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FOREWORD

This repar manual has been prepared to provide information
covering general service repans for the 1 PZ, 1 HZ and 1HD-T
engines equipped on the TOYOTA LAND CRUISER and
COASTER

Applicable models
PZJ70, 73, 75 series
HZJ70, 73, 75, 80 senes
HDJ80 senes
HZB30 senes
HDB30 series

Please note that the publications below have also been prepared
as relevant service manuals for the components and system In
this engine

Manual Name Pub No
e Land Cruiser (Wagon) New Car Features NCFOB4E

All information n this manual 1s based on the latest product
information at the time of publication However, specifications
and procedures are subject to change without notice

TOYOTA MOTOR CORPORATION
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CAUTION

This manual does not include all the necessary items about repair and service, this manual 1s made
for the purpose of the use for the persons who have special techniques and certifications In the
cases that non-specialized or uncertified technicians perform repair or service only using this manu-
al or without proper equipment or tool, that may cause severe Injury to you or other people around
and also cause damage to your customer's vehicle

In order to prevent dangerous operation and damages to your customer's vehicle, be sure to follow
the instruction shown below

Must read this manual thoroughly 1t 1s especially imponrtantto have good understanding all the
contents written in the PRECAUTION of "IN" section

The service method written in this manual 1s very effective to perform repair and service When
performing the operations following the procedures using this manual, be sure to use tools spe-
cified and recommended If using non-specified or recommended tools and service method,
be sure to confirm safety of the technicians and any possibility of causing personal injury or
damage to the customer's vehicle before starting the operation

If part replacement I1s necessary, must replace the part with the same part number or equivalent
part Do not replace it with inferior quality

It 1s iImportant to note that this manual contains various "Cautions” and "Notices" that must be
carefully observed In order 1o reduce the nsk of personal injury during service or reparr, or the
possibility that improper service or repair may damage the vehicle or render it unsafe It 1s also
important to understand that these "Cautions” and "Notices" are not exhaustive, because It I1s
Important to warn of all the possible hazardous consequences that might result from failure to
follow these instructions
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[IM-2 INTRODUCTION — How to Use This Manual

HOW TO USE THIS MANUAL

To assist you 1in finding your way through this manual, the
Section Title and major heading are given at the top of every
page

An INDEX 1s provided on the 1st page of each section to guide
you to the item to be repaired

At the beginning of each section, PRECAUTIONS are given that
pertain to alf repair operations contained 1n that section

Read these precautions before starting any repar task

TROUBLESHOOTING tables are included for each system to
help you diagnose the problem and find the cause The repair for
each possible cause 1s referenced in the remedy column to
quickly lead you to the solution

REPAIR PROCEDURES

Most repair operations begin with an overview illustration It
identifies the components and shows how the parts fit together

Example

Camshaft Qil Seal Retainer

200 (14, 20)

% Gasket

Relef Valve

{Timing Gear Case)

# Gasket

[kg-cm ift-lb, N-m}| : Specified torque
# Non-reusable part

LLC9o1
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INTRODUCTION - How to Use This Manual IN-3

The procedures are presented 1n a step-by-step format
« The illustration shows what to do and whereto do it
» The task heading tells whatto do

+ The detalled text tells howto perform the task and gives other
Information such as specifications and warnings

Example

Task heading: what to do
Detailed text.  how to do task

13. INSTALL GOVERNOR LINK

(a) Using 88T, install the governor link with new two
gaskets and the two support bolts.

Torque: 140 kg-cm {10 ft-1h, 14 N°-m)
S5T 09260-54012 (09269-54040}
Specification
Set part No Compornent part No

HMustration:
what to do and wheare

This format provides the experienced technician with a

FAST TRACK to the information needed The upper case
task heading can be read at a glance when necessary, and
the text below 1t provides detalled information Important
specifications and warnings always stand out 1n bold type

REFERENCES

References have been kept to a minimum However, when they
are required, you are given the page to refer to

SPECIFICATIONS

Specifications are presented in bold type throughout the text
where needed You never have to leave the procedure to look up
your specifications They are also found 1n Appendix A for quick
reference

CAUTIONS, NOTICES, HINTS:
« CAUTIONS are presented in bold type, and indicate there 15 a
possibility of injury to you or other people

*+ NOTICES are also presented in bold type, and indicate the
possibility of damage to the components being repaired

« HINTS are separated from the text but do not appear In bold
They provide additional information to help you efficiently
perform the repair
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iM-4 INTRODUCTION - Identification Information, General Repair Instructions

IDENTIFICATION INFORMATION
ENGINE SERIAL NUMBER

The engine senal number 1s stamped on the left side of the
cylinder block

GENERAL REPAIR INSTRUCTIONS

1 Use fender, seat and floor covers to keep the vehicle clean
and prevent damage

2 During disassembly, keep parts in order to facilitate reas-
sembly

3 Observe the following

(a) Before performing electrical work, discennect the
negative (—) cable from the battery terminal

(b) If 1t 1s necessary to disconnect the battery for inspec-
tion or reparr, always disconnect the cable from the
negative (—) terminal which 1s grounded to the vehi-
cle body

(c) To prevent damage to the battery terminal post, loosen
the terminal nut and raise the cable straight up with-
out twisting or prying it

(d) Clean the battery terminal posts and cable terminals
with a shop rag Do not scrape them with a file or
other abrasive object

(e) Install the cable terminal to the battery post with the
nut loose, and tighten the nut after installation Do not
use a hammer to tap the terminal onto the post

{fy Be sure the cover for the positive (+) terminal 1is
properly in place

4 Check hose and wiring connectors to make sure that they
are secure and correct

5 Non-reusable parts

(a) Always replace cotter pins gaskets, O-rings, oil seals,
etc with new ones

(b) Non-reusable parts are indicated in the component
llustrations by the "+" symbol

6 Precocated Parts

Precoated parts are bolts and nuts, etc that are coated with
a seal lock adhesive at the factory

(a) |If a precoated part 1s retightened, loosened or caused
to move in any way, 1t must be recoated with the
specified adhesive

Seal Lock Adhesive

INGD36
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INTRODUCTION - General Reparr Instructions IN-5

WRONG CORRECT
5,
-
INOZEZ
WRONG CORRECT

INO253

10

11

12

(b) Recoating of Precoated Parts

(1) Clean off the old adhesive from the part's
threads

(2) Dry with compressed arr

(3) Apply the specified seal lock adhesive to the
part's threads

(c) Precoated parts are indicated 1n the component 1llus-
trations by the "*" symbol

When necessary, use a sealer on gaskets to prevent leaks

Carefully observe all specifications for bolt torques Always
use a torque wrench

Use of special service tools (SST) and special service
matenals (SSM) may be required, depending on the nature
of the reparr Be sure to use SST and SSM where specified
and follow the proper work procedure A list of SST and
SSM can be found at the back of this manual

When replacing fuses, be sure the new fuse 1s the correct
amperage DO NOT exceed the rating or use one of a lower
rating

Care must be taken when jacking up and supporting the
vehicle Be sure to Iift and support the vehicle at the proper
locations

(a) Ifthe vehicle 1s to be jacked up only at the front or rear
end, be sure to block the wheels in order to ensure
safety

(b) After the vehicle 1s jacked up. be sure to support 1t on
stands It 1s extremely dangerous to do any work on
the vehicle raised on a jack alone, even for a small job
that can be finished quickly

Chserve the following precautions to avoid damaging the
parts

(a) Be careful not to drop electrical components, such as
sensors or relays If they are dropped on a hard floor,
they should be replaced and not reused

(b} To pull apart electrical connectors, pull on the con-
nector itself, not the wires

(c) To disconnect vacuum hoses, pull on the end, not the
middle of the hose
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-6 INTRODUCTION — General Reparr Instructions

(d} When steam cleaning an engine, protect the ar filter,
and injection pump from water

(&) Never use an impact wrench to remove or install temp,
switches or temp, sensors

(fy When checking continuity at the wire connector,
nsert the tester probe carefully to prevent terminals
from bending

(9) When using a vacuum gauge, never force the hose
onto a connector that 1s too large Use a step-down
adapter nstead Once the hose has been stretched, ¢t
may leak

13 After removing and reinstalling the injection pump and fuel
hoses, clean off the fuel on engine components In partic-
ular, be sure to check the radiator hose and by-pass hose,
because they detenorate easily If they come into contact
with fuel

Donated by Andrew Schauer. cruisercult.com



INTRODUCTION - Abbreviations Used n This Manual IN-7

ABBREVIATIONS USED IN THIS MANUAL

A/C
ACV
ACSD
Approx
A/T
BACS
BDC
Ex

FL
FIPG
HAC
LH
LHD
LST
MP
M/T
OHC
ors
PCS
PCV
RH
RHD
SSM
SST
STD
SW
TDC
u/s
w/
w/0

Air Conditioner

Air Control Valve

Automatic Cold Start Device
Approximately

Automatic Transmission
Boost and Altitude Compensation Stopper
Bottom Dead Center

Except

Fusible Link

Formed in Place Gasket
High Altitude Compensator
Left-Hand

Left-Hand Drive

Load Sensing Timer
Multipurpose

Manual Transmission

Over Head Cam

OQversized

Power Control System
Positive Crankcase Ventilation
Right-Hand

Right-Hand Drive

Special Service Matenals
Special Service Tools
Standard

Switch

Top Dead Center

Undersize

With

Without
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EM-2

ENGINE MECHANICAL - Description

DESCRIPTION

The 1 PZ engine 1s an in-line 5-cylinder 3 5 liter OHC engine
The 1 HZ and 1 HD-T engines are an n-line 6-cylinder 4 2 liter CHC engine

1HZ

1HD-T

EMB795 EMB7S2
EMBS65 EMB793
EMBSE6 EMB784

Donated by Andrew Schauer
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ENGINE MECHANICAL — Descnption EM-3

The 1 PZ engine 1s an in-ine 5-cylinder engine
with the cylinders numbered 1 -2-3-4 -5 from
the front This engine's njection order s
1-2-4-5-3

The 1 HZ and 1HD-T engnes are an In-ine
6-cylinder engine with the cylinders numbered
1-2-3-4-5-6 from the front This engine's
Injection order1s 1 -4-2-6-3-5

The crankshatft 1s supported by 6 (1 PZ) or 7 (1 HZ
and 1HD-T) beanngs on the inside of the crank-
case These bearings are made of aluminum alloy
The crankshaft 1s integrated with 10 weights (1 PZ)
or 12 weights (1 HZ and 1HD-T) which are cast
along with 1t for balancing Cil holes are bullt into
the crankshaft for supplying ol to the connecting
rods, beanngs and other components

The crankshaft beanng cap 18 of ladder frame
construction and 15 incorporated nto the crank
case

The cylinder head 1s made of cast ron with a
cross flow type intake and exhaust layout The
combustion chambers are swirl chamber type for
the 1 PZ and 1 HZ engines and direct injection type
for the 1 HD-T engine The camshaft journal part of
the cylinder head has camshaft caps made of alu-
minum alloy and 1s made of cast ron on the cylinder
head side The camshaft journal has no bearngs
{(with the exception of the No 1 journal)

The 1 HZ and 1 HD-T engines has dual-type ex-
haust manifolds

Exhaust and intake valves are equipped with
irregular prich springs which are capable of follow-
Ing the valves even at high engine speeds

The camshaft 1s driven by the timing belt The
camshaft journal 1s supported at 6 places (1 PZ) or
7 places (1 HZ and 1HD-T) Lubncation of the
camshaft journal and cam 1s accomplished by ol
being supplied through the oiller port in the No 6
(1 PZ) or No7 (1 HZ and 1 HD-T) of the camshaft
Journal

Adjustment of the valve clearance 18 done by
means of an auter shim type system, in which valve
adjusting shims are located above the valve lifters
This permits replacement of the shims without
removal of the camshaft

Pistons are made of highly temperature-resistant
aluminum alloy As the 1 HD-T engine 1s the direct
Injection type, a deep combustion chamber has
been provided The No1 piston nng groove has
been strengthened using a fiber reinforced metal

Piston pins are the full-floating type, with the
pins fastened to nerther the connecting rods nor the
piston boss, but with a snap nngs fitted to both
ends of the pin to prevent the pin from shipping out

The No1 compression ring 1s made of steel and
the No 2 compression ring 1s made of cast ron The
oll nng 158 made of steel The outer diameter of each
piston ring 1s shghtly larger than the diameter of the
piston and the flexibility of the nngs allows them to
hug the cylinder walls when they are mounted on
the piston Compression rings No 1 and No 2 work
o prevent the leakage of gas from the cylinder and
the a1l ring works to scrape oil off the cylinder walls
to prevent it from entenng the combustion cham-
ber

The cyhinder block 1s made of cast ron It has 5
cylinders (1 PZ) or 6 cylinders (1HZ and 1HD-T)
which are approximately 17 times the length of the
piston stroke The top of the cylinders 1s closed off
by the cylnder head and the lower end of the
cylinders becomes the crankcase, in which the
crankshaft 1s installed In addition, the cylinder
block contains a water jacket, through which cool-
ant 1s pumped to cool the cylinders

Plastic region tightening bolts are used for the
cylinder head bolts, crankshaft bearng cap bolts
and connecting rod cap bolts

The oll pan 1s bolted onto the bottom of the
crankshaft beanng cap with bolts and nuts The ail
pan 15 an oll reservoir made of pressed steel sheet
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EM-4 ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis)

TROUBLESHOOTING

Diesel Engine Diagnosis

GENERAL

1 Diesel engine problems are usually caused by the engine or fuel system The injection pump Is very rarely

the cause of fuel system problems

2  Before beginning fuel system tests, first check that the engine compression, valve timing and other major
systems are within specifications

PRELIMINARY CHECKS

1 Before performing fuel system checks, ensure that the engine 1s in good running condition  If necessary,
first check the compression, timing and major components or systems

2  Check the ar filter, and clean or replace 1t If necessary

Check that there 1s sufficient fuel in the tank

4  Check If the fuel 15 contaminated with gasoline or other foreign elements Only good-qualty diesel fuel
should be used

5  Bleed ar from the system by pumping the priming
Check for water in the fuel filter and fuel tank, and drain as necessary
7 If the engine will not crank or If 1t cranks slowly, first troubleshoot the electrical system

W

»
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ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis) EM-5

PRECAUTION:

1. The basic troubleshooting procedures for the diesel engine (valve clearance, compression,
bearings, valves, pistons, etc.) are the same checks you would make for gasoline engine.

