 

In positions where a seal cutter is difficult to use, lightly tap with 
a plastic hammer, and remove. 

CAUTION: 
When using a screwdriver, be careful not to scratch the 
mating surfaces. 

LIQUID GASKET APPLICATION INSTRUCTION 
1. Using a scraper, remove any old liquid gasket remaining on the 

gasket application surface and its mating surface. 
Remove any old liquid gasket remaining in the gasket 
application groove and on the threads of bolts and bolt 
holes. 

2. Using Isozole, wipe the gasket application surface and its 
mating surface to remove any moisture, oil, and foreign 
material. 

3. Set genuine liquid gasket to tube presser (commercial service 
tool). 

4. Apply a continuous bead of liquid gasket to the specified 
position at the specified diameter. 

Apply liquid gasket in the application groove. 
Apply liquid gasket inside bolt holes. Always refer to the 
directions specified in the text when applying liquid gasket 
outside the bolt holes. 
Attaching should be done within 5 minutes after gasket 
application. 
Immediately wipe off any protruding liquid gasket. 
Do not retighten nuts and bolts after installation. 
After finishing work, wait at least 30 minutes before refilling 
engine oil and coolant. 

CAUTION: 
Follow any directions specified in the text on the following 
pages. 

EG-I 6 



PRECAUTIONS 

Parts Requiring Angle Tightening 
When tightening the following parts, use an angle wrench 
(SST). 
Cylinder head bolt 
Connecting rod cap nut 
Specified torque described for these parts is not the final 
tightening value but the tightening torque used before angle 
tightening. 
Before tightening, make sure that there are no foreign materials 
on thread and mating surface, and apply engine oil. 



PREPARATION 

Special Service Tools 

Description 

Seal cutter 
(N-KV101-11110-0) 

Ring gear stopper 
(N-KV 110-1056s-0) 

1 Adapter 
(N-KV101-05630) 

2 Stopper plate 
(N-KV101-05610) 

Oil seal drift 
(N-KVl 01 -04900) 

Angle wrench 
(N-KV101-12100) 

1. Valve spring compressor 
IN-KV101-092101 

2. Adapter 
(N-KV101-11200) 

Valve oil seal pullel 

EGM0074 

Valve oil seal drift 
(N-KV101-13000) 

Application 

Removing parts attached with 
liquid gasket 

Removing and installing 
crankshaft pulley 

Installing front oil seal 

Checking tightening angle 

Removing and installing valve 
collet 

Removing valve oil seal 

Installing valve oil seal 

Remarks 

lready established 



PREPARATION 

Engine stand assembly 
(N-ST0501-S000) 

Description 

Engine attachment 
(N-KV101-06500) 

Engine sub-attachment 
(N-KV111-04800) 

(N-KV111-045S0) 
1. Bar 
(N-KVl 1 1 -0451 0) 

2. Guide plate 
(N-KVlll-04520) 

Pulley puller 
(N-KVlll-03000) 

Oil filter wrench - 

EGl fuel pressure indicator 
(N-STl959-0000) 

EGM0082 

Heated oxygen sensor wrench 
(N-KV101-13700) 

Application 

Uerhauling engine 

Removing crankshaft pulley. 

Removing oil filter 

For measuring fuel pressure 
gauge 

Removing and Installing heated 
oxygen sensor 

Remarks 

4iready established 

ilready established 

ilready established 



PREPARATION 

Description 

Maintenance tool 
1. DIAGNOSIS KIT 

(N-SKVEE-GYOIO) 
2. SOFT WARE 

(N-SKVEE-GY1 OOI 

Check adapter V 
(N-EG1755-0000) 
(for SMJ 150-pin connector) 

For molding coil 
Adapter harness 

(N-EG101-17500) 

iagnosis 

Application 

or control unit inpuffoutput signal 
lspection 

Remarks 

I 
:hecklng engme speed 

or system inspection and I 

Service Parts 
Piston oversize 

0.5 mm (0.020 in) OS [0.5 mm (0.020 in) oversize] 
1.0 mm (0.039 in) OS [l.0 mm (0.039 in) oversize] 

Main bearing undersize 

Unit: mm (in) 

Slze 

STD 

US 0 25 (0.0098) 

US 0 SO (0 0197) 

US 0.75 (0 0295) 

US 1 .OO (0.0394) 

Thickness 

2 000 (0.0787) 

2.125 (0 0837) 

2.250 (0.0886) 

2.375 (0.0935) 

2 500 (0.0984) 



SERVICE DATA 

Periodical Inspection 
To maintain the initial performance of the TCM FORKLIFT, 

, make sure to perform appropriate maintenance and service work. 

PERFORM INSPECTION 
Make sure to perform the periodical inspections at the appropriate 
times, according to the month basis or the operating hour basis, 
whichever comes first. 

Refer to the following notes for values in ( ). 

Engine system inspection (except LPG fuel systems) 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Inspection items 

I I 
Intakelexhaust valve clearance Electronic A A A A A 
Electronic controls controls 

Engine drive belt tension Electronic I I i  I I I I I I I I I  
controls 

Engine oil ' Electronic (1) R R R R R R R R R R R R  
controls 

Oilfilter Electronic (1) R  R  R  R  R  
controls 

Engine coolant Electronic R  
controls 

Air cleaner element Electronic C C C C C C C C C C C C  
controls 

Spark plug Electronic I I I I I I I I I I I I  
controls 

PCV valve Electronic (1) I I I I 
controls 

PCV hose Electronic I I I I 
controls 

Applicable 
Control 
System 

Monthsofuse 1 2 3 4 5 6 7 8 9 10 11 12 

Operation hours 
(X 100 hours) 

4 6 8 10 12 14 16 18 20 22 24 



SERVICE DATA 

Periodical Inspection (Cont'd) 

I 
4 ( Ignition nozzle Electronic I I I I I 

No. 

1 

2 

3 

controls 

5 1LPGfilter Electronic C C C R 

Engine system inspection (LPG models) 

Gas leakage from piping and piping Electronic (2) 1 ~ 1 1 1 1 1 1 1 1 1 1  
joints controls 

Damage to piping and piping joints Electronic I I I I I I I I I I I I  
controls 

Tar in vaporizer Electronic D D D D D D D D D D D D  
controls 

CAUTION: 
(1) If the vehicle is being used in dusty and dirty environments, the maintenance work should be performed 

more frequently. 
(2) After replacing the LPG tank, apply soapsuds to the piping joints to check for any gas leakage. 

Meanings of symbols: I = Inspection. Repair or replace if necessary. 
R = Replacement 
A = Adjustment 
C = Cleaning 
D = Draining 
T = Tightening (Retightening) 



SERVICE DATA 

Standard, Repair Limit 

I 

m aressure / Standard 1.187(11.87, 12.1, 17 Compressic.. ,~ - - - ~  - 2)/200 

kPa (bar, kgf/cm2, psi)/rpm 

Distortion limit mm (in) 

Engine oil amount i (Imp qt) 
(SL class) 

Spark plug 

~liernatbr belt 

Repair limit 

Difference limit among cylinders 

Intake manifold 

Exhaust manifold 

Cylinder head 

Cylinder block 

When replacing oil only 

When replacing oil and filter 

Manufacturer/lype/gap mm (in) 

Ignition advance device 

Onboard idle speed (rpm) 

Onboard idling pace speed (When feedback control is stopped) (rpm) 

Density of CO at idle speedIDensity of HC at idle speed W P P ~ )  

ignition timing (When feedback control is stopped) (BTDC'Irpm) 

892 (8.92. 9.1, 129)/200 

98 (0.98, 1.0, 14)1200 

0.2 (0.008) 
0.3 (0.012) 

0.2 (0.008) 

0.1 (0.004) 

Approx. 7.3 (6.318) 

Approx. 7.6 (6.314) 

NGWEPR4ESl0.8 - 0.9 (0.031 - 0.035) 

Resistance on high-tension cable (w 
. . ~ ~ 

Electronically controlled ignition advance 

650 + 50 (Nor P position) 

650 (N or P position) 

0.1 or iessWO or less 

10 + 11650 

0.35 (0.0138)10.35 (0.0138) 

82 - 95 (180 - 203) 

#1: Approx. 2.7 #2: Approx. 2.8 #3: Approx. 4 
#4: Approx. 5 #5: Approx. 5.2 #6: Approx. 6.1 

Hot Valve clearance mm (in) INTIEXH 

Limit 

16 (0.63) 

New belt 

10-12 
(0.39 - 0.47) 

After adjustment 

13 - 15 
(0.51 - 0.59) 

Thermostat opening valve temperature (Start - Full open) 'C CF) 
Engine drive belt deflection 

[Measured by pressing 
with 98 N (10 kg, 22 ib)] mm(in) 

Alternator belt 



SERVICE DATA 

Tightening Torque 
STANDARD BOLT TIGHTENING TORQUE 

<Hexagon head> <No lubrication> Unit: N-m (kg-m, ft-lb) 
N-m (kg-m, in-lb)" 

CAUTION: 
Except special parts. 
The bolt applicable to the list has the following number embossed on the head. 
Model Number 

4T ... 4 or none 
7T ... 7 
9T ... 9 

CAUTION FOR USE OF POWER TOOLS 
Do not use any power tools (e.g. air ratchet, impact wrench) to 
tighten the bolts and nuts. Use these tools only for loosening the 
bolts and nuts. However, do not use power tools in any event and for 
any purposes on the parts subject to heat (catalyst, muffler, and 
other exhaust parts) and the tapping screws. These parts may also 
be damaged when loosened with a power tool. 



SERVICE DATA 

Tightening Torque (Cont'd) 
MAIN TIGHTENING TORQUE 

: Parts with tightening sequence 

1) - :Tighten separately in several turns. 
Unit :N*m (kg-m, ft-lb) 

N-m (kg-m, in-lb)* 

Parts name or location Tightening torque 

Adjusting screw Lock nut 

AlternatorAdjusting bar side 
Bracket side 

Oil pan drain plug 

Spark plug 

* Intake manifold 

Air horn 

16-22 (1.6-2.2, 12- 16) 

17.5 - 23.7 (1.8 - 2.4, 13 - 17) 
50.0 - 67.6 (5.1 - 6.9, 37 - 50) 
54 - 59 (5.5 - 6.0, 40 - 43) 
19.6 - 29.4 (2.0 - 3.0, 14 - 22) 
15.7- 18.6(1.6- 1.9. 12- 14) 

22 - 37 12.2 - 3.8. 16 - 27) . . . . . . - . . . 
Exhaust manifold cover 

* Exhaust manifold 

Exhaust manifold connector 

* Oil pan [M61 
IM81 

6.37 - 7.45 (0.65 - 0.76. 56 - 66)' 
27 - 31 (2.8 - 3.2, 20 - 23) 
59 - 78 (6.0 - 8.0.43 - 58) 
6.3 - 8.3 (0.64 - 0.85, 56 - 74)' 
15.7-20.6(1.6-2.1, 12-15) . . 

Oil strainer 

Rocker cover 

Rocker shaft bracket 

Cvlinder head bolt 

16-lg(1.6-1.9,12-14) 

0.89 - 2.9 (0.1 - 0.3, 9 - 26)' 
15.6 - 21.6 (1.6- 2.2, 12 - 16) 
1) 29.4 (3.22) 

Cylinder head additional bolt 

Crankshaft pulley 

* Front cover 

- . -. . . - -. . . 
I 

Camshaft locating plate / 6.4 - 7.5 (0.65 - 0.76, 56 - 66) 
* Flvwheel I 147-167(15-17,108-123) 

sj 69' - 74. (Angle tightening) 

6.4 - 7.5 (0.65 - 0.76, 56 - 66)' 
181 - 191 (18.5 - 19.5, 134 - 141) 
15.7 - 20.6 (1.6- 2.1, 12 - 15) 

Camshaft sprocket 

Chain tensioner 

nlsfrihutnr 

1 2) 40' - 45' (Angle tightening) 

132 - 142 (13.5 - 14.5,98 - 105) 
6.4 - 7.5 (0.65 - 0.76, 56 - 66)' 
9.35 - 1 1  10.95 - 1.1.82 - 95)- 

I 

Starter motor 1 41.2 - 52 (4.2 - 5.3, 30 - 38) 

Engine coolant drain plug 

Water pump 

Engine coolant temperature sensor 

PCV valve 

Fuel tube 

Heated oxygen sensor 1 / 40-60(4.1-6.1,30-44) 

34 - 44 (3.5 - 4.5, 25 - 33) 
15.7- 18.6(1.6- 1.9,12-14) 

20 - 29 (2.0 - 3.0, 14 - 22) 
20 - 29 (2.0 - 3.0, 14 - 22) 
1) 9.3 - 20.6 (0.9 - 2.1, 78 - 182)' 
2) 20.6 - 26.5 (2.1 - 2.7, 15 - 20) 
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VALVE CLEARANCE 

Whenever rocker arm and rocker shaft assembly are removed 
and installed, or symptoms due to changes in valve clearance 
as a result of aging (poor starting, rough idle, unusual noise) are 
obvious, check and adjust valve clearance with the following 
procedure: 

Inspection 

a 
Fmnt 

Stop the engine after warming up. 
Remove rocker cover. 
Rotate the crankshaft pulley clockwise (as viewed from 
crankshaft pulley side) and align orange notch with the timing 
indicator (protrusion) on the front cover. 
Make sure that there is valve clearance in intakelexhaust side of 
No. 1 cylinder. (No. 1 cylinder is at TDC on its compression 
stroke.) 

If not, rotate the crankshaft pulley one more turn. 

IN :Intake 
EX: Exhaust 

EIMOOSS 

5. Refer to the figure, and measure valve clearance for the table 
item below with a circle using a feeler gauge. 

Standard: 
0.35 mm (0.0138 in) (Hot, intakelexhaust) 

CAUTION: 
Make sure that the standard under hot condition is 
appropriate if adjustment is made under cold condition. 

Cylinder NO. 1 No. 2 No. 3 No. 4 No. 5 No. e 

NOTE: 
Firing order: 1 - 5 - 3 - 6 - 2 - 4 

6. Turn crankshaft 360 degrees to set No. 6 cylinder at TDC of its 
compression stroke. 

I 
Valve Intake 

0 

Intake m a u s  m a u *  

0 
1 cylinder at TDC of 

its ~omplBSSi0" 
Stmke 

0 0 0 0 



VALVE CLEARANCE 

lnspection (Cont'd) 
7. Measure valve clearance at points marked with 0 in the 

following table. 

NOTE: 
If No. 1 cylinder is not at TDC on its compression stroke in step 
4, it is acceptable to measure the item with No. 6 cylinder at 
TDC on its compression stroke (step 7) without rotating 
crankshaft pulley. 

Cylinder 

Valve 

6 cylinder at TDC of 
its c~mpression 

Sfmke 

8. Adjust with the following if outside the standard value. 

Adjustment 
Adjust the same measuring points in the same condition of 
"lnspection" with the following procedure: 

1. Loosen valve clearance adjusting screw lock nut. 

2. Turn adjusting screw in the loosening direction using a 
screwdriver. 

3. Insert a standard feeler gauge in between rocker arm and valve 
stem end surface, and then tighten until it contacts with 
adjusting screw. 

4. Tighten lock nut while securing it using a screwdriver so as not 
to rotate adjusting screw. 

Fl: 16-21  Nm(1.6-2.2 kg-m, 12-15ft-lb) 
5. Crank engine several times, check valve clearance again, and 

make sure that it is within the standard. 

No. 1 

Intake Maur t  

No. 2 

Intake 

No. 3 

Exhahain1 

0 

Intake 

0 

Exhausi 

No. 4 

Intake Exhavrt 

0 

No. 5 

Intake 

0 

No. 6 

Exhaust Intake 

0 

Exhaust 

0 



ENGINE DRIVE BELT 

lnspection 

Adiustlng bar bolt I 
Water pump pulley 

CrankshaR pulley 

lnspection should be done only when engine is cold or over 30 
minutes after the engine is stopped. 
Measure the belt deflection by applying load of 98 N (10 kg, 22 
Ib) to r as shown in the figure. 

CAUTION: 
First set the tension to the standard when measuring belt 
tension immediately after the belt is installed. Rotate the 
crankshaft more than two turns in order to eliminate 
variance in the belt deflection between pulleys. Then 
measure and adjust tension to the standard. 
Visually check belts for wear, damage, and cracks on inside 
and edges. 

= Retighten if belt deflection is too low (excessive tension) 
and too high (outside retightening limit). 

Unit: mm (in) 

Belt deflection 
[When pressed by a force of 98 N (10 kg, 22 lb)] 

Belt specification 

item Limit 
U I I 

Alternator belt Low-edge belt 10 -  12 13-15  16 (0.63) 
(FM type) (0.39 - 0.47) (0.51 - 0.59) 

CAUTION: 
Tighten slightly stronger than used belt when belt is 
replaced with new one, because new belt will not fully seat 
in the pulley groove. 
Adjust the tension to the value after adjustment when used 
belt tension exceeds retightening limit. 
Make sure that belt is correctly engaged with the pulley 
groove when installing. 
Adjust the belt by applying tension, but do not rotate pulley 
in each pulley stop condition. - Do not tighten with excessive tension. 
Do not allow oil or water to get on the belt. 
Do not twist or bend the belt strongly. 

Belt Tension Adjustment 
Loosen alternator bolt and adjusting bar bolt, and adjust them 
with alternator installing angle. 
Tighten adjusting bar bolt and alternator bolt. 

Adjusting bar bolt: 
m: 18 - 23 N*m (1.8 - 2.4 kg-m, 13 - 17 ft-lb) 

Alternator bolts (2): 
m: 50 - 67 N-m (5.1 - 6.9 kg-m, 37 - 49 ft-lb) 



ENGINE OIL 

Oil level gauge I 

Engine Oil Inspection 
OIL LEVEL AND CONTAMINATION 

CAUTION: 
Forklift must be level when checking oil level. 

Check oil level before starting engine. Stop engine and leave it 
at least 10 minutes if engine has been started. Then check 
level. 
Check if the oil level is within the range shown on the left. 
Check engine oil for white contamination or considerable dirt. 
If oil has white or pale contamination, it may be caused by 
mixing with engine coolant. Repair the suspect parts. 
Adjust oil level if it is outside the range. 

H 
Make sure that the oii level is between "C' and "H .  

OIL LEAKAGE 
Check the following parts for engine oil leakage. 

Oil pan 
Oil pan drain plug 
Oil pressure switch 
Oil filter bracket 
Oilfilter 
Lower side of cylinder block back 
Mating surfaces of cylinder block and cylinder head 
Mating surfaces of cylinder head and rocker cover 
Front cover 
Around crankshaft pulley 

OIL PRESSURE 
1. Check oil level. 
2. Remove oil pressure switch and connect an oil pressure gauge. 
3. Make sure that the proper oil pressure corresponding to engine 

speed is obtained after warming up the engine. 

NOTE: 
* Oil pressure is displayed highish when low oil temperature, 

4. Install oil pressure switch after checking the oil pressure with the 
following procedure. 

1) Remove old sealant on the switch and engine. 
2) Apply Three Bond 1201 or equivalent to the threads and then 

tighten. 
Fl: 13-17N*m(1.25-1.75 kg-m,9-12ft-lb) 

CAUTION: 
Be careful not to  get burned when engine or engine oil is 
heated. 

ENGINE OIL PRESSURE 

2,000 

Approx. 118 (1.18,1.2,17) 
or more 

Engine speed (rpm) 

kpa kg/cm2, psi) 

At Idle 

Approx. 49 (0.49, 0.5, 7) 
or more 



ENGINE OIL 

Engine Oil Replacement 
NOTE: 

Perform inspection "after refilling oil and after replacing oil" after 
replacing oil filter if engine oil and oil filter have been replaced. 

PERIODIC REPLACEMENT INTERVAL 
Replace with the following period: 
Oil grade SJ, SL: 1 month or every 200 hours 

(50 hours for first time only) 

REPLACEMENT PROCEDURE 

CAUTION: 
Be careful not to get burned when engine or engine oil is 
heated. 

1 .  Warm up engine, and check that there is no oil leakage. 
2. Stop the engine. Leave it for 10 minutes. 
3. Remove oil filler cap, and remove drain plug of oil pan. 
4. Drain engine oil. 
5. Install drain plug. Refill with new engine oil. 

Drain plug tightening torque: 
F2: 54 - 59 N*m (5.5 - 6.0 kg-m, 40 - 43 ft-lb) 

INSPECTION AFTER REPLACING OIL 
1. Check oil filter for engine oil leakage when replacing oil drain 

plug and oil filter after warming up engine. 
2. Check oil level with the engine oil inspection procedure 

described above. 

OIL LEVEL 
Unit: 1 (Imp qt) 

H-level 

L-level 

Only refill level when changing oil 
(When dralned from uraln plug) 

Refill level when changing both oil lifter and oil 
(When drained from drain plug) 

Approx. 7.7 (6.314) 

Approx. 6.7 (5.718) 

Approx. 7.3 (6-318) 

Approx. 7.6 (6-314) 



ENGINE OIL 

Oil Filter Replacement 
COMPONENT PARTS LOCATION 

Oil filter 
ETM0071 I 

PERIODIC REPLACEMENT INTERVAL 
Replace with the following period: 
Oil grade SJ, SL: 3 months or every 600 hours 

(200 hours for first time only) 

REMOVAL 
Remove oil filter using an oil filter wrench (SST). 

CAUTION: 
Be careful not to get burned when engine or engine oil is 
heated. 
Use a shop cloth to absorb engine oil leakage when 
removing. 
Be careful not to spill engine oil on the engine drive belt. 
Completely wipe off any engine oil spilled on the engine 
and vehicle. 



ENGINE OIL 

Oil Filter Replacement (Cont'd) 
INSTALLATION 
1. Completely remove any foreign materials on the attaching 

surfaces of oil filter. 
2. Apply engine oil to the full circumference of an oil seal on a new 

oil filter. 
3. Screw in the oil filter by hand until it contacts oil filter bracket 

surface, and then add another 8 3  of a turn. 

NOTE: 
Tightening torque is 15 - 20 N*m (1.5 - 2.1 kg-m, 11 - 15 ft-lb). 

4. Check for engine oil leakage after warming up the engine. 



COMPRESSION PRESSURE 

1. Warm up the engine sufficiently. 
2. Release the fuel pressure. (Refer to EC section, "Release of 

fuel pressure".) 
3. Turn ignition switch OFF. 
4. Disconnect air hose from throttle body and move it out of 

position. 
5. Remove all spark plugs. 

CAUTION: 
Blow spark plug clean with compressed air when removing 
it. 

6. Install a rev counter or electronic system diagnosis tester (SST). 
(Refer to EC-11, "Inspection of idle speed, ignition timing, and 
air-fuel ratio" in EC section.) 

7. Remove injector harness connector. 
8. Attach an adapter to Alien compression gauge (commercial 

service tool) and set it to the engine. 
9. Depress accelerator pedal fully. Turn Ignition switch to "START" 

and crank the engine. Record the compression pressure and 
the engine speed after the gauge indication stabilizes. Repeat 
the measurement on each cylinder. 

Compression pressure kPa (bar, kg/cm2, psi)/rpm 
Standard: 

1,187 (1 1.87,12.1,172)1200 
Repair limit: 

892 (8.92,9.1,129)/200 
Difference limit among cylinders: 

98 (0.98,l .O, 14)/200 
Check battery for the specific gravity if engine speed is not 
within the standard, and measure again under normal 
conditions. 
Check valve clearance and components around the 
combustion chamber (valve, valve seat, pistons, piston 
rings, cylinder bore, cylinder head, cylinder head gasket) if 
compression pressure is not within the standard, and 
measure again. 
Add a small amount of engine oil from spark plug hole if 
compression pressure of some cylinders is low, and 
measure again. 
It is possible that piston ring is worn or damaged if 
compression pressure is improved by adding engine oil. 
Check piston ring, and replace it if necessary. 
There may be a valve malfunction if compression pressure 
is not improved by adding engine oil. Check valve, and then 
replace valve or cylinder head if necessary. 
If compression pressures of adjacent two cylinders are low, 
and if pressures cannot be improved by adding engine oil, 
gasket is leaking. Replace cylinder head gasket. 

10. lnstall removed parts. 



SPARK PLUG 

Removal and Installation 
Use a spark plug wrench (commercial service tool). 
Blow compressed air around spark plug when removing it. 

m: 20 - 29 N-rn (2.0 - 3.0 kgf-m,15 - 21 ft-lb) 

Inspection After Removal 
I I Visually check electrode for dirt and damage and insulator for 

burning. 

Tmlnal 
Check if the electrode gap is within the standard using a plug 
gap gauge. 

Standard: 
0.8 - 0.9 mrn (0.031 - 0.035 in) 

Adjust if outside the standard. 
Replace if necessary. 
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OIL PUMP 

Component Parts Location 

Oil pump wver &-' Oil &mp housing (front wver) 

0 
Regulator spring 

: Engine oil 5 
0 : Not reusable &---- Regulator plug 

: N-m {kgf-m) 39 - 69 (4.0 - 7.01 
LUMOOOl 

Oil pump housing 

\ 
Oil pump cover 

LUM0002 

CAUTION: 
Apply new engine oil to  the parts marked in the figure prior 
to installation. 

Disassembly and Assembly 
PREPARATION 

Front cover (Refer to "TIMING CHAIN" in EM section.) 

NOTE: 
Oil pump is integrated in front cover. 

INSTALLATION OF INNER ROTOR AND OUTER 
ROTOR 

Install inner rotor with its mark facing rearward (cover side). . Install outer rotor with its mark facing frontward (housing side). 



OIL PUMP 

inspection 
OIL PUMP COMPONENTS INSPECTION 

Measure each clearance using a feeler gauge. 
Outer rotor to housing clearance (I in the figure) 

Standard: 
0.1 14 - 0.260 mm (0.0045 - 0.01 02 in) 

Outer rotor to inner rotor tip clearance (2 in the figure) 
Standard: 

0.180 mm (0.0071 in) or less 

LUMWOB 

Measure each clearance using a feeler gauge and straightedge. 
Inner rotor to housing side clearance (3 in the figure) 

Standard: 
0.030 - 0.070 mm (0.001 2 - 0.0028 in) 

Outer rotor to housing side clearance (4 in the figure) 
Standard: 

0.030 - 0.190 mm (0.0012 - 0.0075 in) 

Feeler gauge 
LUMWM 

1 INNER ROTOR TO HOUSING SOCKET CLEARANCE 

- . 
Jeasuring point 6 / I 

Measure the inner diameter of oil pump housing socket using an 
inside micrometer. (5 in the figure) 

Measure the outer diameter of inner rotor socket using a 
micrometer. (6 in the figure) 
(Clearance) = (Inner diameter of front cover socket) - 
(outer diameter of inner rotor socket) 

Standard: 
0.045 - 0.091 mm (0.0018 - 0.0914 in) 



REGULATOR VALVE SPRING 

OIL PUMP 

Inspection (Cont'd) 

Check spring for sagging. 
Free length: 

Approx. 63 rnm (2.48 in) 

Outer d~arneter 
LUM0007 

REGULATOR VALVE CLEARANCE 
* Measure Inner diameter of regulator valve cyl~nder usmg an 

lnside micrometer. 
Measure regulator valve outer diameter using a micrometer. 
(Clearance) = (Cylmder bore inner d~ameter) - (Valve outer 
diameter) 

Standard: 
0.040 - 0.097 mm (0.0016 - 0.0965 in) 

CAUTION: 
Apply engine oil to regulator valve. Make sure that the 
valve moves smoothly. 
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CHANGING ENGINE COOLANT 

Draining Engine Coolant 
WARNING: 

Do not drain coolant when engine is still hot. It may cause 
burns. 