2.  Repair of the injection pump requires considerable skill and use of a special test bench.

ENGINE WILL NOT CRANK

(Possible Cause) (Check Procedure and Correction Method)
1. LOOSE OR CORRODED Check cables from battery to starter and make nec-
BATTERY CABLES essary repans
| 2. DISCHARGED BATTERY [—————— Check alternator output and drive belt
If necessary, repar (See page CH-5)
[ 3. INOPERATIVE STARTER Check for battery voltage at starter terminals 30 and
50

If Okay, see STARTING SYSTEM for repar proce-
dure, (see page ST-15)

ENGINE CRANKS SLOWLY-WILL NOT START

HINT: Minimum cranking speed:
Cold HZJBO (A/T) and HDJ8O (A/T) 110 rmpm

Others 100 rpm
Hot 150 mpm
(Possible Cause) (Check Procedure and Correction Method)
1. LOOSE OR CORRODED Check cables from battery to starter and make nec-
BATTERY CABLES essary repans
| 2. DISCHARGED BATTERY Ji Check alternator output and drive belt

If necessary, repair (See page CH-5)

| 3. IMPROPER ENGINE OIL ——————1 Check engine ol

If improper viscosity, drain and refill with ol of vis-
cosity recommended by manufacturer
(See page LU-6)

Donated by Andrew Schauer. cruisercult.com



EM-6 ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis)

ENGINE CRANKS NORMALLY BUT WILL NOT START

{Possible Cause)

(Check Procedure and Correction Method)

| 1. NO FUEL TO NOZZLE

"|—__

Loosen any one injection pipe union nut from s
nozzle holder

Crank engine for about 5 seconds while confirming
that fuel 1s being discharged from pipe

If fuel 1s coming out, begin diagnosis from tem 4
If not, begin from rem 2

2. NO FUEL CUT SOLENOID
OPERATION

With starter switch turned ON, check for fuel cut
solenoid operation noise (clicking sound) while re-
peatedly connecting and disconnecting fuel cut
solenoid

If no noise, check If there 1s battery voltage to sole-
noid when starter switch 1s ON

If battery voltage 1s confirmed, fuel cut solenoid 1s
faulty and should be replaced If no voltage, refer to
ELECTRICAL DIAGNOSIS and make necessary re-
pairs

3. NO FUEL INTO INJECTION
PUMP

Disconnect inlet hoses from fuel filter, and feed
clean fuel from separate container directly into fuel
pump

HINT  When feeding fuel tank directly into pump,
keep container at same level as vehicle fuel tank

If engine starts, either fuel filter or line between fuel
tank and filter 1s clogged and should be repaied
accordingly

If engine still does not start (no fuel intake), check
fuel ine between filter and pump

If normal, pump 18 faulty and should be replaced

4. FUEL LEAKAGE FROM
INJECTION PIPES

Check for loose unions or cracks

If leaking, tighten to standard torque or, If necessary,
replace pipe(s)

5. INOPERATIVE PREHEATING
OPERATION

With starter switch turned ON and glow plug indi-
cator hght iluminated, check that there 1s voltage
applied to glow plug

If not, refer to ELECTRICAL DIAGNOSIS and repar
as necessary
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ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis)

EM-7

6. FAULTY GLOW PLUG

OPERATION

Check glow plug for continurty

If no continuity, a broken wire 1s indicated and glow
plug should be replaced

7. IMPROPER INJECTION TIMINGJ—

Check njection timing (See page EM-27)

Plunger stroke: 1PZ 0.82—0.88 mm
(0.0323-0.0346 In.)

1HZ 1.03-1.09 mm
(0.0406-0.0429 in.)

1HD-T 1.29-1.35 mm

(0.0508-0.0331 in.)

If not as above, njection pump 18 IMpropetly
adjusted

8. (w/ACSD)

IMPROPER COLD START
ADVANCE AND FAST IDLE

Check timer piston stroke and fast idle lever opening
angle with an injection pump tester when cold start
advance s operated

Lg. FAULTY INJECTION NOZZLES ii

Check injection pressure with a nozzle tester
(See page FU-10 or 20)

Opening pressure:

1PZand1HZ  135-155 kg/cm?
(1,920-2,205 psi)
(13,239-15,200 kPa)
1HD-T

No.1 opening pressure
180-190 kg/cm?
(2,560-2,702 psi)
(17,652 - 18,633 kPa)
No.2 opening pressure
(Inspection pressure)
132-138 kg/cm®
(1,877-1,963 psi)
(12,945-13,533 KPa)

If not as above, nozzle adjustment 1s improper and
pressure should be readjusted

If pressure cannot be adusted to specification, re-
place injection nozzle
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EM-8

ENGINE MECHANICAL — Troubleshooting {Diesel Engine Diagnosis)

ROUGH IDLE WITH WARM ENGINE

{Possible Cause)

1. IMPROPER ADJUSTMENT OF

(Check Procedure and Correction Method)

ACCELERATOR CABLE

With accelerator pedal released, check that adjusting
lever 1s In contact with 1dle speed adjusting screw
Also check If accelerator cable or linkage 1s catching
on something

If necessary, adjust so that lever 1s in contact with
screw, or make other required repars

2. IDLE SPEED TOO LOW

|7

Check 1dle speed (See page EM-27)

Idle speed:
1PZ 600-700 rpm
1HZM/T 600-700 rpm
1HZA/T 660-760 rpm
1HD-T M/T 600-700 rpm
1HD-TA/T 750 -850 rpm
HINT  If less than standard, 1dling would normally

be rough

If not as above, adjust with 1dle speed adjusting
Screw

| 3. FUEL LEAKAGE

Check for leaks at injection pump connections,
pump distributive head bolis, injection nozzles and
delivery valve holders

Tighten any loose connections to specified torque or
replace parts as necessary

4. IMPROPER INJECTION TIMING |—7

Refer to step 7 of ENGINE CRANKS NORMALLY
BUT WILL NOT START, above
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ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis) EM-9

5. IMPROPER OPERATION OF With engine 1dling, loosen injection pipe to each
INJECTION NOZZLES OR cylinder in order, and check If iIdle speed changes
DELIVERY VALVES If no change, a faulty cylinder 1s indicated

Check according to following procedure
+ Faulty injection nozzle

Check injection nozzle with a nozzle tester
(See page FU-10 or 20)

Opening pressure:
IPZandiHZ  135-155 kg/cm’
(1,920-2,205 psi)
(13,239-15,200 kPa)
1HD-T
No.1 opening pressure
180-190 kg/cm?
(2,560-2,702 psi)
(17,652 - 18,633 kPa)
No.2 opening pressure
(Inspection pressure)
132-138 kg/cm?
(1,877-1,963 psi)
(12,945-13,533 kPa)

If not as above, nozzle adjustment 18 IMproper and
pressure should be readjusted

If pressure cannot be adjusted to specification, re-
place injection nozzle

« Faulty delivery valve

If Injection pressure Is as specified, delivery vale 18
defective and should be replaced
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EM-10 ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis)

ENGINE SUDDENLY STOPS

(Possible Cause) (Check Procedure and Correction Method)

| 1. ENGINE WILL NOT RE-START  |—————{ Check to see If engine re-starts according to pre-
scribed procedure

If not, refer to ENGINE CRANKS NORMALLY BUT
WILL NOT START, above, and repair as necessary

E. ROUGH IDLE —}7 Refer to ROUGH IDLE WITH WARM ENGINE and
repair accordingly
3. MALFUNCTION OF FUEL CUT Refer to ENGINE CRANKS NORMALLY BUT WILL
SOLENOID NOT START, above, and check accordingly

HINT  No operation noise from fuel cut solenoid
may be due to loose electrnical connections, so check
connectors before proceeding with further repairs

4. NO FUEL INTO INJECTION Refer to step 3 of ENGINE CRANKS NORMALLY
PUMP BUT WILL NOT START, above

LACK OF POWER
HINT
» First check that the ar cleaner 18 not clogged or the engine overheating

* Not applicable 1f the customer desires an output power higher than specified for that vehicle For accuracy,
adjust with a chassis dynamo

(Possible Cause) (Check Procedure and Correction Method)
1. IMPROPER ADJUSTMENT OF With accelerator fully depressed, check that adjust-
ACCELERATOR CABLE Ing lever I1s In contact with maximum speed adjust-

Ing screw Also check If accelerator cable or linkage
I catching on something

If necessary, adjust so that lever 1s In contact with
screw, or make other required repairs

2. INSUFFICIENT MAXIMUM Check maximum speed (See page EM-27)
SPEED Maximum speed:

1PZand 1HZ 4,500-4,700 rpm

1HD-T 4,300-4,500 rpm
If not as above, adjust with maxamum speed adjust-
INg screw
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ENGINE MECHANICAL — Troubleshooting (Diesel Engine Diagnosis)

EM-11

3. INTERCHANGED OVERFLOW
SCREW (OUT) AND INLET (NO

MARK) FITTING

HINT Overflow screw 1s marked "OUT" and has
an mner jet Although both fittings are same size,
they must not be interchanged

| 4. FUEL LEAKAGE

T

Refer to step 3 of ROUGH IDLE WITH WARM EN-
GINE

| 5. CLOGGED FUEL FILTER

17

Disconnect inlet hose to fuel filter, and feed clean
fuel directly into pump

HINT  When feeding fuel directly into pump, keep
container at same level as vehicle fuel tank

If engine condrtion improves, fuel filter 1s clogged
and should be replaced (See page FU-4)

If no increase n engine condition after replacing
fuel filter, check priming pump (hand pump) or per-
form other necessary repairs

| 6. IMPROPER INJECTION TIMING —————

Refer to step 7 of ENGINE CRANKS NORMALLY
BUT WILL NOT START

| 7. FAULTY INJECTION NOZZLES |———

Refer to step 9 of ENGINE CRANKS NORMALLY
BUT WILL NCT START

EXCESSIVE EXHAUST SMOKE

HINT
« Check that the ar cleaner 1s not clogged

« Check with the customer whether or not oil consumption has been excessive

(Possible Cause)

(Check Procedure and Correction Method)

|_1. IMPROPER INJECTION TIMING~|———1

Refer to step 7 of ENGINE CRANKS NORMALLY
BLAT WILL NOT START

HINT  Black smoke indicates advanced timing
while white smoke indicates retarded timing Adjust-
ments should be made accordingly

| 2. CLOGGED FUEL FILTER — 1

Refer 0 step 5 of LACK OF POWER

HINT At high speed (2,000-3,000 rpm}, a
clogged filier tends to make exhaust smoke white

| 3. FAULTY INJECTION NOZZLES | — 1

Refer 1o step 9 of ENGINE CRANKS NORMALLY
BUT WILL NOT START.

HINT  Excessive exhaust smoke 1s often caused by

nozzle pressure being too low
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EM-12 ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis)

EXCESSIVE FUEL CONSUMPTION
HINT  Check whether clutch shpping, brakes grabbing, tires wrong size or ar filter clogged

{Possible Cause)

| 1. FUEL LEAKAGE

(Check Procedure and Correction Method)

I—

Refer to step 3 of ROUGH IDLE WITH WARM
ENGINE

| 2. IDLE SPEED TOO HIGH

After sufficiently warming up engine, check idle
speed (See page EM-27)

Idle speed:
1PZ 600-700 rpm
1THZM/T 600-700 rpm
1HZA/T 660-760 rpm

1HD-T M/T 600-700 rpm
1HD-TA/T 750 - 850 rpm

If not as above, adjust with idle speed adjusting
screw

3. MAXIMUM SPEED TOO HIGH |————

Check maximum speed (See page EM-27)
Maximum speed:

1PZ and 1 HZ 4,500-4,700 rpm

1HD-T 4,300 - 4,500 rpm
If not as above, adjust with maximum speed adjust-
INg screw

| 4. IMPROPER INJECTION TIMING [— ——

Refer to step 7 of ENGINE CRANKS NORMALLY
BUT WILL NOT START

| 5. FAULTY INJECTION NOZZLES

|___

Refer to step 9 of ENGINE CRANKS NORMALLY
BUT WILL NOT START
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ENGINE MECHANICAL - Troubleshooting (Diesel Engine Diagnosis) EM-13

ENGINE NOISE WHEN WARM

(Cranking Noise wit

h Excessive Vibration)

(Possible Cause)

1. ENGINE COOLANT

(Check Procedure and Correction Method)

Check coolant temperature with coolant temperature

TEMPERATURE TOO LOW

gauge

If not sufficiently warm, thermostat 1s faulty and
should be replaced

| 2. IMPROPER INJECTION TIMING |————

Refer to step 7 of ENGINE CRANKS NORMALLY
BUT WILL NOT START

[ 3. FAULTY INJECTION NOZZLES |——

Refer 1o step 9 of ENGINE CRANKS NORMALLY

BUT WILL NOT START

ENGINE WILL NOT RETURN TO IDLE

(Possible Cause)

(Check Procedure and Correction Method)

| BINDING ACCELERATOR CABLE | —

Operate adjusting lever on top of njection pump,
and check If engine returns to 1dle (See page
EM-27)

If s0, accelerator cable 18 binding or iImproperly ad-
Justed and should be repaired accordingly

If engine does not return to 1dle, injection pump 1s
faulty and should be replaced

ENGINE WILL NOT SHUT OFF WITH KEY

(Possible Cause)

(Check Procedure and Correction Method)

IMPROPER FUEL CUT SOLENOID
OPERATION

Disconnect connector of fuel cut solenoid, and
check If engine stops

If s0, starter switch s faulty and should be reparred
as necessary or replaced

If engine does not stop, etther fuel cut solenoid 18
faulty or there 1s interference by foreign particles
Repar as necessary
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EM-14 ENGINE MECHANICAL - Troubleshooting (Diesel Electrical System Diagnosis)

Diesel Electrical System Diagnosis

ENGINE DOES NOT START COLD

HINT
+ Battery voltage at least 12 V {or 24 V) - starter switch OFF

+ Engine cranks normally

+ Fusible link okay
» Check the voltage marked with an asterisk () just as the starter switch 1s placed at ON because the voltage
will change

1. Pre-Heating System (Super Glow Type)

Disconnect the water temperature
sensor
Check If indicator hight hghts up Check fuse Check for short circuit
with starter switch ON No (See page ST-2) Fuse and repair if necessary
Light on: 6-7 seconds Blown
Yes Fuse OK
Check indicator Replace bulb
hght bulb Bulb
No Good
Bulb OK
Starter switch OFF Check for battery voltage to terminal 3 of pre-heating
timer connector (on wire harness side)
If okay, pre-heating timer 1s faulty and should be
replaced
*Check for battery voltage to *Check that there 18 1 V or less to terminal 9
terminal 1 of pre-heating timer No If okay, timer I1s faulty and should be replaced
with starter switch ON Voltage
Voltage
*Check 1f voltage to terminal 1 of Start engine and check/if there 15 a voltage at terminal
pre-heating timer 1s terminated No 9 of pre-heating timer
after engine 1s started If faulty, repair charging system as necessary
If okay, timer 1s faulty and should be replaced
Yes
Starter switch QFF Pre-Heating Timer
CONTINUED ON PAGE EM-15 6 5,4 ’3 ]
.
¢ .af“ua.ue.]
HH? ﬂ"q:un
_ /
11 109 7
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ENGINE MECHANICAL - Troubleshooting (Diesel Electrical System Diagnosis) EM-15

CONTINUED FROM PAGE EM-14

* Place starter switch at ON and
check If current flow to terminal

5 of timer 18 In accordance Pre-heating Duration Differs from the Specified
Current flow: 120 seconds Duration
OK

Timer 1s faulty and should be replaced

No
Voltage
*After completion of pre-heating,
check for voltage at terminal 5
agamn when starter switch 1s placed No
at START Voltage
Voltage
| Starter switch OFF |
*Place starter switch at ON and “Check for battery voltage at negative (-) side of glow
check for voltage to glow plug a plug resistor
few seconds later Thereafter, volt- No If no voltage, No1 glow plug relay 1s faulty and
age should drop about 1/2 Voltage should be replaced
at ALL
OK
*Check for battery voltage to positive (+) side of glow
plug resistor
If okay, replace the resistor
Voltage If no voltage, No 2 glow plug relay 1s faulty and
Remans | should be replaced
at Battery
Voltage,
or Falls to
oV
Check glow plug for resistance Glow plug 1s faulty and should be replaced
Infinity
Approx 0Q
Glow plug okay

Connect water temperature sensor
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EM-16 ENGINE MECHANICAL - Troubleshooting (Diesel Electrical System Diagnosis)

2. Fuel Cut Solenoid Valve

With starter switch turned ON,

Fuel cut solenoid valve okay

Check for short circurt, and repair as necessary

check for fuel cut solenoid valve Noise
operation noaise (chcking sound)
while repeatedly connecting and
disconnecting fuel cut solenoid
valve
No Noise
Check fuse
Fuse
Blown
Fuse OK
Apply battery voltage directly to
solenoid, and check for noise Noise

No Valtage

Replace fuel cut solenoid valve

Check wire harness from fuse to fuel cut solenoid
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ENGINE MECHANICAL - Engine Tune-Up EM-17

EMB275

EMB275

ENGINE TUNE-UP

INSPECTION OF ENGINE COOLANT
(See steps 1 and 2 on page CO-4)

INSPECTION OF ENGINE OIL
(See steps 1 and 2 on page LU-5)

INSPECTION OF BATTERY
(See pages 1 and 2 on page CH-5)
Standard specific gravity:
95D31 R and 95D31L
1.27-1.29 when fully charged at 20°C (68°F)
ex. (95D31 R and 95D31L)
1.25-1.27 when fully charged at 20°C (68°F)
INSPECTION OF AIR FILTER
(Paper Filter Type)

1. INSPECT AIR FILTER
Visually check that the filter element 1S not excessively
dirty, damaged or olly

2. CLEAN AR FILTER
Clean the filter element with compressed air

First blow from the inside thoroughly Then blow off the
outside of the filter element

(Washable Type)

1. INSPECT AIR FILTER

Visually check that the filter element 1S not excessively
dirty, damaged or olly

2. CLEAN AIR FILTER
(a) Blow dirt off In the filter element with compressed arr
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EM-18 ENGINE MECHANICAL - Engine Tune-Up

(b} Submerge the filter element in the water and agrate it
up and down more than ten times

{c) Repeat nnsing In clean water unitil rinse water 1s clear

EMEILS

(d) Remove excess water by shaking the filter element or
blowing with compressed ar

NOTICE: Do not beat or drop filter element.
(&) Wipe off dust on the ar cleaner case intenor

EMEIET

INSPECTION OF ALTERNATOR DRIVE BELT
(See step 3 on page CH-5)
Drive belt deflection:

New belt 6-7 mm (0.24-0.28 in.)
Used belt 8-11 mm (0.31 -0.43 in.)

Drive belt tension (Reference):
New belt 45-55 kg
Used belt 20-35 kg

INSPECTION OF GLOW PLUGS
(See page ST-7)
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ENGINE MECHANICAL - Engne Tune-Up EM-19

EMB336

EME438

—

EMIBA3ZS

ADJUSTMENT OF VALVE CLEARANCE

HINT Adjust the valve clearance while the engine 1s cold

REMOVE INTAKE PIPE
(See step 6 on page EM-34)

REMOVE CYLINDER HEAD COVER
(See step 7 on page EM-35)

SET NO.1 CYLINDER TO TDC/COMPRESSION

(@) Tum the crankshaft pulley clockwise, and algn its
groove with the timing gear cover groove

(o) (1PZ)
Check that the valve lifters on the No 1 cylinder are
loose and exhaust valve lifter on the No 5 cylinder 1s
tight

(c} (1 HZ and 1HD-T)
Check that the valve lifters on the No 1 cylinder are
loose and valve lifters on the No 6 cylinder are tight

If not, turn the crankshaft one revolution (360°) and align
the mark as above

ADJUST VALVE CLEARANCE
{a) Check only those valves indicated in the illustration

+ Using a thickness gauge, measure the clearance
between the valve lifter and camshaft

* Record the valve clearance measurements which
are out of specification They will be used later to
determine the required replacement adjusting shim

Valve clearance (Cold):
Intake 0.15-0.25 mm (0.006-0.010 in.)
Exhaust 0.35-0.45 mm (0.014-0.018 in.}

(b) Turmn the crankshaft one revolution (360°), and algn
the mark as above (See procedure step 3)

{c} Check only the valves indicated in the illustration
Measure the valve clearance
(See procedure step (a))
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EM-20

ENGINE MECHANICAL - Engine Tune-Up

1HZ and THD-T

EmMB437

EMD404

I e
el

(d) Remove the adjusting shim

« Turn the crankshaft to position the cam lobe of the
camshaft on the adjusting valve upward

« Using SST, press down the valve lifter
SST 09248-64011

HINT Before pressing down the valve lifter, position the
notch on the exhaust manifold side

* Remove the adjusting shim with a small screwdnver
and magnetic finger

(e} Determine the replacement adjusting shm size by
using following (Formula or Charts)

« Using a micrometer, measure the thickness of the
removed shim

+ Calculate the thickness of the new shim so the
valve clearance comes within specified value

T . . Thickness of used shim
A . Measured valve clearance
N . . Thickness of new shim

Intake N =T + (A-0.20 mm (0.008 in.}}
Exhaust N =T + (A-0.40 mm (0.016 in.}}

« Select a new shim with a thickness as close as
possible to the calculated values

HINT  Shims are available in twenty sizes in increments
of 0 05 mm (0 0020 in}, from 2 35 mm (0 0925 n} to
330 mm (01299 In)

(f} Install a new adjusting shim
» Place a new adjusting shim on the valve lifter
» Remove SST

SST 09248-64011

(g} Recheck the valve clearance

REINSTALL CYLINDER HEAD COVER
(See step 2 on page EM-38)

REINSTALL INTAKE PIPE
(See step 3 on page EM-38)

Donated by Andrew Schauer. cruisercult.com



ENGINE MECHANICAL - Engine Tune-Up EM-21
Adjusting Shim Selection Using Chart (Intake)
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Intake valve clearance (Cold):
0.15-0.25 mm (0.006-0.010 in.)
EXAMPLE: The 2800 mm (01102 in)
shim 15 installed and the measured clearance
15 ¢ 300 mm (0 0118 In ) Replace the 2 800

n bshlm with a No 21 shim
com
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Adjusting Shim Selection Using Chart (Exhaust)
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ENGINE MECHANICAL - Engne Tune-Up EM-23

ADJUSTMENT OF INJECTION TIMING

1. (1PZ)
REMOVE TIMING BELT COVER
(See step 1 on page EM-33)

2. (1PZ)
SET NO.1 CYLINDER TO TDC/COMPRESSION
Turn the crankshaft pulley clockwise, and aign each pul-

ley groove with the timing marks (TDC mark) as shown in
the illustration

3. (1HZ and 1HD-T)
SET NO.1 OR NO.6 CYLINDER TO
TDC/COMPRESSION

Turn the crankshaft pulley clockwise, and align s groove
with the timing gear cover groove

4. (1HD-T w/BACS)
REMOVE AIR CONTROL VALVE (ACV)

EMB396

5. INSTALL SST AND DIAL INDICATOR
(a) (1HD-T)
Loosen the union nut of the No 5 cylinder injection
pipe

7 ‘
> f i‘ji.' e
o v X
w
EMEBETAT

(b} Remove the plug bolt from the distributive head plug
of the njection pump

(¢} Install SST (plunger stroke measunng tool) and a dial
indicator to the plug bolt hole of distributive head
plug

SST 09275-54011

L"Tr’ | EMaA
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EM-24

ENGINE MECHANICAL - Engine Tune-Up

6.

(w/ACSD)
RELEASE ACSD ADVANCE

(a) Using a screwdnver, turn the cold starting lever coun-
terclockwise approx 20°

(b) Put a metal plate (thickness of 3 5-75 mm
(0 135-0 295 n)) between the cold starting lever
and thermo wax plunger

ADJUST INJECTION TIMING

(a) Slowly rotate the crankshaft pulley counterclockwise
and set the dial indicator at 0 mm (0 1n } when the dial
indicator reaches the minimum value

NOTICE: Compared with previous four cylinder en-
gines, the 0 mm (0 in.) position (crank angle) is reduced,
so perform the operation carefully, (ex. 1PZ)

(b) Turn the crankshatt to the left and rnight and check that
the dial indicator shows the minimum value

NOTICE: Make sure that the minimum value is set at
0mm (Qin.).

(c) Slowly rotate the crankshaft pulley clockwise until
pulley groove 1s aligned with the timing gear cover
groove

(d) Measure the plunger stroke
Plunger stroke:

1PZ 0.82-0.88 mm (0.0323-0.0346 in.)
1HZ 1.03-1.09 mm (0.0406-0.0429 in.)
1HD-T  1.29-1.35 mm (0.0508-0.0531 in.)

(e) Repeat steps (a) to (c) several times

{f) Loosen the following nuts and bolt

(1) (1P24)
Five union nuts of injection pipes at injection
pump side

(2) (1HZ)
Six union nuts of Injection pipes at njection
pump side

(3) (1HD-T)
Five remaimning union nuts of injection pipes at
Injection pump side

Donated by Andrew Schauer. cruisercult.com



ENGINE MECHANICAL - Engne Tune-Up EM-25

EMBA80

EMB40

8.

(4) Balt holding njection pump to njection pump
stay

(5) Two nuts holding injection pump to timing gear
case

(@) Adjust plunger stroke by shightly tilting the njection
pump body

If the stroke 1s less than specification, tilt the pump toward

the engine

If the stroke 1s greater than specification, tilt the pump away
from the engine

(h} Tghten the following nuts and bolt

(1) Two nuts holding injection pump to timing gear
case

Torque: 185 kg-cm (13 ft-lb, 18 N'm)

(2) Bolt holding injection pump to Injection pump
stay

Torque: 700 kg-cm (51 ft-1b, 69 N-m)
» Recheck the plunger stroke

(w/ ACSD)
REMOVE METAL PLATE

Donated by Andrew Schauer. cruisercult.com



EM-26 ENGINE MECHANICAL - Engine Tune-Up

9. REMOVE SST AND DIAL INDICATOR
(@) Remove SST and the dial indicator
SST 09275-54011

(b) Install a new gasket and the plug baolt of the distnb-
utive head plug

Torque:
IPZ and 1HZ 170 kg-cm (12 ft-lb, 17 Nm)
1HD-T 260kg-cm (19 ft-Ib, 25 Nm)

10. TORQUE UNION NUTS OF INJECTION PIPES

Torque:
1PZ and 1HZ 150kg-cm (11 ft-lb, 15 Nm)
1HD-T 250kg-cm (18 ft-lb, 25 N-m)

EMBG36

11. (1HD-T w/BACS)
INSTALL AIR CONTROL VALVE (ACV)

12. INSTALL TIMING BELT COVER
(See step 9 on page EM-41)

13. START ENGINE AND CHECK FOR LEAKS

Donated by Andrew Schauer. cruisercult.com



ENGINE MECHANICAL - Engine Tune-Up EM-27

EMB495 EMBA/9

EME488

EMB497 EME2E0

ADJUSTMENT OF IDLE SPEED AND
MAXIMUM SPEED

1.

2.
3.

4.

INITIAL CONDITIONS

(@) Engine at reach normal operating temperature
(b) Aur cleaner installed

{c} All accessones switched OFF

(&) All vacuum lines properly connected

{e) Valve clearance set correctly

{H Injection timing set correctly

{g) Transmission in N range

CONNECT TACHOMETER

ADJUST IDLE SPEED

(@) Check that the adjusting lever touches the idle speed
adjusting screw when the accelerator pedal 15 re-
leased

If not, adjust the accelerator linkage

(b) Start the engine
{c) Check the idle speed

Idle speed:
1PZ 600-700 rpm
1HZ M/T 600-700 rpm
1HZ A/T 660-760 rpm
1HD-T /T 600-700 rpm
1HD-T A/T  750-850 rpm

(d) Adjust the idle speed
» Disconnect the accelerator linkage

» Loosen the lock nut of the idle speed adjusting
screw

+ Adjust the idle speed by turning the IDLE SPEED
ADJUSTING SCREW

Idle speed:
1PZ 650 rpm
1HZ M/T 650 rpm
1HZ A/T 710 rpm
1HD-T M/T 650 rpm
1HD-T A/T 800 rpm

= Securely tighten the lock nut, and recheck the idle
speed

» Reconnect the accelerator linkage

« After adjustment, adjust the accelerator linkage

ADJUST MAXIMUM SPEED

{a) Check that the adjusting lever touches the maximum
speed adjusting screw when the accelerator pedal 1s
depressed all the way

If not, adjust the accelerator linkage

Donated by Andrew Schauer. cruisercult.com



EM-28 ENGINE MECHANICAL — Engine Tune-Up

{b) Start the engine
(c) Depress the accelerator pedal all the way
(d) Check the maximum speed

Maximum speed:
1PZ and 1 HZ 4,500 - 4,700 rpm
1HD-T 4,300-4,500 rpm
(e) Adjust the maximum speed
+ Disconnect the accelerator linkage
« Cut out the seal wire of the maximum speed adjust-
INg screw
« (w/ HAC and 1HD-T)
Using SST, loosen the lock nut of the maximum
speed adjusting screw

SST 09275-54020

« (w/o HAQC)
Loosen the lock nut of the maximum speed adjust-

INg SCrew

EMBT78

» Adjust the maximum speed by turning the MAXI-
MUM SPEED ADJUSTING SCREW

Maximum speed:
1 PZand 1 HZ 4,600 rpm
1HD-T 4,400 rpm

HINT Adjust at idle speed Then, raise engine speed and
recheck the maximum speed

* (w/ HAC and 1HD-T)
Using SST, securely tighten the lock nut
LR SST 09275-54020
+ (w/o HAC)
Securely tighten the lock nut
* Recheck the maximum speed
* Reconnect the accelerator linkage

+ After adjustment, adjust the accelerator linkage
+ Seal the maximum speed adjusting screw with a
new seal wire

Maximum
Spaed
Adjusting
Screw

Donated by Andrew Schauer. cruisercult.com



ENGINE MECHANICAL - Engne Tune-Up EM-29

ADJUSTMENT OF AIR CONDITIONER IDLE-UP
SETTING SPEED

1. INITIAL CONDITIONS

(@) Engine at reach normal operating temperature
() Aur cleaner installed

{c) All vacuum lines properly connected

(d) Valve clearance set correcily

{e) Injection timing set correctly

{f) Transmission in N range

(@) Idle speed set correctly
2. CONNECT TACHOMETER

3. ADJUST AIR CONDITIONER IDLE-UP SETTING SPEED
(a) Start the engine
(b) A/C switches ON

(c} Disconnect the vacuum hose from the 1dle-up actua-
tor

Vacuum

EMS169 (d} Apply vacuum to the 1dle-up actuator
(e) Race the engine to 2,500 rpm for a few seconds,

release the throttle and check the idle-up setting
speed

A/C idle-up setting speed: 950 rpm

Vacuum EMB171

Type A (f) Adjust the 1dle-up setting speed by turning the IDLE-
UP SETTING SPEED ADJUSTING SCREW
idle-Up Setting

Speed Adjusting (g) Race the engine to 2,500 rpm for a few seconds,
release the throttle and recheck the A/C idle-up
setting speed

{h) Reconnect the vacuum hose to the idle-up actuator

Eha 200y

Type B Idle-Up Setting
[l Speed Adjusting

EME170
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EM-30 ENGINE MECHANICAL - Compression Check

COMPRESSION CHECK

HINT  If there 1s lack of power, excessive oll consumption
or poor fuel economy, measure the compression pressure

1. WARM UP AND STOP ENGINE
Allow the engine to reach normal operating temperature

2. DISCONNECT INJECTION PUMP (FUEL CUT
SOLENOQID) CONNECTOR

3. REMOVE GLOW PLUGS
(See step 9 on page EM-57)

4. CHECK CYLINDER COMPRESSION PRESSURE
(@) Install SST (attachment) to the glow plug hole
SST 09992-00024 (09992-00160)

(b} Connect SST (compression gauge) to SST (attach-
ment)

SST 09992-00024 {09992-001 60, 09992-00211)
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ENGINE MECHANICAL - Compression Check EM-31

(c) Fully open the throttle valve

(d) While cranking the engine, measure the compression
pressure

HINT Always use a fully charged battery to obtain engine
revolution of 250 rpm or more

(e) Repeat steps (a) through (d) for each cylinder

NOTICE: This measurement must be done in as short
a time as possible.