Remove exhaust manifold side drain plug of cylinder block and 
drain the coolant in cylinder block. 

Refilling Engine Coolant 
Refer to the following for LLC density. 

LLC density (%): 
50 (Standard and cold area) 

Install cylinder block drain plug. 
Apply sealant (Three Bond 1215B or equivalent) to the threads 
of cylinder block drain plug. 

m: 34 - 44 N m  (3.5 - 4.5 kgf-in, 26 - 32 ft-lb) 
Make sure that each clamp and drain plug is securely tightened. 

Engine coolant level [including the reservoir tank (MAX level) volume] 
Unit: I (Imp qt) 

Engine type 

Without rear heater 

With rear heater 

TB45E 

Approx. 11.2 (9.718) 

Approx. 12.3 (10-718) 



WATER PUMP 

Component Parts Location 

~ r o n t  cover 

0:  NO^ reusable 

(01: N-m {kgf-m) Fan spacer 
COM0012 

Removal and Installation 
PREPARATION 

WARNING: 
Do not drain coolant when engine is still hot. It may cause 
burns. 

Engine drive belts 

CAUTION: 
Handle water pump vane so that it does not contact with 
other parts. 

Water Pump Inspection . Check water pump body and vanes for severe corrosion and 
dirt. 
Make sure that water pump shaft turns smoothly without 
roughness. 



THERMOSTAT 

Component Parts Location 

e Engine coolant temperature sensor 
F3 20 - 29 

12.0 - 3.01 

"\ connector 

p) 15.7 - 23.7 \  errno nos tat I t 11.8 - 2.41 0 O-ring 
Thenostat housing 

0 Gasket 

m: Liquid gasket 
Ql 
Crankshait pulley side 

a: Not reusable 

m: N-m {kgf-m) COM0013 

Removal and Installation 
WARNING: 

Do not touch thermostat or container and hot water until 
they get cold. They may cause burns. 

INSTALLATION OF THERMOSTAT 
Install thermostat with jiggle valve facing upward. 
Make sure that thermostat flange is securely inserted to seal 
rino. 



THERMOSTAT 

Removal and Installation (Cont'd) 
THERMOSTAT INSPECTION 

WARNING: 
Do not touch thermostat or container and hot water until 
they get cold. They may cause burns. 

Put a thread through thermostat valve and submerge it in a 
water-filled container, then heat it up while stirring the water. 
Read the water temperature when thermostat drops. This is the 
valve opening temperature. 

Valve opening temperature standard: 
82'C (180'F) (Standard and cold area) 

Maximum valve lift standard: 
8 mm or more195'C (0.31 in or rnore1203'F) 

(Standard and cold area) 
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DESCRIPTION 

Three fuel system specifications ("Gasoline", "LPG", "Combined 
gasoline and LPG") have been applied. 

Gasoline Specification 
Fuel pump type integrated with fuel tank has been adopted. 
Complete pump is composed of fuel pump, fuel filter, pressure 
regulator, and fuel gauge. All of them together are called 

Gasoline ~qector 
FLMOOOl 

ENGINE COMPONENT PARTS LOCATION 

r # l  

- #3 
ENGINE - # 4  

Fuel tank 
~.~~~ : 

i 

: Not reusable 
FLM0002 

Fuel pump 

Fuel filter 

Fuel pressure regulator 

Fuel level gauge 

CAUTION: 
Apply new engine oil to  the parts marked in the figure 
before installation. 

i 



DESCRIPTION 

LPG Specification 
LPG gas injection system has been adopted. 
LPG injector holder is equipped with injector, assistance 
injector, fuel pressure sensor, and relief valve, and they are 
composed as an assembly. All of them are installed on 
electronic throttle control actuator. 

II A LPG assistance L 1 1  I 

- Normal flow 
...... - Rellef flow 

I lnjector I 
LPG injector 

4 ENGINE 

LPG Injector holder assembly 

sensor 
FI M"""? 

Specification for Combined Gasoline and 
LPG 
This specification is for combined gasoline specification and LPG 
specification that are both described above. 



REMOVAL AND INSTALLATION OF FUEL INJECTOR (GASOLINE AND COMBINED USE) 

Preparation 
Air hose 
Moving engine harness connector 

Removal and lnstallation of Fuel Hose 
REMOVAL 

Release the fuel pressure. Refer to EC section, "Release ( 
pressure". 

3f fut 

CAUTION: 
Plug the fuel hose to prevent the fuel from draining after 
removal. 

INSTALLATION 
Insert hose until its end reaches 25 mm (0.98 in) or more from 
fuel tube end. Install a clamp and securely tighten it. Do not 
install the clamp on top of the bulge. 
Start engine, increase the engine speed, and make sure that 
there is no fuel leakage after repairing. 

Removal and Installation of Fuel Tube and 
Fuel Injector 
REMOVAL 

CAUTION: 
Fuel remaining in the tube leaks during operation. This 
operation should be done in a place free from fire. 

Remove fuel gallery bolts. 
Remove fuel gallery. Remove fuel injector and fuel gallery as a 
set. 
Remove clips (6) using long-nose pliers. Disconnect fuel 
injector and fuel gallery. 

CAUTION: 
Do not reuse clips. 

INSTALLATION OF FUEL INJECTOR 
Install fuel injector to fuel tube as shown in figure 1. 



REMOVAL AND INSTALLATION OF FUEL INJECTOR (GASOLINE AND COMBINED USE) 

Fuel tube 

Holder 

(c) 

O-ring, upper 
(Injector carnponent) 

Figure 1 

FLM0004 

1 Fuel tube 

Figure 2 

FLM0005 

Removal and Installation of Fuel Tube and 
Fuel Injector (Cont'd) 
1. Precautions for installation of fuel injector 
1) There is no contamination nor damage in O-ring contact area 

that is caused by dirt. Do not clean O-ring with solvent. 
2) Do not reuse removed O-ring. 
3) Handle O-ring with bare hands. 
4) Apply engine oil into O-ring and holder for assembly. (Do not 

apply engine oil into fuel passages of fuel injector.) 
5) Do not use damaged O-ring. 
6) Do not apply excessive force that could damage O-ring. 
7) Press clips into fuel injector when assembling. Securely fit clips 

to fuel injector locating grooves (a) and (b). (Do not reuse clips.) 
8) Always replace O-ring when clips contact O-ring. 
9) Assemble fuel injector to fuel tube after installing clips to fuel 

injector. 
10) Fuel injector is pressed by a force of 196 N (20 kgf, 44 lb) or 

less. Stop operation if a force of 147 N (15 kgf, 33 lb) or more is 
necessary.) 

11) Insert fuel injector to fuel tube while aligning fuel tube stopper 
(c) with clip cutout (d) before installing. Securely fit (c) to (d) and 
holder rib (e) to clip hole (f) after inserting. 

12) Make sure that fuel injector is securely installed without rotation 
and disconnection after installing to fuel tube. 

FUEL TUBE INSTALLATION 
1. Install fuel tube to intake manifold as shown in figure 2. 
2. Satisfy precautions 1) to 8) for installation of fuel injector. 
3. Insertion of fuel injector is performed by a force of 196 N (20 kgf, 

44 ib) or less per fuel injector. Stop operation if a force of 147 N 
(15 kgf, 33 lb) or more is necessary. 

4. Do not contact O-ring with the edge that is made by each 
process of intake manifold for assembly. 



REMOVAL AND INSTALLATION OF FUEL INJECTOR (GASOLINE AND COMBINED USE) 

Standard bracket hole 
Long hole 

Crankshaft ~ u l l e v  side I 

Removal and Installation of Fuel Tube and 
Fuel Injector (Cont'd) 
5. First tighten fuel tube bolt in position "a" in figure 3, and then 

tighten it in position " b  in the same figure. 
Repeat above tightening procedure 2 times. 
Tightening torque 

First tightening: 
n: 9 - 20 N-rn (0.9 - 2.1 kgf-rn, 7 - 15 ft-lb) 

Second tightening: 
n: 21 - 26 N-rn (2.1 - 2.7 kgf-m, 16 - 19 ft-lb) 

. . 

Figure 3 
FLMOOOS 

Check for Fuel Leakage After Installation 
Check for fuel leakage by racing several times after idling for 5 to 10 
minutes. 
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INTAKE MANIFOLD 

Component Parts Location 

Screw 

Mass air flow sensor 

LPG injector holder 
(LPG and combined use) 

Air horn spacer 

connector 

Water hose 

:Liquid gasket 

0 :Not reusable 

: N.m (kg-m, ft-lb) 



INTAKE MANIFOLD 

Removal and Installation of Intake Manifold 
PREPARATION 

Drain engine coolant 
Oil level gauge 
Wiring, disconnecting lines, moving 

Removal and Installation of Air Horn Bolt 
REMOVAL 

Loosen bolts in the reverse of the order shown in the figure. 

INSTALLATION 
Tighten bolts evenly in two steps in the order shown in the 
figure. 

: 1st: 9 - 10 N-m (0.9 - 1.1 kg-m, 6.5 - 7.9 ft-lb) 
2nd: 18 - 21 N-m (1.8 - 2.2 kg-m, 13 - 16 R-lb) 

Inspection 

CHECK INTAKE MANIFOLD DISTORTION. 
Check distortion of mounting surface in 6 directions using 
straightedge and feeler gauge. 

Limit: 0.2 mm (0.008 in) 

MASS AIR FLOW SENSOR 
Refer to "Mass air flow sensor system" in EC section. 

LPG INJECTOR HOLDER (LPG AND COMBINED USE) 
Refer to "LPG injector system" and "LPG assistance injector system" 
in EC section. 

ELECTRIC THROTLE CONTROL 
Refer to "Throttle position sensor system" and "Throttle control 
motor system" in EC section. 



EXHAUST MANIFOLD 

Component Parts Location 

0 Exhaust manifold gasket 

manifold side 

I 
(41 : N.m (kg*, ft-lb) 0:  Not reusable Nut (3) Exhaust manifold cover 

: N,m kg*, in-lbl (41 59 - 78 (6.0 - 8.0. 43 - 58) EMMO530 

Removal and Installation 
PREPARATION 

@ Crankshafl pulley side 
EMM0397 

Disassemble exhaust front tube 
Exhaust manifold cover 

REMOVAL AND INSTALLATION OF EXHAUST 
MANIFOLD 
1. Removal 

Loosen nuts in the reverse of the order shown in the figure. 
2. lnstallation - 

Install yoke with flat side facing exhaust manifold. (Refer to 
"Component Parts Location".) 
Tighten nuts in the numerical order shown in the figure. 

INSPECTION 
1. Exhaust manifold distortion 

Check distortion of mounting surface in 4 directions using 
stralghtedge and feeler gauye. 

Limit: 0.3 mm (0.012 in) 



OIL PAN AND OIL STRAINER 

Component Parts Location 

0 Gasket Ojl strainer 

Bolt (2) 

Washer 

"2 
Oil pan bolt (ME) (20) 

:Liquid gasket 15.7 - 20.6 (1.6 - 2.1) 

0 : Not reusable 

(ol : N.m (kg-m, fl-lb) 

Drain plug 

54 - 59 (5.5 - 6.0) 

Removal and Installation 
PREPARATION 

Drain engine oil. 

I REMOVAL OF OIL PAN 
0 Crankshaft pulley slde 

View from oli pan lower 
Loosen bolts in the reverse of the order shown in the figure. 

@ O @ @ @ @ @ @  Use a seal cutter (SST). 

@ - a @ 

@ @ @ @ @ @ @  @ 



OIL PAN AND OIL STRAINER 

Removal and Installation (Cont'd) 
INSTALLATION OF OIL PAN 

Apply a continuous bead of Three Bond 1207C (N-KP510- 
00150) to the positions shown in the figure. 
Tighten bolts in the numerical order shown in the figure. 

INSTALLATION OF OIL PAN DRAIN PLUG WASHER 
Install it with bending side facing oil pan. (Refer to "Component 
Parts Location".) 

) -- 

0) 

O@ *; L ''9 
i o a a  a 5 0 

T 
3 5 - 4 5 m  
(0 138 - 0 171 I") dta 

EMMO531 

-- ) 

I 1 0 , 



ROCKER COVER 

Component Parts Location 

To PCV valve 
To a i r  hose 1 

Oi l  f i l l e r  cap 

Blowby hose k kby hose 

0 Not reusable 

+ Crankshaft pulley side 

EMM0403 

Removal and Installation 
PREPARATION 

Move high-tension core 
Wiring, disconnecting lines, moving 

REMOVAL AND INSTALLATION OF ROCKER COVER 
1. Removal 

Loosen screws in the reverse of the order shown in the figure. 
2. Installation 

Make sure that gasket is not missing from rocker cover 
mounting groove. 
Tighten screws in the numerical order shown in the figure. 

CAUTION: 
Tightening torque of the first screw may decrease after 
tightening all screws. Retighten all screws. 



ROCKER ARM AND ROCKER SHAFT ASSEMBLY 

Component Parts Location 

m 1 6 - 2 2  (1.6-2.2.  1 2 -  16) 
16 - 22 (1.6 - 2.2. 12 - 16) 

Adjusting screw 

9 
7 rn Rocker arm 

bracket 

Rocker arm bracket 

: Engine o i l .  

: N.m (kg*, f t- lb) EMM053: 

CAUTION: 
Apply new engine oil to the parts marked in the figure 
before installation. 

Removal and Installation 
PREPARATION 
* Rocker cover 

Adjusting valve clearance (after installation) 

REMOVAL AND INSTALLATION OF ROCKER ARM 
AND ROCKER SHAFT ASSEMBLY 
1. Removal 

Loosen lock nut, and then fully loosen valve clearance adjusting 
screw. 
Loosen bolts evenly in several setps from outside to center. 
Carry each bracket with mounting bolts. 

CAUTION: 
Hold No. 8 bracket (end) only so as not to  drop it when 
carrying. 



ROCKER ARM AND ROCKER SHAFT ASSEMBLY 

Q Crankshaft pulley side 

EMMMOS 

Removal and Installation (Cont'd) 
2. Installation 

Tighten bolts evenly in several steps from center to outer side in 
this order. 

CAUTION: 
Make sure that valve clearance adjusting screw is securely 
inserted to push rod head. 
Perform installation with valve clearance adiusting screw 
fully loosened so as not to be affected by valve spring 
tension. 
Adjust valve clearance after installation. 
Refer to "Inspection and adjustment of valve clearance" in 
ET section. 

INSTALLATION OF PUSH ROD 
Rotate push rod after inserting, and then make sure that push 
rod t ~ p  is securely inserted into valve lifter sphere surface. 

Disassembly and Assembly 
DISASSEMBLY AND ASSEMBLY OF ROCKER ARM 
AND ROCKER SHAFT ASSEMBLY 

Remove each part individually and avoid mixing. 
install them to the original position. 

INSTALLATION OF SPRING WASHER 
Install with each convex surface facing flat washer side. (Refer 
to "Component Parts Location".) 

INSTALLATION OF ROCKER ARM 
Assemble rocker shaft with bolt hole side facing engine front 
side and oil hole facing downward. (Refer to "Component Parts 
Location".) 

lnspection 
CHECKING FOR ROCKER SHAFT BEND 

Hold both ends of rocker shaft with V-blocks, and then set dial 
indicator on the center. 
Rotate the rocker shaft in one direction by hand and read 
indication on the dial indicator. 
Half of the reading is the rocker shaft bend. 

Standard: 
0.15 mm (0.0059 in) or less 

Limit: 
0.3 mm (0.01 2 in) 



ROCKER ARM AND ROCKER SHAFT ASSEMBLY 

Inspection (Cont'd) 
ROCKER ARM OIL CLEARANCE 
1. Rocker shaft outer diameter 

Measure outer diameter around rocker arm mounting using a 
micrometer. 

Standard: 
19.988 - 20.000 mm (0.7869 - 0.7874 in) dia. 

\ I EMMMOS 

2. Rocker arm inner diameter 
Measure rocker arm shaft hole inner diameter using an inside 
micrometer. 

Standard: 
20.020 - 20.038 mm (0.7882 - 0.7889 in) dia. 

3. How to calculate rocker arm oil clearance 
(Clearance) 
= (Rocker arm inner diameter) - (Rocker shaft outer diameter) 

Standard: 
0.020 - 0.050 mm (0.0008 - 0.0020 in) 

Limit: 
0.15 rnrn (0.0059 in) 

Replace rocker arm and/or rocker shaft if outside the repair limit. 
Refer to standards for the outer diameter and inner diameter. 

CHECKING PUSH ROD BEND 
Hold both ends of push rod with V-blocks, and then set dial 
indicator on the center. 
Rotate push rod in one direction by hand and read indication on 
the dial indicator. 
Half of the reading is the push rod bend. 

Limit: 
0.2 mm (0.008 in) 



CYLINDER HEAD 

Component Parts Location 

CAUTION: 
Apply 
before 

new engine oil to the parts marked in the figure 
installation. 

Removal and Installation of Cylinder Head 
Assembly 
PREPARATION 

Drain engine coolant 
Exhaust manifold 
Intake manifold 
High tension core 
Rocker cover 
Rocker arm and rocker shaft assembly 
Push rod 
Wiring, disconnecting lines, moving 
Alternator adjusting bar 



CYLINDER HEAD 

Crankshaft pulley side 

€? 

20 

12 

4 

6 

14 

22 

Removal and Installation of Cylinder Head 
Assembly (Cont'd) 
REMOVAL AND INSTALLATION OF CYLINDER 
HEAD AUXILIARY BOLT 
1. Removal 

Remove before loosening cylinder head bolt. 
2. Installation 

Install after tightening cylinder head bolt. 

REMOVAL AND INSTALLATION OF CYLINDER 
HEAD BOLT 
1. Removal 

Loosen bolts in the reverse of the order shown in the figure. 
2. Installation 

Lubricate threads and seat surface of each cylinder head bolt 
with new engine oil. 
Tighten bolts in the numerical order shown in the figure with the 
following steps. 

CAUTION: 
In step 3), loosen all bolts in the reverse of the order shown 
in the figure. 

1) Tighten to 29.4 N m  (3.0 kg-m, 22 ft-lb) 
2) Tighten to 61.8 N-m (6.3 kg-m, 46 ft-lb). 
3) Fully loosen to 0 N*m (0 kg-m, 0 in-lb). 
4) Tighten to 29.4 N*m (3.0 kg-m, 22 ft-lb). 
5)  Tighten to 69' to 74" 

Check tightening angle with an angle wrench (SST) or a protractor. 
Do not simply estimate tightening angle. 

Tighten 64 - 74 N*m (6.5 - 7.5 kgf-m, 47 - 54 ft-lb) in step 5) if 
checking tightening angle is difficult. 
Apply anticorrosive or engine oil after installation onto eitire 
head surfaces of cylinder head bolts (3, 5, 11, 13, 19, 21 in the 
figure) that expose rocker cover exterior. 



CYLINDER HEAD 

Removal and Installation of Cylinder Head 
Assembly (Cont'd) 
INSTALLATION OF CYLINDER HEAD BOLT WASHER 

Cylinder head side 

Washer installing direction is not specified if cylinder head bolt 
angle-tightens in step 5). 
Install it in the direction shown in the figure if it does not angle- 
tighten in step 5). 

INSTALLATION OF CYLINDER HEAD GASKET 
After applying Three Bond 1207C (N-KP510-00150) to the 
position shown in the figure, install cylinder head gasket. 



CYLINDER HEAD 

Cylinder Head Assembly 
COMPONENT PARTS LOCATION 

e (41 39 - 47 
Water connector i ( 4 . 0  - 4 . 8 3 9  - 35) (3 
(LPG and combined use) 

I Rear engine s l inger  

Valve c o l l e t  

Spring seat 
Spark p lug 

Valve spring (outer) (2.0 - 3.0. = 
14 - 2^' 

Valve spring (inner) 

D O v a l v e  o i l  seal---+ 

Spring seat (inner) A 
Spring seat (outer) 

\ b-4 rn : L iqu id  gasket - fI valve seat (EXH) 

Thermal 

(4115 - 20 

Valve 

transmitter 

(1.5 - 2.0. 11 - 14) 

Front engine s l  inger 

Valve seat (INTI - --- rm ''9 - 47 (4.0 - 4.8, 29 

: Engine o i l .  

0 : Not reusable Bulb (EXH) 

CAUTION: 
Apply new engine oil to  the parts marked in the figure 
before installation. 

DISASSEMBLY 
1. Compress the valve spring with a valve spring compressor 

(SST), and remove the valve collet with a magnetic driver. 
2. Remove valve spring retainer. 
3. Remove valve spring. 
4. Push the valve stem toward the combustion chamber side and 

remove valve. - Check valve guide clearance before removal. 
Check the location, and store individually. 



CYLINDER HEAD 

Cylinder Head Assembly (Cont'd) 
5. Remove valve oil seal using a valve oil seal puller (SST) when 

removing. 
6. Remove valve spring seats. 
7. Refer to (EM section), "Valve seat contact inspection" when 

removing valve seat. 
8. Blow compressed air around spark plug and use a spark plug 

wrench (commercial service tool) when removing spark plug. 

INSPECTION 
1. Cylinder head distortion 

Remove oil, scale, gasket, sealant, and carbon deposits from 
surface of cylinder head using a scraper. 

CAUTION: 
Do not allow gasket fragments to enter oil or engine 
coolant passages. 
Check flatness of cylinder head lower surface. Measure 
distortion in 6 directions shown in the figure, at several 
points in each direction. 

Limit: 0.2 mm (0.008 in) 

2. Bulb Dimensions 
Measure dimensions at the points shown in the figure using a 
micrometer. 
Standard Unit: mm (in) 

Intake Exhaust 

c :1.15 - 1.45 (0.0453 - 0.0571) 1.35 - 1.65 (0.0531 - 0.0650) 
D (diameter) :47.0 - 47.2 (1.850 - 1.8583) 38.0 - 38.2 (1.496 - 1.504) 
d (diameter) :7.965 - 7.980 (0.3136 - 0.3142) 7.945 - 7.960 (0.3128 - 0.3134) 
a (degree) :45'15' - 45'45' 45'15' - 45'45' 

Valve face is corrected using valve surface grinder. 



CYLINDER HEAD 

Cylinder Head Assembly (Cont'd) 
Stem edge surface is corrected using oilstone. 
Keep corrections to a minimum due to surface reduction. 
Replace if outside the repair limit. 

CORRECTION REPAIR LIMIT 
Face correction length: 

Intake valve: 
0.5 mm (0.020 in) or less 

Exhaust valve: 
0.5 mm (0.020 in) or less 

Stem edge surface correction length: 
Intake valve: 

0.2 mm (0.008 in) 
Exhaust valve: 

0.2 mm (0.008 in) 

Valve guide clearance 
Check before removing the valve guide. 
Make sure the valve stem diameter is within the standard. 
Refer to "Valve direction inspection (previous page)". 
Push the valve out toward the combustion chamber. Measure 
runout while pushing the stem edge surface toward the dial 
indicator. 
112 of the dial indicator reading is the valve guide clearance. 

Standard: 
Intake: 

0.020 - 0.053 mm (0.0008 - 0.0021 in) 
Exhaust: 

0.040 - 0.073 mm (0.0016 - 0.0029 in) 
Repair limit: 

Intake: 
0.1 mrn (0.004 in) 

Exhaust: 
0.1 mm (0.004 in) 

Replace cylinder head if it exceeds the limit. 

Valve seat contact 
This inspection must be done after ensuring that the dimensions 
of the valve guide and the valve are within the standard.This 
inspection must be done after ensuring that the dimensions of 
the valve guide and the valve are within the standard. 
Check valve contact by applying DICATOL PL-I to valve seat 
contact surface. 
Make sure that contact surfaces are connected all around. 
Reseat the valve and check again if seating condition is not 
correct. Replace 'cylinder head if seating condition cannot be 
corrected by reseating. 



CYLINDER HEAD 

Contact EMM0428 

Cylinder Head Assembly (Cont'd) 
5. Valve spring squareness 

Set the valve spring against a square. Rotate the spring and 
record the maximum gap between spring upper end and the 
square. 

Limit: 
1.9 mm (0.075 in) (Inner) 
2.1 mm (0.083 in) (Outer) 

6. Free length and compression load of valve spring 

Check with a valve spring tester. 
Standard mrn (in) 

Inner Outer 
Free length mm (in): 

42.72 (1.6819) 48.02 (1.8905) 
Length at installation mm (in): 

35.0 (1.378) 40.0 (1.57) 
Load at installation N (kg, lb): 

105 - 115 219 - 240 
(10.7 - 11.7,23.6 - 25.8) (22.3 - 24.4, 49.2 - 53.8) 

Valve opening length mm (in): 
24.7 (0.972) 29.7 (1.169) 

Valve opening load N (kg, lb): 
292 - 319 584 - 638 
(29.8-32.5,65.7-71.7) (59.6-65.1,131.4-143.5) 

Identification paint: 
Green Green 

ASSEMBLY 
1. lnstall valve spring seats. 

lnstall valve spring seat (outer) with rounded side facing 
upward. 

2. lnstall valve oil seals. 
lnstall valve 011 seal to the dimensions specified in the figure 
usmg a valve oil seal drift (SST). 



CYLINDER HEAD 

- 
ldentiflcalion color EMM0432 

Cylinder Head Assembly (Cont'd) 
Install valves. 
Apply engine oil to valve stem. 
Install valve springs. 
Face the narrower pitch side of valve spring (with identification 
paint mark) toward cylinder head. 
lnstall valve spring retainers. 
Compress the valve spring with a valve spring compressor 
(SST), and install the valve collet with a magnetic driver. 
Tap valve stem tip with a plastic hammer to ensure a proper fit 
after installing valve collet. 
lnstall water connector (gasoline) or plug (LPG or combined 
use). 
Apply Three Bond 13868 or equivalent to the threads, and then 
connect the connector. 
lnstall spark plug if it is removed. 