Compression pressure:
IPZ and 1HZ
37.0 kg/cm? (526 psi, 3,628 kPa) or more
1HD-T
35.0 kg/cm? (498 psi, 3,432 KPa) or more

Minimum pressure:
IPZ and 1HZ
27.0 kg/cm? (384 psi, 2,648 kPa) or more
1HD-T
25.0 kg/cm? (356 psi, 2,452 kpa) or more
Difference between each cylinder:
5.0 kg/cm’ (71 psi, 490 kPa) or less

() If the cylinder compression N one or more cylinders s
low, pour a small amount of engne all nto the
cylinder through the glow plug hole and repeat steps
{a) through (d} for the cylinder with low compression

+ If adding o1l helps the compression chances are that
the piston nngs and/or cylinder bore are worn or
damaged

= |f pressure stays low, a valve may be sticking or
seating improperly, or there may be leakage past the
gasket

5. REINSTALL GLOW PLUGS
(See step 11 on page EM-81)

6. RECONNECT INJECTION PUMP (FUEL CUT
SOLENOID) CONNECTOR
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EM-32 ENGINE MECHANICAL - Timing Belt

TIMING BELT

HINT  If replacing the timing belt before the timing belt
warning light comes on, {light comes on after 100,000 km
of driving), be sure to reset the timing belt counter of the
speedometer to zero

COMPONENTS

1HD-T 1PZ and 1HZ

Intake Pipe Intake Pipe

-, + Gaskst

Intake Plpe Insulator
(1HZ for Europe)

Cylinder Head Cover

Timing Belt Cover

pharirsy

)

AT

et
ry’

A

T

P
&ﬂi&\“\ )

0L

Camshatt Timing
Pulley Ne 1 Flange

No 2 Camshaft
Pulley

Camshaft Timing
Pulley No 2 Flange
Timing Belt

Gasket

i

U

Y

i

[kg-cm (it-lb, N:m}| : Specified torque
¢ Non-reusable part emaTn
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ENGINE MECHANICAL - Timing Belt

EM-33

EM838%

EMB4EA

EM3038

EME31S

REMOVAL OF TIMING BELT
(See page EM-32)

1

2.

REMOVE TIMING BELT COVER

Remove the three seal washer, bolts, four clips, timing
belt cover and gasket

SET NO.1 CYLINDER TO BDC

Turn the crankshaft pulley clockwise, setthe No 1 and No 2
camshaft pulley grooves at each position (BDC mark)

HINT By positioning the No 1 cylinder at BDC, interfer-
ence between the valve and piston 1s avoided, even If the
camshaft rotates

REMOVE TIMING BELT

HINT  If re-using the timing belt, draw a direction arrow
on the timing belt (in direction of engine revolution}, and
place matchmarks on the pulleys and timing belt

(a) Using SST, remove the tension spring
SST 09717-20010

(b} Remove the spring bolt of the timing belt idler
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EM-34

ENGINE MECHANICAL - Timing Belt

EMB333

EMB312

4.

() Remove the timing belt

REMOVE TIMING BELT IDLER PULLEY

Using SST, remove the bolt, timing belt idler pulley and
plate

SST 09923-00020

REMOVE NO.2 CAMSHAFT TIMING PULLEY

(@) Place matchmarks on the camshaft timing pulley No 2
flange and No 2 camshaft timing pulley

{b) Remove the four bolts, camshaft timing pulley No 2
flange, No2 camshaft timing pulley and camshaft
timing pulley No 1 flange

REMOVE INTAKE PIPE
(IPZancMHZ)

(@) Disconnect the PCV hose
(b} Remove the four bolts, intake pipe and gasket

{c) (1HZ (Eourope}))
Remove the intake pipe insulator

(1HD-T)

(a) Disconnect the turbo vacuum hose

(b) Loosen the ar hose clamp bolt

(c) Remove the three bolts, intake pipe and gasket
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ENGINE MECHANICAL — Timing Belt EM-35

EMB313

EMBTGQ

7.

REMOVE CYLINDER HEAD COVER

Remove the twelve bolts (1PZ} or fourteen bolts (1HZ
and 1HD-T}), two nuts, cylinder head cover and gasket

REMOVE NO.1 CAMSHAFT TIMING PULLEY

(@) Hold the hexagonal wrench head portion of the cam-
shaft with a wrench, and remove the No 1 camshaft
timing pulley bolt

{b) Using SST, remove the No 1 camshaft timing pulley
SST 09950-20017
() Remove the set key
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ENGINE MECHANICAL - Timing Belt

No.!

= (3 B

TG
7

EMET126

EM( 27

EMO128

EMET29

EMG120

INSPECTION OF TIMING BELT COMPONENTS

1.

INSPECT TIMING BELT

NOTICE:
« Do not bend, twist or turn the timing belt inside out.

+ Do not allow the timing belt t0 come into contact
with oil, water or steam.

» Do not utilize timing belt tension when installing or
removing the mount bolt of the camshaft timing
pulley.

If there are any defects as shown in the illustration, check
the following points
(a) Premature parting

» Check for proper installation

+ Check the timing belt cover gasket for damage and,
check for proper nstallation

(b) If the belt teeth are cracked or damaged, check to see
if the camshaft 1s locked

(c) If there are cracks or noticeable wear on the belt face,
check to see If there are nicks on one side of the idler
pulley lock

(d) If there 1s wear or damage on only one side of the belt,
check the alignment of the each pulley
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ENGINE MECHANICAL — Timing Belt EM-37

EMD131

EMB159

A

Free Length

EMB288

(e) If there 15 noticeable wear on the belt teeth, check
timing belt cover for damage and check for correct
gasket nstallation Check for foreign matenal on the
pulley teeth

If necessary, replace the timing belt

INSPECT IDLER PULLEY
(a) Check the turning smoocthness of the ler pulley
If necessary, replace the idler pulley

(b} Check that the ler pulley and the pulley bolt slide
smoothly

If necessary, replace the idler pulley

INSPECT TENSION SPRING

{a) Measure the free length of the tension spring

Free length 727 mm (2 862 In )

If the free length 15 not as specified, replace the tension

spring

{b) Measure the tension of the tension spring at the
specified nstalled length

Installed tension
23-28 kg (50 7-61 7 Ib, 225-275 Nm)
at90 1 mm (3 547 in)

If the nstalled tension 18 not as specified, replace the
tension spring
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EM-38

ENGINE MECHANICAL - Timing Belt

EMB314

EMB526

EMEIE 1

INSTALLATION OF TIMING BELT
(See page EM-32)

1

INSTALL NO.1 CAMSHAFT TIMING PULLEY

(@ Install the set key to the key groove of the cam-
shaft

(b) Align the pulley set key with the key groove of the
No 1 camshaft timing pulley, slide the No1 cam-
shaft timing pulley

() Temporarily install the No 1 timing pulley bolt

(d) Hold the hexagonal wrench head portion of the cam-
shaft with a wrench, and tighten the No 1 camshaft
timing bolt

Torque: 1,000 kg-cm (72 ft-Ib, 98 N'm)

INSTALL CYLINDER HEAD COVER
(a) Remove any old packing (FIPG) material

(b) Apply seal packing to the cylinder head as shown In
the illustration

Seal packing: Part No.08826-000380 or equivalent

(c) Install the gasket to the cylinder head cover

(d) Install the cylinder head cover with the twelve bolts
(1PZ) or fourteen bolts (1 HZ and 1HD-T) and two
nuts

INSTALL INTAKE PIPE
(1PZand1HZ)

(@) (1HZ (Eourope))
Place the intake pipe nsulator on the cylinder head
cover

(b) Install a new gasket and intake pipe with the four
bolts

(c) Connect the PCV hose

(1HD-T)

(a) Install a new gasket and intake pipe with the three
bolis

{b) Connect the ar hose and tighten the hose clamp
{c) Connect the turbo vacuum hose
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ENGINE MECHANICAL - Timing Belt EM-39

EMA688

EMB484

4.

INSTALL NO.2 CAMSHAFT TIMING PULLEY

(@) Ahgn the knock pin of the injection pump drive gear
with the knock pin hole of the camshaft timing pulley
No 1 flange and cutout portion of the No 2 camshaft
timing pulley

(b} Algn the matchmarks of the No2 camshaft timing
pulley and camshaft timing pulley No 2 flange, and
install and tighten the four bolts

Torque: 315 kg-cm (23 ft-1b, 31 N-m)

INSTALL TIMING BELT IDLER PULLEY

Using SST, install the plate and timing belt dler pulley with
the bolt

SST 09923-00020
Torque: 270 kg-cm (20 fi-lb, 26 N-m)

SET NO.1 CYLINDER TO BDC
Set the timing pulleys at each position

NOTICE: When turning the crankshaft, the valve
heads will hit against the piston top. So do not turn it
more than necessary.

INSTALL TIMING BELT
NOTICE: The engine should be cold.

HINT  If re-using the timing belt, align the points marked
during removal, and nstall the timing belt with the arrow
pomnting in the direction of engine revolution
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EM-40 ENGINE MECHANICAL - Timing Belt

Emagd

EMB31 6

EMBE26

8.

(a) Remove any ol or water on each pulley, and keep
them clean

{b) Install the timing belt in following order
(1} No 2 camshaft timing pulley
(2) No1 camshaft timing pulley
(3) Twming belt idler pulley

{c}) Using SST, install the tension spring
SST 09718-20010

(d) Install and torque the spring bolt of the timing belt
idler

Torque: 270 kg-cm (20 fi-Ib, 26 Nm)

CHECK VALVE TIMING

Tum the crankshaft pulley clockwise and check that each
pulley align with the timing marks (TDC mark) as shown in
the illustration

If the marks do not align, remove the timing belt and
reinstall 1t
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ENGINE MECHANICAL - Timing Belt EM-41

9. INSTALL TIMING BELT COVER
(a) Remove any old packing (FIPG) matenal

(b) Apply seal packing to the camshaft ol seal retainer
and timing gear cover as shown in the illustration

Seal packing: Part No.08826-00080 or equivalent

(c) Install the gasket to the timing belt cover

(d) Install the timing belt cover with the three seal wash-
ers, three bolts and four clips
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EM-42 ENGINE MECHANICAL - Timing Gears

TIMING GEARS
COMPONENTS

Camshaft Oil Seal Retainer

200 (14, 20}

Injection Pump
Dnive Gear

. Beanng O
Timing Gear Cover 4 O-Ring

Pump Dnve Gear
Ol Seal

Crankshaft

Timing Gear
Crankshaft Front ™~ _ N Pump Drive Shaft Gear Idler Gear
Qil Seal T el Thrust Plate
1HZ and 1HD-T 400 (29,39) | T -

(ex. HZB30 and HDE30)
Mo 2 Crankshaft

Pulley LT 1HZ and 1HD-T
o ] {HZB30 and HDB30/
- - — - ]
Al < MNo 2 Crankshaft
| 250 (18, 25) | 5 \ Pulley
¥ 7

% ®

No.1 Crankshaft\\\
Pulley

% 0-Ring ¢ Gasket
Plate Washer

[ 5.000 (362. 490 |

il Pipe

185 {13.19)

[kg-cm ft-lb, N-ml] * Specified torque
4+ Non-reusable part EMBASE
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ENGINE MECHANICAL - Timing Gears EM-43

REMOVAL OF TIMING GEARS
{See page EM-42)

1.

EMBB21

REMOVE DRIVE BELT, FAN AND WATER PUMP PULLEY
{See step 2 on page CO-7)

REMOVE TIMING BELT AND PULLEYS
{See page EM-32)

REMOVE CAMSHAFT OIL SEAL RETAINER

{See step 14 on page EM-59)

REMOVE OIL PIPE

(a) Remove the two union bolts and four gaskets
{b) Hemove the bolt and oll pipe

REMOVE VACUUM PUMP
(a) Remove the two nuts and vacuum pump
(p) Remove the O-ring

(IHZandiHD-T)
REMOVE NO.2 CRANKSHAFT PULLEY

Remove the six bolts and No 2 crankshaft pulley

REMOVE NO.1 CRANKSHAFT PULLEY
{a) Using SST, remove the pulley bolt and plate
SST 0921 3-58011 and 09330-00021
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EM-44 ENGINE MECHANICAL - Timing Gears

(b} Using SST, remove the No 1 crankshaft pulley
$ST 09213-60017 (09213-00020, 0%213-00030,

@ 08213-00060) and 09250-20017

(c} Remove the O-ring from the No 1 crankshaft pulley

EMB229

8. REMOVE TIMING GEAR COVER
(a) Remove the fourteen bolts

EM83383

(b) Pry out the timing gear cover

EMBISE?

9. CHECK THRUST CLEARANCE OF IDLER GEAR
Using a thickness gauge, measure the thrust clearance

Standard thrust clearance:  0.05-0.15 mm
(0.0020-0.059 in.)

Maximum thrust clearance: 0.30 mm (0.0118 in.)

If the thrust clearance I1s greater than maximum, replace the

thrust plate If necessary, replace the idler gear and/or idler
gear shaft

EMB277

10. REMOVE PUMP DRIVE SHAFT GEAR
Using SST, remove the pump drnive shaft gear
SST 09213-36020 and 09950-20017

EM8334
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ENGINE MECHANICAL - Timing Gears EM-45

EMB3IN0

EmE781

FM8332

11.

12.

13.

REMOVE IDLER GEAR

Remove the two bolts, thrust plate, ler gear and idler gear
shaft

REMOVE INJECTION PUMP DRIVE GEAR

(@) Using SST, remove the njection pump drive gear set
nut

SST 09330-00021
(b) Remove the C-ning

{¢) Using SST, remove the injection pump drive gear

SST 09213-60017 (09213-00020, 09213-00030,
09213-00060) and 09950-20017

NOTICE:

+ Tighten the two bolts of SST more than 8 mm (0.31
in.)

+ Set the SST so that it is balanced.

REMOVE CRANKSHAFT TIMING GEAR
Using SST, remove the crankshaft timing gear
SST 09213-36020 and 09950-20017
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EM-46 ENGINE MECHANICAL - Timing Gears

EMB342

EMB1383

INSPECTION OF TIMING GEARS

1.

INSPECT IDLER GEAR

(@) Using a cylinder gauge, measure the inside diameter
of the idler gear

Idler gear inside diameter: 45.000-45.025 mm
(1.7717-1.7726 in.)

(b) Using a micrometer, measure the diameter of the idler
gear shaft

Idler gear shaft diameter: 44.950-44.975 mm
(1.7697-1.7707 in.}

{c} Subtract the dler gear shaft diameter measurement
from the idler gear inside diameter measurement

Standard oil clearance: 0.025-0.075 mm
{0.0010-0.0030 in.)

Maximum oil clearance: 0.20 mm (0.0079 in.)

If the clearance 1s greater than maximum, replace the gear
and shaft

INSPECT INJECTION PUMP DRIVE GEAR BEARING
Check that bearnng 1s not rough or worn

IF NECESSARY, REPLACE INJECTION PUMP DRIVE
GEAR BEARING

Remove bearing
Using SST, remove the bearing
SST 09950-20017
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ENGINE MECHANICAL - Timing Gears EM-47

B. Install bearing

Using SST and a press, press In a new bearing
SST SST 09214-76011

EngI

4. CHECK BACKLASH OF TIMING GEARS
Using a dial ndicator, measure the backlash
Standard gear backlash: 0.05-0.15 mm
(0.0020-0.0060 in.)
Maximum gear backlash: 0.30 mm (0.0118 in.)

If the gear backlash 1s greater than maximum, replace the
gears as a set

Crankshaft = Idler
- Ty o
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EM-48 ENGINE MECHANICAL - Timing Gears

EMS476

88T

EME46E

REPLACEMENT OF CRANKSHAFT FRONT OIL
SEAL

HINT  There are two methods (A and B) to replace the ol
seal as follows

REPLACE CRANKSHAFT FRONT OIL SEAL

A

If timing gear cover is removed from cylinder block:
(a) Using a screwdnver and hammer, tap out the ol seal

(b} Using SST and a hammer, tap in a new o1l seal until its
surface 1s flush with the timing gear cover edge

SST 09223-78010
(¢} Apply MP grease 1o the ol seal lip

If timing gear cover is installed to the cylinder block:
(a) Using SST, remove the ol seal
SST 09308-10010 and 09950-20017

{b) Apply MP grease to a new ol seal lip

{¢) Using SST and a hammer, tap in the ol seal untll its
surface s flush with the timing gear cover edge

SST 09223-78010
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ENGINE MECHANICAL — Timing Gears EM-49

EM3B17

EM3ZE14

EMB828

REPLACEMENT OF INJECTION PUMP DRIVE
GEAR OIL SEAL

HINT  There are two methods (A and B) to replace the ol
seal as follows

REPLACE INJECTION PUMP DRIVE GEAR OIL SEAL

If timing gear cover is removed from cylinder block:
(@) Using a screwdriver and hammer, tap out the ol seal

(b} Using SST and a hammer, tap in a new oil seal until its
surface 1s flush with the timing gear cover edge

SST 09214-76011
(¢} Apply MP grease 1o the oil seal lip

If timing gear cover is installed to the cylinder block:
(@) Using a screwdnver, pry out the ol seal

NOTICE: Be careful not to damage the injection
pump drive gear. Tape the screwdriver tip.