TIMING CHAIN 

Component Parts Location 

181 - 191 (18.5 - 19.5. 134 - 141) \ 
( 4 1 1 6 - 2 1  ( 1 . 6 - 2 . 1 .  1 2 - 1 5 )  (4) 

: Engine o i l .  

(41 : N.. (kg*, ft-lb) : Lisuid gasket 

Camshaft sprocket r ide  

*2 O-ring instal l ing groove 

Crankshaft pul ley 
washer 

EMMOW : . k g ,  b )  0 : Not reusable 

CAUTION: 
Apply new engine oil to the parts marked in the figure prior 
to installation. 

Removal 
1. Remove the following parts. (Refer to the appropriate section for 

each preparation.) 
Engine drive belt 
Water pump pulley 
Oil pan 
Rocker cover 
Rocker arm 
Rocker shaft assembly 
Push rod 
Cylinder head 

EM-I 9 



TIMING CHAIN 

Ciankshan pulley bolt 

Gh"M"L"7 

Removal (Cont'd) 
Make sure that No. 1 cylinder is at TDC on its compression 
stroke with the following procedure: 
Rotate the crankshaft pulley clockwise (as viewed from the 
front) and align orange notch with the timing indicator 
(protrusion) on the front cover. 
Make sure that distributor rotor is facing the direction (front side) 
as shown in the figure. 

Turn crankshaft pulley 360 degrees in the direction shown 
in the figure if the rotor is facing rear side. 

Remove distributor. 
Remove crankshaft pulley with the following procedure. 
Remove starter motor. 
Secure crankshaft by installing a ring gear stopper (SST) to 
starter mounting hole. 

Use approximateiy 10 mm spacer between plate and 
stopper. 

Loosen crankshaft pulley bolts, and then remove crankshaft 
pulley washer. 
Screw crankshaft bolt by hand until it stops, and then rotate it 2 
or 3 turns back. 
Position a pulley puller (SST) to crankshaft pulley with ME bolts 
(2). 
Set puller bolt to a pulley puller, and then tighten it until it 
contacts with crankshaft puiiey bolt. 
Tighten M8 bolts (2) temporarily installed. 
Tighten puller bolt approximateiy 2 turns after feeling that 
sticking of crankshaft pulley is released. 
Remove the pulley puller, place it to front surface of crankshaft 
pulley, and tap it with a hammer. Release sticking of cone 
bushing. 

10) ~emove  cone bushing using long-nose pliers 
11) Remove crankshaft puiiey. 
12) Remove key for cone bushing. 



TIMING CHAIN 

Removal (Cont'd) 
5. Remove front cover bolt in the reverse of the order on EM 

section, and then remove front cover using a seal cutter (SST). 

CAUTION: 
Be careful not to damage mounting surface. 

6. Remove key for cone bushing. 
7. Remove oil pump drive spacer. 
8. Remove crankshaft sprocket. 
9. Remove key for crankshaft sprocket. 
10. Lift and remove front seal on front cover using a screwdriver if it 

needs to be replaced. 
11. Remove O-ring of crankshaft pulley washer. 

CAUTION: 
Do not reuse O-ring. 

12. Remove camshaft sprocket bolt. 
Insert a screwdriver wrapped in a shop cloth to the hole on 
camshaft sprocket, secure camshaft sprocket by attaching the 
tip of screwdriver to camshaft locating plate bolt, and then 
loosen the bolt. 

13. Remove chain tensioner and chain guide, 

CAUTION: 
Hold the sleeve with a finger to prevent it from popping out 
when removing. 

14. Remove distributor drive gear. 
15. Remove camshaft sprocket and crankshaft sprocket together 

with timing chain. 



TIMING CHAIN 

Removal (Cont'd) 

@Key far cone bushing @ 011 pump drive spacer 

a Crankshaft sprocket 

Key for crankshan 
sprocket 

NOTE: Assembly order 

@-@-O-Q-B 

CAUTION: Always apply engine oil 
when assembling. 

EMM0438 

Camshaft sprocket 
\ Matchlng ma* (Stamp) 

/ ~atch ing  mark 
Matching ma* (Dark blue link) 
(Cutout) 

Installation 
NOTE: 

Installing condition and matching mark location of each part are 
shown in the figure. 

1. Install the key for crankshaft sprocket after making sure that 
crankshaft key groove and camshaft key point straight up. 



TIMING CHAIN 

Installation (Cont'd) 
2. lnstall camshaft sprocket and crankshaft sprocket aligning with 

matching mark on timing chain. 
Insert each sprocket to the shaft in turn and in several steps. 

matching marks. 

Move camshaft into cylinder block when inserting camshaft 
sprocket. Hold camshaft by temporarily tightening bolts, tap it 
using a plastic hammer, and then fully insert camshaft sprocket. 

NOTE: 
Key for distributor drive gear to camshaft. 

3. Instal distributor drive gear is not visible if camshaft sproket 
insertion is insufficient. 
lnstall so that indication stamp mark side is facing camshaft 
sprocket side. (Refer to "Component Parts Location".) 

4. lnstall camshaft sprocket bolt. 
lnstall washer with flat side facing camshaft sprocket side. 
(Refer to "Component Parts Location".) 
Secure camshaft sprocket in the same procedure as removal, 
and tighten bolts. 

5. lnstall chain guide and chain tensioner. 
lnstall chain tensioner sleeve with the arrow on sliding portion 
facing chain rotating direction (up). 

6. lnstall oil pump drive spacer to crankshaft. 
7. lnstall key for cone bushing. 

8. lnstall front oil seal to front cover when replacing front oil seal. 
lnstall with the arrow facing outside. 
Press oil seal in until it is flush with the end surface of front 
cover using an oil seal drift (SST) or 78 mm (3.07 in) dia. drift. 

CAUTION: 
Make sure that the circumference of oil seal is not 
damaged and there is no burr. 



TIMING CHAIN 

Installation (Cont'd) 
9. Install front cover. 

Remove oil, scale, and sealant completely from flange surface 
and water hole. 
Apply a continuous bead of Three Bond 1207C (N-KP510-00150) 
to the positions shown in the figure. 

CAUTION: 
Do not apply to inletloutlet side groove of oil pump inlet1 
outlet. (2 at * mark) 

NOTE: 
Grooves at * mark prevent liquid gasket from spreading into oil 
pump inletloutlet when installing. 

Install O-rings (2). 

CAUTION: 
Be careful to prevent O-ring from dropping and dislocating 
when installing front cover to cylinder block. 

Do not reuse O-ring. 
Refer to the figure for location and tightening order of bolts. 

A: M8 X Length under head: 35 mm (1.38 in) (4) 
B: M8 X Length under head: 65mm (2.56 in) (8) 
C: M8 X Length under head: 80mm (3.15 in) (1) 

10. Insert a crankshaft pulley guide (SST) to crankshaft, and then 
install crankshaft pulley. 

CAUTION: 
Front oil seal may be damaged if crankshaft pulley is 
installed directly. Always use crankshaft pulley guide. 

11. lnstall cone bushing. 
12. Apply engine oil to O-ring, and then install O-ring to the O-ring 

groove on crankshafl pulley washer. (Refer to "Component 
Parts Location".) 

CAUTION: 
Do not reuse O-ring. 

13. lnstall crankshaft pulley washer, and then tighten crankshaft 
pulley bolt using a ring gear stopper (SST) following the 
procedures above. 



TIMING CHAIN 

Installation (Cont'd) 

Key for cone bushing 011 pump dnve spacer 

Crank shaft pulley guide (SST) 

1. 

r for crank shafl sprocket 

14. Install distributor. 
Check TDC on compression stroke with matching mark on 
crankshaft pulley. 
Insert distributor shaft to front cover aligning distributor shaft 
matching mark (circle stamp mark) with unit side matching mark 
(short stamp line). 

NOTE: 
Matching mark on shaft is aligned with unit side matching mark 
(long stamp line) by engagement of helical gear afler inserting. 

15. Reinstall removed parts in the reverse order of removal 



REMOVAL AND INSTALLATION OF ENGINE 

CAUTION: 
= Always pay attention to safety. 

DO not remove engine until exhaust system and engine 
coolant has completely cooled down. 
Support the vehicle at the specified lift points. 
Refer to appropriate sections for operation procedures for 
components other than engine. 

Removal 
[OPERATION DESCRIPTION] 

Remove transmission, and remove engine by pulling up 

[PREPARATION WORK] 

1. Release the fuel pressure. Refer to EC section, "Release of fuel 
pressure". 

2. Remove radiator drain plug and drain engine coolant. 
3. Remove the following parts. 

Engine hood 
Battery 
Radiator, shroud, and radiator hose 
Engine drive belt 
Cooling fan 

4. Disconnect accelerator cable from throttle drum and move it out 
of ~osition. 



REMOVAL AND INSTALLATION OF ENGINE 

Removal (Cont'd) 
[LEFT SlDE OF ENGINE ROOM] 

5. Remove air duct and air cleaner case. 
6. Disconnect heated oxygen sensor harness connector and 

ground (between exhaust manifold cover and body). 
7. Disconnect harness connector from N C  compressor. 
8. Remove N C  compressor from bracket and secure it onto body 

with a rope. 
9. Disconnect heater hose. Plug the hose immediately to prevent 

engine coolant from draining. 
10. Remove power steering reservoir tank from bracket and secure 

it onto body with a rope. 

CAUTION: 
Levelly secure reservoir tank. Tilting may cause oil 
leakage. 

[RIGHT SlDE OF ENGINE ROOM] 
11. Disconnect vacuum hose (for brake booster and for differential 

lock) on engine side. 
12. Remove fuel hose. 

CAUTION: 
After disconnecting hoses, plug them immediately to 
prevent fuel from draining. 

13. Disconnect all harness connectors on engine side, and then 
move harnesses to body side. 

14. Disconnect heater hose from body side clamp, and then move it 
to engine side. 

15. Remove starter motor. 

[UNDER VEHICLE] 
16. Remove exhaust front tube. 
17. Disconnect A A  oil cooler piping from oil pan 
18. Remove rear propeller shafts. 
19. Remove transmission. 

[REMOVAL] 
20. Engage chain block hook in fronurear engine slingers and 

support. 

CAUTION: 
Be careful not to contact hook and chain with body and 
piping when engaging hook in slingers. 

21. Remove engine mount insulator LHIRH nuts. 
22. Pull up and remove engine by adjusting the position carefully. 

CAUTION: 
Make sure that all wires and piping were disconnected 
while removing. 
Be careful not to contact with body side parts. 



REMOVAL AND INSTALLATION OF ENGINE 

Installation 
Install in the reverse order of removal and note the following. 

Do not allow oil to get on the engine mount insulator. Be careful 
not to damage the engine mount insulator. 
Securely insert positioning stopper pin into mating side hole. 
Make sure all mount insulators are seated properly, then tighten 
mount bolts and nuts. 

Inspection 
Check amount of engine coolant, oil and grease before starting 
engine. Refill as necessary. 
Start engine and check for any unusual noise and vibration. 
Warm up engine, and then check engine coolant, oil and 
grease, fuel, and exhaust gas for leakage. 



CYLINDER BLOCK 

Component Parts Location 

(0.65 - 0.76, 56 - 66) 

15.7 - 18.6  (1 .6  - 1.9. 12 - 14) 

o i l  seal retainer 

Camshaft bushing 

rn Crankshaft 

Main bearing with thrust washer 
(No. 6 journal) 

* : Selective with proper 
thickness. rn : Engine a i l .  

: N.m (kg*. ft-lb) 
Connecting rod cap, 

Connecting rod out : N,rn (kg-m, in-lb) 
Refer t o  the direction. (16.5 - 17.5, 119 - 127) 

EMM0538 

CAUTION: 
Apply new engine oil to  the parts marked in the figure prior 
to installation. 

Disassembly 
1. Remove engine assembly from the vehicle. 

(Refer to EM section, "Removal and Installation of Engine".) 
2. Keep the position using a hoist so as not to tilt engine. 
3. Remove engine mount bracket. 
4. Install engine assembly to engine stand (SST) with the following 

procedure: 



CYLINDER BLOCK 

, 
77 - 98 (7 .9  - 10.0. 57 - 72) Crankshaft 
(4) @ pul ley  side 

9 : N.m (kg*, f t - lb )  EMMU546 

Disassembly (Cont'd) 
1) Install engine sub-attachment (SST, A shown in the figure) to 

engine mount bracket mounting hole on exhaust manifold side. 
2) Install engine attachment (SST, B shown in the figure) to engine 

sub-attachment. 

3) Hoist engine and mount it on engine stand (SST, C shown in the 
figure). 

It is possible to set engine attachment and sub-attachment 
to engine stand, and then install hoisting engine later. 

5. Drain engine oil from oil pan drain plug. 
6. Drain engine coolant from cylinder block drain plug. 

(Refer to "Coolant Replacement" in CO section.) 
7. Remove the following parts. 

Auxiliary brackets 
Exhaust manifold 
Thermostat housing 
Water pipe 
Intake manifold 
Distributor 
Rocker cover 
Rocker shaft assembly 
Cylinder assembly 
Oil pan 
Oil strainer 
Timing chain 
Oil filter and oil filter bracket 

8. Remove flywheel. 
Secure crankshaft using a stopper plate (SST), and then 
remove bolts. 

CAUTION: 
Place a shop cloth on flywheel surface to  prevent damage. 
Loosen bolts diagonally and remove them. 

9. Remove flywheel housing. 
10. Remove rear oil seal and retainer assembly. 

NOTE: 
Oil seal is integrated with retainer. 



CYLINDER BLOCK 

Disassembly (Cont'd) 
11. Remove valve lifter. 

Pull out from block upper surface with a finger and remove it. 
Remove camshaft with valve lifter in non-contact condition if 
removal is difficult, and then remove valve lifter after tapping 
from crankshaft side hole. 
Check the location, and store individually. 

12. Remove camshaft. 
Pull camshaft straight out so as not to damage bushing. 

13. Remove piston and connecting rod assembly. 
1) Set crankshaft at removal piston assembly to BDC on 

compression stroke. 
2) Remove connecting rod cap and push piston and connecting 

rod assembly out toward cylinder head side with handle of a 
hammer. 

Before loosening connecting rod nuts, check connecting 
rod side clearance. (Refer to EM section, "Inspection of 
connecting rod side clearance".) 

3) Remove connecting rod bearing. 

CAUTION: 
Check installation position of each part. Arrange removed 
valves to prevent mixing them up. 

14. Remove piston ring using piston ring expander (commercial 
service tool). 

CAUTION: 
Be careful not to damage piston. 
Do not expand piston rings excessively. It can damage 

piston rings 
Check piston ring side clearance before removing piston 
ring. (Refer to EM section, "Inspection of piston ring side 
clearance".) 



CYLINDER BLOCK 

Disassembly (Cont'd) 
15. Remove connecting rod from piston. 
1) Remove snap ring using snap ring pliers 

2) Heat piston to between 60 and 7UC (140 and 158'F) using a 
drier. 

3) Push out piston pin from piston using a round bar with outer 
diameter of approximately 20 mm (0.79 in). 

CAUTION: 
Do not remove connecting rod bolt from connecting rod. 

, 

@ Crankshan puiley installation side n 
16. Remove main bearing caps. 
1) Loosen bolts in the reverse of the order shown in the figure. 



CYLINDER BLOCK 

Disassembly (Contld) 
2) Remove main bearing cap while shaking it IeWright using main 

bearing bolts. 
17. Remove crankshaft. 
18. Remove main bearing from main bearing cap and cylinder 

block. 

CAUTION: 
Check installation position of each part. Arrange removed 
parts to prevent mixing them up. 
Before loosening main bearing cap bolts, check crankshaft 
side clearance. 
(Refer to EM section, " lns~ect ion of crankshaft side 
clearance".) 

Selective-Fit Service Parts 

Identification grade stamped on each part shows the dimension 
measured when it was new as a grade. It is not applicable when 
it has been reused. 
When part is used or corrected, measure its dimension and 
decide appropriate grade by referring to Selective-fit Service 
Parts Table in this section. 
Refer to the direction specified in the text for details of 
measurement method for each part, reusable standard, and 
selection method for selective-fit service parts. 

SELECTION METHOD 

Inspection After Disassembly 

Posltlon 

Cyllnder block to plston 

CRANKSHAFT SIDE CLEARANCE 
Move crankshaft to front or rear and measure clearance 
between thrust bearing (journal 6) and crank arm using a dial 
indicator or a feeler gauge. 

Standard: 
0.05 - 0.17 mm (0.0020 - 0.0067 in) 

Repair limit: 
0.30 mm (0.01 18 in) 

Replace main bearing (integrated with thrust bearing) of journal 
6, and then measure clearance again if outside the repair limit. 
Replace crankshaft if it still exceeds the limit. 

Selection method 

Plston grade = Cyhnder bore grade (Bore 
lnner diameter) 

Selective-ilt servfce parts 

Plston and plston pln assembly 
NOTE: Plston and prston pln are a 
matched set They make up one 
part as an assembly. 

Item to be selected 

Plston grade 
(Piston outer diameter) 



CYLINDER BLOCK 

Inside micrometer 1 

Inspection After Disassembly (Cont'd) 
CONNECTING ROD SlDE CLEARANCE 

Measure connecting rod-to-crank arm side clearance using a 
feeler gauge. 

Standard: 
0.20 - 0.35 mm (0.0020 - 0.0138 in) 

Repair limit: 
0.40 mm (0.0157 in) 

Replace connecting rod, and then measure clearance again if 
outside the repair limit. 
Replace crankshatt if it still exceeds the limit. 

PISTON-TO-PISTON PIN CLEARANCE 
Piston pin hole diameter 
Measure inner diameter of piston pin hole using an inside 
micrometer 

Standard: 
22.993 - 23.005 mm (0.9052 - 0.9057 in) dia. 

Piston pin outer diameter 
Measure piston pin outer diameter using a micrometer. 

Standard: 
22.989 - 23.001 mm (0.9051 - 0.9055 in) dla. 

How to calculate piston-to-piston pin clearance 
(Piston pin clearance) 
= (Piston pin hole diameter) - (Piston pin outer diameter) 

Standard clearance at room temperature [20'C (68~ F)]: 
-0.001 to 0.009 mm (0 t o  0.0004 In) 

Replace piston and piston pin assembly if clearance exceeds 
the standard. 

PISTON RING SlDE CLEARANCE 
Measure piston ring-to-piston ring groove clearance using a 
feeler gauge. 

Standard: 
Top ring 0.040 - 0.073 mm (0.0016 - 0.0029 in) 
Second ring 0.030 - 0.063 mm (0.0012 - 0.0025 in) 
Oil ring 0.065 - 0.135 mm (0.0026 - 0.0053 in) 

Repair limit: 
Top ring 0.1 mm (0.004 in) 
Second ring 0.1 mm (0.004 in) 
Oil ring - 

Replace piston and/or piston ring assembly if outside the repair 
limit. 



CYLINDER BLOCK 

f Inside kicrorneter I 

Inspection After Disassembly (Cont'd) 
PISTON RING END GAP 

Make sure cylinder bore inner diameter is within the standard. 
(Refer to EM section, "Piston and Cylinder Bore Clearance".) 
Press-fit rings in cylinder halfway using a piston, and 
measure end gap. 

Standard: 
Top ring 0.30 - 0.45 mm (0.012 - 0.018 in) 
Second ring 0.30 - 0.45 mm (0.012 - 0.018 in) 
Oil ring 0.20 - 0.60 mm (0.008 - 0.024 in) 

Repair limit: 
Top ring 1.5 mm (0.059 in) 
Second ring 1.5 mm (0.059 in) 
Oil ring 

CONNECTING ROD BEND AND TORSION 
Check connecting rod bend and torsion using a connecting rod 
alignment tool. 

Bend limit: 
0.15 mm (0.0059 in) [per 100 mm (3.9370 in)] 

Torsion limit: 
0.30 mm (0.0118 in) [per 100 mm (3.9370 in)] 

CONNECTING ROD LARGE END DIAMETER 
Install connecting rod cap without connecting rod bearing. 
Tighten connecting rod nuts to the specified torque. 
Measure connecting rod large end diameter using an inside 
micrometer. 

Standard: 
59.987 - 60.000 mm (2.3617 - 2.3622 in) dia. 

CONNECTING ROD BUSHING OIL CLEARANCE (AT 
SMALL END) 
1. Connecting rod small end inner diameter 

Measure inner diameter of connecting rod small end using an 
~nside micrometer. 

Standard: 
23.000 - 23.012 mm (0.9055 - 0.9060 in) dia. 

I 
Inside micrometer 



CYLINDER BLOCK 

Identification mark 

Small end grade 

inspection After Disassembly (Cont'd) 
Piston pin outer diameter 
Measure piston pin outer diameter using a micrometer. 

Standard: 
22.989 - 23.001 mm (0.9051 - 0.9055 in) dia. 

How to calculate connecting rod bushing oil clearance 
(Connecting rod small end oil clearance) 
= (Connecting rod small end inner diameter) - (Piston pin outer 
diameter) 

Standard: 
0.005 - 0.017 mm (0.0002 - 0.0007 in) 

Refer to standards for each part if clearance was not within the 
standard. Replace connecting rod andlor piston and piston pin 
assembly. 
Refer to EM section, "Piston Selective-fit Service Parts" if 
reusing connecting rod and replacing piston and piston 
assembly with new one. Select piston fitted to the bore grade of 
cylinder block. 

NOTE: 
Piston and piston pin are a matched set. They make up one part 

CYLINDER BLOCK UPPER SURFACE DISTORTION 
Completely remove old gasket on cylinder block surface using a 
scraper. Also remove oil, water stains, and carbon deposits. 

CAUTION: 
Do not allow gasket fragments to enter oil or engine 
coolant passages. 
Check flatness of cylinder block upper surface. Measure 
distortion in 4 directions shown in the figure, at several 
points in  each direction. 

Repair limit: 
0.1 mm (0.004 in) 



CYLINDER BLOCK 

Micrometer 

EMM0478 

Inspection After Disassembly (Cont'd) 
PISTON-TO-CYLINDER BORE CLEARANCE 
1. Cylinder bore diameter 

Measure cylinder bore at 2 points (A and B) in 2 directions (X 
and Y) using a bore gauge. 

Cylinder bore inner diameter standard: 
99.500 - 99.550 mm (3.9173 - 3.9193 in) dia. 

Wear limit: 
0.2 mm (0.008 in) 

Out-of-round limit 
(difference between measurements X and Y): 

0.015 mm (0.0006 in) 
Taper limit (difference between measurements A and B): 

0.01 mm (0.0004 in) 
Hone or bore cylinder if outside the repair limit or cylinder inner 
wall is found with damage and seizure. 
0.5 (0.020) OS [0.5 mm (0.020 in) oversize] and 1.0 (0.039) OS 
[ I  .0 mm (0.039 in) oversize] pistons are available for service. Be 
sure to use the same oversize piston rings with piston cylinder 
clearance size piston when using oversize piston. 

2. Piston outer diameter 
Measure piston skirt outer diameter using a micrometer. 

Measuring point: 
20 mm (0.79 in) up from piston bottom 

Standard: 
99.460 - 99.510 mm (3.9157 - 3.9177 in) dia. 

HOW TO CALCULATE PISTON-TO-CYLINDER BORE CLEARANCE 
(Clearance) = 
(Cylinder bore inner diameter) - (Piston skirt outer diameter) 

Standard clearance at room temperature [20~C (68'F)I: 
0.030 - 0.050 mm (0.0012 - 0.0020 in) 

Replace piston and piston pin assembly if clearance is outside 
the standard. 

3. Piston selective-fit service parts 
When using new cylinder block 

1) Check cylinder bore grade number (1 to 5) stamped on cylinder 
block upper surface and select piston from selective-fit service 
parts table. 

NOTE: 
Piston and piston pin are a matched set. They make up one part 
as an assembly. 



CYLINDER BLOCK 

Inspection After Disassembly (Cont'd) 

,Front mark (7- (1 - . 
r----2 

>- Identitication mark 

Pin grade (0, 1) 

FMMMRO 

Taper: 1 - 2  
Out-of-round: A - B 

When reusing cylinder block 
1) Measure cylinder bore inner diameter. 
2) Find grade number of the measured cylinder bore in "Cylinder 

Bore Inner Diameter Selective-fit Service Parts Table", and 
select piston (grades 1 to 5) from selective-fit service parts 
table. 

Selective-fit service parts table Unit: mm (in) 

Measure the journal outer diameter using a micrometer. 
Standard: 

70.907 - 70.920 mm (2.7916 - 2.7921 in) dia. 

Grade 
number 

(stamping) 

Cylinderbore 
inner 

diameter 

pistonouter 
diameter 

CRANKSHAFT PIN DIAMETER 
Measure the pin outer diameter using a micrometer. 

Standard: 
56.913 - 56.926 mm (2.2407 - 2.2412 in) dia. 

OUT-OF-ROUND AND TAPER OF CRANKSHAFT 

CRANKSHAFT JOURNAL DIAMETER 

1 

99.510 
(3.9117) 

99.500 
(3.9173) 

99.470 
(3.9161) 

99.460 
(3.9157) 

Measure each journal and pin at 4 positions shown in the figure 
using a micrometer. 
Out-of-round is indicated by the difference between dimensions 
A and B measured at points 1 and 2. 
Taper is indicated by difference between dimensions 1 and 2 
measured in directions A and B. 

Repair limit: 
0.06 mm (0.0024 in) dia. 
(both out-of-round and taper) 

CRANKSHAFT BEND 
Set a pair of V-blocks on a level surface and support journals 1 
and 7 of crankshaft. 
Set a dial indicator vertically onto journal 4. 
Rotate crankshaft and read indication on the indicator. 
Half of the reading is the bend. 

Repair limit: 
0.2 mm (0.008 in) 

2 

99.520 
(3.9181) 

99.510 
(3.9177) 

99.480 
(3.9165) 

99.470 
(3.9161) 

3 

99.530 
(3.9185) 

99.520 
(3.9181) 

99.490 
(3.9169) 

99.480 
(3.9165) 

4 

99.540 
(3.9189) 

99.530 
(3.9185) 

99.500 
(3.9173) 

99.490 
(3.9169) 

5 

99.550 
(3.9193) 

99.540 
(3.9189) 

99.510 
(3.9177) 

99.500 
(3.9173) 



CYLINDER BLOCK 

Inspection After Disassembly (Cont'd) 
CONNECTING ROD BEARING OIL CLEARANCE 

Measuring method 
Install connecting rod bearing to connecting rod and connecting 
rod cap. Ttghten connecting rod nuts to the specified torque. 
Measure connecting rod inner diameter using an inside 
micrometer. 
(Oil clearance) 

= (Connecting rod bearing inner d~ameter) 
- (Crankshaft pin outer diameter) 

Standard: 
0.027 - 0.061 mm (0.001 1 - 0.0024 in) 

Repair limit: 
0.09 mm (0.0035 in) 

Replace connecting rod bearing andlor crankshaft according to 
judgement from values measured at previous steps 11 and 15- 
1) if connecting rod bearmg oil clearance is outs~de the repair 
limit. 
Using plastigage 
Completely clean off oil and dust on crankshaft pins and 
bearing surfaces. 
Cut a piece of plastigage slightly shorter than bearing width, 
and place it in axial direction avoiding oil hole. 
Install connecting rod bearing to connecting rod cap. Tighten 
connecting rod nuts to the specified torque. 

CAUTION: 
Do not rotate crankshaft while plastigage is in place. 

Remove connecting rod cap and bearing. Measure width of the 
plastigage using scale printed on its bag. 

CAUTION: 
Follow the method outlined in "By measuring" if clearance 
is standard and repair limit, and if clearance exceeds repair 
limit, but remeasure if clearance is less than standara. 

MAIN BEARING OIL CLEARANCE 
1. Measuring method 

Install main bearing to cylinder block and bearing cap. Tighten 
bearing cap bolts to the specified torque and measure main 
bearing inner diameter. 
(Oil clearance) 
= (Main bearmg inner diameter) - (Crankshaft journal outer 
diameter) 

Standard: 
0.030 - 0.087 mm (0.0012- 0.0034 in) 

Repair limit: 
0.09 mm (0.0035 in) 

Replace undersized bearing upper and lower as a set if 
standard size main bearing oil clearance is outside the 
standard. 
(Refer to EM section, "Using Undersized Bearing".) 



CYLINDER BLOCK 

Inspection After Disassembly (Cont'd) 

R3.0$'(0.001182•‹'6) (A l l  pins) 
R2.5$'(0.098$"9 (A1 l journa ls )  

EMMO547 

1 , Crush height 

2. Using plastigage 
Completely clean off oil and dust on crankshaft journal and 
bearing surfaces. 
Cut a piece of plastigage slightly shorter than bearing width, 
and place it in axial direction avoiding oil hole. 
Tighten main bearing to the specified torque. 

CAUTION: 
Do not rotate crankshaft while plastigage is in place. 

Remove bearing cap and bearing. Measure width of the 
plastigage using scale printed on its bag. 

CAUTION: 
Follow the method outlined in "By measuring" if clearance 
is standard and repair limit, and if clearance exceeds repair 
limit, but remeasure if clearance is less than standard. 

3. Using undersized bearing 
Use undersized bearing .if standard size main bearing oil 
clearance is outside the standard. 
When using undersize bearing, install it, measure bearing inner 
diameter, and grind journal to obtain specified oil clearance. 

NOTE: 
Each tolerance is +0.008 to +0.012 (+0.0003 to +0.0005). 

Main bearing undersize table Unit: mm (in) 

CAUTION: 
Be careful not to damage fillet-roll area when grinding 
crankshaft journal in  order to  use undersize bearing. 

Size 

STD 

US0.25 (0.0098) 

US0.50 (0.0197) 

US0.75 (0.0295) 

US1 .OO (0.0394) 

MAIN BEARING CRUSH HEIGHT 
Tighten bearing cap to the specified torque with main bearing 
installed. Remove bearing cap and make sure that the main 
bearing edges protrude (There must be crush height.). 

Thickness 

2.000 (0.0787) 

2.125 (0.0837) 

2.250 (0.0886) 

2.375 (0.0935) 

2.500 (0.0984) 
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Inspection After Disassembly (Cont'd) 
VALVE LIFTER OIL CLEARANCE 

Check sliding surfaces with camshaft and lifter bore for uneven 
wear and damage. 
Replace valve lifter if necessary. 

1. Valve lifter outer diameter 
Measure the valve lifter outer diameter using a micrometer. (A in 
the figure) 

Standard: 
24.960 - 24.970 mm (0.9827 - 0.9844 in) dia. 

2. Valve lifter bore inner diameter 
Measure valve lifter bore inner diameter using a bore gauge. (B 
in the figure) 

Standard: 
25.000 - 25.003 mm (0.9843 - 0.9844 in) dia. 

3. How to calculate valve lifter oil clearance 
(Clearance) = (Valve lifter bore inner diameter) - (Valve lifter 
outer diameter) 

Standard: 
0.030 - 0.073 mm (0.0012 - 0.0029 in) 

Repair limit: 
0.1 mm (0.004 in) 

Refer to standards for each part and replace valve lifter andlor 
cylinder block if clearance exceeds the repair limit. 

VISUAL INSPECTION OF CAMSHAFT 
Check camshaft nose or journal for damage and uneven wear 
Replace camshaft as necessary. 

CHECKING FOR CAMSHAFT BEND 
Set a pair of V-blocks on a level surface and support journals (1 
and 7) of camshaft. 
Set a dial ind~cator vertically onto center of journal 4. 
Rotate the camshaft in one direction by hand and read 
indlcatfon on the dial indicator. (Half of the reading is the bend.) 

Repair limit: 
0.03 mm (0.0012 in) 

CAM NOSE HEIGHT 
Measure with a micrometer. 

Standard (intake side): 
42.126 - 42.376 mm (1.6585 - 1.6683 in) 

Standard (exhaust side): 
42.126 - 42.376 mm (1.6585 - 1.6683 in) 
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Camshan bushlng 
replacement set 
N-KV111-MSSO 

Adapter (No 1 journal) 
N-KV111-04530 

Inspection After Disassembly (Cont'd) 
CAMSHAFT OIL CLEARANCE 
1. Camshaft journal outer diameter 

Measure with a micrometer. 
Standard: 

Journal 1 50.721 - 50.740 mm (1.9969 - 1.9976 in) 
Journal 2 50.521 - 50.540 mm (1.9890 - 1.9898 in) 
Journal 3 50.321 - 50.340 mm (1.9811 - 1.9819 in) 
Journal 4 50.121 - 50.140 mm (1.9733 - 1.9740 in) 
Journal 5 49.921 - 49.940 mm (1.9654 - 1.9661 in) 
Journal 6 49.721 - 49.740 mm (1.9575 - 1.9583 in) 
Journal 7 49.521 - 49.540 mm (1.9496 - 1.9504 in) 

2. Camshaft bushing inner diameter 
Measure using a bore gauge. 
Standard: 

Journal 1 50.76 - 50.83 rnm (1.9984 - 2.001 2 in) 
Journal 2 50.56 - 50.63 rnm (1.9905 - 1.9933 in) 
Journal 3 50.36 - 50.43 mm (1.9827 - 1.9854 in) 
Journal 4 50.16 - 50.23 mm (1.9748 - 1.9776 in) 
Journal 5 49.96 - 50.03 mm (1.9669 - 1.9697 in) 
Journal 6 49.76 - 49.83 mm (1.9591 - 1.9618 in) 
Journal 7 49.56 - 49.63 mm (1.9512 - 1.9539 in) 

3. How to calculate camshaft oil clearance 
Oil clearance = Camshaft bushing inner diameter - Camshaft 
journal outer diameter 

Standard: 
0.020 - 0.109 mm (0.0008 - 0.0043 in) 

Repair limit: 
0.15 mm (0.0059 in) 

Refer to the standards if clearance exceeds the repair limit. 
Replace camshaft andlor camshaft bushing. 

REPLACEMENT OF CAMSHAFT BUSHING 
1. Remove welch plug. 
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Inspection After Disassembly (Cont'd) 
2. Pull out camshaft bushings from cylinder block using a bar 

(SST). 

3. Install camshaft bushings (journals 7 to 2). 
lnstall journals 7 to 2 in the order from cylinder block front side 
holes. 
Install camshaft bushings with cutout facing frontward and 
upward. (It is same as journal 1 .) 

Knock pin / 

camshen bushing 
EMMM98 

Align camshaft bushing notches with knock pin of a bar (SST) 
when installing. 

Secure journals 4 to 2 wrapped in tape so as not to dislocate 
bushings. 
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Inspection After Disassembly (Cont'd) 
Insert bar with bushings into cylinder block, and then install a 
guide plate (SST). 
Tighten bolts with " T B  mark stamped on guide plate facing up. 
Press-fit until bar matching mark (stamp line) is in the same 
position as guide plate edge surface A. 

N-KVlll-04520 Carnshan bushin 

N-KVlll-04510 

Sta 

Align stamp line with A 

0 Crank~han pulley installation side 

Slide bar matching mark (stamp line) in order depending on 
journal position. 
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Inspection After Disassembly (Cont'd) 

Align stamp line with A. 
Example: 

When installing No. 6 journai 

Q 
CrankshaR pulley installation side 

Align stamp line with A. 

When ln*ta,1ing NO, 2 journal 

I 1 
EMMOSM 

Make sure that oil holes in each journal and cylinder block oil 
holes are aligned after installing each journal. 
Install camshaft bushing (journal 1). 
Align journal oil hole with cylinder block oil hole. 
Press-fit until journal front end is 0.5 mm inside from cylinder 
block front end surface using a drift (SST). 
Make sure that journal oil hole and cylinder block oil hole are 
aligned after installing journal. 



CYLINDER BLOCK 

Feeler gauge 

Inspection After Disassembly (Cont'd) 
5. Check camshaft bushing inner diameter and make sure that it is 

within the standard. 

6. Install welch plug. 
Apply liquid gasket (Three Bond TB1303) to welch plug. 
Press-fit using a drift (commercial service tool). 

CAMSHAFT END PLAY 
lnstall locating plate and camshaft gear to camshaft, and tighten 
bolt to the specified torque. 
Measure clearance between locating plate and camshaft front 
end surface using a feeler gauge. 

Standard: 
0.08 - 0.28 mm (0.0031 - 0.01 10 in) 

Repair limit: 
0.5 mm (0.020 in) 

Replace locating plate and measure again if outside the repair 
limit. 
Replace camshaft if it still exceeds the limit. 

Assembly 
1. Thoroughly clean engine coolant and oil passages in cylinder 

block, as well as inside of crank case and cylinder bores using 
compressed air. 



CYLINDER BLOCK 

Assembly (Cont'd) 

Maln beanng cap 
(No. 1 - 5 and 7) 

\ 

Main bearing cap 
(NO. 6) 

Without Oil 
hole and 

Wlth Oil hole and groove 

With oil hoie and groove I 
c3 

Crankshaft pulley 
installation side 

Cylinder block side 

$2 Crankshaft pulley instaliation side 

+ Crankshaffpulley install 

n 

lnstall main bearing. 
Clean bearing mounting surfaces on cylinder block and main 
bearing cap to remove any foreign material, dust, and oil. 
lnstall main bearing in the correct direction. 

lnstall main bearing half with oil groove and oil hole to 
cylinder block, and the half without oil groove and oil hole to 
main bearing cap. 
lnstall integrated thrust bearing to journal 6. 
Apply engine oil to bearing surface (inside) and thrust 
outside when installing bearing. Do not apply engine oil to 
reverse side of bearing, but thoroughly clean it. 
lnstall by aligning main bearing detent with the notch. 
Make sure the oil holes in cylinder block and main bearing 
are aligned. 

lnstall crankshaft to cylinder block. 
Make sure that it turns smoothly by hand. 

lnstall main bearing caps. 
lnstall it by aligning main bearing identification number with 
journal position. 
lnstall so that upper identification number faces the front of 
engine. 
Tap with a plastic hammer and install it. 

Tighten main bearing cap bolts. 
Lubricate threads and seat surface of bolt with new engine oil. 
Tighten bolts evenly in several steps in the order shown in the 
figure. 
Rotate crankshaft by hand and make sure it turns smoothly after 
tightening. 
lnstall piston to connecting rod. 
lnstall snap ring in snap ring installation groove on rear side of 
piston using snap ring pliers. 

Make sure snap ring is securely seated in the groove. 
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Assembly (Cont'd) 

Front mark 

Stamp 

\ 

\ 
End gap I 

Oil ring spacer Rail on end gaps of tap ring 

\ and oil ring 

Oil nng 

EMM0514 

2) Install piston to connecting rod. 
Heat piston [to between 60 and 70~C (140 and 178'F)I 
using a dryer so that piston pin can be easily inserted by 
hand. insert piston pin in piston and connecting rod from 
front side of piston. 
Assemble so that front mark on position head, oil hole in 
connecting rod, and cylinder No. stamped on connecting 
rod are positioned as shown in the figure. 

3) Install snap ring onto piston front side. 
Make sure that the connecting rod swings freely after 
completing work. 

7. Install piston rings with piston ring expander (commercial 
service tool). 

CAUTION: 
Be careful not to damage piston. 

Install top and second rings with stamp marks on end gaps 
facing up. 

Install oil ring with ring end gap as shown in the figure. 

Position end gaps of each piston ring as shown in the figure. 



CYLINDER BLOCK 

Assembly (Cont'd) 
lnstall connecting rod bearing to connecting rod and connecting 
rod cap. 
Apply engine oil to bearing surface (inside) when installing 
connecting rod bearing. Do not apply engine oil to reverse side 
of bearing, but thoroughly clean it. 
lnstall connecting rod bearing by aligning the projection with 
detent notch on connecting rod. 

lnstall piston and connecting rod assembly to crankshaft. 
Set crankshaft pin at the installation posltion to BDC on 
compression stroke. 
Apply engine oil to cylinder bore, piston, and crankshaft pin 
suffic~ently. 
lnstall connecting rod to cylinder position corresponding to 
cylinder stamped on it. 
lnstall piston so that front mark on piston head faces toward 
crankshaft pulley mounting side using a piston ring compressor 
(commercial service tool). 

CAUTION: 
Be careful not to damage crankshaft pin with connecting 
rod large end by contact. 

10. lnstall connecting rod cap. 
Be sure that cylinder on connecting rod and connecting rod cap 
match. 

11. Tighten connecting rod nut. 
Angle-tighten as described below. 

1) Apply new engine oil to threads and seat surfaces of connecting 
rod. 

2) Tighten to 38 - 40 N*m (3.9 - 4.1 kg-m, 28 - 30 ft-lb). 
3) Tighten 40 to 4 5 ~  using an angle wrench (SST) or a protractor. 

CAUTION: 
Do not just estimate tightening angle. 

NOTE: 
Tighten to 67 to 71 N-m (6.8 to 7.2 kg-m, 49 to 52 ft-lb) if 
checking tightening angle is difficult. 

4) Rotate crankshaft and make sure it turns smoothly after all 
cylinders are tightened. 

12. lnstall camshaft. 
* Apply engine oil to camshaft machining surface. 

lnstall camshaft straightly so as not to damage bushtng. 
13. lnstall locating plate. 

lnstall locating plate with its mark (concave mark) facing up. 
14. lnstall valve lifter. 

Apply engine 011 to valve lifter. 
lnstall them in their original positions. 
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I Tightening order of flywheel bolts 
rh""""z9n 

Assembly (Cont'd) 
15. Install rear oil seal and retainer assembly. 

Apply a continuous bead of Three Bond 1207C (N-KP510-00150) 
to the positions shown in the figure. 

16. Install flywheel housing. 
17. Install flywheel. 

Secure crankshaft using a ring gear stopper (SST). 
Tighten bolts evenly in several steps in the order shown in the 
figure. 

18. Assemble other parts in reverse order of disassembly. 
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System Diagram 
1. 
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System Diagram (Cont'd) 
2. 
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System Diagram (Cont'd) 
3. 
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Sensors and Actuators Control Items 
Main sensors and actuators related to the ECM are listed below. 

Gasoline 
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Control Item 

@ : Significant impact to control 
t : Impact to control 

Engine coolant temperature sensor 

Heated oxygen sensor 

Throttle posllion Sensor .* 

PNP switch 

Headlamp (electrical load) switch 

LPG fuel pressure sensor 

Fuel changing switch 

~ ~ 

Ignition system I Power IranSlSIOr 

Throttle control motor relay 

Gasoline fuel pump relay 
e 
8 Gasoline fuel pump 

ECM relay 

LPG iniector 

,-. - ~..7~, 

LPG interce~tlon valve 



BASIC INSPECTION 

Inspection of ldle Speed, lgnition Timing, 
and Air-Fuel Ratio 

STANDARD AT IDLE 
idle speed [N position] (rpm) / 650150 

CAUTION: 
Perform "ldle Air Volume Learning" (EC section) when idle 
speed or ignition timing is outside the standard. 

Ignition timing (BTDCIrpm) 

Turn ignition switch ON, and then make sure that no malfunction ,, ,... - ~ , 

is detected by self-diagnosis. , . . . . r ,  .. . ..L 
, , . . , , . . 

Make sure that engine is free of oil pressure pump loads and , , , ., :, . . , . . 
!.<.,.' ,. < 
,,.. . 

any electrical loads. Perform the inspection with the shift lever in 
the N position. 
Warm up engine and transaxle to the normal operating 
temperature. 

10t2/650 

IDLE SPEED 

co density (%) 100.1 or less 

@ WITH SST 
1. Connect SST to vehicle side data link connector. 
2. Select "ENG SPEED" in "DATA MONITOR" mode. Make sure 

that the idle speed is 650+50 rpm. 

CAUTION: 
Perform "ldle Air Volume Learning" (EC section) when idle 
speed i s  outside the standard. 

@ WITHOUT SST 
1. Connect an adapter harness for molded coils (SST) between 

the distributor harness connectors, and install a tachometer. 
2. Make sure that idle speed is 650*50 rpm. 

CAUTION: 
. _: 

Perform "Idle Air Volume Learnlng" (EC section) when Idle , ~. ~. . ~, .~., 
, :  

speed is outslde the standard. 

COMC DENSITY INSPECTION 
The vehicle uses an air-fuel ratio feedback system with a self- 
learning function. Because a wide compensation range is available, 
no additional CO/HC density adjustment is necessary. 

Warm up engine to normal operating temperature. Confirm idle 
speed and ignition timing are within the standards. Then, check 
CO/HC density with a CO/HC measuring device. 
Check condition of air-fuel ratio feedback with the following 
stem when measured values are outside the standard: 
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Save I Select I Graph I Hold I 

Inspection of Idle Speed, Ignition Timing, and 
Air-Fuel Ratio (Cont'd) 
@ WITH SST 
1. Select "H02S1 MNTR (Bl)" in "DATA MONITOR" mode. 
2. Keep engine speed at approximately 2,000 rpm, and make sure 

that "RICH" and "LEAN" are alternately displayed. 

@ WITHOUT SST 
1. Inspect using heated oxygen sensor monitor mode. (Refer to 

EC section, "DIAGNOSTIC TEST MODE II ? HEATED 
OXYGEN SENSOR MONITOR" for operation procedure.) 

2. Keep engine speed at approximately 2,000 rpm, and make sure 
that MIL blinks at least 5 times within 10 seconds. 

NOTE: 
Increase engine speed when inspecting while air-fuel ratio 
feedback control is activated during idle. 

INSPECTION AND ADJUSTMENT OF IGNITION TIMING 
Connect a timing light (super tuner, etc.) to receive a signal from 
the ignition primary system using an adapter harness for 
molded coils (SST). 
(Attach pickup to the 1 high-tension cable for general timing 
lights.) 

@ Perform "AAC Valve Adjustment" in WORK SUPPORT mode. 

@ Remove harness connector from throttle position sensor. 

(The operation above stops idle speed and ignition timing feedback 
control.) 

Make sure that ignition timing and base idle speed is BTDC 10" 
i2V650 rpm. 

EC-I 0 
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Inspection of ldle Speed, Ignition Timing, and 
Air-Fuel Ratio (Cont'd) 

Perform adjustment following the procedures described below if 
ignition timing is outside the standard. 
Loosen distributor bolts, and rotate the distributor so that the 
ignition timing meets BTDC 10'+2'/650 rpm. 
Clockwise rotation of the distributor advances the ignition 
timing. 

0.3 Cancel "AAC Valve Adjustment" in WORK SUPPORT mode. 

@ Connect throttle position sensor harness connector. 

Make sure that ignition timing advances synchronously when 
racing the engine. 

Throttle Valve Closed Position Learning and 
ldle Air Volume Learning 
DESCRIPTION 
When electric throttle control actuator or ECM connector is removed, 
it is necessary for ECM to learn throttle valve closed position (throttle 
position sensor output with throttle valve fully closed) after 
reinstallation. Thus, throttle valve closed position learning is 
performed. 
When electric throttle control actuator or ECM is replaced, the 
minimum required idle air volume needs to be learned. Thus, throttle 
valve closed position learning and idle air volume learning are 
performed. 
ldle air volume learning is necessary even when idle speed or 
ignition timing is outside the standard. Note that idle air volume 
learning is equivalent to the base idle speed adjustment by 
conventional throttle adjusting screw of carburetor or LPG mixer. 

OPERATION PROCEDURE FOR THROTTLE VALVE 
CLOSED POSITION LEARNING 
1. Turn ign~tion switch ON -+OFF. (And hold it for approximately 5 

seconds after turnmg it OFF.) 
2. Make sure that throttle valve operates. (Check for operating 

sound.) r 
3. Upon completion of above, learning is complete 

CAUTION: 
Throttle valve closed position learning cannot be 
performed with SST. 
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IDLE AIR VOL LEARN WILL BE 
CLEARED BY PRESSINQ 'YES' 

I 
- 

r MONITOR 
ENG SPEED 713 rpm 

I 
Print I F2 I F3 F4 

Throttle Valve Closed Position Learning and 
ldle Air Volume Learning (Cont'd) 
OPERATION PROCEDURE FOR IDLE AIR VOLUME 
LEARNING 
1. Perform throttle valve closed position learning. 
2. Fully warm up engine and transaxle. [Engine coolant 

temperature: 70 - 99% (1 58 - 194"F)I 
3. Make sure that engine is free of oil pressure load and any 

electrical loads with the shift lever in the N position. 
4. Execute the following contents while idling using SST. 

1) Touch "START" on "IDLE AIR VOL LEARN (NORMAL)" in 
WORK SUPPORT. 

CAUTION: 
"IDLE AIR VOL LEARN (PLANT)" is the original setting on 
the vehicle. Do not use it. 

2) When learning is completed, "CMPLT" is displayed. 

CAUTION: 
It will take approximately 20 seconds to complete the idle 
air volume learning. Do not turn OFF the ignition switch 
until completion. 

3) Make sure that the learning has been completed by 
checking the "IDL AN  LEARN" screen in DATA MONITOR 
mode. 

Learning completed : CMPLT 
Learning not yet completed : YET 

4) Make sure that idle speed and ignition timing are within the 
standard. 

5) Perform "ldle Air Volume Learning" again if values are 
outside the standard. 

ACCELERATOR PEDAL RELEASED POSITION 
LEARNING 

DESCRIPTION 

When the accelerator pedal assembly has been replaced or the 
accelerator pedal position sensor connector has been disconnected, 
the accelerator pedal released position needs to be learned after 
being repaired, so learn accelerator pedal in fully-released position. 

OPERATION PROCEDURE 

1) Turn ignition switch ON and wait at least 2 seconds. 
2) Turn ignition switch OFF and wait at least 10 seconds. 
3) Then turn ignition switch ON again and wait at least 2 seconds 

(learning completed). 

EC-I 2 
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Fuel Pressure Inspection 
QUICK INSPECTION 
@ WITH SST 
1. Turn ignition switch ON (engine stopped). 
2. Press "ON" or "ONIOFF of "FUEL PUMP RELAY on the 

ACTIVE TEST screen. 
3. Pinch the fuel feed hose with fingers. Hose should feel hard and 

pulsating. 

@ WITHOUT SST 
When the fuel feed hose is squeezed while fuel pump is 
operating (immediately after the ignition switch is turned ON or 
while cranking), the hose should be swelling with pressure or 
pulsating. 

FUEL PRESSURE RELEASE 

CAUTION: 
Relieve fuel pressure before removing fuel piping to secure 
safety. 

@) WITH SST 

1. Start engine. 
2. Select "FUEL PRESSURE RELEASE, and touch "START" in 

WORK SUPPORT. 
3. Crank engine 2 or 3 times to consume the fuel in the fuel line 

after it stalls. 
4. Turn ignition switch OFF. 

@ WITHOUT SST - 
1. Disconnect fuel pump fuse. 
2. Start engine. 
3. Crank engine 2 or 3 times to consume the fuel in the fuel line 

after it stalls. 
4. Turn OFF the ignition switch, and install the fuel pump fuse. 

FUEL PRESSURE INSPECTION 

CAUTION: 
Safely and securely remove and install fuel hose referring 
to (??), "Removal and Installation". 
Use the fuel pressure gauge for fuel pressure inspection. 
Do not inspect fuel pressure while other systems are 
operating. Malfunctions may occur in  fuel pressure value. 
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Fuel Pressure Inspection (Cont'd) 
1. Release the fuel pressure. 
2. Install fuel pressure gauge using fuel hose for fuel pressure 

inspection. 
3. Remove fuel hose, and then install fuel hose for fuel pressure 

inspection. 

CAUTION: 
Usable period of fuel hose for fuel pressure inspectlon is 
30 times or less. (Fuel hoses that are damaged and allow 
fuel leakage are not contalned above.) 

4. Turn ignition switch ON, and then make sure that there is no fuel 
leakage. 

5. Start engine, and check for fuel leakage. 
6. Make sure that fuel pressure is within the standard. 

At idle: 
353 kPa (3.53 bar, 3.6 kg/cm2, 51 psi) 

If the vehicle shows poor starting, check fuel pressure with fuel 
pump operating for approximately 1 second after ignition switch 
is turned ON, and during cranking. 

For 1 second after ignition switch is turned ON and 
during cranking: 

353 kPa (3.53 bar, 3.6 kg/cm2, 51 psi) 

Check the following items if a malfunction is detected. 

CAUTION: 
Also check fuel'pressure at increased engine speed. 

Malfunctioning pressure regulator (integrated with fuel 
pump) 
Clogged fuel piping 
Clogged fuel filter 
Poor fuel pump discharge 
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How to Proceed with Trouble Diagnosis 

sensor 
1. The most important point in performing trouble diagnosis of 

malfunctions is to thoroughly understand the vehicle systems 
(both control and mechanical). 
An ECM-based engine controls actuators such as injectors and 
the ignition coil according to information from sensors. Then 
through actuator operation, the engine (mechanical system) 
runs. Sensors transmit information on the running condition, 
which changes constantly, to ECM. It is important to understand 
these cycles. 

2. It is also important to clarify customer concerns before starting 
the inspection. First of all, reproduce the symptom, and 
understand it fully. Ask the customer about hislher complaints . ,,. 

, . .  . , 
, ,  .>  ,.:: ~ . ~ ,  . . ... . 

carefully. In some cases, it will be necessary to check the . ~. . ,.. ., 
, . >::<::. ,, .. 

symptoms by driving the vehicle with the customer. . . .  . 

CAUTION: 
Customers are not professionals. Do not assume "maybe 
the customer means ..." or "maybe the customer 
mentioned this symptom". 