(b) Apply MP grease to the ail seal lip

{¢) Using SST and a hammer, tap in a new oil seal until tts
surface 1s flush with the timing gear cover edge

SST 09214-76011
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EM-50 ENGINE MECHANICAL - Timing Gears

rd EMaI72

EMEE09

EMBE19

EMB388

INSTALLATION OF TIMING GEARS
(See page EM-42)

1

INSTALL CRANKSHAFT TIMING GEAR

(@) Put the timing crankshaft timing gear with the timing
mark facing frontward

(b) Algn the timing gear set key with the key groove of
the timing gear

(c) Using SST and a hammer, tap in the timing gear
SST 09223-00010

INSTALL INJECTION PUMP DRIVE GEAR

(a) Install the set key to the groove of the injection pump
drive shaft

(b) Align the set key with the key groove of the injection
pump drive gear and install the dnve gear

{(c) Install a new O-nng to the drive gear

(d) Install the injection pump drive gear set nut
{e) Using SST, torque the nut

SST (09330-00021

Torque: 1,000 kg-cm (72 ft-1b, 98 N-m)

INSTALL IDLER GEAR
(@) Install the dler gear shaft

(b) Algn the dler gear timing marks "0" and " 1 " with the
crankshaft timing gear mark "0" and injection pump
drive gear timing mark " 1 " respectively, and mesh the
gears
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ENGINE MECHANICAL - Timing Gears EM-51

)

= “

v

EMB3a

EMB374

CORRECT WRONG
Seal Packing —_— —8

EMBE1E

(c) Algn the thrust plate set bolt holes

(d)} Install the thrust plate with the two bolts Torque the
bolts

Torque: 400 kg-cm (29 ft-1b, 39 N-m)

INSTALL PUMP DRIVE SHAFT GEAR
(@) Ahgn the pump dnve shaft gear set key with the key
groove of the drive shaft gear

(b} Using SST and a hammer, tap in the pump drive shaft
gear

SST 09223-00010

INSTALL TIMING GEAR COVER

(@) Remove any old packing (FIPG) matenal and be
careful not to drop any ol an the contact surfaces of
the timing gear cover and cylinder block

* Using a razor blade and gasket scraper, remove all
the old packing (FIPG) matenal from the gasket
surfaces and sealing groove

= Thoroughly clean all components to remove all the
loose material

* Using a non-residue solvent, clean both sealing
surfaces

(b) Apply seal packing to the timing gear cover as shown
in the llustration

Seal packing: Part No.08826-00080 or equivalent

» Install a nozzle that has been cut to a 2-3 mm
{0 08-0 12 in) opening

= Parts must be assembled within 5 minutes of appli-
cation Otherwise the matenal must be removed
and reapplied

« Immediately remove nozzle from the tube and rein-
stall cap
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EM-52 ENGINE MECHANICAL - Timing Gears

EM3281

EMB162

EMS522

EMB257

(¢} Install the timing gear cover with the fourteen bolts
Torque: 200 kg-cm (14 ft-lb, 20 N-m)

INSTALL NO.1 CRANKSHAFT PULLEY

(@ Install a new O-ring In the No1 crankshaft pulley
groove

(b) Align the pulley set key with the key groove of the
pulley
{c) Using SST and a hammer, tap n the pulley

SST 09214-60010

(d) Using SST, install and torque the plate and bolt
Torque: 5,000 kg-cm (362 ft-1b, 490 N-m)

(1HZand1HD-T)

INSTALL NO.2 CRANKSHAFT PULLEY

Install the No 2 crankshaft pulley with the six bolts
Torque: 250 kg-cm (18 fi-1b, 25 N-m)
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ENGINE MECHANICAL - Timing Gears EM-53

EMB337

8.

10.

11.

12.

INSTALL VACUUM PUMP
(@ Install a new G-ring to the vacuum pump

(b} Install the vacuum pump with the two nuts
Torque: 400 kg-cm (29 ft-1b, 39 Nm)

INSTALL OIL PIPE
Install the oil pipe with the bolt, two union bolts and four
new gaskets

Torque: Bolt 200 kg-cm (14 fi-1b, 20 Nm)
Union bolt 185 kg-cm (13 fi-lb, 18 Nm)

INSTALL CAMSHAFT OIL SEAL RETAINER
(See step 6 on page EM-79)

INSTALL PULLEYS AND TIMING BELT
(See page EM-38)

INSTALL WATER PUMP PULLEY, FAN AND DRIVE
BELT
(See step 5 on page CO-9)
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EM-54 ENGINE MECHANICAL - Cylinder Head

CYLINDER HEAD
COMPONENTS

Qil Filler Cap

1PZ ?

Heat Insulator Gasket

Camshaft Bearing Cap

Camshaft Bearing

4 Gasket :
) &

1PZ and 1HZ

See page EM Bnl Glow Plug Connector
1HZ and 2
1HD-T Heat Insulator

Camshaft
& 8

(7N glamshaft Thrust Glow Plug 1HD-T
ate
Glnw Plug Connector

Exhaust Mamfold
{Rear)
2—Adjusting Shim
@—Valve Lifter

I—Xeeper

Spring Retainer Glow Plug
’ 500 paue EM-77 Valve Spring
. g 1= 700 (51 68) Spring Seat
3rd turn 90" 4 1l Seal .
Cylinder ﬁ—\.’alve Guide Bushing Haif Circular Plug
Exhaust Manifold & Gasket Head ; Engine Hanger
{Front) Engine Hanger T W ‘—1\
1 cj—=Ao, ]
Camshaft Oil A, & >
Seal Retainer

& Ol Seal

Intake Manifold

# Cyhinder Head
Gasket Water Qutlet
|kg-r:m (ft-b, N-m}| : Specified torque
4+ Non-reusable part EMB456
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ENGINE MECHANICAL — Cylinder Head EM-55

REMOVAL OF CYLINDER HEAD
(See page EM-54)

1. DRAIN ENGINE COOLANT (See page CO-4)

2. REMOVE INTAKE PIPE
(See step 6 on page EM-34)

3. REMOVE INJECTION PIPES
(See step 2 on page FU-9)

4. REMOVE OIL DIPSTICK AND OIL DIPSTICK GUIDE

(a) Remove the two Dbolts, and the ol dipstick guide
assembly

(b) Remove the O-ring from the oIl dipstick guide

EMB3TY

5. REMOVE INTAKE MANIFOLD
(a) Disconnect the fuel hose from the nozzle leakage pipe

(b) (1PZ)
Remove the ten bolts, seal washers, intake manifold
and five gaskets

{¢) (1 HZ and 1HD-T)
Remove the twelve balts, seal washers, intake mani-
fold and six gaskets

6. REMOVE WATER OUTLET
(a) (1HD-T)
Disconnect the water by-pass hose
{b) Remove the two nuts, water outlet and gasket

7. REMOVE NOZZLE LEAKAGE PIPE
(1PZand1HZ)
(@ (1P4)

Remove the five union nuts, nozzle leakage pipe and
five gaskets

(b) (1HZ)
Remove the six union nuts, nozzle leakage pipe and
six gaskets

EMBI6E
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EM-56 ENGINE MECHANICAL - Cvinder Head

(1HD-T)

Remove the six hollow bolts, nozzle leakage pipe and
twelve gaskets

8. REMOVE INJECTION NOZZLES
(1PZ and 1HZ)
@ (1P
Using SST, remove the five injection nozzles, seats
and gaskets

SST 09268-64010

(o) (1HZ)
Using SST, remove the six injection nozzles, seats and
gaskets

SST 09268-64010

HINT  Arrange the injection nozzles in correct order

(1HD-T)
(@) Remove the bolt, washer, nozzle holder, injection
nozzle and seat

(b) Remove the O-rng from the injection nozzle
EM8B359

HINT  Arrange the injection nozzles in correct order

1 2 3 4 5 6

FLI2774
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ENGINE MECHANICAL - Cylinder Head EM-57

9. REMOVE GLOW PLUGS

(a) Remove the five screw grommets (1 PZ) or six screw
grommets (1 HZ and 1 HD-T)

(b) Remove the five nuts (1PZ) or six nuts (1 HZ and
1HD-T} and glow plug connector

1PZ and 1HZ

{c) Using a 12 mm deep socket wrench, remove the five
glow plugs (1 PZ) or six glow plugs (1 HZ and 1 HD-
T

’ = I;:;;: -..:d:l
i D
Ule

3 EMESTE

10. (IPZancMHZ)
REMOVE EXHAUST MANIFOLD

(@) Remove the four bolts (1 PZ} or five baolts (1 HZ) and
heat nsulator

EMB431
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(b} Remove the ten nuts (1 P4 or twelve nuts (1HZ),
exhaust manifold and two gaskets

11. (1HD-T)
REMOVE TURBOCHARGER AND EXHAUST
MANIFOLD ASSEMBLY
(See steps 3 to 8 on pages TC-9, 10)

12. (1HZ and 1HD-T)
SEPARATE EXHAUST MANIFOLDS

(@) Separate the front and rear exhaust manifolds

EMA289

{b) Using snap rnng pliers, remove the two manifold nngs

EMZ290

13. REMOVE TIMING BELT AND PULLEYS
(See steps 1 to 3 and 5 to 7 on pages EM-33 to 35)
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14. REMOVE CAMSHAFT OIL SEAL RETAINER

(@) Remove the four bolts holding the camshaft ol seal
retainer to the cylinder head

(b) Pry out the camshaft oll seal retainer

EMB368

15. REMOVE CAMSHAFT

(@) (1PZ)
Uniformly loosen and remove the twelve bearnng cap
bolts in several passes N the sequence shown

(b) (1 HZ and 1HD-T)
Uniformly loosen and remove the fourteen bearning
cap bolts in several passes in the sequence shown

{c) Remove the six bearing caps (1 PZ) or seven bearing
caps (1 HZ and 1 HD-T) and camshaft

(d} Remaove the two bearnngs from the No 1 bearng cap
and No1 journal of the cylinder head

(e} Remove the camshaft thrust plate

g
\J\ m EM3 245

HINT Arrange the bearng caps and bearnngs in correct

\%\ erier

EME4G7
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1PZ

2 8101618211913 11 5 3

1HZ and THD-T
2 8101618242621191311 & 3

4 61214202225231715 9 *

EME124
EM3350
EMB249

EM&447

16. REMOVE CYLINDER HEAD

{a) Using SST, uniformly loosen and remove the twenty-
two cylinder head bolts (1 PZ) or twenty-six cylinder
head bolts (1 HZ and 1 HD-T) in several passes In the
sequence shown

SST 09011-381 21

NOTICE: Head warpage or cracking could result
from removing bolis in incorrect order.

(b) Lift the cylinder head from the dowels on the cylinder
block and place the head on wooden blocks on a
bench

HINT  If the cylinder head 1s difficult to Iift off, pry with a
screwdriver between the cylinder head and block

NOTICE: Be careful not to damage the cylinder head
and cylinder block surfaces of cylinder head gasket
side.
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EMB252

EME351

EMB2438

EMB481

DISASSEMBLY OF CYLINDER HEAD
{See page EM-54)

1. BEMOVE VALVE LIFTERS AND SHIMS

HINT  Arrange the valve lifters and shims in correct order

2. REMOVE VALVES

(a) Using SST, compress the valve spring and remove the
two keepers

SST 09202-43013

(bh) Remove the spring retaner, valve spring, valve and
spring seat

HINT  Arrange the valves, valve springs, spring seats and
spring retainers in correct order

(¢) Using needle-nose pliers, remove the ol seal
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3. (IPZand 1HZ)
REMOVE COMBUSTION CHAMBERS

Using SST, remove the five (1 PZ)} and six (1 HZ) combus-
tion chambers {and shims)

SST 09208-48010

EMBS 48

HINT Arrange the combustion chambers (and shims) in

@ correct order
4. REMOVE HALF CIRCULAR PLUG

EMB40E

5. REMOVE FRONT AND REAR ENGINE HANGERS

Front

EMB44D EMBA4G
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INSPECTION, CLEANING AND REPAIR OF
CYLINDER HEAD COMPONENTS

1. CLEAN TOP OF PISTONS AND TOP OF BLOCK

(@) Tumn the crankshaft and bring each piston to top dead
center (TDC) Using a gasket scraper, remove all the
carbon from the piston top

(b} Remove all the gasket matenal from the top of the
cylinder block

NN S EMBE3T NOTICE: Be careful not to scratch the surfaces.

(c) Using compressed air, blow carbon and oil from the

bolt holes
CAUTION: Protect your eyes when using high pres-
sure air.
2. RBREMOVE GASKET MATERIAL

Using a gasket scraper, remove all the gasket matenal from
the manifold and cylinder head surface

NOTICE: Be careful not fo scratch the surfaces.

EMB218

3. CLEAN COMBUSTION CHAMBERS

Using a wire brush, remove all the carbon from the com-
bustion chambers

NOTICE: Be careful not to scratch the head gasket
contact surface.

EM3220

4. CLEAN VALVE GUIDE BUSHINGS

Using a valve guide bushing brush and solvent, clean all
the guide bushings

EMtEATD

5. CLEAN CYLINDER HEAD

Using a soft brush and solvent, thoroughly clean cylinder
heads

EME218
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o

EMBAM
ENG166
EM&165
EMB167

EMB8217

EME580

EMB587 EMBE4T3

6.

INSPECT CYLINDER HEAD FOR FLATNESS

Using a precision straight edge and thickness gauge,
measure the surfaces contacting the cylinder block mani-
folds for warpage

Maximum warpage: 0.20 mm (0.0079 in.)

If warpage 1s greater than maximum, replace the cylinder
head

INSPECT CYLINDER HEAD FOR CRACKS

Using a dye penetrant, check the combustion chamber,
intake and exhaust ports, head surface and the top of the
head for cracks

If cracked, replace the cylinder head

CLEAN VALVES

(@) Using a gasket scraper, chip any carbon from the valve
head

(b) Using a wire brush, thoroughly clean the valve

INSPECT VALVE STEMS AND GUIDE BUSHINGS

(@) Using a calper gauge, measure the inside diameter of
the guide bushing

Bushing inside diameter:
8.010-8.030 mm (0.3154-0.3161 in.)
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EMO983 EMBSE4

EMB225

EME336

Bushing bore diameter
mm (in.}

Bushing size

13004 -13.025
(05112 -05128)

Use STD

13 054 -13 075
{0.5139 - 0 5148)

Use Q/S 005

10.

(b} Using a micrometer, measure the diameter of the valve
stem

Valve stem diameter:
Intake 7.975-7.990 mm
{0.3140-0.3146 in.)
Exhaust 7.960-7.975 mm
{0.3134-0.3140 in.)

{c) Subtract the valve stem diameter measurement from
the guide bushing inside diameter measurement

Standard oll clearance:
Intake 0.020-0.055 mm
(0.0008-0.0022 in.)
Exhaust 0.035-0.070 mm
(0.0014-0.0028 in.)

Maximum oil clearance:
Intake  0.08 mm (0.0031 in.)
Exhaust 0.10 mm (0 0039 in.)

If the clearance 1s greater than maximum, replace the valve
and guide bushing

IF NECESSARY, REPLACE VALVE GUIDE BUSHINGS
(@) Using SST and a hammer, tap out the guide bushing
SST 09201-60011

(b Using a calper gauge, measure the bushing bore
diameter of the cylinder head

{c) Select a new guide bushing {(STD size or 0/S 0 05)

If the bushing bore diameter of the cylinder head 1s greater
than 13025 mm (0 5128 in }, machine the bushing bore to
the following dimension

Rebored cylinder head bushing bore dimension:
13.054-13.075 mm (0.5139-0.5148 in.)