3. It is essential to confirm symptoms right from the beginning in 
order to ensure all malfunctions are completely repaired. 
For an intermittent malfunction, it is important to reproduce the 
symptom based on an interview with the customer and past 
examples. Do not perform an inspection on an ad hoc basis. 
Most intermittent malfunctions are caused by poor contacts. In 
this case, it will be effective to shake the suspected harness or 
connector by hand. When repairs are performed without any 
symptom check, no one can judge if the malfunction has 
actually been eliminated. 

4. The next important thing is to find which system among the 
following is causing the malfunction: ECCS control signal 
system, or a mechanical system (such as the engine main body 
and auxiliary component). It is important to inspect the system 
using SST or by checking the ECM inputloutput signals. .. : . ~ . . .., . .... . . . 
When checking the ECM inputloutput signals, connect a check :A; , . . I . ~ .. .. .. 

adapter (SST) to ECM in order to prevent misdiagnosis. 
Special Service Tools (SST): 

Check adapter V (N-EG175-30000) 
(for SMJ 150-pin connector) 
Harness adapter (N-EG175-50200) 
(150-pin - 121-pin conversion adapter) 
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SST or oscilloswpe 

How to Proceed with Trouble Diagnosis (Cont'd) 
5. Use the reference value of inputloutput data (guideline) in this 

manual in order to judge the ECM inputloutput signals. Measure 
the data of another vehicle of the same model under the same 
conditions when it is difficult to judge, and compare the data. It 
is advisable to collect sufficient data of a normally operating 
vehicle. 

TROUBLE DIAGNOSIS FLOW CHART 
There are many different malfunction symptoms. So there is no 
perfect trouble diagnosis technique applicable to all malfunctions. 
Experience is also important to achieving an accurate trouble 
diagnosis. 
Nonetheless, an accurate trouble diagnosis can be performed by 
applying similar procedures, regardless of the malfunction symptom. 
Perform trouble diagnosis following the flow chart shown below. 



TROUBLE DIAGNOSIS 

Question point 

WHAT ........... Vehicle & engine model 

.WHEN.. .............. Date. Frequencies 

WHERE. .  .............. Road conditions 

... . HOW. Operating conditions. Wealher mnditions 

. WHATBECAME.. ............. Syrnpt~m 

How to Proceed with Trouble Diagnosis (Cont'd) 
DIAGNOSTIC WORK SHEET 
DESCRIPTION 

In order to clarify the malfunction symptom, it is important to ask 
the customer and collect information about their concerns. 
Ask the customer about what symptoms are present under what 
conditions. Use the information to clarify the symptom. 
Use the trouble diagnosis sheet to be certain not to miss any 
vital information. 
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How to Proceed with Trouble Diagnosis (Cont'd) 
Trouble Diaanosis Information Memo - 

Memossr al No 

Trouble Diagnosis Information Memo 

- - >  
158 Nolre Lorelon: j .-. ................ .. ... !.. _ 
1s; mmns 18.p i~urnn.mn ll NO [s n s  .. 

- - - 8  
~ i r s t  occurrence [cjj mth nwvenic~a  ~ s s a n w  m ~ m r  dale , .... 3, / i ~ e ~ b r n ~ m  baok rorrerv~clng~wmx. am: 
Fre uency of --., r--8 

1 ,  n,s,,,,mss :-?:".erT(M,n wneum. ;+.rnPtirn- occjrrence .-.. 
.--, ~ . ~ ~ ~ u ~ i  r - -wmdiv i  21 
- ? : i t * Q : c )  i .............. . l .--.i%l 1 .................... 1 

,--;Cold r - . m e n  r - .  Temperature ' -5 ;  co,l..lt,m, i.. l..:enoina ...: ~m soolsnttemo. 
condition ---' , is up --;: Enginecompsnmrn ; ___. temp 

jr 
---, 7 - - 1  ?.., ,; 1m1wmt :-?:"l"le , 3. M h  engine ,suns m .-.. ... ..... - g ---, 4 ,  D"ti"nBBMIrR,,O" 

? ........... I._. .... __ " .-.. . .--. ". 
0 51 41 mnrlsnfspeed -.. ... ...................................................... ! _... _ ................................... 

1 
Attachment 

Other: 
Enter mmments. 
etc. 

ECMOW - 
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AENBmr maHunchon 
e: Highly poasible . : Possible 

(POS. PHASE) 

Mesa sir llow 
ssnsor 

High 

signal OU@ut 

Low output C 
Ground OPEN t k  

~ n t a h  au temperature JOPEN/ 
ssnror SHORT 

Rsalatans 
e in large. 

E z G z q G F  SHORT 

Diagnosis Chart by Symptom 
TB45 ENGINE RELATIONSHIP BETWEEN MALFUNCTIONING 
SYMPTOMS AND THE SENSOR CIRCUIT 

The table below shows the possible symptoms caused by the 
malfunction of each sensor circuit. 

. An apsn cirovit in either POS or 
PHASE algnel makes it imparsible 
forthe vehlcle to start . htmfS@naM lor hid By6tBmBBd 
lgnltlon system are not output. 

I I I I I I  may ba oavsed during idle. 
I I I I I I . 11 will be fall-sate condition, and 

t . vehicle nmsatsnenginespeed0f 
2.400 rom or leu .  

The dl-tuel ratio bscomes rich. 
 lacks smoke may accompany Poor 
conneaton of grounding may be s 
pouible EBYSB. 

- The sir-lwi ratio bwomes lean. 
Contaminated hot wire or suction 01 .I may be suspsctsd. 

. ltwlll be wer-rioh. 

. if wlll be h11-Me condinion, and 
whlcle runs at an engine speed of 
2,400 rpm or less. , . . . ., . . . . , . . 

~ . ~. 
I ' . ' .  

I I I I I I coilant temperature is high. - 

. It wlll be base air-fuel ratio. 

. Duration d fue l  cul becomes 
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Descrlpflodnotable charscteristisr ot 
the symptom 

- Idle will be bme rpm. Noaddition 
b r  acceleration. 

Possible interruption by , , . . . . . , , 

unneeespary fuel injestion. Pwr ,~ . . . . . . ,  . . , . , . , . , 
grwnd or sonml unit connection ,, , . . ., , , .> 
may be the muse. , .  ~ 

. PNP swifch is judged as OFF, Bnd 
me tar@ m ~ d  engine opesd in NIP 
position 15 low~red. 

. PNP switch is judged ss ON, and 
fasl idle is eneoti br  mld engine 
in positions otherthan NIP position. 
makina the crew lamer. 
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Diagnosis Chart by Symptom (Cont'd) 
TB45 ENGINE RELATIONSHIPS BETWEEN MALFUNCTIONING 
SYMPTOMS AND ACTUATOR CIRCUITS 
The table below shows the possible symptoms caused by the 
malfunction of each actuator circuit. 

Osu;riptionlnmble charactenrlics 01 
the symptom 

No fuel injectionto cylinderwkh opsn 
circd. resulting in LEAN output at 
hsated oxygen sensow 
Sianing anglna la Impossible when 

continuous fuel inlenlon to cylinder 
with shonoircuit, resulting in OVER- 
RICH and misfiring. 
Stanlng englne is ImpQssible when 
the ClrCUiD IDI d l  me cyllndm 818 
open. 

The Cyilnder with foreign mslerial will 
keep lnlectlng. 

. . 

Open 
$:.!,,.;; ;:. 

lmmedlatsly engine stalls dunng .~ , 
: : .  

mglne runnlng, snd hen does not 
restan. 
lniscts tuel towad S D a l  oluo durinn . . -  - 
orenking. 
Momentalily open 
Sllghl6hOCks and Surges may be 
sensed depending on me duratlon ol 
momsntalily open circuit and the 
opemting wndltlonr. Englnsslsll 
m a y m u r  il duration ol momsntarlhl 
open clrcun is too long. 
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Actuator malfUnotlon 
e: Hlghly possible 
1 :Possible 

FYOI pump circuit 
lanition mlsv circuit ~omsntarily 

CDntml unlt 
side Ohon 

LPQ intercaptlon valve relay OPEN 

Contrd unlt 
side shon 

Improper TAS lesrnlng 
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Symptoms 

Meln unit symptom 
e: Hlshl~ws6ible 
: P&hlble 

v.  Not very possible 

mlnum 
Ah su*ed ham 0 1  lillercap 

Ar eucked hom PCV hose 
(downaream or PCV) 

Am IuCke(I hom intake manlfold and 

PCV kepi opsn 

Clogged fuel strslner 

Clogged air cleaner element 

I MaIlunEtioning gsrdlne pressure 
regulator 

Pwrqudity gssollna 

Improper LPG tuel (cold area and 
pmpane rsti0) 

Clogged LPG vaporizer hot water 
ClrcUlt 

Clogged LPG interception valve m s ~  r-- 
valve deposii r--- 

Diagnosis Chart by Symptom (Cont'd) 
TB45 ENGINE RELATIONSHIP BETWEEN MALFUNCTIONING 
SYMPTOM AND THE ENGINE MAIN BODYIAUXILIARY 
COMPONENT 
When the three elements of combustion, compression pressure, fuel 
mixture, and sparking are all normal, no malfunctions are caused in 
the gasoline-type engine. 
The ECM controls the fuel mixture and sparking (ignition timing). But 
with malfunctions on the part of engine main body, malfunctioning 
symptoms result. 
The table below shows the possible symptoms caused by the 
malfunction of engine main body system. It will be helpful in 
malfunction trouble diagnosis. (The table lists general symptoms and 
some may not be applicable.) 

. , .. 
1m- 

POSSi. 
ble to 
start 

Im- 
po*s1- 
ble to 
start 

idle POW driving oonlml  her Engine stall 

.. . . . . . . , .. . . . , 
..... ~ 

, . ,  
1 ,.,. 
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Enginestall Other I I 
Dessriptiorhot&le charederistics 01 

the symptom 

Check the igniting sequencs. 

Checkmet me gap lB pmper. Checkpiyg 
lor soil (smoking). 

symptom varies dependlng on the level d 
leaka~e. 

symptom vedss depending on mntacl 
condltionand the number of Minden. 

symptom varies depnding on degree of 
wear and the number 01 cylinders. 

In some cases. aner engine stsll, 
restetarting is possible. 

~ng lns  stall may =our by power steerlng 
load and oargo load during deceleretlon or 
at idling. 

n redwhe~is  are hot. 

. .  . 

Wlh !OW hlei this may esrily =cur. 

Also checkthe fDilowing Items other man ths a h  
.Check hamesa msion. .Check each mnnenor connedion. Check gmund wire for lwreneoo. . Chet* battev mnmdion lor M08eness or m m i m  . CMCk wafer and 011 mndiSon. . Checktan belb lor looseness. 
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Diagnosis Chart by Symptom (Cont'd) 
1645 ENGINE RELATIONSHIP BETWEEN MALFUNCTIONING 
SYMPTOM AND THE ENGINE MAIN BODYlAUXlLlARY 
COMPONENT 
When the three elements of combustion, compression pressure, fuel 
mixture, and sparking are all normal, no malfunctions are caused in 
the engine. 
The ECM controls the fuel mixture and sparking (ignition timing). But 
with malfunctions on the part of engine main body, malfunctioning 
symptoms result. 
The table below shows the possible symptoms caused by the 
malfunction of engine main body system. It will be helpful in 
malfunction trouble diagnosis. The table lists general symptoms and 
some may not be applicable. 



TROUBLE DIAGNOSIS 

Deasriptionlnotabie charecte.nticP of 
the symptom 

. . 

The w m ~ t o m  omm dewndins on 
mau.nmon ng gmoe ano me n-mocr ol 
mail.nclon ng q noon Pracs.! onr lor 
neso DO! bgnlen ng t o w e  

me rymp!om omm aepenolng on 
ma t~ncton ng grem ano me n-mocr of 
mBfLnClOrm0 Cll O O D n  - .  
Tna symptom occrn aepena ng an 
me hncton ng greoc ano tne -.moor d 
ma h"CI on "0  CY ndsm . . 

Check osket and tiahtenin0 mndition. 

Engine r td i  may omur by power steering 
l a d  and carp load d u n g  deoeierelion or 
at idling. 

Oil ieskage amund front or rear crenkshan. 

oil ieabgs around Iron1 or rear crenkshsn. 

Whiiish exhaust gas. Worn piston or 
cylinder 

whitish rahaust gas. improper location d 
mnnecling end m d  assembie it upside 
d m .  

Whitish exhaust gas. wom piston ring 
glove or plston ring. 

Whnish exhaust gas 
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symptoms 

- 
Other: 

.2 2 +-- Improper valve tlmlng' 

0 

~snunotloning 011 pump r-- 

Lome or malfunctioning d l  
~ r e s m r e  ewitsh 

wreign matend in fuel tank 

oil lesksge tmmfuel systen 

m o o d  xempemwe 9s.g~ 

S coo ant eahege ~rom en0 n 
g roo an1 :emoem.re SFOSOI 

~sdiator related msllundol 

"-- 

piping 

Ingins d m  bell tension ta, higl 
excessive tension) 

:logged three-way eatalflc 
:onverter Iexnaurt ryrtem 

Irn- 1 Poor idle I 

ossoription/noteble charadstistics d 
the symptom 

Chansrlng nolss at idling . Clogged cleamce: 
~ n m s  leakage at ldllns 

. . . Check timing mark relatad to nming ohaln 
for dlsbcatlon. 

. LOO88 or bloke" gmket 

deteriomtlon . RB~III IY~I recommended 011. 

. Operation mdIunElbn or oil leakwe of 

. LW88 or broken 011 pan gasket 

. ~ l n  or enttyot taraten msterlal In engins oil 

Looseor broken gasket 

. DIri or mtw of foreion malarial in enolne 011 

. wdh IOW luel. lhis may saslly oaur. 

. Slip or worn belt caused by belt loosane- 

water leekage 
CloggedreBfrioted radiator and condenser, 
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symptoms crL :EL Poor Idle poor dri~lng contml I start I stert I 

~ a l n  unlt symptom 

AISO checkthe tollavlng i t e m  other than me above: . C h d  hmess tension. . Checkgmund lor lmssness. -Checkearn connmrsonnecUon. .Check battery mnnection lorlmseness orsormolon . cheeengine d m  bbe m o m m e s s .  - Checkwatsr and oil condinon. 

Descrlpliodnomble choractePU*i ol 
me symptom 
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Component Parts Location 

Gasoline injector 

LPG injector 

g - - 
U a 

Location Main component part 
Specifications 

High resistance 

Gas injection 

control actuator 

Type 

Fuel pump 

Fuel pressure regulator 

Throttle control motor 

Power transistor 

Crankshaft position sensor 

Mass air flow sensor 

Accelerator pedal position 
sensors 1 and 2 

Throttle position sensors 1 and 

Combined Gasoline 

Intake manifold 

lntegrated In injector holder (on 
intake manifold) 

0 

e 
$ 

LPG 

Electric motorlturbine 

Diaphragm 

Eleclric DC motor (DC motor) 

0 

I-channel 

Photoelectric 

Hot wire 

Variable resistance 

0 

0 

0 

2 

Engine coolant temperature 
sensor 

Intake air temperature sensor 

Heated oxygen sensor 

Vehicle speed sensor 

Integrated in fuel tank 

Integrated in electronic throttle 

Integrated in distributor Ignition coil 

Integrated in distributor 

Air horn 

Integrated in accelerator work 
unit (accelerator pedal assembly) 

Integrated in electronic throttle 

ECM 

ECM relay 

0 

Molded 

Thermistor 

Zirconia (with heater) 

Electromagnetic power 
generation 

0 

0 

0 

0 

0 

0 

0 

0 

121-pin digital control 

Compact relay 

control actuator 

Thermostat housing 

With air flow meter 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Component Parts Location (Cont'd) 
ECM COMPONENT PARTS LOCATION: TB45 ENG 

Component 
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ECM Component (Cont'd) 

ECM 

Eleclnc LtiruLUe conllol aclualor 

Mass air flaw sensor Healed oxygen sensor 

~cceleraior pedal position sensars 1 . 2  
Accelerator p d a l  
P m b "  4elwR 1, 2 
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Component Parts Location (Cont'd) 

Fuel pump Slop lamp switch 
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ELECTRIC PARTS 

ANTI-RESTART RELAY /-----. 
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Circuit Diagram 
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Circuit Diagram (Cont'd) 
2. 
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Circuit Diagram (Cont'd) 
3. 
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ECM Terminal Layout 

Data link connector 

The symbol in ( ) next to terminal numbers indicates the data link 
connector. 

Terminal 

4 I Throttle control motor (Close) 

Description 

1 I ECM ground 

2 

.- I 
11 I LPG assistance injector 

12 - 

- 

I 

I 

13 I Crankshaft posaion sensor 1' ( P O 9  

3 I Throttle control motor relav ~ower s u ~ ~ l v  

8 

-. 
I 

21 I Iniector No. 5 

LPG injector 1 

1 .  

22 I Injector No. 3 

9 I LPG injector 2 

23 

24 

25 

31 I LPG fuel ~ressure sensor 

Injector No. 1 

Heated oxygen sensor heater 
- 

I 
30 MIL 

32 

33 

34 

Fuel changing switch 2 (Gasoline) 

Vehicle speed 

Intake air temoerature sensor 
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41 I Injector No. 4 

-- I 
39 

. . 
I 

44 / LPG iniector drive intake I 

LPG injector drive keeping 

42 

40 I inlector NO. 6 

Injector No. 2 

43 - 

47 

48 

49 

I 
59 I Inchina switch 

Sensor power supply (Throttle position sensor) 

Sensor power supply 

Fuel chanoina switch ~ower  suo~iv 

50 

51 

52 

53 

54 

55 

56 

57 

Throttle position sensor 1 

Mass air flow sensor 

Idle air volume learning operation 

LPG injector check 2 

Maximum vehicle speed shifting 
- 

- 
- 

62 

70 /Fuel changing switch 1 (LPG) 

ignitlon signal (power transmission drive signal) 

66 

67 

68 

Sensor ground (Throttle position sensor) 

Sensor ground 
- 

63 

. . I 

LPG injector drive intake 2 

72 

78 

79 

82 

83 

84 

85 (K LINE) 

LPG injector check 1 

Sensor ground (Heated oxygen sensor) 
- 
Sensor ground (Accelerator pedal position sensor 1) 

Sensor ground (Accelerator pedal position sensor 2) 

Headlamp switch 

K-line IECM data transmiVreceive) 

73 1 Engine coolant tem~erature sensor 



Terminal 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

I 

104 I Throttle control motor relay 

i nr. - 

Description 

- 
- 
- 
- 

Accelerator pedal position sensor 1 power supply 

Accelerator pedal position sensor 2 power supply 
- 
- 
- 

- 
- 

- 
Accelerator pedal ~osition sensor 2 

99 - 
inn  - 

. -- I 

. .. I 
111 I ECM 8 IGN coil relav 

106 

, vw I 

I 
112 I LPG interception valve relav 

Accelerator pedal position sensor 1 

109 (IGN) 

I 

113 1 Fuel pump relay 

11d - 

107 - 

Ignition switch 

11n - 

- 
I 

121 I Power supply for ECM (Back-up) 

. . .  
I 

115 (-) ECM ground 

116 (-1 I ECM around 
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ECM InputlOutput Signal Specifications 
REFERENCE VALUE LIST 

Voltages is measured with a circuit tester, and the sample 
waveforms obtained with an oscilloscope are shown below for 
each ECM terminal. Measurement data varies depending on 
variation in parts as well as many other factors. Such factors 
include vehicle history, driving conditions, environmental 
conditions, maintenance status, measuring instrumenffmethod, 
etc. Data shown below are reference values. 

Dsta link mnnector 

ECM0241 

I I ignition switch ON I 

Data (DC value) 

/ - . . . . . . -. . . . . . . _, I ignitiA"switch ON and after ignition I " 

24 I Heated oxvaen sensor heater I At idle after warming up I Approx. 0.3V 

Condition Terminal 

111 

I I swltch OFF I 

Signal name 

Ignition switch OFF I Battery voltage 

ECM & IGN call relav 

After that 

At cranking, engine running 

For aooroximatelv 10 seconds when 

Battery voltage 

Approx. 1V 

Ao~rox. 1V 
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Terminal 

62 

1 Sianal name 

I 
Stop lamp switch 

I 
109 (IGN) 

102 

ignition switch 

PNP switch 

I 

Sensor ground 

ECM ground 
116 

85 (K LINE) 

84 

Condition 

,t cranking 

K-line (ECM data transmiffreceive) 

Headlamp switch 

,t idle after warming up 

.t approx. 2,000 rpm 

Data (DC value) 

\t cranking: Approx. 0.5V 

(V) 
6 
4 
2 
0 

ECM0249 

rt idling: Approx. 0.5V 

IV) 
6 
4 
2 
0 

.,. . 
~. . ~ . ,  . . ~ . , ,  . . . .~ 

ECMMW , . , ~. 
. ~ ,  

rpprox. 0.9V 

(V) 
e 
4 
2 
0 

ECMMSI 

mition switch ON I Batterv voltage 

l position 

Ither than above 

#hen connected to SST 

Approx. OV 

Battery voltage (A!T models) 
Approx. 4.8V (MIT models) 

Approx. 6.6 - Battery voltage 

lnen not connec~ea to SST Approx. 6V 

ighting swrtch ON 

Jways 

dways 

iohtina sw tcn OFF I Aoorox. OV 

Battery voltage 

Approx. OV 

Approx. OV 
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Terminal 

91 Accelerator pedal position sensor 2 
Dower supply 

48 

121 

47 

ground 

90 ( Accelerator pedal position sensor 1 

.~ ~ 

Sensor power supply 

Power supply for ECM (Back-up) 

Electric throttle control actuator aower 
1 --rr, 

I power supply 

78 

Condition 

Heated oxygen sensor ground 

it cranking 

it idle ~ f te r  warming up 

rt approx. 2.000 rpm 

jnition switch ON, engine running 

Gtmon switcn ON, engme running 

, - 
jnition switch ON, engine running 

ilways 

pition switch ON, engine running 

Data (DC value) 

1 cranking: Approx. 2.6V 

t idling: Approx. 2.5V 

pprox. 2.5V 

ECM0254 

pprox. 2.5V 

pprox. 5V 

attery voltage 

pprox. 5V 

pprox. OV 

pprox. 5V 
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Terminal 

14 

Signal name 

:rankshaft position sensor 120' (REF) 

Aass air flow sensor 

'hronle Dosition sensor 1 

'hronie position sensor 2 

\cceIerator pedal position sensor 1 

\ccelerator pedai position sensor 2 

Condition 

At cranking 

At idle after warming up 

41 approx. 2,000 rpm 

Ignition switch ON 

At cranking 

At idle after warming up 

At approx. 2,000 rpm 

At idle after warming up . ~ 

ignition switch ON wlh engine stopped 
Accelerator pedal is fully depressed 

igntion switch ON with engine stopped 
Accelerator pedai is released 

At approx. 2.000 rpm 

At idle after warming up 

ignition switch ON with engine stopped 
Accelerator pedal is fully depressed 

ignition switch ON with engine stopped 
Accelerator pedal is released 

At approx. 2.000 rpm 

At Idle 

Ignition switch ON with engine stopped 
Accelerator pedal is fully depressed 

ignition switch ON wlh engine stopped 
Accelerator pedal is released 

At approx. 2.000 rpm 

, . . . - . - 
lgnitlon switch ON with engine stopped 
Accelerator pedal is fully depressed 

~ ~ 

ignition switch ON with engine stopped 
Accelerator pedal is released 

At approx. 2.000 rpm 

Data (DC value) 

At cranking: Approx. 0.5V 

(V) 
6 
4 
2 
0 

ECM0255 

At idling: Approx. 0.5V 

(V) 
e 
4 
2 
0 

ECM0256 

Appmx. 0.5V 

Approx. l.5V 

Approx. 0.6V 

Approx. 0.75V 

Approx. 0.75V 

Approx. 0 . N  

Approx. 4.5V 

Approx. 4.35V 

Approx. 4.35V 

Approx. 4.4V . . 

Approx, 0.6V 

Approx. 0.6V 

Approx. 4.2V 

Approx. 0.65V 
~ ~ 

Approx. 0.3V 

Approx. 0.3V 

Approx. 2V 

Approx. 0.35V 
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Terminal 

Engine coolant temperature sensor 7 
Injector drive signal 

42 

Condition 

Intake air temperature is approx. 20'C 
(6B'F). 

Intake air temperature is approx. BO'C 
(176'F). 

Always 

At idle afler warming up 

At approx. 2.000 rpm 

Engine coolant temperature is approx. 
2O'C. 

Engine coolant temperature is approx. 
BO'C. 

At cranking 

At idle atter warming up 

At approx. 2.000 rpm 

Data (DC value) 

Approx. 3.5V 

Approx. 1.2V 

4ir conditioner OFF: 
:lamp between 0 - 0.7V 
4ir conditioner ON: 
Zhanges between approx. 0 - 0.3V - 
approx. 0.5 - 1 .OV 

(V) 
1.5 
1.0 
0.5 
0 

ECM0258 

Zhanges between approx. 0 - 0.3V - 
approx. 0.5 - 1.OV 

3atlery voltage 

qelatively lower than battery voltage 
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Data (DC value) 

120 

104 

3 

5 

4 

32 

Condition Terminal 

49 

70 

Signal name 

119 I Power supply for ECM I Ignition switch ON, engine running 

Throttle control motor relay 

Throttle control motor relay power 
supply 
Throttle control motor (Open) 

Throttle control motor (Close) 

Fuel changing switch 2 (Gasoline) 

neutral) 

I volume learning 

54 I Maximum speed shifting I I It varies depending on setting 

Battery voltage 

Fuel changlng switch power supply 

Fuel changing switch 1 (LPG) 

52 

Ignition switch ON, engine running 

Always 

At idle after warming up 

At approx. 2000 rpm 

At idle after warming up 

At approx. 2000 rpm 

Changing switch ON (At gasoline side) 

Chansins switch ON (At LPG side or 

Battery voltage 

I Inching switch OFF Approx. OV 

Approx. 1 V 

Battery voltage 

Approx. 0.1 to 0.15V 

Approx. 2 - 2.5V 

Approx. 5V 

Approx. OV - - 
neutral) 

Changlng switch ON 

Changing switch OFF (At neutral) 

Changing switch ON (At LPG side) 

Changing switch OFF (At LPG side or 

When ignition switch is ON and for 
amroximatelv 10 seconds after ignition 

112 

Idle air volume learning operation 

I I . . 

Approx. 5V 
. , .  

, .  . 
Approx. OV t. , .- . ,:.. . ~, .. 

,". ,' . 
Approx. 5V , ,  , . 

, 

Approx. OV 

LPG interception valve relay 

s i t c h  is OFF 
. 

Ignition switch OFF 

When connecting tools for idle air 
volume learning 

When not connecting tools for idle air 

Vehicle stopped 33 

Approx. OV 

Approx. 1.5V 

Approx. OV 

Vehicle speed sensor signal I Approx. 11V or approx. 1V 

Battery voltage Inching switch ON 59 Inching switch 
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SST 
DESCRIPTION 

SST executes the following functions using the combination of 
data reception, instructions, and transmission from the ECM via 
the communication line. 

Diaanosls test mode I Functlon - I 
WORK SUPPORT 

- - - - 
Allows performing "Idle Air Volume Learning". 

OPERATION PROCEDURE 
1. Turn ignition switch OFF. 
2. Connect SST to data link connector. 
3. Turn ignition switch ON. 
4. Turn main body power supply switch ON. 
5. Displays main menu 2 seconds after displaying initial screen. 
6. Perform the necessary trouble diagnosis mode. 

Refer to "CONSULT-II Operation Manual" for further information. 

Reduces the preparation work necessary for inspecting. 
Dlsplays inputloutput signal data related to the work. 
Allows seflina control tamet values of idle s ~ e e a  or ianition timina. 

SELF-DIAG RESULTS 

DATA MONITOR 

ACTIVE TEST 

ECM PART NUMBER 

WORK SUPPORT 
SST assists with idle adjustment work. With SST, it sends an 
operation command to ECM, and adjustment control is performed 
accordingly. However, inspector performs actual adjustment work. 

Displays names of freeze frame data and basic inspection stored in ECM. 
Displays data recorded when DTC is detected. 
~ r a i e s  DTCs recorded in memory. . Provides useful data along with seif-diagnosis results to determine the main cause. 
Displays inputloutput data of ECM in real time. 
Records and stores data. 
Detects malfunctions in real time. 

Can be used to determine and identify the primary sources of malfunctions based on self-diagnosis 
results and data from DATA MONITOR. 
Each actuator is activated after receiving a drive signal. . ECM part number can be read. 

DISPLAY ITEM LIST 

Work support item 

- 
3 TARGET IGN RPM ADJ (') I Sets a control larger value tor tne dle speed (0 to 250 rprn). 

4. IDLE A R VOL X A R h  clear Learns the minimum idle alr f ow amomt requlrea for .a e speed conlro, when predetermine0 conditions are 

Description . . 

1. TARGET IDLE TIM ADJ (') 

2. FUEL PRESSURE RELEASE 

I specifled following replacement of electric throttle control actuator and ECM 

Allows control target velue for initial ignition timing (-15 to 5'). 
Note: To make sure that ignition timing and actual timing are the same, inspectors must use timing light. 

Shuts down the fuel pump and stops the engine. (While cranking, pressure in the fuel piping can be 

5. "SELF-LEARNING CON7 
clear 

6. LPG FUEL PRESSURE 
RELEASE 

7. 'LPG SELF-LEARNING 
CONT" clear 

- .  

Clears air-fuel ratio feedback control correction coefficient. 

Operate fuel interception valve before removlng fuel piping, and then operate and control ignition. Engine is 
stopped when the fuel is consumed. 

Initialize (clear) air-fuel ratio learned value. 

*:This function is not necessary in the usual service procedure. 
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1 I 1 SELF-DIAG RESULTS MENU 1 

PO102 MAF SENlClRCUlT 
PO110 AIR TEMP SENJCIRC 

Number of Diag. Code: 
PRSS 'YE9 

Print 

Print I FZ I F3 F4 

CLEAR DIAGNOSTIC CODE? 

Press "YES' or 'NO' 

SST (Cont'd) 
SELF-DIAGNOSTIC RESULTS 
When a malfunction occurs in ECM input/output signal circuit, the 
malfunctioning circuit is recorded. Then, that particular system name 
and basic inspection items are dispiayed. Also, malfunction data 
recorded is displayed. 

OPERATION PROCEDURE 
[EXAMPLE: WHEN THERE IS A MALFUNCTION IN MASS AIR 
FLOW SENSOR] 
1. Select cursor on SELF-DiAG RESULTS screen with direction 

key, and then push "YES". 

2. Basic inspection items are displayed. 

CAUTION: 
Inspection items are not displayed in some self-diagnostic 
results. 

3. When "3. RECORDED DATA on SELF-DIAG RESULTS screen 
in step 1 is touched, "FREEZE FRAME DATA", which shows the 
operation state when the malfunction is detected, is displayed. 

4. Select "2. MEMORY ERASE and push "YES, and then erase 
self-diagnostic result. 
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SST (Cont'd) 
DISPLAY ITEM LIST 

>.... .~ -, 
been 9V or more for predetermined period. [PO1021 
When engine is running and mass alr flow HlGH INPUT SHORT 

Display Diagnosis item 

NO DTC 

Mass airflow sensor 
1MAFSI 

I sensor o&ut voltaae has been 5V or less for I [PO1031 

Malfunction Return Condition 

No malfunction is detected in any of the circuits. 

When engine is stopped (ignition switch ON) 
and mass air flow sensor output voltage has 

NO DTC 

Mass air flow sensor 
LOW INPUT OPEN 

Engine coolant 
temperature sensor 
(ECTS) (CIRCUIT) 

SHORT [PO1231 
TPSl LOW INPUT [PO2221 

Throttle position sensor 
signal circuit 

- 
shorted. 
A malfunction occurs in relation between 
throttle position sensors 1 and 2. 
When the fully-closed position learning value 
was unusually small or was not learning. 

-~ ~~ - 
predetermined period. 

Engine coolant temperature sensor output 
voltage has been approximately 8V or more 
(open) or less than 0.06V (short) for 
predetermined period. 

TPSI HlGH I N P U T [ P O ~ ~ ~ ]  
Electr~c throttle control I 

Enginecoolanttemperature 
sensor 
LOW INPUT OPEN 
[POI 171 
HlGH INPUT SHORT 

1 .  

/ motor oower suoolv short 

. Sensor power supply VOltEage has a 
malfunction. 
Throttle oosition sensor signal circuit is open or 

motor power supply open I [PI 1261 

Throttle position sensor 
TPS2 LOW INPUT OPEN 
[PO1221 
TPS2 HlGH INPUT 

~lectricthrottle controi 
motor short [PI 1281 
TSP1-2 fullv-closed learned 
value decriase [PI2251 
TSP fully-closed learned 
value malfunctioning 
update [PI2261 
TSP1-2 [P2135] 
TPSFThrottle position 
sensor 

accelerator pedal position sensors 1 and 2. [P21231 
APS2 LOW INPUT [P2127] 
APS2 HlGH INPUT 

Acceleration sensor 
slgnal circuit 

circuit) 

circuit) than normal (2V or more). 

[P2128] 
APSl [P2138] 
APSFAccelerator position 
sensor 

O2 Sensor B1 
Fr OdS Open [POI 341 

o2 Sensor B1 

I 

FR 0215 VOLTAGE 
[POI 321 

Accelerator pedal position sensor signal circuit 
is open or shorted. 
A malfunction occurs in relation between 

APP SENSOR 
APSl LOW INPUT [P2122] 
APS1 HIGH INPUT 

I - 

ON' 

OVERHEAT (STEP 1) 

ON" 

02HTRB1 
Fr O2 HEATER LOW 

O2 Sensor heater signal 
circuit 

Trip 

. Heated oxygen sensor signal circuit is open. 

. When engme coolant temperature 1s 1 IO'C. 

INPUT [PO0311 
Fr O2 HEATER HlGH 
INPUT [PO0321 

OVERHEAT STEP #1 
lP12181 



TROUBLE DIAGNOSIS 

Diaonosis item 1 Malfunction Return Condition 1 Display - 
LPG injector 1 
malfunction 

LPG Injector 1 
malfunction 

LPG injector 2 
malfunction 

I I 

I I 
LPG vaoorizer 1. LPG fuel pressure is excessivelv high. I LPG FUEL PRESSURE 

LPG injector signal circuit is open. 

LPG injector signal circuit is open. 

LPG injector signal circuit is open. 

. - 
EXCESSIVELY HlGH 
MALFUNCTION [P1249] 

LPG FIINJ 1 
MALFUNCTION 
(INJECTION) [PI2401 

LPG FIINJ 1 malfunction 
(No injection) [PI2411 

LPG FIINJ 2 
MALFUNCTION 
(INJECTION) [PI2421 

LPG FIINJ 2 
MALFUNCTiON (NO 

LPG injector 2 
rnaifunctbn 

LPG FUEL PRESSURE 
SENSOR HIGH INPUT 
MALFUNCTION IP12451 

LPG fuel pressure 
sensor malfunction 

. LPG injector signal circuit is open. 

LPG fuel pressure sensor output voltage is 
higher than normal (?V or more). 

supply 

Crankshafl position 
sensor 1Bdeg; (POS) 
signal circuit 

I 

Crankshaft position 
sensor l2O&deg; (REF) 
signal circuit 

irreoular waveform is detected for a Hall POS SENSOR 

AVCC SHORT [PI2291 ThrotlleIAccelerator 
oosition sensor oower 

- - ~  ~ 

.. - - 

predeterm'nwd time o~r ing eng ne r-nnmg I INSTANTANEOUS/NOISE! 
ldbrlno camsnaft 00s tion sensor (REF) s anal DAMAGED TEETH 

Power supply of accelerator position sensor 
and throltle position sensor is shorted. 

. - . . -  
input). 

At start-up, no camshaft position sensor (REF) 
signal has been detected for more than a 
predetermined period. 

DIAGNOSIS [PO3351 

CMP SENICIRCUIT 
[PO3401 
Hall PHASE SENSOR 

The camsnatl posit on sensor (REF) signa 1s 
not oetected for a preaeterrnined tlme during 
engme r~nning (oLrlng crankshatr pos tlon 
sensor (POS) signal npLt). 

Vehicle speed sensor 

driving after warming up. ECM VEH SPEED SEN/ 
CIRC [PO5001 

OPEN DIAGNOS S AT 
START [PO3401 
Hall PrlASE SENSOR 
NSTANTANEOJSlhO S U  

, , -  
irregular waveform is detected for a 

MIL 

A camshaft ooslion sensor #REF\ sonal DAMAGED TEETH 
DIAGNOSIS [PO3351 

Trip 

predetermined time during engine running 
(during crankshaft position sensor (POS) signal 
input). 



TROUBLE DIAGNOSIS 

Diagnosis item 

Engine control module 

Malfunction Return Condition 

CPU system or circuits in ECM have a 
malfunction. 

Display 

Malfunction indicator 
lamp 

ICM [PO605] 
WNC MONITORING 

Valve or circuit malfunction occurs several 
times. 

'ARTS DIAGNOSIS 
PO6051 
'ARTS SETING 
:ALCULATION 
iXERClSE DIAGNOSIS 
PO6051 ALU FUNCTION 
JIAGNOSIS lP06051 
:ALCUAT oh RESULT 
2OLLECT ON FUNCTION 
IIAGNOSIS [PO6051 
4D DIAGNOSIS [PO6051 
:PU FUNCTION ~ 

IIAGNOSIS [PO6051 
r p s  4 TIME INPUT 
JIAGNOSIS [PO6051 
JAPO M-S diagnosis . 
PO6051 
JAPO M-S diagnosis 
PO6051 . -~~~ 

~ ~ ~ R O + L E  TARGET 
'OSITION DIAGNOSIS 
PO6051 
Enqine coolant temperature 
r e k  M-S diagnosis 
:PO6051 
TQHOAP MALFUNCTION 
JlAGNOSlS [PO6051 
nEPTD DIAGNOSIS 
PO6051 
  ATE DIAGNOSIS [PO~O~I 
mEP DIAGNOSIS lP06051 ~ 

SISOFF system diagnosis 

(MA h) [PO6051 
ROM FJNCTION 
DlAGhOSlS (MAIN) 
[PO6051 
RAM FUNCTION 
DIAGNOSIS (MAIN) 
IP06051 
&D FUNCTION 
DIAGNOSIS (MAIN) 

TIMER/CLOCI( 
FUhCTlON DlAGhOSlS 
(MAIN) [PO6051 
EEP-ROM WRITING 
DIAGNOSIS (MAIN) 
[PO6051 
EEP-ROM READING 
DIAGNOSIS (MAIN) 
lPO6051 
ROM FUNCT ON 
DIAGNOSIS (SUB) [PO605 
RAM FUNCT Oh 
DIAGNOSIS 2 (MAIN) 
lP06051 

MIUCIRC [PO6501 
WARNING LAMP (VALVE ~ ~~ ~ 

SYSTEM) [PO6501 
WARNING LAMP 
(CIRCUIT SYSTEM) 
lP06501 

MIL 

ON* 

Trip 

1 or 2 (NOTE) 



TROUBLE DIAGNOSIS 

Diagnosis item 

ECM power supply 
circul 

Electric throttle control 
actuator 

Electric throttle control 
function 

Throttle control motor 
relay circuit 

Engine over temperature 
(Overheat) 

Ignition signal system 

Brake switch signal 
circuit 

BACKUP RAM SYSTEM 
DIAGNOSIS (MAIN) I - 

Malfunction Return Condition 

[PI0651 

Because of mechanical malfunction of electric 1 ETC ACTR lP11211 

Display 

throttle control actuator, electric throttle control 
actuator does not operate normally. 

I DEFAULT MECHAN~SM 

Power is not supplied to ECM for some time. 

1 DIAGNOSIS [PIIZII 
THROTTLE OPEN 

ECM BACK UPICiRC 
[PI 0651 

LOCKING DIAGNOSIS 
I~P11211 

and the actdal throrhe positon. 1 ETC FUNCTIONC RC 
Over current flows Into tnroltle motor control CONTROL SYSTEM 

I ~ 

circuit. I MONITORING 

When a malfunction occurred due to the 
correlation between the taroet throttle Dosition 

MALFUNCTION 
DIAGNOSIS IP11221 

ETC FUNCTIONICIRC 
IP11221 

1 

Note: Number of trips varies depending on diagnosis content 

When throttle control motor relay has been 
locked ON or OFF. 

Engine coolant temparature sensor output 
voltage has been approximately 0.35V or lower 
for a predetermined period of time. (with the 
coolant temperature sensor normal). 

ignition signal has not been continuously 
generated while the engine is running. 

Brake switch signal circuit is open or shorted. 

MIL 

ON 

ETC MOT RLYICIRC 
[PI 1231 

ENG OVER TEMP [PI2171 

iGN-SIGNAL-PRIMARY 
DIAGNOSIS [PO3501 

BRAKE SWICIRCUIT 
[PI 8051 
BRAKE SWICIRCUIT 
[PI 8051 

ON* 

ON* 

ON' 
:Locked ON) 

Trip 

2 

Locked ON: 1 
Locked OFF: 

2 



TROUBLE DIAGNOSIS 

SST (Cont'd) 

DTC RESULT TIME 
PO102 MAF SENICIRCUIT 0 
PO110 AIR TEMP SENICIRC 1st 

P r o s  'YES 
Print 

Trip 1: If a malfunction is detected by self-diagnosis between the 
time ignition switch is turned ON (engine is running) and then turned 
OFF (this is defined as "trip"), MIL is lit. The corresponding DTC is 
recorded immediately after detection. 
Trip 2: When a malfunction is detected by seif-diagnosis for the first 
time in the first trip, a tentative DTC is recorded. If the same 
malfunction is detected again by self-diagnosis in the next trip 
(second trip), MIL is lit and the corresponding final DTC is recorded. 

SST SELF-DIAGNOSTIC RESULTS TIMING 
For items of trip 1, timing "0" is displayed immediately after 
detection of a malfunction. 
For items of trip 2, when a malfunction is detected for the first 
time (trip l), timing "1st" is displayed. When a malfunction is 
detected again in the next trip (trip 2), it is displayed as "0". 
Accumulative counting is performed at the end of warming-up 
operation. 

CONDITIONS TO TURN OFF MIL 
The MIL, marked with *, is turned off when ignition switch is 
turned ON (engine starts) again after normal state is resumed. 
For other self-diagnostic items, self-diagnostic results shall be 
erased by turning ignition switch to OFF after normal operation 
is resumed. 

FREEZE FRAME DATA 
Driving conditions stored at the moment a malfunction is 
detected and displayed. 
This data can be used to reproduce conditions leading up to the 
malfunction. 
If multiple DTCs exist, only the first one detected will be stored 
and displayed. If the same malfunction is detected several 
different times, the data stored first will be displayed. 

DISPLAY ITEM LIST 

Stored data item 

FUEL SYS-81 
FUEL SYS-B2 

CLV: Calculated Load Value 

COOLANT TEMP 

L-FUEL TRIM-B1 
L-FUEL TRIM-B2 

S-FUEL TRIM-01 
S-FUEL TRIM-B2 

ENGINE SPEED 

Show 81: No. 1 and 4 cylinders. 82: No. 2 and 3 cylinders. 

EC-52 

I , . .  - 

Unit 

% 

"C 

% 

r ~ m  

VEHICLE SPEED 

Description 

Displays air-fuel ratio feedback conditions at the time a malfunction occurred. 
Mode 2: No feedbackcontrol pelformed because of the system malfunction. 
Mode 3:Feedback control did not respond to driving conditions. 
Mode 4: Feedback control performed using heated oxygen sensor. 
Mode 5: Conditions to shift into the feedback control not established after ignition 
switch was turned ON. 

Based on the fuel injection amount, it calculates and displays the engine load at 
the time a malfunction is detected. 

Dlsplays engine coolant temperature at the time a malfunction is detected. 

Displays air-fuel ratio feedback learned value at the time a malfunction Is 
detected. 

Displays air-fuel ratio feedback corrected vaiue at the time a malfunction is 
detected. 

Displays enqine speed at the time a malfunction is detected. 

rmln Displays veh.cle speeo at lne time s malf~nnion is detected. 



TROUBLE DIAGNOSIS 

SST (Cont'd) 
DATA MONITOR 

Allows determination and identification of the possible source of 
a malfunction based on self-diagnosis test results. 
Displays ECM inputloutput signal data in real time. 
Records and prints out the data before and after the engine 
malfunction or stall, either automatically or manually. 

DISPLAY ITEM LIST 

Monitor item 1 Unit Description 
i I 

BIFUEL SCHDL 

NF ALPHA 

COOLANT TEMPIS 

I feedback controL 
RICH: Heated oxygen sensor output is high. Controlling to lower the value for 

Engine speed computed from crankshaft angle sensor signal ENG SPEED 

leaner ratio. 
LEAN: Heated oxygen sensor output is low. Controlling to raise the value for 

MAS NF SE-B1 I V I Mass air flow sensor output voltaue 

rpm 

msec 

% 

'C 

Output voltage of heated oxygen sensor H02S1 

I 
. - 

I richer ratio. 

- 
Value calculated by ECM , , 

, . 
Average of cycles for air-fuel ratio feedback correction coefficient L ,:. . .:< , . . , . .. . . .~ , ,. , . . . . , ?. 
Value converted into temperature from the output voltage of the engine coolant # .  . 
temperature sensor. 

H02S1 MNTR I RICHILEAN I Air-fuel ratio is given as heated oxygen sensor output signal during air-fuel ratio 

V 

THRTL SEN 1 

VHCL SPEED SE 

BAlTERY VOLT 

ACCEL SEN 1 

I Thronle ~osition sensor 2 output Voltage 

km/h 

V 

. . . . . . - .. . . 

Value computed from vehicle speed sensor 

ECM battery voltage 

Accelerator pedal position sensor 1 output Voltage 

- 

THRTL RELAY I I 

. 

ONIOFF status as judged by each input signal 

Value calculated by ECM 

START SIGNAL 

PIN POSl SW 

IGNITION SW 

BRAKE SW 

INJ PULSE 

IGN TIMING 

Incalculable 

FUEL PUMP RLY 

ONIOFF 

msec 

'BTDC 

% 

ONIOFF 

H02S1 HTR 

Value is calculated engine load based on the fuel injection amount. 

Status of each control as calculated by ECM. 

I 
IDL AN LEARN 

Banery voltage 

Vehicle s ~ e e d  maximum limit , ~~ 

LPG fuel injection width 
LPG basic fuel injection 

Air-fuel ratio correction (Gasoline1 

DONEMET 

Air-fuel ratio correction (LPG) 

Fuel type 

LPG fuel pressure 

State of "Idle Air Volume Learning". 

ms 

% 

Displays values measured by voltage probe. 

km/h 1 Vehicle meed maximum value 

Value calculated by ECM 

% 

GASOLINE1 
LPGINEUTRAL 

Fuel changing switch connecting condition 

Value convetted into pressure from the output vonage of LPG fuel pressure 
sensor. 



TROUBLE DIAGNOSIS 

4CH GRAPH DISPLAY (HOLD) OUTPUT 
SPECIFICATION 

Monitor item 

inching swltch 

Fuei changing switch 1 

Fuei changing switch 2 

LPG interception valve relay 

Unit 

ONIOFF 

Condition 

Normal 

Selection narrowing 

I I(2) Seiected. I 

Description 

ONIOFF status as judged by each input signal 

Condition 

(1) Supported by support data. 
(2) Graph is supported. 
Data vaiue that is not applied to communication in 
RUN mode is dispiayed as "- - -". 
(1) Supported by support data. 
(2) Graph is supported. 
(3) Seiected. 
Data vaiue that is not amlied to communication in 

Normal (LOAD) 

Seiection narrowing (LOAD) 

ACTIVE TEST 
Use this mode to determine and identify the details of a malfunction. 
based on self-diagnosis test results and data obtained from DATA 
MONITOR mode. SST, instead of the ECM on the vehicle, sends a 
drive signal to actuators to check their operation. 

. . 
RUN mode is dispiayed as "- - -'. 
(1) Saved. 

(1) Saved. 

DISPLAY ITEM LIST 

Active test item Description 

-. - ~ 

ignition timing test 

POWER BALANCE (Gasoline) 
(LPG, Neutral) 

acceiekation, poor racing, etc.) and help solve these malfunctions by pinpointig the causes. . Allows setting a correction coefficient for retarding (-10 - 0') . Stops operation of specified injector. Also, displays engine speed at that time. 
Mainly used to inspect for misfiring cylinders. 

Fuel injection test 
LPG fuel iniection test 

Can increase or decrease the amount of fuel injection (&5%). 
Can reoroduce conditions resuitina from air-fuel ratio related malfunctions (e.g. hesitation, poor 



TROUBLE DIAGNOSIS 

SST (Cont'd) 
CONTROL UNIT PART NUMBER 
Displays part number of ECM mounted on vehicle. 

<ECM PART NUMBER, 

ECM0373 

Self-diagnosis Function (without SST) 
,. :: ..- 

DESCRIPTION *.,*..z..: ., . .:.. ,. . .. . , . 
>.~ ,.>,:.:+, 
, . 

In self-diagnosis, when any of the critical sensors or actuator ., . . . . . , . ~  

and exhaust gas control systems necessaty for ECM control 
return a malfunction and self-diagnosis detection conditions are 
satisfied, a DTC corresponding to the suspect system is stored 
in ECM for easier trouble diagnosis. Self-diagnostic results can 
be displayed with MIL in the combination meter. 
Diagnosis test mode 

OPERATION PROCEDURE 
Refer to the following for how to activate self-diagnosis mode or 
erase self-diagnostic results. 

CAUTION: 
When a malfunction occurs In accelerator pedal position 
sensors, self-dlagnosis (without SST) cannot be activated. 
Thus, use SST to perform self-diagnosis, and repair 
malfunctioning part. 



TROUBLE DIAGNOSIS 

Self-diagnosis Function (without SST) (Cont'd) 

[Diagnostic test mode (self-diagnostic results) starting procedure] 

I Turn ignition switch ON with accelerator pedal released. 

2 After 3 seconds. fully depress accelerator pedal and then release it. Quickly repeat this cycle 5 times within 5 seconds (end in released position), 

3 Fully depress accelerator pedal 7 seconds after releasing it, and keepthat position approximately 10 seconds (until MIL blinks). Diagnostic test 
mode I1 selfdiagnostic results starts. 

4 Return accelerator pedal. Execute self-diagnosis. 

Perform s e f - o a ~ l o s s  u t l  gnlton swlcn Oh  [Oagnoslc ten moae I sef-0 aglost c res. Is,] 
.Stan ng eng ne n 0 ayosr c test mo?e I (se fu agnosr c res. fs, opens nealw 0x)yen senscr monlor IDaanorr c test m-oe I (neareo 
oxvoen sensor mon tor 

. ~ u i n g  ignition switch OFF returns to mode 1 automatically. [Normal Condition] 

CAUTION: Count time accurately with watch or equivalent. 
If mode 1 does not turn to mode 2, turn ignition switch OFF and wait for at least 10 seconds. 

[Self-diagnosis results erasing procedure] 

1 Fully depress accelerator pedal in Diagnostic test mode I1 (selfdiagnostlc results). and keep the position at least 10 seconds. SelFdiagnostlc 
results are erased. 
.Release accelerator pedal. Make sure self-diagnostic results are erased. 
Turning ignition switch OFF returns to mode 1 

Start Diagnostic test mode I1 l o  sec. 

1 I 
Olagnosis test mode Mode I (normal condition) Mode 2 (self-diagnosis) I Mode I 

CHECK c, 



TROUBLE DIAGNOSIS 

Example of code No 1320 

ON 

OFF 

Self-diagnosis Function (without SST) (Cont'd) 
DIAGNOSTIC TEST MODE II - SELF-DIAGNOSTIC 
RESULTS 

In this mode, the MIL blinks (indicating the DTC) to identify the 
system that returned a malfunction. 
If no DTC is detected, DTC "0000" is displayed. 

DISPLAY ITEM LIST 

- 

DTC 
(code Diaonosis item I Malfunction Return Condition ~~ ~ - 

number) 

0000 NO DTC 1. NO malfunction is detected in any of the circuits. 

PO102 Mass air flow sensor 1. Mass air flow sensor Low Input (open) 

Mass air flow sensor (MAFS) 

PO103 Mass air flow sensor I Mass air flow sensor High input (short) 

When engine is stopped (ignition switch ON) and mass air 
flow Sensor output voltage has been 9V or more for 
predetermined period. 

I 

Engme coolant temperatdre 
sensor iECTSl iCiRCL T1 . . 

PO1 17 Engine coolant temperature 
sensor 

lB Engine coo'ant temperature 
sensor 

PO122 Throttle position sensor 

PO123 Throttle position sensor 

PO222 Thronle position sensor 1 

PO223 Throttle position sensor 1 

. Eng ne coolant temperature sensor o ~ t p ~ t  vo tage has oeen 
a~~rox ima~eiv  8V or more topenl or less man 0.66V (shon) . .  . 
fdr'predetermined period. 