If the bushing bore diameter of the cylinder head 1s greater
than 13 075 mm (05148 n ), replace the cylinder head
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EMBZ3Z

T R AITE I

EMEBZ23 EMS5475

44.5°

EMO284 EMO180

Margin Th|ckny \

& )

T EMO181

Length

- EM2534

{(d) Using SST and a hammer, tap in a new guide bushing
to where there 1Is 118 - 122 mm (0 465 - 0480 n)
protruding from the cylinder head

SST 09201-60011

(e} Using a sham 8 mm reamer, ream the guide bushing to
obtain the standard specified clearance (See page
EM-65) between the guide bushing and valve stem

11. INSPECT AND GRIND VALVES
{a) Grnnd the valve enough to remove pits and carbon
{(b) Check that the valve 1s ground to the correct valve face
angle
Valve face angle: 44.5°

{c) Check the valve head margin thickness

Standard margin thickness:
Intake 1.6 mm (0.063 in.)
Exhaust 1.7 mm (0.067 in.)

Minimum margin thickness:
Intake 1.1 mm (0.043 in.)
Exhaust 1.2 mm (0.047 in.)

If the margin thickness 1s less than mimmum, replace the
valve

(d} Check the valve overall length

Standard overall length:
Intake 103.29-103.69 mm
(4.0665-4.0823 in.)
Exhaust 103.14-103.54 mm
{4 0606-4 0764 m)

Minimum overall length:
Intake  102.79 mm (4.0468 in.)
Exhaust 102.64 mm (4.0409 in.)

If the overall length 1s less than mimimum, replace the valve

Donated by Andrew Schauer. cruisercult.com



ENGINE MECHANICAL - Cylinder Head

EM-67

EMOZ55

EME317

Qs

EMO183 EME2ZE

L

45

|

EMO185

12.

(e} Check the surface of the valve stem tip for wear

If the valve stem tip 1s worn, resurface the tip with a grinder
or replace the valve

NOTICE: Do not grind off more than the minimum
overall length.

INSPECT AND CLEAN VALVE SEATS
Using a 45° carbide cutter, resurface the valve seats

(a)

Remove only enough metal to clean the seats

(b} Check the valve seating position Apply a thin coat of
Prussian blue (or white lead) to the valve face Lightly
press the valve against the seat Do not rotate the

(©)

valve

Check the valve face and seat for the following
» If blue appears 360° around the face, the valve I1s

concentric If not, replace the valve

« If blue appears 360° around the valve seat, the
guide and face are concentric If not, resurface the

seat

« Check that the seat contact 1s on the middle of the

valve face with the following width
Intake

If not, correct the valve seats as follows

1.5-1.9 mm (0.059-0.073 in.)
Exhaust 1.8-2.2 mm (0.071 -0.087 in.)

(1) If the seating 1s too high on the valve face, use

25° and 45° cutters to correct the seat
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ENGINE MECHANICAL - Cylinder Head

Intake 70°
Exhaust 60°

EMD1BE

Squareness -

EMO983

Painted Mark

EMOZ0

EM{281

13.

(2) (Intake)
If the seating 1s too low on the valve face, use 70°
and 45° cutters to correct the seat

(Exhaust)
If the seating 1s too low on the valve face, use 60°
and 45° cutters to correct the seat

(d) Hand-lap the valve and valve seat with an abrasive
compound

(e} After hand-lapping, clean the valve and valve seat

INSPECT VALVE SPRINGS

(a) Using a steel square, measure the squareness of the
valve spring

Maximum squareness: 2.0 mm (0.075 in.)

If squareness 1s greater than maximum, replace the valve
spring

(b} Using vernier calipers, measure the free length of the
valve spring

Free length:
Yellow painted mark 46.20 mm (1.8189 in.)
Blue painted mark 49.14 mm (1.9346 in.)

If the free length 1s not as specified, replace the valve
spring

(c) Using a spring tester, measure the tension of the valve
spring at the specified installed length
Installed tension:
30.7-33.9 kg (67.7-74.7 Ib, 301 -332 N)
at 37.0 mm (1.457 in.)
If the installed tension 18 not as specified, replace the valve
spring
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EMEBT185

EMB185

14.
A.

INSPECT CAMSHAFTS AND BEARINGS
Inspect camshaft for runout
(@) Place the camshaft on V-blocks

(b} Using a dial indicator, measure the circle runout at the
center journal

Maximum circle runout: 0.10 mm (0.0039 in.)

If the circle runout 1s greater than maximum, replace the
camshaft

Inspect cam lobes
Using a micrometer, measure the cam lobe height

Standard cam lobe height:
Intake
1PZ and 1HZ  55.090-55.110 mm
(2.1689-2.1697 In.)

1HD-T 54.440-54.460 mm
(2.1433-2.1441 in.)
Exhaust 55.940 - 55.960 mm

(2.2024-2.2031 in.)
Minimum cam lobe height:

Intake
IPZand 1HZ 54.59 mm (2.1492 in.)
1H-D 53.94 mm (2.1236 in.)
Exhaust 55.44 mm (2.1827 in.)

If the cam lobe height 1s less than minimum, replace the
camshaft

Inspect camshaft journals
Using a micrometer, measure the journal dameter

Journal diameter:
No.1 journal 34.969-34.985 mm
(1.3767-1.3774 in.)
Others 27.986-27.988 mm
(1.1018-1.1023 in.)

If the Jjournal diameter 18 not as specified, check the il
clearance

Inspect camshaft bearings
Check the beanngs for flaking and scoring
If the beanngs are damaged, replace the beanngs
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Plastigage

EME34D

EMB241

EME344

EMB247

EM3224

E.

15.

Inspect camshaft journal oil clearance

(a) Install the camshaft bearings to the No 1 bearing cap
and Neo 1 journal of the cylinder head
(See step 4 (b) on page EM-78)

(b) Clean the bearings and camshaft journals
(c) Place the camshaft on the cylinder head

(d) Lay a strip of Plastigage across each of the camshaft
journals

(e) Install the bearing caps

(See step 4 (c) to {e) on page EM-78)
Torque: 250 kg-cm (18 ft-1b, 25 N'm)
HINT Do not turn the camshaft

(f) Remove the beanng caps
() Measure the Plastgage at its widest point
Standard oil clearance:

No.1 journal 0.022-0.074 mm
(0.0009-0.0029 in.)
Others 0.030-0.066 mm

{0.0012-0.0026 in.)
Maximum oil clearance: 0.10 mm (0.0039 in.)

If the oll clearance Is greater than maximum, replace the
bearings or camshaft If necessary, replace the bearing caps
and cylinder head

{hy Completely remove the Plastigage

Inspect camshaft thrust clearance

{a) Install the camshaft
(See step 4 on page EM-78)

(b) Using a dial indicator, measure the thrust clearance
while moving the camshaft back and forth

Standard thrust clearance: 0.10-0.20 mm
(0.0039-0.0079 in.)

Maximum thrust clearance: 0.30 mm (0.0118 in.)

If the thrust clearance 1s greater than maximum, replace the
thrust plate If necessary, replace the camshatft

INSPECT VALVE LIFTERS AND LIFTER BORES

(a) Using a caliper gauge, measure the lifter bore diameter
of the cylinder head

Lifter bore diameter: 40.960—40.980 mm
{(1.6126-1.6134 in.)
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EM2163
EM3382
EME37T
EMB378

EMBEST

16.

17.

(b} Using a micrometer, measure the lifter diameter

Lifter diameter: 40.892-40.902 mm
{1.6099-1.6103 in.)

(c) Subtract the hfter dameter measurement from the
Ifter bore diameter measurement

Standard oil clearance: 0.058-0.083 mm
(0.0023-0.0033 in.)

Maximum oil ¢learance: 0.10 mm (0.0039 in.)

If the ail clearance I1s greater than maximum, replace the
Ifter If necessary, replace the cylinder head

INSPECT INTAKE AND EXHAUST MANIFOLDS

Using a precision straight edge and thickness gauge,
measure the surface contacting the cylinder head for warp-
age

Maximum warpage 0.40 mm (0.0157 in.)
If warpage 1s greater than maximum, replace the manifold

INSPECT CYLINDER HEAD BOLTS

Using verrier calipers, measure the mimmum outer diame-
ter of the compressed thread at the measurnng point

Standard outer diameter: 10.800-11.000 mm
(0.4646-0.4724 in.)

Minimum outer diameter: 10.55 mm (0.4154 in.)

If the outer diameter 15 less than mimimum, replace the bolt
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REPLACEMENT OF CAMSHAFT OIL SEAL

HINT There are two methods (A and B} to replace the all
sedl as follows

REPLACE CAMSHAFT OIL SEAL

A. If camshaft oil seal retainer is removed from cylinder
head:

(@ Using a screwdnver and hammer, tap out the oil seal

EM3356

(b} Using SST and a hammer, tap in a new oil seal until its
surface 1s flush with the ol seal retainer edge

SST 09223-46011
(¢} Apply MP grease 1o the oll seal lip

EME479

B. [If camshaft oil seal retainer is installed to the cylinder
head:

(@) Using a screwdnver, pry out the ol seal

NOTICE: Be careful not to damage the camshaft.
Tape the screwdriver tip.

(b} Apply MP grease to a new all seal lp

(¢} Using SST and a hammer, tap in the ol seal until its
surface 1s flush with the o1l seal retainer edge

SST 09223-46011

EMB615
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Front

Rear ASSEMBLY OF CYLINDER HEAD
(See page EM-54)

HINT

« Thoroughly clean all parts to be assembled

« Before installing the parts, apply new engine oill to all
shiding and rotating surfaces

* Replace all gaskets and oll seals with new ones
1 INSTALL FRONT AND REAR ENGINE HANGERS

Install the engine hangers as shown in the illustration

2. INSTALL HALF CIRCULAR PLUG
(a) Remove any old packing (FIPG) matenal
(b} Apply seal packing to the half circular plug as shown
Seal packing: Part No. 08826-00080 or equivalent
(¢} Install the half circular plug to the cylinder head

3. SELECT COMBUSTION CHAMBER SHIM

A. It using new combustion chambetr:

Using a micrometer, measure the thickness of each used
combustion chamber at the position shown In the illustra-
tion, then select the number of shims to be used

Combustion chamber thickne_ss No. of shims to be used
mm {in.}

602 -6.05 (0.2370 - 0 2382) 0

6.06 - 6.08 (0.2386 - 0 2394) 1

6.09-6.11 (0 2398 - 0 2406) 2

Shim thickness: 0.03 mm (0.0012 in.)

NOTICE: I combustion chamber shims were already
being used, do not perform the above step; use the
same number of shims as were used before.

B. If reusing combustion chamber:

Install the combustion chamber back in the same position 1t
was onginally at

4. (1PZand1HZ)
INSTALL COMBUSTION CHAMBERS

(@) Ahgn the knock pin of the combustion chamber with
the notch of the cylinder head

(b) Using a plastic-faced hammer, tap in the (shim and)
combustion chamber
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EMB45

EMA3ES

EM8395

6.

(¢} Using a dial indicator, measure the protrusion of the
combustion chamber from the cylinder head

Protrusion: Minus 0.04-Plus 0.04 mm
(Minus 0.0016- Plus 0.0016 in.)
If the protrusion 1s less than specified, adjust with shims

Shim thickness: 0.03 mm (0.0012 in.)
If the protrusion 1s greater than specification, replace the
chamber and recheck the protrusion

INSTALL VALVES
(@) Install the following parts
(1) Ol seal
() Valve
(3) Spring seat
(4) Valve spring
(5) Spning retainer

{b) Using SST, compress the valve spring and place the
two keepers around the valve stem

SST 09202-43013

(¢} Using a plastic-faced hammer, lightly tap the valve
stem tip to assure proper fit

INSTALL VALVE LIFTERS AND SHIMS
Check the valve Iifter rotates smoothly by hand
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T
EMdng

X Measuring Point

1HZ and 1HD-T
Front

¥ Measuning Paint

]

)

—+= Protrusion

A_L{/Measuring Tip

EMB503
EMBE0a
EMB628

INSTALLATION OF CYLINDER HEAD
(See page EM-54)

1.

A

CHECK PISTON PROTRUSION AND SELECT
CYLINDER HEAD GASKET

Check piston protrusions each cylinder
(a) Clean the cylinder block solvent

(b} Set the piston of the cylinder to be measured to
shghtly befor TDC

() Place a dial indicator on the cylinder block, and set the
dial ndicator at 0 mm (0 n)

HINT
* Use a dial indicator measunng tip as shown in the
Nustration

» Make sure that the measuring tip 1s sqaure to the cylinder
block gasket surface and piston head when taking the
measurments

{(d) Find where the piston head protrudes most by slowly
turning the crankshaft clockwise and counterclock-
wise

{e) Measure each cylinder at two places as shown In
the illustration, making a tatal of ten measurements
(1PZ) or twelve measurements (1 HZ and 1HD-T)

(f} For the piston protrusion value of each cylinder, use
the average of the two measurements of each cylinder

Protrusion:
IPZand 1HZ
0.405-0.655 mm (0.0159-0.0258 in.)
1HD-T
0.475-0.725 mm (0.0187-0.0285 in.)

(When removing piston and connecting rod assembly)

If the protrusion 1s not as specified, remove the piston and
connecting rod assembly (See page EM-86) and reinstall it
(See page EM-108)
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1PZ

Hole Numbar

EME 329

1HZ and 1THD-T

Cutout Number

EMg328

1HZ

Select new cylinder head gasket
(1PZ)

HINT There are five types of cylinder head gasket (hole
number 1 to 5) installed at factory, but only three types for
supply parts (hole number "1", "3" and "5"), so when
replacing the gasket select from one of three types above

New cylinder head gasket thickness:
Hole number "1" 1.16-1.24 mm
(0.0457-0.0488 in.)
Hole number "3" 1.26-1.34 mm
(0.0496-0.0528 in.)
Hole number "5" 1.36-1.44 mm
(0.0535-0.0567 in.)

Select the largest piston protrusion value from the measure-
ments made, then select the appropnate cylinder head
gasket according to the table below

Piston pretrusion mm {in ) Gaskat size

0 455 (0.0179) or less Use “1"

0.456 - 0 565 (0.0180-00219) Use “3"

0 556 {0.0219) or more User “58"

(1HZ and 1HD-T)

HINT There are five types of cylinder head gasket (cutout
number 1 to 5) installed at factory, but only three types for
supply parts (cutout number "1 ", "3" and "5"), so when
replacing the gasket select from one of three types above

New cylinder head gasket thickness:
Cutout number "1" 1.15-1.25 mm
(0.0453-0.0492 in.)
Cutout number "3" 1.25-1.35 mm
(0.0492-0.0531 in.)
Cutout number "5" 1.35-1.45 mm
(0.0531 -0.0571 in.)

Select the largest piston protrusion value from the measure-
ments made, then select the appropriate cylinder head
gasket according to the table below

1HD-T

Poston protrusion mm {in }

Gasket size

Piston protrusion mm {(in )} Gasket size

0466 (00179) or less

Use "1~

0.525 {(.0207) or less Use "1"

0 466 - 0 bbb
(0.0180 - 0.0219)

Use 3"

0.526 -0 625

{0 0207 — 0 0246) Use "3

0 556 (0 0246) or more

Use "B’

0626 (0 0246) or more Use "b”
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2. SET N0.1 CYLINDER TO BDC

Turn the crankshaft pulley, and align the BDC mark of the
timing gear cover with the No 1 flange groove of the No 2
camshaft timing pulley

EMEDRS

3. INSTALL CYLINDER HEAD

A. Place cylinder head on cylinder block

(@) Place a new cylnder head gasket in position on the
cylinder block

NOTICE: Be careful of the installation direction.

(b) Place the cylinder head in position on the cylinder
head gasket

EMB211

B. Install cylinder head bolts
HINT
+ The cylinder head bolis are tightened in three progressive
steps
+ If any of bolis break or deform, replace them
(@) Apply a hght coat of engine oIl on the threads and
under the heads of the cylinder head bolts

(b) Fwst, using SST, nstall and uniformly tighten the
twenty-two cylinder head bolts (1 PZ} or twenty-six
cylinder head bolts (1 HZ and 1HD-T) in several
passes In the sequence shown

SST 09011 -38121
Torque: 700 kg-cm (51 ft-1b, 69 N-m)
211513 7 b 2 4101218 20

251917119 3 1 6 8 1416 2224 If any one of the bolts does not meet the torque specifica-
i T I~ tion, replace the bolt

20¢mp302
23211613 7 5 2 4 101218 emszse
EMBz40

(c) Mark the front of the cylinder head bolt head with
P Pointed Mark paint
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Upward
f Key
Groove

e,
N ////

B EMB246

EMA242

(d} 2nd, retighten the cylinder head bolts 90° In the
numencal order shown above

(e) 3rd, retighten cylinder head balts by an additional 90°
(fy Check that the panted mark 1s now facing rearward

INSTALL CAMSHAFT
(@) Install the camshaft thrust plate to the cylinder head

(b) Install the camshaft beanngs to the No 1 bearing cap
and No 1 journal of the cylinder head

(c) Place the camshaft on the cylinder head, facing the
key groove upward

(d} Install the six (1PZ) or seven (1 HZ and 1HD-T) bear-
INg caps in their proper locations

&) (1P
Install and uniformly tighten the twelve beanng cap
balts n several passes In the sequence shown

Torque:
No.1 journal 250 kg-cm (18 ft-1b, 25 N-m)
Others 185 kg-cm (13 fi-Ib, 18 N-m)
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ENGINE MECHANICAL - Cylinder Head EM-79

THZ and THD-T

EM8243

CORRECT WRONG

Seal
Packing

EMBAEZ

EMB308

EMBE0I

{H (1HZ and 1HD-T)
Install and uniformly tighten the fourteen bearing
cap bolts In several passes In the sequence shown

Torque:
No.1 journal 250 kg-cm (18 ft-1b, 25 N-m)
Others 185 kg-cm (13 ft-1b, 18 N-m)

ADJUST VALVE CLEARANCE (See page EM-19)

Valve clearance (Cold):
Intake 0.15-0.25 mm (0.006-0.010 in.)
Exhaust  0.35-0.45 mm (0.014-0.018 in.)

INSTALL CAMSHAFT OIL SEAL RETAINER

(a) Remove any old packing (FIPG) material and be
careful not to drop any oil on the contact surfaces of
the camshaft ol seal retaner and cylinder head

« Using a razor blade and gasket scraper, remove all
the old packing (FIPG) matenal from the gasket
surfaces and sealing groove

+ Thoroughly clean all components to remove all the
loose matenal

* Using a non-residue solvent, clean both sealing
surfaces

(b) Apply seal packing to the camshaft ol seal retainer as
shown n the illustration

Seal packing: Part No.08826-00080 or equivalent

« Install a nozzle that has been cut to a 2-3 mm
(0 08-0 12 In) opening

» Parts must be assembled within 5 minutes of appli-
cation Ctherwise the matenal must be removed
and reapplied

« Immediately remove nozzle from the tube and ren-
stall cap

(¢} Install the retainer with the four bolts
Torque: 200 kg-cm (14 fi-1b, 20 N-m)

INSTALL PULLEYS AND TIMING BELT
(See steps 2to 4 and 6 to 11 on pages EM-38 to 41)

(1HZand1HD-T)
ASSEMBLY EXHAUST MANIFOLDS

(a) Remove all the O-nng matenal from the manifold
grooves

(b) Install new O-rings
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ENGINE MECHANICAL - Cylnder Head

EM-80

EM8230

Ring End Ring End

EMB2B9

{c) Using snap rning pliers, install the two manifold nngs

(d} Position the manifold rings so that the rng ends are as
shown
NOTICE: Do not align the ends.

(e} Install the manifold collar
(fy Assembly the front and rear manifolds

(IPZandiHZ)
INSTALL EXHAUST MANIFOLD

(@) Install new gaskets in direction as shown in the
Mustration

(b} Install the exhaust manifold with the ten nuts (1PZ)
or twelve nuts (1HZ)

Torque: 400 kg-cm (29 fi-1b, 39 N-m)

HINT  Apply 330 kg-cm (24 ft-Ib, 32 N-m) of torque

when performing additional tightening of loosed nuts
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ENGINE MECHANICAL - Cylnder Head EM-81

(c} Install the heat insulator with the four bolts (1PZ) or
five bolts (1HZ)

10. (1HD-T)
INSTALL TURBOCHARGER AND EXHAUST MANIFOLD
(See steps 4 to 10 on pages TC-13 to 15)

11. INSTALL GLOW PLUG

(@ Using a 12 mm deep socket wrench, install the five
glow plugs (1PZ) or six glow plugs (1HZ and
1HD-T)

Torque 130 kg-cm (9 ft-Ib, 13 N-m)

EM3206

(b) Install the glow plug connector with the five nuts
(1 PZ) orsix nuts (1 HZ and 1 HD-T)

() Install the five screw grommets (1 PZ) and six screw
grommets (1 HZ and 1 HD-T)

o (\ EME 363
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EM-82 ENGINE MECHANICAL — Cylinder Head

12. INSTALL INJECTION NOZZLES
d1HZ
1PZan (1PZ and 1HZ)

(@) Place new gaskets and the nozzle seats into the
Injection nozzle holes of the cylinder head

(b} Using SST, install the injection nozzles
SST 09268-64010
Torque: 650 kg-cm (47 fi-1b, 64 N-m)

NOTICE: Over torquing could cause nozzle deforma-
tion and needle adhesion or other defects.

EMBI5H

(1HD-T)
(@) Install a new O-ning to the injection nozzle

1HD-T

EM3502

(b) Place new nozzle seats into the injection nozzle holes
of the cylinder head

{(c) Install the injection nozzles with the washer and bolt
Torque: 400 kg-cm (29 ft-1b, 39 N-m)

- f}_—-\% EME360

13. INSTALL NOZZLE LEAKAGE PIPE

(1PZand1HZ)

(@ (1P4)
Install five new gaskets and the leakage pipe with the
five nuts

Torque: 300 kg-cm (22 ft-1b, 29 N-m)

() (1HZ)
Install six new gaskets and the leakage pipe with the
SIX nuts

Torque: 300 kg-cm (22 ft-1b, 29 N-m)

(1HD-T)

Install twelve new gaskets and the leakage pipe with the six

hollow bolts

Torque: 125 kg-cm (9 ft-1b, 12 N-m)

EMB207
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ENGINE MECHANICAL - Cylinder Head

EM-83

EMB184

EMB375

14.

15.

16.

17.

18.

19.
20.
21.

INSTALL WATER OUTLET

(a) Install a new gasket and water outlet with the two
nuts

Torque: 200 kg-cm (14 ft-1b, 20 Nm)
() (1HD-T)
Connect the water by-pass hose

INSTALL INTAKE MANIFOLD

(@ (1PZ)
Install five new gaskets and the intake manifold with
the ten bolts and seal washers

Torque: 200 kg-cm (14 fi-1b, 20 Nm)

(b} (1 HZ and 1HD-T)
Install six new gaskets and the intake manifold with
the twelve bolts and seal washers

Torque: 200 kg-cm (14 ft-lb, 20 Nm)

INSTALL OIL DIPSTICK GUIDE AND OIL DIPSTICK
(@) Install a new O-nng to the dipstick guide

(b) Install the ol dipstick guide assembly with the two
bolts

Torque:
Intake manifold side
200 kg-cm (14 ft-1b, 20 Nm)
Oll cooler cover side
200 kg-cm (14 ft-lb, 20 Nm)

INSTALL INJECTION PIPES
(See step 3 on page FU-15)

Torque:
IPZandiHZ 150 kg-cm (11 fi-lb, 15 Nm)
1HD-T 250 kg-cm (18 ft-1b, 25 Nm)

INSTALL INTAKE PIPE
(See step 2 on page EM-38)

FILL WIT ENGINE COOLANT (See page CO-5)
START ENGINE AND CHECK FOR LEAKS
RECHECK ENGINE COOLANT LEVEL AND OIL LEVEL
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EM-84 ENGINE MECHANICAL — Cylinder Block

CYLINDER BLOCK

COMPONENTS
AT
—%
Piston Ring Drve Plat
Flywheel
Piston % @n—-Pismn Pin
4 Snap Ring —0 c .
gO—¢ Connecting
Rod Bushing
Alternator

Connecting N
Rod Bearing ;
Cylinder Block

Ortfice
%_{:onnectmg + il Seal

See page EM-111 Rod Cap
% 1st 375 (27, 39) | Rear Qil

Alternator 2l turn 90° Seal Retainer
Bracket W

Check Valve
275 {20, 27}

Crankshaft Thrust Washer

Main Bearing
Timing Gear Case
(Qil Pump)
200 (14, 20}
Main Beanng Cap
See page EM-109
1gt 1 060 (76, 103)
Znd turn 90°
[kg-cm {ft-Ib, N-m}]| . Specified torque
% Non-reusable part EMB8299
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ENGINE MECHANICAL - Cylinder Block EM-85

PREPARATION FOR DISASSEMBLY

1.

EME18E

10.
11.
12.

13.
14.
15.

(M/T)
REMOVE CLUTCH COVER AND DISC

(M/T)
REMOVE FLYWHEEL

(A/T)
REMOVE DRIVE PLATE AND FLYWHEEL

Remove the drive plate rear spacer, drive plate and fly-
wheel

REMOVE REAR END PLATE
Remove the bolt, end plate and dust cover

INSTALL ENGINE TO ENGINE STAND FOR
DISASSEMBLY

REMOVE TIMING BELT AND PULLEYS
(See page EM-33)

REMOVE CYLINDER HEAD (See page EM-55)
REMOVE WATER PUMP (See page CO-6)
REMOVE ALTERNATOR

REMOVE TIMING GEARS (See page EM-43)
REMOVE INJECTION PUMP (See page FU-27)

REMOVE OIL PAN AND TIMING GEAR CASE (OIL PUMP)
{(See page LU-8)

REMOVE OIL COOLER (See page LU-14)
REMOVE WATER INLET AND THERMOSTAT
REMOVE ENGINE MOUNTING
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EM-86 ENGINE MECHANICAL - Cylnder Block

EMB444

EMBZ3Z

EME233

DISASSEMBLY OF CYLINDER BLOCK
(See page EM-84)

1.

REMOVE REAR OIL SEAL RETAINER
Remove the six bolts and retainer

CHECK CONNECTING ROD THRUST CLEARANCE

Using a dial indicator, measure the thrust clearance while
moving the connecting rod back and forth

Standard thrust clearance:  0.10-0.20 mm
(0.0038-0.0079 in.}
Maximum thrust clearance: 0.30 mm (0.0118 in.)

If the thrust clearance 1s greater than maximum, replace the
connecting rod assembly If necessary, replace the crank-
shaft

REMOVE CONNECTING ROD CAPS AND CHECK OIL
CLEARANCE

(@) Using paint, place the matchmarks on the connecting
rod and cap 1o ensure correct reassembly

(b) Using SST, remove the connecting rod cap bolts
SST09011-381 21

{¢) Using the removed connecting rod cap bolts, pry the
connecting rod cap back and forth, and remove the
connecting cap

HINT  Keep the lower bearng inserted with the connect-
Ing rod cap
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ENGINE MECHANICAL - Cylinder Block EM-87

EMB331

(d} Clean crank pin and bearng

(e} Check the crank pin and beanng for pitting and
scratches

If the crank pin or beanng 1s damaged, replace the bearings
If necessary, grind or replace the crankshaft

() Lay a stnp of Plastigage across the crank pin

(@) Install the connecting rod cap
(See step 8 on page EM-111)

Torque: 1st 375 kg-cm (27 fi-1b, 37 Nm)
2nd turn 90°

HINT Do not turn the crankshaft

(h) Remove the connecting rod cap
{See procedure (b} and (c) above)

(1} Measure the Plastigage at widest point

Standard oil clearance:
STD 0.036-0.054 mm
{0.0014-0.0021 in.)
US 0.25 and US 0.50
0.037 - 0.077 mm
(0.0015 - 0.0030 in.)

Maximum oil clearance: 0.10 mm (0.0039 in.)

If the ol clearance 1s greater than maximum, replace the
beanngs If necessary, gnnd or replace the crankshaft
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EM-88

ENGINE MECHANICAL - Cylinder Block

1PZ and 1HZ

Mark

234 50r6

EMAQa92
EMBITD
EMAGG]
EMEa61

EMS208

HINT If using a standard bearng, replace with one
having the same number If the number of the bearng
cannot be determined, select the correct beanng by adding
together the numbers nprinted on the crankshaft and
connecting rod, then selecting the beanng with the same
number as the total There are five sizes of standard
bearnngs, marked "2%, "3", "4", "5" and "6" accordingly

Number marked
Connecting rod 1 2 3
Crankshaft 112|312 |3[1]2]3
Bearing 213|434 658]4]|8 |86

EXAMPLE Connecting rod "2" + Crankshaft " 1"
= Total number (Use bearing "3")

{Reference)
Connecting rod big end inner diameter:
Mark"1" 62.014-62.020 mm
(2.4415-2.4417 in.)
Mark "2" 62.020-62.026 mm
(2.4417-2.4420 in.)
Mark "3" 62.026-62.032 mm
(2.4420-2.4422 in.)
Crankshaft pin diameter:
Mark "1" 58.994-59.000 mm
(2.3226-2.3228 in.)
Mark "2" 58.988 - 58.994 mm
(2.3224-2.3226 in.)
Mark "3" 58.982-58.988 mm
(2.3221-2.3224 in.)
Standard sized bearing center wall thickness:
Mark "2" 1.486-1.489 mm
(0.0585-0.0586 in.)
Mark "3" 1.489-1.492 mm
(0.0586-0.0587 in.)
Mark "4" 1.492-1.495 mm
(0.0587-0.0589 in.)
Mark "5" 1.495-1.498 mm
(0.0589-0.0590 in.)
Mark "6" 1.498-1.501 mm
(0.0590-0.0591 in.}

() Completely remove the Plastigage

REMOVE PISTON AND CONNECTING ROD
ASSEMBLIES

(a) Remove the all carbon from the top of the cylinder

(b) Push the piston, connecting rod assembly and upper
bearing through the top of the cylinder block
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ENGINE MECHANICAL - Cylnder Block EM-89

EMIE32}

EM8304

HINT
» Keep the beanngs, connecting rod and cap together

» Arrange the piston and connecting rod assemblies in
correct order

CHECK CRANKSHAFT THRUST CLEARANCE

Using a dial indicator, measure the thrust clearance while
prying the crankshaft back and forth with a screwdnver

Standard thrust clearance: 0.04-0.24 mm
{0.0016-0.0094 in.)

Maximum thrust clearance: 0.30 mm (0.0118 in.)

If the thrust clearance 1s greater than maximum, replace the
thrust washers as a set

Thrust washer thickness:
2.930-2.980 mm (0.1154-0.1173 in.)

REMOVE MAIN BEARING CAP AND CHECK OIL
CLEARANCE

(a) Remove the thirteen bolts (1 PZ) or fifteen bolts (1 HZ
and 1HD-T)

(b} Uniformly loosen and remove the main bearing cap
bolts In several passes In the sequence shown
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EM-90 ENGINE MECHANICAL - Cylinder Block

(¢} Using a screwdriver, pry out the main bearing cap

HINT Keep the lower man beanngs and man bearng
cap together

NOTICE: Do not scratch the surface which will be
coated with FIPG.