Engine cooiant temperature sensor Low lnput (open) 

Engine coolant temperature sensor High lnput (short) 

Throttle position sensor signal 
circuit - 

A malfunction occurs in relation between throttle position 
sensors 1 and 2. 
When the fully-closed position learning value was unusually 
small or was not learning. 

TPS2 Low lnput malfunction 

TPS2 High lnput malfunction 

. Sensor power supply voltage has a malfunction. 
Throttle position sensor signal circuit is open or shorted. 

TPSl Low lnput malfunction 

TPSl High lnput malfunction 

MIL 

ON 

ON 

ON' 

Trip 



TROUBLE DIAGNOSIS 

- .  - 
(code Diagnosis item I Malfunction Return Condition 

ninber) 
. 

Acceleration sensor signal 1. Accelerator pedal posltion sensor signal circult is open or 
circuit 

- i shorted. 
A malfunction occurs in relation between accelerator pedal 
position sensors 1 and 2. 

P2138 Accelerator pedal posision 
APS1-2 conformity malfunction 

sensor non adjustment 

P2122 Acceierator pedal position . APS1 Low malfunction 
sensor 1 

P2123 Accelerator pedal position APSl High Input malfunction 
sensor 1 

P2127 Accelerator pedal position APS2 LOW Input malfunction 
sensor 2 

P2128 Accelerator pedal position 
sensor 2 

Heated oxygen sensor (circuit) 

APS2 High malfunction 

Heated oxygen sensor Signal circuit is open. 

Po134 Heated oxygen sensor B1 

Heated oxygen sensor signal 
(short circuit) 

waveform IS detected for a predetermined time during 1 . . englne runnlng (durlng camshaft position sensor (REF) 

Fr 0215 open diagnosis (bank 1) 

Heated oxygen sensor output voltage is higher than normal 
(2V or more). 

PO132 Heated oxygen sensor 61 

Heated oxygen sensor heater 

PO171 Fuel system LEAN B1 

PO172 Fuel system RICH 01 

Crankshaft position sensor 
lgdeg; (POS) signal circult 

I s i sa l  input). 

Fr 021s malfunctioning voltage diagnosis (bank 1) 

Heated oxygen sensor signal circuit is open. 

After warming up engine, mixture ratio is too lean and 
heated oxygen sensor output is stuck and not inverted. 

After warming up engine, mixture ratio is too rich and heated 
oxygen sensor output is stuck and not inverted. 

The crankshaft position sensor (POS) signal is not detected 
for a predetermined time at the engine start or during engine 
running (during camshaft position sensor (REF) Signal 
input). 
The crankshaft position sensor (POS) signal irregular 

crankshaft posltion sensor (POS) signal input): 
A camshafr position sensor (REF) signal irreguar Waveform 

PO335 Ring gear open circuit POS 

PO335 Ring gear open circuit POS 

PO335 Ring gear open circuit POS 

Crankshaft position sensor 
120&deg; (REF) signal circuit 

Hall POS sensor open diagnosis at start 

Hall POS sensor open diagnosis after start 

Hall POS sensor instantaneous/noise/darnaged teeth 
diagnosls . At start-up, no camshaft position sensor (REF) signal has 
been detected for more than a predetermined period. 
The camshaft position sensor (REF) signal is not detected 
for a oredetermlned time during engine running (during 

MIL 

ON* 

PO340 Crankshaft posltion sensor 

PO340 Crankshaft position sensor 

PO340 Crankshaft position sensor 

PO350 ignition primary signal 

PO500 Vehicle speed signal system 

Trip 

is detected for a predetermined time during engine running 
(during crankshaft position sensor (POS) signal input). 

Hall PHASE sensor open diagnosls at start . Hail PHASE sensor open diagnosis after start 

Hall PHASE sensor instantaneous/noise/damaged teeth 
diagnosis 

Ignition primary signal diagnosis 

Vehicle sensor signal has not been input under some 
condition for a predetermined time during driving after 
warmlng UP. 



TROUBLE DIAGNOSIS 

DTC 
(code Diagnosis item 

n&nber) 

Engine control module 

PO605 Control unit 

PO605 Control unA 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unlt 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unlt 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

PO605 Control unit 

ECM power supply circuit 

PI065 ECM power supply system 

Electric throttle controi actuator 

P I  121 Throttle actuator 

P1 121 Thmttle actuator 

P1121 Throttle actuator 

Electric throttle control function 

PI 122 Throttle FIB 

PI122 Throttle F B  

Throttie control motor rela) 
circuit 

P1123 Throttle control motor relay 

P I  123 Throttle control motor relay 

PI124 Throttle control motor rela) 
power supply 

P1126 Throttle control motor reia) 
power supply 

P I  128 Thmttie contmi motor 

Malfunction Return Condition 

CPU system or circuits in ECM have a malfunction, 

SYNC monitoring parts diagnosis - ALU function diagnosis 

Parts setting calculation exercise diagnosis 

Calculation result collection function diagnosis 

A D  diagnosis . CPU function diagnosis 

TPS 4 time input diagnosis . VAPO M-S diagnosis 

APO M-S diagnosis 

Throttie target position diagnosis 

Engine coolant temperature sensor M-S diagnosis 

TOHOAP malfunction diagnosis . TTEPTD diagnosis 

TATE diagnosis 

TTEP diagnosis 

SISOFF system diagnosis 

Task execution cycle diagnosis (main) 

ROM function diagnosis (main) 

RAM function diagnosis (main) . WTD function diagnosis (main) 

Timerlciock function diagnosis (main) 

EEP-ROM writing diagnosis (main) 

EEP-ROM reading diagnosis (main) . ROM function diagnosis (sub) 

RAM function diagnosis (sub) 

Power is not supplied to ECM for some time. 

Backup RAM system diagnosis (main) . Because of mechanical malfunction of electric throttle 
control actuator, electric throttle control actuator does not 
operate normally. . Return spring diagnosis 

Default mechanism diagnosis . Throttle open locking diagnosis 

When a malfunction occurred due to the correlation between 
the target throttie position and the actual throttie position. . Over current flows into throttle motor controi circuit. 

Throttle FIB controi system monitoring diagnosis 

Throttle servo malfunction diagnosis . When throttle control motor relay has been locked ON or 
OFF. 

Relay ON locking diagnosis 

Relay OFF locking diagnosis 

Throttle control motor power supply system short 
malfunction 

Throttle control motor power supply system open 
malfunction . Throttie cantrol motor svstem short malfunction 

MIL 

ON' 

ON 

ON' 

ON' 

ON' 
(Locked 

ON) 

Trip 

1 o r 2  
(Note) 

2 

1 

ON 
Locked:l 

OFF 
Locked: 

2 



TROUBLE DIAGNOSIS 

UlCi 
(code Diagnosis item 

number) 

Engine over temperature 
(Overheat) 

Malfunction Return Condition 

Engine coolant temperature sensor output voltage has been 
approximately 0.35V or lower for a predetermined period of 
time. (with the coolant temperature sensor normal). 

P1217 Engine Over temperature 
(Overheat) 

Overheat (STEP1) 

Engine over temperature (Overheat) 

When engine coolant temperature is 110' 

PI218 Overheat (STEP 1) Overheat (STEP 1) 

P1240 LPG FIINJ malfunction 
(Injection) 

LPG FIINJ 1 malfunction (Injection) 

P1241 LPG '/INJ malfunction (No 
injection) 

PI242 LPG injector 2 malfunction 

P1243 LPG injector 2 malfunction 

LPG fuel pressure 
melfunction 

LPG fuei pressure sensor 
malfunction 

LPG injector 1 malfunction 

LPG injector 1 malfunction 1. LPG injector signal circuit is open. 

LPG FIINJ 2 malfunction (No injection) 

. LPG injector signal circuit is open. 

LPG injector signal circuit is open. 

LPG fuei pressure sensor signal circuit is open. 

. LPG fuel pressure sensor output voltage is higher than 
normal (?V or more). 

LPG fuel pressure High 
lnput malfunction 

LPG vaporizer malfunction 

. LPG injector signal circuit is open. 

LPG fuel pressure sensor High lnput malfunction 

LPG fuel pressure is excessively high. 

LPG fuel 
pressure is detected and fuel 
pressure is excessively high. 

Pi2sn LPG vaoorizer malfunction 

LPG malfunctioning fuel pressure Is detected and fuel 
pressure is excessively high. 

- LPG fuel pressure is excessively low. . . - -. -. -~ ~ ~~,~ I 
P1320 Ignition signal system 

P1805 Brake switch signal circuit 

P1812 Inching brake switch 
rnalfllnetion 

MIL 

ON 

Ignition signal has not been continuously generated while 
the enaine is running. - - 
Brake switch signal circuit is open or shorted. 

. When inching brake switch has been locked ON. 
~ 

I 

Trip 

1 

P1813 Inching brake switch 
malfunction 

Note: Number of trips varies dependlng on diagnosis content 

When inching brake switch has been locked OFF. 



TROUBLE DIAGNOSIS 

LEAN:AI(A+B)XlOO 
Duty ratio of 1 cycle 

RICH :B/(A+B)X100 

Self-diagnosis Function (without SST) (Cont'd) 
Trip 1: If a malfunction is detected by self-diagnosis between the 
time ignition switch is turned ON (engine is running) and then turned 
OFF (this is defined as "trip"), MIL is lit. The corresponding DTC is 
recorded immediately after detection. 
Trip 2: When a malfunction is detected by self-diagnosis for the first 
time in the first trip, a tentative DTC is recorded. If the same 
malfunction is detected again by self-diagnosis in the next trip 
(second trip), MIL is lit and the corresponding final DTC is recorded. 
Even when 1st trip DTC is being memorized, the appropriate trouble 
code is displayed as self-diagnostic results by MIL. 

CONDITIONS TO TURN OFF MIL 
The MIL, marked with *, is turned off when ignition switch is 
turned ON (engine starts) again after normal state is resumed. . . .~ 
For other self-diagnostic items, self-diagnostic results shall be . . : , . , . , . .  .. 

erased by turning ignition switch to OFF after normal operation :::. , ..: ;: ,. 
is resumed. 

DIAGNOSTIC TEST MODE II - HEATED OXYGEN 
SENSOR MONITOR 

In this mode, status of air-fuel ratio is displayed by blinking of 
MIL. 
Make sure that MIL blinks at least 5 times within 10 seconds 
after warming up engine and keeping engine speed at 
approximately 2,000 rpm. 

NOTE: 
Although air-fuel ratio feedback control is active at idle, increase 
engine speed and check. 

During air-fuel ratio feedback control 
Heated oxygen sensor output is large (rich): OFF 
Heated oxygen sensor output is small (lean): ON 
Air-fuel ratio feedback control is stopped: OFF 
Air-fuel ratio feedback control is clamped: State immediately 
before clamping is maintained. 

SST Reference Value in Data Monitor 
Values in the table are reference values. 
Values in the table are values detected in ECM or inputloutput 
values sent from ECM. Thus, they may differ from actual part 
values. [Example: ignition timing checked using timing light and 
display on "IGN TIMING" screen in "DATA MONITOR" mode 
could be different. This happens because values on "IGN 
TIMING" screen is calculated by ECM using input signal from 
various sensors. They are crankshaft position sensor (POS) 
and other ignition timing related sensors.] 



TROUBLE DIAGNOSIS 

Monitor item 

ENG SPEED 

MAS A/F SE 

BIFUEL SCHDL 

AfF ALPHA 

COOLANT TEMPIS 

H02S1 

H02S1 MNTR 

ACCEL SEN 2 

THRTL SEN 1 
THRTL SEN 2 

PIN POSl SW 

LOAD SIGNAL 

IGNITION SW 

BRAKE SW 

INJ PULSE 

IGN TIMING 

lncalculabie 

FUEL PUMP RLY 

THRTL RELAY 

H02S1 HTR 

SST Reference Value in Data Monitor (Cont'd) 

Measuring condition Reference value 

Almost In accordance 

Approx. 1.3V 

Approx. 1 .6V 

Approx. 2.5 - 4 msec 

Approx. 90 - 110% 

Approx. 80'C or more 

Changes between approx. 0.1 - 
n LV-na. n s v  

After engine warming up 
Selector lever: N 
No load 

After engine warming up . Selector lever: N 
No load 

After engine warming up 

-. . . ~~ 

At Idle 

At approx. 2,000 rpm 

At Idle 

At approx. 2.000 rpm 

At Idle 

Maintain at approx. 2.000 rpm 

After engine warming up 

Changes between approx. 0.1 - 
0.4Va0.6 - 0.9V 

After engine warming up 

At Idle 

Maintain at approx. 2.000 rpm 

ON 

OFF 

ON-OFF 

I 

Ignition switch: ON 

After engine warming up . Selector lever: N 
NO ioad 

After engine warming up 
Selector lever: N 
No load 

After engine warming up 

Switches slowly between 
LEAN* RICH. 

Switches between LEAN -RICH at 
least 5 times for 10 seconds. 

. ignition switch: ON 

After engine warming up 
Selector lever: N . No ioad 

At idle 

Almost in accordance 

Approx. t 1 - 14V 

Approx. 0.6 - 0.65V 

Approx. 0.75 - 0.W 

Approx. 4.1 - 4.3V 

Approx. 0.5 - 0.55V 

Approx. 0.65 - 0.7V 

Approx. 0.7 - 0.7% 

ON 

OFF 

Drive, and compare with the Value displayed on speedometer. . ignltion switch: ON (with engine stopped) 

Headlamp switch: ON 

Above switch: OFF 

Brake pedal depressed 

Brake pedal released 

At Idle 

At approx. 2.000 rpm 

At Idle 

At approx. 2.000 rpm 

After engine warming up 

After engine warming up 

Ignition switch: ON 

ianition switch: ON-OFF 

ON 

OFF 

Approx. 2 - 4 msec 

Approx. 15'BTDC 

Approx. 30 - 40'BTDC 

At Idle 

At approx. 2,000 rpm 

OFF 

ON -OFF 

OFF 

ON 

- - 
Other than above 

Ignition switch: ON-OFF 

At Idle 

Approx. 2.000 rpm 

ignition switch ON with accelerator 
pedal depressed (With engine 
stopped) 

At Idle 

Approx. 2.000 rpm 

lgnition switch ON with accelerator 
pedal depressed (With engine 
stopped) 

N position 

Other than above 

Approx. 0 - 20% 

Approx. I 4  - 28% 

For 1 second after ignition switch is ON 
While engine is running and cranking 

After engine warmed up (at idle) 

ON 

Approx. ? rpm or more 

Other than above 



TROUBLE DIAGNOSIS 

Monitor item 1 Measuring condition Reference value 
I I 

I Malfunction 
Related sensors condition 

Selector lever: N 
Throttle valve closed posnion 
learning ComDleted 

diagnosis 
malfunction detection 
conditions. 

DONE 

Engine coolant 
temperature sensor 1 

Idle air volume learning 
completed. 

IDL AN LEARN 

ldle air volume learning not yet 
completed, 

position sensor 

After engine warmed up (at idle) 
A l l  electrical load switches: OFF 

YET 

Throttle position sensor 

--- 

Fail-safe Function 
When any of the critical sensors or systems sends a 
malfunction message, the fail-safe function estimates the 
driving conditions with other input signals and selects safer 
conditions for engine (vehicle) control, based on data previously 
stored in ECM. 

Fail-safe MIL 

rn Selects fuel injection pulse width depending on engine speed 
and thronle position so the vehicle can be driven. However, fuel 
injection will be inhibited (fuel cut-on) when engine speed 
exceeds a~oroximatelv 2.400 rom. 

.~ . . . ,  , . .  ,, ,... 

ON , . .  , .  . .. . ~ 

. . . . 
ldle speed is 800 rpm. 

engme speed exceeas approxmately 2.500 rprn 

' F L ~  .n ector wlll oe nwb led at a ~ ~ r o x  mate v 2.500 r ~ m  lo I 

Uses the estimated engine coolant temperature (varies with 
elapsed time after start) to perform controls so the vehicle can 
be driven. 

Fuel injection will be inhibited when 1 circuit is opened. Release 
valve mechanically until it can drive at low speed when 
disconnecting connwctor. 

Fixes output to a preset vdue so the vehicle can be driven. 
However, fuel injection will be inhibited (fuel cut-OM when 

. , . 
prevent MIL malfunction if exhaust performance and driving 
~erformance maifunctions are occurring. I 

ON 

ON 

ON 



POWER SUPPLY AND GROUND SYSTEM 

ECM Input/Output Signal Specifications 
Measure voltage between terminals shown below and ground using 
a circuit tester. 

Circuit Diagram 

-- 

Terminal 

1 1 1  

109 . 

119 
120 

121 

1 
115 
116 

Signal name 

ECM & iGN coil relay 

Ignition switch 

Power supply for ECM 

Power supply for ECM (Back-up) 

Ground 

Measurement condition 

For approximately 10 seconds wiih 
ignition switch ON and after ignition 
swltch OFF 

Approximately 10 seconds or more after 
ignition switch OFF 

Ignition switch ON 

-- 
Always 

Measured value 

Approx. 1V 

Battery voltage 

Approx. OV 



CRANKSHAFT POSITION SENSOR 1' (POS) 

ECM Input/Output Signal Specifications 
Check waveform between terminals shown below and ground using 
an oscilloscope. 

sensor 1 (POS) 

Terminal 

, , 

Numerical values (reference values) are obtained using an analog . ,..; 
, ,~. . . .  . 
I ~. : 
1 .  -, 
1 .  ' 

circuit tester. 

Circuit Diagram 

13 I Crankshaft ~osition I At cranking: Approx. 2.6V I At idling: Approx. 2.5V I Approx. 2.5V 

Signal name 

EcM relay I 

Crankshen posltion sensor 

13 
Ground 

At cranking 

Component Parts Inspection 
CRANKSHAFT POSITION SENSOR 

Remove distributor (with the harness connector connected) 
from the engine. 
Turn ignition switch ON. 
Slowly turn the crankshaft position sensor shaft by hand and 
check voltage between terminal 3 and ground. 

3 - Ground (1' signal): 
Approx. 0.2 or 5V 

CAUTION: 
Check voltage after disconnecting the injector fuse to 
inhibit injector operation. 
Malfunctions may or may not be accurately detected by 
self-diagnosis depending on how the shaft is turned. Note 
that there is no malfunction in this case. 

At idle after warming up At approx. 2.000 rpm 



CRANKSHAFT POSITION SENSOR 120" (REF) SIGNAL CIRCUIT 

sensor 120' (REF) 

ECM Input/Output Signal Specifications 
Check waveform between terminals shown below and ground using 
an oscilloscope. 
Numerical values (reference values) are obtained using an analog 
circuit tester. 

At cranking At idle after warming up 

~t cranking: Approx. 0.5V At idling: Approx. 0.5V 

Circuit Diagram 

At approx. 2,000 rpm 

,pprox. 0.5V 

ECM relay 

- - 
1 - "9 

120 

1 1 1  

CrankshaR poslilon sensor 
(Integrated lnto the d~stnbutor) - 1 

Component Parts Inspection 
CRANKSHAFT POSITION SENSOR 

Remove distributor (with the harness connector connected) 
from the engine. 
Turn ignition switch ON. 
Slowly turn the crankshaft position sensor shaft by hand and 
check voltage between terminal 4 and ground. 

4 - Ground (120' signal): Approx. 0.2 or 5V 

CAUTION: 
Check voltage after disconnecting the injector fuse to 
inhibit injector operation. 
Malfunctions may or may not be accurately detected by 
self-diagnosis depending on how the shaft is turned. Note 
that there is no malfunction in this case. 



MASS AIR FLOW SENSOR SYSTEM 

SST Data Monitor Display 

Monitor item I At idle after warming up I At approx. 2,000 rpm 

ECM InputIOutput Signal Specifications 

I - .  I 

Measure voltage between terminals shown below and ground using 
a circuit tester. 

MAS NF SE I Approx. l.3V Approx. 1.6V 

Circuit Diagram 

ECMOZ97 

Terminal I Signal name 

Component Parts Inspection 
MASS AIR FLOW SENSOR 

At idle after warming up At cranking 

1. Remove mass air flow sensor. 
2. Turn ignition switch to ON. While blowing air into the mass air 

flow sensor from the air cleaner case side, check output voltage 
between terminal 3 and ground. 

No air blowlng: 
Approx. 1 V 

Wlth air blowing: 
Appmx. 1.3V 

(The more the air is blown, the higher the voltage is.) 

At approx. 2,000 rpm 

Approx. 1.3V Approx. l.5V 51 

NOTE: 
If air is blown from the air duct side, the voltage becomes lower. 

Approx. 1.5V Mass air flow sensor 

Approx. OV 67 Mass air flow sensor 
nrn,,nrl 



ENGINE COOLANT TEMPERATURE SENSOR SYSTEM 

SST data monitor display 

ECM Input/Output Signal Specifications 

At approx. 2,000 rpm Monitor Item 

Circuit Diagram 

At Idle 

;I \, 
S 

1 . 2  

20 (68) 80 (176) 'C  ('F) 

Coolant temperature 
E C M W ~ ~  

COOLANT TEMPIS 

Component Parts Inspection 
ENGINE COOLANT TEMPERATURE SENSOR 
Check resistance between terminals 1 and 2 on the engine coolant 
temperature sensor. 

Resistance 
Coolant temperature at approx. 2 0 C  (68•‹F): 

Approx. 2.5 kQ 
Coolant temperature at approx. 80'C (176-f): 

0. 3 Approx. 0.3 W 

After warming up engine: Approx. BO'C (176'F) or more 

value of engine coolant temperature signal is changed along 
with start-up time by fail-safe to enable normal operation. 

Measure voltage between terminals shown below and ground using 
a circuit tester. 

Engine cwlant temperature sensor 

2- I 
, 

Q 

1 0 1 '  

I i 
20 (68) 80 (176) 'C  ('F) 

Coolant temperature 
FCMRCPO 

73 

67 ECM 

At approx. 2,000 
rpm 

ECM0300 

At Idle Terminal Signal name 

Engine coolant temperature at approx. 2O'C 
(68'F): Approx. 3.5V 
Engine coolant temperature at approx. BO'C 
(176'F): Approx. 1.2V 

73 

NOTE: 
If engine coolant temperature sensor has a malfunction, the 

Engine coolant 
temperature sensor 



HEATED OXYGEN SENSOR SYSTEM 

SST Data Monitor Display 

ECM Input/Output Signal Specifications 
Check waveform between terminals shown below and ground using 

At approx. 2,000 rpm Monitor item 

. 
I . . . 

an oscilloscope, 

HOOS~ I Changes between approx. 0.1 - 0.4Vcrapprox. 0.6 - 0.9V 

At idle after warming up 

RlCH and LEAN alternate at least 5 times in 
10 seconds. 

H02S1 MNTR 

At idle after warming up 

RICH and LEAN alternate slowly. 

Terminal 

35 

. ~ 

.ir conditioner OFF 
Clamps between approx. 0 - 0.7V. 

Signal name 

Heated oxygen sensor 

.lr conditioner ON 
Changes between approx. 0 - 0.3V - 
pprox. 0.5 - 1 .OV 

At approx. 2.000 rprn 

:hanaes between approx. 0 - 0.3V - 

Numerical values (reference values) are obtained using an analog 
circuit tester. 

Circuit Diagram 

Heated oxygen sensor 
i GN 

13 

, ,  I 1  
24 

35 ECM 

78 

ECM0304 



VEHICLE SPEED SENSOR SYSTEM 

SST Data Monitor Display 

ECM InpuWOutput Signal Specifications 

Drivlng Monitor item 

VHCL SPEED SE 

Check waveform between terminals shown below and ground using 
an oscilloscope. 

At Idle 

Almost in accordance with the speedometer display 

- p~~ 

- Terminal Signal name At Idle 

Approx. 2.3V 

Vehlcie running at approx. 40 kmlh 

Approx. 4 . W  or OV 63 Vehlcle speed signal 



THROTTLE POSITION SENSOR SYSTEM 

SST Data Monitor Display 

Monitor item I At idle after warming up 

ECM InpuWOutput Signal Specifications 

At approx. 2.000 rpm 
I I 

Measure voltage between terminals shown below and ground using 
a circuit tester. 

Approx. 0.65 - 0.7V 
THRTL SEN 1 

THRTL SEN 2 

Circuit Diagram 

Approx. 0.5 - 0.55V 

@ DCOEW 
/ ECM mnnectar I 

At approx. 2.000 rpm 

Accelerator pedal 
ppsition Sensor 
Slgnal 

At idle after warming up Terminal 

- 

Check voltaoe between ECM terminal 50.69 and around. 

Signal name 

Component Parts Inspection 
THROTTLE POSITION SENSOR 1,2 (ELECTRIC 
THROlTLE CONTROL ACTUATOR ASSEMBLY) 

47 

66 

50 

69 

~ 

Refer to ~6 section, "ECM lnpu~~utput Signal Specifications" for ; ,  .,,,,; ~,., . . . 
the voltage. 

Sensor power supply (Throttle position sellsor) 

Sensor ground (Throttle position sensor) 

Throttle position sensor 1 

Throttle position sensor 2 

Approx. 5V 

Approx. OV I 

CAUTION: 
Make sure that there Is no moisture around connector 
when removing and installing throttle position sensor 
connector. If there are any water drops, completely wipe 
them off. 
Do not apply voltage to throttle position sensor terminal. 
Perform "Throttle Valve Closed Position Learning" if 
disconnecting connector. Perform if replacing electric 
throttle control actuator. (Refer to EC section, "Throttle 
Valve Closed Position Learning and Idle Air Volume 
Learning".) 
Do not disassemble electric throttle control actuator. 

Approx. 0.6V Approx. 0.7V 1.:. '~.,.+y 
,. . ... , 

Approx. 4.5V Approx. 4.4V 1 . '  



ACCELERATOR PEDAL POSITION SENSOR SYSTEM 

SST Data Monitor Display 

Monitor item I At Idle I At approx. 2.000 rpm 

ECM InputIOutput Signal Specifications 

ACCEL SEN 1 

ACCEL SEN 2 

Measure voltage between terminals shown below and ground using 
a circuit tester. 

Approx. 0.6 - 0.65V Approx. 0.75 - 0.8V 

Terminal 

83 

90 

91 

98 

NOTE: 
When the accelerator pedal is depressed slowly from the fully- 
closed position, the voltage must increase in proportion to the 
opening of the throttle. [Ignition switch ON (engine stopped)] 

82 1 Sensor ground 1 Approx. OV 

Signal name 

I 
~ ~ 

I 
. . 

. 

106 I Accelerator pedal position sensor 1 

At Idle 

Accelerator pedal position sensor 2 ground 

Sensor power supply 

Accelerator pedal position sensor 2 power supply 

Accelerator pedal position sensor 2 

Terminal 

98 

Circuit Diagram 

At approx. 2.000 rpm 

Approx. OV 

Approx. 5V 

Approx. 2.5V 

Approx. 0.3V 1 Approx. 0.35V 

Approx. 0.6V 

106 Accelerator peoa poslt on sensor 1 Approx. 0.6V 

Power supply ( 6 90 
Accelerator pedal 
position sensor 1 Signal 1 1 5  106 

Ground 1 3  82 

Approx. 0.65V 

Signal name 

Accelerator pedal position sensor 2 

Approx. 4.2'4 

lgnition switch ON with engine 
stopped Accelerator pedal is folly 

depressed 

Approx. 0.3V 

lgnition switch ON with engine 
stopped Accelerator pedal is fully 

released 

Approx. 2V 



ACCELERATOR PEDAL POSITION SENSOR SYSTEM 

@j acO€,cTm 
I ECM Connector I 

Component Parts Inspection 
ACCELERATOR PEDAL POSITION SENSORS 1,2 
(ACCELERATOR WORK UNIT) 
Check voltage between ECM terminal 98,106 and ground. 
Refer to EC section, "ECM lnput/Output Signal Specifications" for 
the voltage. 

CAUTION: 
Do not apply voltage to accelerator pedal position sensor 
terminal. 
Do not disassemble accelerator work unlt. 



PNP SWITCH SYSTEM 

SST Data Monitor Display 

Monitor item 

ECM Input/Output Signal Specifications 
Measure voltage between terminals shown below and ground using 
a circuit tester. 

Neutral or NIP position 

OFF PIN POSi SW 

Circuit Diagram 

Other than the left 

ON 

Terminal 

102 

Ignition switch Inhibitor relay 
- - - - L -TO starter motor 
- - 

I - I 

Signal name 

PNP switch 

Component Parts Inspection 
INHIBITER SWITCH 
Refer to "INHIBITER SWITCH". 

1 - 

I 
PNP swltch 

NEUTRAL SWITCH 
Refer to "POSITION SWITCH". 

Neutral or NIP position 

Approx. OV 

lo2 ECM 

Other than the lei? 

Battery voltage (AfT models) 
Approx. 4.8V (MIT models) 

ECM0313 



STOP LAMP SWITCH SYSTEM 

SST Data Monitor Display 

Monitor item I Brake pedal released 

ECM InputIOutput Signal Specifications 

Brake pedal depressed 
I I 

Measure voltage between terminals shown below and ground using 
a circuit tester. 

ON BRAKE SW OFF 

Terrnlnal I Sianal name I Brake pedal released 

Circuit Diagram 

Brake pedal depressed 
I - I I 

I Stop lamp witch I I 

101 I Stop lamp switch 

Component Parts Inspection 
STOP LAMP SWITCH 

Approx. OV 

m 

Check continuity between stop lamp switch terminals 1 and 2. 
Brake pedal released: 

Continuity should not exist. 
Brake pedal depressed: 

Continuity should exlst. 

Battery voltage 

101 ECM 



ELECTRIC LOAD SWITCH SYSTEM 

SST Data Monitor Display 

ECM Input/Output Signal Specifications 
Measure voltage between terminals shown below and ground using 
a circuit tester. 

Headiamp switch ON Monitor item Headlamp switch OFF 

Circuit Diagram 

Headlamp switch -Ie4 EcM 1 

ON LOAD SIGNAL 

Headlamp switch ON 

OFF 

Headlamp switch OFF -Terminal Signal name 

Battery voltage Approx. OV 84 Headlarnp switch 



IGNITION SYSTEM 

SST Data Monitor Display 

ECM InputIOutput Signal Specifications 
Check waveform between terminals shown below and ground using 
an oscilloscope. 

At approx. 2,000 rpm Monitor item 

transmission drive 

At idle after warming up 

signal) 

IGN TIMING 

At crallkino I At idle after warminq up 

Approx. IS'BTDC 

At approx. 2,000 rpm 

4pprox. 0.9V 

Approx. 30 - 40'BTDC 

- I 
. . 

Numerical values (reference values) are obtained using an analog 

Approx. 0.5V 

circuit tester. 

Circuit Diagram 

Approx. 0.5V 

I Insulator Terminal I 

Component Parts Inspection 
SPARK PLUG 

Check electrode for dirt, damage, and wear and insulator for 
damage. 
Replace spark plug if necessary. 

CAUTION: 
Check terminals for looseness. 
Check insulator for cracks or damage. 
Check for contamination by oil, water, and dust. 
Make sure that the spark plug gap is normal, using a feeler 
gauge. 

Spark plug gap: 
0.8 - 0.9 mm (0.031 - 0.035 in) 



IGNITION SYSTEM 

DISCONNECT 

g3B @gjl& 

Component Parts lnspection (Cont'd) 
POWER TRANSISTOR 

Check resistance between terminals of the power transistor by 
applying and exchanging (+ and -) the inspection rods of an 
analog circuit tester. 
lnspection Terminals and Results (at room temperature) 

Positive probe to 8 and negative probe to 7: 
Except 0 or mR 

Positive probe to 7 and negative probe to 8: 
Except 0 or mR 

Positive probe to 5 and negative probe to 8: 
Except 0 or mR 

Positive probe to 8 and negatlve probe 5: 
m a  

Positive probe to 7 and negative probe 5: 
mR 

Positlve probe to 5 and negative probe to 7: 
Except 0 or 

CAUTION: 
Do not use a dlgital circuit tester because the standard is 
different. 

Check distribution functions (rotor and distributor cap) of the 
distributor. 

IGNITION COIL 
Check resistance of the following: 

Primary coil resistance (5 - 6): 
Approx. 2.2 M 

Secondary coil resistance: 
Approx. 11.5 kL2 

(Between coil tower tip metal and 6 with the distrlbutor 
cap removed.) 

HIGH-TENSION CABLE 
1. Removal and installation 
1) Remove intake manifold cover. 
2) Disconnect spark plug side. 
3) Disconnect distributor side and remove high-tension cable. 

CAUTION FOR INSTALLATION 
Securely install distributor cap and high-tension code when 
matching both cylinder numbers. 

2. lnspection 
Check resistance of high-tension cable. 

For No. 1 cylinder: Approx. 2.7 kn 
For No. 2 cylinder: Approx. 2.8 M 
For No. 3 cylinder: Approx. 4 M 
For No. 4 cylinder: Approx. 5 M 
For No. 5 cylinder: Approx. 5.2 M 
For No. 6 cylinder: Approx. 6.1 kn 



FUEL INJECTOR SYSTEM 

SST Data Monitor Display 

Monitor item I At idle after warming up 

ECM Input/Output Signal Specifications 

At approx. 2,000 rpm 
I I 

Check waveform between terminals shown below and ground using 
an oscilloscope. 

INJ PULSE 

Terminal I Signal name 1 At cranklng I At idle after warming up 1 ~t approx. 2.000 rpm 

Approx. 2 - 4 msec 

BlFUEL SCHDL I A~orox. 2.5 - 4 msec 

I 
Battery voltage 

I 
. 

I 

voltage 
Injector drive signal 

Numerical values (reference values) are obtained using an analog 
circuit tester. 

Approx. 10.5V 

Circuit Diagram 

Crankshan posltion 
sensor signal 

Component Parts Inspection 
INJECTOR 

Check resistance between each cylinder injector terminals 1 
and 2. 

Standard resistance (all cylinders): 
Approx. 14.5Q; (at room temperature) 



FUEL PUMP SYSTEM 

SST Data Monitor Display 

ECM InputlOutput Signal Specifications 
Measure voltage between terminals shown below and ground using 
a circuit tester. 

Fuel pump is operated Monitor item Fuel pump is not activated 

Circuit Diagram 

ON Fuel pump 

At cranking, engine running 
I I 

~ ~ 

I 

ECM0329 

Component Parts Inspection 
FUEL PUMP 
Check resistance between terminals 3 and 6. 

Resistance: Approx. la (at room temperature) 

OFF 

For approx. 1 second after ignition 
switch is turned ON Terminal Signal name 

Approx. l V  Approx. 1V 
(After approx. 1 second: Batteryvoltage) 

113 Fuel pump relay 



THROlTLE CONTROL MOTOR SYSTEM 

ECM InputIOutput Signal Specifications 
Measure voltage between terminals shown below and ground using 
a circuit tester. 

Terminal 

Circuit Diagram 

I 

A-lerator p a a l  
position sensor 
signal 

ECM0330 

5 I Throttle control motor 2 (Close) I Approx. 2 - 2.5V 

Signal name 

4 I Throttle control motor 1 (Open) 

Component Parts Inspection 

Approx. 0.1 - 0.15V 

ELECTRIC THROTTLE CONTROL MOTOR 
(ELECTRIC THROTTLE CONTROL ACTUATOR 
ASSEMBLY) 
Check resistance between electric throttle control motor (throttle 
position sensor connector) terminals 3 and 6. 

Resistance: Approx. 1 -15C2; [at 25'C (77'F)l 

CAUTION: 

At idle after warming up 

Make sure that there Is no moisture around connector 
when removing and installing throttle position sensor 
connector. If there are any water drops, completely wipe 
them off. 
Do not apply voltage to electric throttle control motor 
terminal. 
Perform "Throttle Valve Closed Posltlon Learning" if 
disconnecting connector. Perform if replaclng electric 
throttle control actuator. (Refer to EC sectlon), "Throttle 
Valve Closed Position Learnlng and Idle Air Volume 
Learning".) 
Do not disassemble electric throttle control actuator. 

At approx. 2,000 rpm 



MIL SYSTEM 

Circuit Diagram 

ECM InputlOutput Signal Specifications 
Measure voltage between terminals shown below and ground using 
a circuit tester. 

Terminal Warning lamp ON Signal name Warning lamp OFF 

30 MIL Approx. 0.1V Battery voltage 



HEATEDOXYGENSENSORHEATERSYSTEM 

SST Data Monitor Display 

ECM Input/Output Signal Specifications 

Monitor item 

Measure voltage between terminals shown below and ground using 
a circuit tester. 

At idle after warming up 

Terminal 1 Signal name I At idle after warming up I Approx. 3,600 rpm or more 

H02S1 MTR 

Circuit Diagram 
I 

ON 

I 

Component Parts Inspection 

Approx. 0.3V Banery voltage 24 

Heated oxygen sensor 
IGN 

m 2 1  13 

' L 3 5  

HEATED OXYGEN SENSOR HEATER 
Check resistance between heated oxygen sensor terminals 2 and 3. 

Resistance: Approx. 3.3 - 3.50 

Healea oxygen sensor heater open signa, 

24 

EEC,", 

78 



LPG ASSISTANCE INJECTOR SYSTEM 

ECM InputlOutput Signal Specifications 
Check waveform between terminals shown below and ground using 
an oscilloscope. 

Circuit Diagram 

At Idle Terminal 
I 

Signal name 

Banery vo tage 24 LPG assistance injeclor 



PCV GAS RESTORATION DEVICE 

System Diagram 

Sucking air 
Rocker cover side 
I 

e Blowing air 

Removal and Installation of PCV Valve 
1. Remove and install PCV hose. 
2. Remove and install PCV valve. 

PCV Valve Inspection 
Hissing noises should be heard from the air passage of the 
valve. 
Check continuity when blowinglsucking air tolfrom PCV valve 
rocker cover side. 

Blowing air: Air flow exists 
Sucking air: No air flow 



FUEL CUT FUNCTION 

DATA MONITOR 

I 

Inspection Procedure 
@ WITH SST 

1. Check "INJ PULSE in DATA MONITOR mode, and increase the 
engine speed to approximately 2,500 rpm after warming up 
engine. 

2. Make sure that "INJ PULSE instantly drops to approximately 
0.6 msec when accelerator pedal is released. 

I 
RECORD START 

@ WITHOUT SST 
1. Warm up the engine sufficiently. 
2. Disconnect harness connector of the injector and connect a test 

lamp. 
3. Release the accelerator pedal at the engine speed of 

approximately 2,500 rpm or more, and confirm test lamp goes 
out for a moment. 

MODE 
ECMW% 

LlOHT BACK WPY 



REMOVAL AND INSTALLATION OF ECM COMPONENTS 
. .  . , 

Removal and lnstallation of ECM 

9 - 17 in-lb) 

Mass a i r  flow sensor 

ECM0391 

@ ~ n g i n e  coolant 
temperature sensor 
20 - 29 N m  
(2.0 - 3.0 kg*, Tdcnpper washer. 
14 - 22 ft-lb) 

Thermostat 

: Liquid gasket 

0 : Not reusable o 
z*..""- 

1. Disconnect ECM connector. 
2. Remove ECM together with ECM bracket. 
3. Remove ECM bracket. 
4. Install in the reverse order of removal. 

CAUTION: 
Perform "Throttle Valve Closed Position Learning and ldle 
Air Volume Learning" after installation if replacing ECM. 
(Refer to EC section, "Throttle Valve Closed Posltion 
Learning and ldle Air Volume Learning".) 

Removal and lnstallation of Crankshaft 
Position Sensor (Integrated Into the 
Distributor) 
Refer to EM section, "Removal and lnstallation". 

Removal and lnstallation of Mass Air Flow 
Sensor 
1. Remove harness connector. 
2. Remove mass air flow sensor assembly from air horn. 

Removal and lnstallation of Engine Coolant 
Temperature Sensor 
1. Disconnect radiator drain plug, and drain coolant. 

CAUTION: 
Make sure to drain when the coolant temperature is cold. 

2. Remove harness connector. 
3. Remove coolant temperature sensor using a socket specially 

designed for removing and installing coolant temperature 
sensors [commercially available: thermosensor socket 
manufactured by KTC (part No.: B20T-19)] and similar parts. 



REMOVAL AND INSTALLATION OF ECM COMPONENTS 

M- air flow 
sensor 

Air horn 

nlenor holder 
and combined use) 

Removal and Installation of Heated Oxygen 
Sensor (With Heated Oxygen Sensor Heater) 
1. Remove harness connector from hearted oxygen sensor. 
2. Remove heated oxygen sensor using a socket designed for 

heated oxygen sensor removal and installation (SST). 

CAUTION: 
Handle it carefully and avoid impacts. 

Removal and Installation of Throttle Position 
Sensor (Electric Throttle Control Actuator 
Assembly) 
REMOVAL 
1. Remove air duct from air horn. 
2. Remove harness connector. 

CAUTION: 
Also, remove harness connectors of mass air flow sensor, 
LPG injector, and LPG fuel pressure sensor so that when 
removing and installing air horn, LPG injection holder (LPG 
and Comblned) is performed at the same time. 

3. Loosen bolts diagonally, remove air horn, LPG injection holder 
(LPG or Combined) or air horn spacer (Gasoline), and then 
remove electric throttle control actuator. 

INSTALLATION 
CAUTION FOR INSTALLATION 

Uniformly tighten bolts diagonally in several steps. 

CAUTION: 
Make sure that there is no moisture around connector 
when removing and installing throttle position sensor 
connector. If there are any water drops, completely wipe 
them off. 
Do not apply voltage to throttle position sensor terminal. 
Perform "Throttle Valve Closed Position Learning" if 
disconnecting connector. Perform if replacing electric 
throttle control actuator. (Refer to EC section, "Throttle 
Valve Closed Position Learning and Idle Air Volume 
Learning".) 
Do not disassemble electric throttle control actuator. 



REMOVAL AND INSTALLATION OF ECM COMPONENTS 

Removal and lnstallation of Accelerator 
Pedal Position Sensor (Accelerator Pedal 
Assembly) 
Refer to "Removal and lnstallation". 

CAUTION: 
Do not disassemble accelerator pedal assembly and 
remove sensors and switches. 

Removal and lnstallation of Intake Air 
Temperature Sensor (With Mass Air Flow 
Sensor) 

Refer to EC section, "Removal and lnstallation of Mass Air Flow 
Sensor" because intake air temperature sensor is joined with . . . . . , ,. , 

; : , .  , 
mass air flow sensor. , . . , 

,. , . , , :  .. , . 
. . .  . 

, .  . , . .  

Removal and lnstallation of Ignition Coil 
(Integrated in Distributor) 
Refer to EM section, "Removal and lnstallation". 

Removal and lnstallation of Fuel Injector 
Refer to EF section, "Removal and lnstallation". 

Removal and lnstallation of Fuel Pump 
Refer to FL section, "Fuel Gauge, Fuel Filter, and Fuel Pump 
Assembly". 

Removal and lnstallation of Throttle Control 
Motor (Electric Throttle Control Actuator 
Assembly) 
Refer to EF section, "Removal and installation of throttle position 
sensor (electric throttle control actuator assembly)". 



REMOVAL AND INSTALLATION OF ECM COMPONENTS 

Electric thmnle 
conwol actuator 

m (kg-m, in-lb) ECM0375 

Lever I 

Removal and Installation of LPG Injector 
Holder 
REMOVAL 
1. Remove air duct from air horn. 
2. Remove harness connectors of mass air flow sensor, LPG 

injector, and LPG fuel pressure sensor. 
3. Loosen bolts in turn, remove air horn, and then remove injector 

holder. 

INSTALLATION 
1. Caution for installation 

Uniformly tighten bolts diagonally in several steps. 

CAUTION: 
Make sure that there is no moisture around connector 
when removing and installing each connector. If there are 
any water drops, completely wipe them off. 
Do not apply voltage to each terminal. 

LPG Injector Drive Unit 
HOW TO DISCONNECT LPG INJECTOR DRIVE UNlT 
CONNECTOR 
1. Pull center of lever forward, and then disconnect tab from lever 

and lift it up. 
2. Raise the lever until it clicks, and fully press the lever to drive 

unit side. 
3. Pull connector forward, and then disconnect it from unit. 

HOW TO CONNECT LPG INJECTOR DRIVE UNlT 
CONNECTOR 
1. Press the lever in drive unit connector while pressing it to 

connector end. 
2. Press in the lever until it clicks. 
3. Raise the lever until it clicks, engage the tabs to the back of the 

lever and connector, and then securely connect them. 



SERVICE DATA AND SPECIFICATIONS (SDS) 

Standard, Repair Limit 

, ....'a 

Spark plug I Man~lacr~rer/type/gap [rnrn (in)] 1 BPR4ES 10.8 - 0.9 (0.31 - 0.35)] 

353 (3.53, 3.6.51) 

650+50 

10+2/650 

1-5-2-6-7-d 

Fuel pressure [kPa (bar. kg/crnZ, psi)] 

Idle speed (rprn) 

Ignition advance device 

N position 

Electronically controlled ignition advance 

Density of CO at idle speed (%)/Density of HC at idle speed (pprn) 1 0.1150 or less 

Ignition timing ('BTDCIrprn) N position 

Firinn order 





ENGINE ELECTRICAL SYSTEM 
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STARTING SYSTEM 

Component Parts Location 

Termlnal B 

Starter mot& G 
CrankshaR pulley side 

CAUTION: 
Be sure to disconnect negative battery cable before 
operation. 

Starter Motor 
REMOVAL 
1. Disconnect terminals S and B. 
2. Remove bolts (2). 
3. Remove starter motor. 

INSTALLATION 
Install in the reverse order of removal. 



CHARGING SYSTEM 

Component Parts Location 

Crankshan pulley slde 



CHARGING SYSTEM 

Rotor 

I Rear bearing 

Bearing retainer 

(0 4 - 0 5 kg-m 

stator 

EEMOiSZ 



CHARGING SYSTEM 

Components of Alternator 

Retainer plate 

Rectifier 

Rear end frame 
\ \ 

Rear end cover 1 

*am Brush 

I 
IC regulator 

holder 

Alternator 
REMOVAL 
1. Disconnect negative battery cable. 
2. Loosen alternator bolt, and disconnect alternator belt. 
3. Remove adjusting bar. 
4. Remove alternator bolt. 
5. Disconnect ground point bolt, alternator connector, and nuts for 

terminal B. 
6. Remove alternator from the vehicle. 

INSTALLATION 
* Install alternator, and adjust tension of the alternator belt. 

(Refer to "Engine drive belt" in ET section.) 

CAUTION: 
Tighten the terminal B nut carefully. 



CHARGING SYSTEM 

Alternator (Cont'd) 
DISASSEMBLY 
PULLEY 

Secure shaft hexagonal part with a box wrench, loosen pulley 
nut, and remove pulley. 

CAUTION: 
* Hexagonal box wrench must be used. Twelve-fold box 

wrench may crush shaft head and slip. 

REAR END COVER 
Remove screw and terminal B nut, and then remove rear end 
cover. 

BRUSH HOLDER 
Remove screw, and then remove brush holder. 

IC REGULATOR 
Remove screw, and then remove IC regulator. 

CAUTION: 
Lengths of screws are difficult. Arrange removed screws, 
and securely install in the original position. 



CHARGING SYSTEM 

Alternator (Cont'd) 
RECTIFIER 

Remove screws securing wires of rectifier and stator, and 
remove rectifier. 

REAR END FRAME 
Remove bolts and nuts, and then remove rear end frame, 

ROTOR 
Keep drive end frame on a level using blocks, and then press 
out rotor. 

RETAINER PLATE 
Remove screws, and remove retainer plate. 



CHARGING SYSTEM 

Block 

M95F149 

Secure soRly uslng a vise 
so as not to damage. n 

Alternator (Cont'd) 
BEARING 

DRIVE END SlDE 
Keep drive end frame on a level using blocks, and then press 
out bearing using a jig. 

SNAP RING SlDE 
Pull out bearing using a puller. 

CAUTION: 
Specification uses bearing for high speed. Always use it 
when replacing, and avoid impact to it. 

INSPECTION 
BEARING 

Rotate bearing by hand. 
Check for noise or binding. 
Replace if necessary. 

STATOR 
Measure resistance between each lead wire using a circuit 
tester. 

Standard: 10 or less 
Measure resistance between stator core and lead wire. 

Standard: 03 
Replace if necessary. 

CAUTION: 
Open of stator coil itself is  not considerable. Check the 
connection part of wires if continuity should not exist. 



CHARGING SYSTEM 

Slip ring I 
Alternator (Cont'd) 
ROTOR COIL 

Measure resistance between each snap ring using a circuit 
tester. 

Standard: 2.9Q 
Measure resistance between snap ring and rotor core using a 
circuit tester. 

Standard: 
Replace if necessary. 

SNAP RING 
Check snap ring for dirt and damage. 
Wipe it clean with a cloth that is dipped in alcohol if it is dirty. 
Polish with sandpaper (#500 to 600) if there is slight damage. 
Measure snap ring outer diameter. 

Snap ring outer diameter: 
Standard: 

14.4rnm 
Usable limit: 

14.4mm 
Replace if outside the usable limit. 

BRUSH 
Measure excessive brush length from brush holder. 

Excessive length of brush: 
Standard: 

10.0rnm 
Usable limit: 

2.0mm 
Replace if outside the usable limit. 
Make sure that brush is slightly moving in brush holder. 

RECTIFIER 
Check continuity between each rectifier diode with circult tester 
in kQ range. 
It is normal that contlnulty should exit in one side of diode and 
continuity should not exist in another side of diode. 

CAUTION: 
Do not use 500V mega tester that breaks rectifier. 



CHARGING SYSTEM 

Alternator (Cont'd) 
NOTE: 

Rectifier condition cannot be judged by forward resistance. On 
the characteristic of a diode, forward current is greatly changed 
by battery voltage. Indication of tester changes with differences 
of tester type and resistance range. Rectifier condition is judged 
by resistance differences between forward and reverse currents. 

IC REGULATOR 
Check continuity between IC regulator terminal B and F with circuit 
tester in kQ range. 

It is normal that continuity should exit in one side and continuity 
should not exist in another side. 

CAUTION: 
Do not use 500V mega tester that breaks IC regulator. 

NOTE: 
IC regulator can be checked with the following procedure if 
there is a constant voltage power supply that can change 
voltage between 10 to 20V range. 

CAUTION: 
Regulator may be destroyed if IC regulator misconnects 
only for a moment. Perform inspection after checking 
wiring. 

Connect IC regulator unit with constant voltage power supply, 
circuit tester, and lamps. 
(Turn SW 1 and 2 OFF.) 
Set a power supply voltage to 12V. 
Turn SW 1 ON. Make sure that L1 turns ON brightly, and L2 
turns ON dimly at this time. 
Turn SW 2 ON while SW 1 stays ON. Make sure that L1 turns 
OFF, and L2 turns ON brightly at this time. 
Raise battery voltage from 12V gradually. Make sure that L2 
turns OFF when battery voltage is approximately 14.5 r0.6V. 

TROUBLE DIAGNOSIS 
PRELIMINARY PRECAUTIONS 

The trouble diagnosis contents are for onboard trouble 
diagnosis. 
Be careful of sudden cooling fan rotation while the engine is 
running. 
Check if the fuse to the S-terminal is burned-out before 
performing the trouble diagnosis, 



CHARGING SYSTEM 

Alternator (Cont'd) 
SYSTEM DESCRIPTION 
Circuit diagram 

ALTERNATOR INPUTIOUTPUT SIGNAL SPECIFICATIONS 

Terminal 

B 

I 1 - - 
E 1 Ground Ignition switch ON (with engine stopped) Approx. 0 

Measuring condition 

Operation or condition 
Signal name 

S 

L 

CAUTION: 
The measurements above are made with no electrical load 
applied. 

Standard (V) 

Alternator output 

TROUBLE DIAGNOSIS CHART 

Rotor excitation 

Charge warning lamp 

Symptom 

Charge warning iamp does 
not turn ON with ignition 
switch ON. (Other warning 
lamps and indicators are 
normal.) 

Ignition switch OFF 

Engine idling 

Engine speed: Approx. 2,500 - 3,000 

Charging warning lamp does 
not turn OFF if engine starts. 

Approx. 12 

Approx. 13 - Approx. 14 

Approx. 14.1 - Approx. 14.7 . . 

Ignition Switch OFF 

Engine idling 

Engine stopped 

Engine idlino 

Approx. 12 

Approx. 13 - Approx. 14 

Approx. 0 - Approx. 2.5 

Approx. 13 - Approx. 14 

- . Malfunctioning alternator + side diode. 

rerminai S /A t  idle: 1. Alternator voltage control circuit open or shorted. 
iroltage 13V or more 

Possible cause 

Blown charging warning lamp bulb. 

Warning lamp circuit open or shorted. . Open or short in harness between combination meter and 
alternator. 
Aiternator voitaae control circuit oven or shorted. 

Inspection 

CAUTION: 
The diagnoses above are made with no electrical load 
applied. 

Terminal B 
iroltage 

At idle: 
Approx. 13 - 14V 

At idle: 
Approx. 12Vorless 



ASSEMBLY OF HIGH-TENSION CABLE 

Assernbie hlgh-tension cable by Pulling it to 
rocker cover slde. 

8 'b 
Crankshaft puiley side 

cL i' %. .' 1 \. #6 ,' 

NOTE: Clip layout shows the view from crankshaft puliey side. 
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