EM8310

(d) Lift out the crankshatft

HINT  Keep the upper main beanngs and thrust washers
together with the cylinder block

EMB340

{e) Clean each man journal and beanng

(f) Check each main joumal and bearng for pitting and
scratches

If the Journal or bearnng are damaged, replace the bearings
If necessary, grind or replace the crankshaft

EMB18E

{g) Place the crankshaft on the cylinder block,
(h) Lay a stnp of Plastigage across each journal

EMB154

() Install the main bearing cap with the bearnngs
(See step 6 on page EM-109)

Torque: 1st 1,050 kg-cm (76 ft-1b, 103 N'm)
2nd turn 90°

HINT Do not turn the crankshaft

EMB3T
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ENGINE MECHANICAL - Cylinder Block EM-91

1 Remove the main bearnng cap bolts and cap
(k} Measure the Plastigage at its widest point

Standard clearance:
STD 0.036-0.054 mm
{0.0014-0.0021 in.)
U/S 0.25 and U/S 0.50 0.037-0.077 mm
(0.0015-0.0030 in.)

Maximum clearance: 0.10 mm (0.0039 in.)

If the oIl clearance 1s greater than maximum, replace the
FM5153 bearings If necessary, grind or replace the crankshaft

HINT If using a standard bearing, replace with one
having the same number If the number of the bearing
cannct be determined, select the correct bearing by adding
together the numbers inprinted on the main bearng cap
and crankshaft, then selecting the bearing with the same
number as the total There are five sizes of standard
bearings, marked "2", "3", "4", "5" and "6" accordingly

Number marked
Main bearing cap 1 2 3
Crankshaft 112 3 (1231 2|3
Bearing 2|13|4(3|4|5|4|56|86

EXAMPLE Main bearing cap "2"" + Crankshaft " 1"
= Total number (Use bearing "3")

{Reference)
Cylinder block main journal bore diameter:
Mark "1" 71.000-71.006 mm
(2.7953-2.7955 in.)

Mark Mark 2" 71.006-71.012 mm
A (2.7955-2.7957 in.)
Firseds Mark "3" 71.012-71.018 mm

EMB161

(2.7957-2.7960 in.)

Crankshaft journal diameter:
Mark " 1" 66.994-67.000 mm
(2.6376-2.6378 in.)
No 7 Mark "2" 66.988-66.994 mm
(2.6373-2.6376 in.)
Mark "'3" 66.982-66.988 mm
(2.6371-2.6373 in.)

1HZ and THD-T

Mark
1,20r3 No 6

Mark.
2,3 4 50r8

ER2L0
EM3EE2
EMA161
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EM-92

ENGINE MECHANICAL - Cylinder Block

EMBA09

EM3Z228 EMBOEE

9.

{Reference)} {(Cont'd)
Standard sized bearing center wall thickness:

Mark "2" 1.979-1.982 mm
(0.0779-0.0780 in.)
Mark "3" 1.982-1.985 mm
(0.0780-0.0781 in.)
Mark "4" 1.985-1.988 mm
(0.0781-0.0783 in.)
Mark "5" 1.988-1.991 mm
(0.0783-0.0784 in.)
Mark "6" 1.991 -1.994 mm

(0.0784-0.0785 in.)
(Il Completely remove the Plastigage

REMOVE CRANKSHAFT
(@) Lift out the crankshaft

(b) Remove the upper main beanngs and thrust washers
from the cylinder block

HINT Arrange the main bearngs and thrust washers Iin
correct order

REMOVE CHECK VALVES AND OIL NOZZLES

Remove the five (1 PZ) or six (1 HZ and 1HD-T} check
valves and oll nozzles

REMOVE CYLINDER BLOCK OIL HOLE GASKET

10. REMOVE CYLINDER BLOCK ORIFICE
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ENGINE MECHANICAL - Cylinder Block EM-93

Emaz212

1PE

No.b
Na 4
Ne.3 |

EMB373

No 1 No 2

INSPECTION OF CYLINDER BLOCK

1.

2.

5.

REMOVE GASKET MATERIAL

Using a gasket scraper, remove all the gasket matenal from
the cylinder block surface

CLEAN CYLINDER BLOCK

Using a soft brush and solvent, clean the cylinder block

INSPECT TOP OF CYLINDER BLOCK FOR FLATNESS

Using a precisicn straight edge and thickness gauge,
measure the surfaces contacting the cylinder head gasket
for warpage

Maximum warpage: 0.20 mm (0.0079 in.}

If warpage 1s greater than maximum, replace the cylinder
block

INSPECT CYLINDER FOR VERTICAL SCRATCHES
Visually check the cylinder for vertical scratches

If deep scratches are present, rebore all five (1PZ) or six
(1HZ and 1HD-T) cylinders |If necessary, replace the
cylinder block

INSPECT CYLINDER BORE DIAMETER

HINT  There are three sizes of the standard cylinder bore
diameter, marked "1 ", "2" and "3" accordingly The mark 1s
stamped on the upper left rear of the cylinder block
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EM-94 ENGINE MECHANICAL - Cylinder Block

THZ and THD-T No 4

EMR325

Thrust
@ @ Direction

Front = | 3 Axial
@ Direchion

10 rmm
A (039}

Middle

10 mm
c (C39mn}

EM2648
EMODBE

e /\/ EME208

Compressed
Thread

EMETON

Using a cylinder gauge, measure the cylinder bore diameter
at posttions A, B and C in the thrust axial directions
Standard diametet:
STDMark "1" 94.000-94.010 mm
(3.7008-3.7012 in.)
Mark "2" 94.010-94.020 mm
(3.7012-3.7016 in.)
Mark "3" 94.020-94.030 mm
(3.7016-3.7020 in.)
Maximum diameter:
STD 94.23 mm (3.7098 in.)
0/S 050 94.73 mm (3.7295 in.)

If the diameter 1s greater than maximum, rebore all five
(1 PZ} orsix (1 HZ and 1 HD-T) cylinders
If necessary, replace the cylinder block

REMOVE CYLINDER RIDGE

If the wear 1s less than 02 mm (0 008 n ), use a ndge
reamer to machine the piston nng ndge at the top of the
cylinder

INSPECT MAIN BEARING CAP BOLTS

Using vernier calipers, measure the mimimum diameter of
the compressed thread at the measurng point

Standard diameter: 11.800-12.000 mm
(0.4646-0.4724 in.)

Minimum diameter: 11.50 mm (0.4528 in.)

If the diameter 18 less than mimimum, replace the bolt
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ENGINE MECHANICAL - Cylinder Block EM-95

EMA078

EM3152

EMB179

EME318

8. INSPECT CYLINDER BLOCK ORIFICE
Check that the oifice 1s not clogged

DISASSEMBLY OF PISTON AND
CONNECTING ROD ASSEMBLIES

1. CHECK FIT BETWEEN PISTON AND PISTON PIN
Try to move the piston back and forth on the piston pin
If any movement 1s felt, replace the piston and pin as a set

2. REMOVE PISTON RINGS

(@ Using a piston nng expander, remove the two com-
pression rnngs and oll nng

(b} Remove the coll by hand
HINT  Arrange the rings in correct order only

3. DISCONNECT CONNECTING ROD FROM PISTON
(a) Using a small screwdriver, remove the snap nngs
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EM-96 ENGINE MECHANICAL - Cylinder Block

EMBo20

EMBE25

(b} Gradually heat the piston to approx 80°C (176°F)

(c) Using a plastic-faced hammer and brass bar, lightly
tap out the piston pin and remove the connecting rod

HINT
» The piston and pin are a maiched set

= Arrange the pistons, pins, rngs, connecting rods and
beanngs n correct order
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ENGINE MECHANICAL - Cylinder Block

EM-97

EMB181

EME18%

Front Mark

Sized Mark

Distance

EMB227

INSPECTION AND REPAIR OF PISTON AND
CONNECTING ROD ASSEMBLIES

1. CLEAN PISTON

(a) Using a gasket scraper, remove the carbon from the
piston top

{b) Using a groove cleaning or broken ring, clean the
piston nng grooves

(c) Using solvent and a brush, thoroughly clean the
piston

NOTICE: Do not use a wire brush.

2.  INSPECT PISTON DIAMETER AND OIL CLEARANCE

HINT There are three sizes of the standard piston diam-

eter, marked "1", "2" and "3" accordingly The mark 1s

stamped on the top of the piston

(@) Using a micrometer, measure the piston diameter at
nght angles to the piston pin center line, at the
indicated distance from the piston head

Distance:
1PZand 1HZ 58.6 mm (2.3071 in.)
1HD-T 65.7 mm (2.5866 in.}

Piston diameter:
STD Mark "1" 93.95-93.96 mm
{3.6988-3.6992 in.)

Mark "2" 93.96-93.97 mm
(3.6992-3.7000 in.)

Mark "3" 93.97-93.98 mm
(3.7000-3.7000 in.)

0O/S 0.50 94.45-94.48 mm

(3.7185-3.7197 in.)
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ENGINE MECHANICAL - Cylinder Block

Cylinder Block
1P2 THZ and 1THD-T
Mark 1,2 or 3

Piston
1PZ and THZ

Mark 1, 2 or 3

EMEB2E3 EM3100
EMEAZZ EMB422

e

EME178

EMB177

EMO224

(b} Measure the cylinder bore diameter in the thrust
directions (See step 5 on page EM-93)

(¢} Subtract the piston diameter measurement from the
cylinder bore diameter measurement

Standard oil clearance: 0.04-0.06 mm
(0.0016-0.0024 in.)

Maximum oil clearance: 0.14 mm (0.0055 in.)

If the oIl clearance 1s greater than maximum, replace all five
(1 PZ) orsix (1 HZ and 1 HD-T) pistons and rebore all five
(1 PZ) or six (1 HZ and 1HD-T) cylinders If necessary,
replace the cylinder block

HINT (Use cylnder block subassembly}  When installing
a standard piston, install one with the same number mark as
the standard bore diameter mark on the cylinder block

INSPECT CLEARANCE BETWEEN WALL OF RING
GROOVE AND NEW PISTON RING

{No.1 Ring)

Install new No 1 piston nng to the piston  Using a thickness
gauge, measure the clearance between the piston nng and
wall of the piston rnng groove

Ring groove clearance:
No.1 0.050-0.095 mm (0.0020-0.0037 in.)

(No.2 and Oil Rings)

Using a thickness gauge, measure the clearance between
new piston ring and the wall of the piston nng groove

Ring groove clearance:
No.2 0.06-0.10 mm (0.0024-0.0039 in.)
Qil  0.03-0.07 mm (0.0012-0.0028 in.)

If the clearance 1s not as specified, replace the piston

INSPECT PISTON RING END CAP
(@) Insert the piston nng nto the cylinderbore

(b) Using a piston, push the piston ring a little beyond the
bottom of the nng travel, 1 50 mm (5 91 n} from the
top of the cylinder block
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ENGINE MECHANICAL - Cylnder Block EM-99

EMZ552

EMB1B7

EWM8512 EMOZEE

EMEBEE13 EMO290

(c) Using a thickness gauge, measure the end gap

Standard end gap:
No.1 0.27-0.54 mm
(0.0106-0.0213 in.)
No.2 0.40-0.62 mm
(0.0157-0.0244 in.)
Qil 0.20-0.52 mm
(0.0079-0.0205 in.)

Maximum end gap:
No.1 1.34 mm (0.0591 in.}
No.2 1.42 mm (0.0551 in.)
Oil  1.32 mm (0.0520 in.}

If the end gap 1s greater than maximum, replace the piston
rng If the end gap I1s greater than maximum, even with a
new piston ring, rebore all ive (1 PZ) or six (1 HZ and
1 HD-T} cylinders or replace the cylinder block

INSPECT PISTON PIN FIT

At 80°C (176°F), you should be able to push the piston pin
into the piston pin hole with your thumb

INSPECT CONNECTING ROD

Inspect connecting rod alignment
Using a rod aligner, check the connecting rod alignment
» Check for bending

Maximum bending:
0.03 mm (0.0012 in.) per 100 mm (3.94 in.)

If bent I1s greater than maximum, replace the connecting rod
assemply

« Check for twist

Maximum twist:
0.15 mm (0.0059 in.) per 100 mm (3.94 in.)

If twist 1s greater than maximum, replace the connecting
rod assembly
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EM-100

ENGINE MECHANICAL — Cylinder Block

Compressed

EMBESS

EME175

EMB210

1PZ and 1HZ

55T

EMBAO4

B.

Inspect connecting rod bolts

Using vernier calipers, measure the minimum diameter of

the compressed bolt at the measunng pont

Standard diameter: 8.300-8.400 mm
(0.3268-0.3307 in.)

Minimum diameter: 7.95 mm (0.3130 in.)

If the diameter 1s less than mimimum, replace the connect-
Ing rod bolt

Inspect piston pin oil clearance

(@) Using a caliper gauge, measure the inside diameter of
the connecting rod bushing
Bushing inside diameter:
IPZand 1HZ
29.008-29.020 mm (1.1420-1.1425 in.)
1HD-T
33.008-33.020 mm (1.2995-1.3000 in.)

(b) Using a micrometer, measure the piston pin diameter

Piston pin diameter:
1PZ and 1HZ
29.000-29.012 mm (1.1417-1.1422 in.)
1HD-T
33.000-33.012 mm (1.2992-1.2997 in.)

{c) Subtract the piston pin diameter measurement from
the bushing inside dameter measurement

Standard oil clearance: 0.004-0.012 mm
{0.0002-0.0005 in.)

Maximum oil clearance: 0.03 mm (0.0012 in.)

IF NECESSARY, REPLACE CONNECTING ROD
BUSHINGS

Remove connecting rod bushings
Using SST and a press, press out the bushing
SST1PZand1HZ  09222-66010

1HD-T 09222-17010(09222-05020,
09222-05040)
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ENGINE MECHANICAL - Cylinder Block EM-101

B. Install new connecting rod bushings

(@) Using a round file, hghtly file off any roughness from
the small end of the connecting rod

EM3176

(b) (1HD-T)
Attach the bushing to SST with the ball of SST inside
the oil hole of the bushing

01l Hote SST 09222-17010 (09222-05030)

Ball

58T

T

EMBESS

{c) Algn the ol holes of the bushing and connecting rod

SS5T
|

EM3406

THD-T

EME384
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EM-102 ENGINE MECHANICAL - Cylinder Block

(d) Using SST and a press, press in the bushing
SST 1PZ and 1HZ  09222-66010

SST 1HD-T 09222-17010(09222-05020,
09222-05030, 09222-05040)

1P2Z and 1HZ

' EMBaOA

EMR23R

C. Hone connecting rod bushing and check piston pin fit

(@) Using a pin hole grinder, hone the bushing to obtain
the standard specified clearance (see page EM-100)
between the bushing and piston pin

EMB516

(b} Check the piston pin fit at normal room temperature
Coat the piston pin with engine oil, and push 1t Into
the connecting rod with your thumb

EME198
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ENGINE MECHANICAL —~ Cylinder Block EM-103

Distance

EM3227

BORING OF CYLINDERS

HINT
+ Bore all five (1 PZ) or six (1 HZ and 1 HD-T) cylinders for
the oversized piston outside diameter

* Replace the piston rnngs with ones to match the over-
sized pistons

KEEP OVERSIZED PISTONS

Oversized piston diameter:
0/50.50 94.45-94.48 mm
(3.7185-3.7197 in.)

CALCULATE AMOUNT TO BORE CYLINDER

(a) Using a micrometer, measure the piston diameter at
nght angles to the piston pin center line, at the
indicated distance from the piston head

Distance:
1PZand 1HZ 58.6 mm (2.3071 in.}
1HD-T 65.7 mm (2.5866 in.)
{(b) Calculate the amount each cylinder 1s to be rebored as
follows
Size to be rebored = P + C-H
P = Piston diameter
C = Piston oil clearance
0.04-0.06 mm (0.0016-0.0024 in.)
H = Allowance for honing
0.02 mm (0.0008 in.) or less

BORE AND HONE CYLINDERS TO CALCULATED
DIMENSIONS
Maximum honing: 0.02 mm (0.0008 in.)

NOTICE: Excess honing will destroy the finished
roundness.
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EM-104 ENGINE MECHANICAL - Cylinder Block

EMB442

EMB197 EMQINE

INSPECTION AND REPAIR OF CRANKSHAFT

1

INSPECT CRANKSHAFT FOR RUNOUT
(@) Place the crankshaft on V-blocks

(b} Using a dial indicator, measure the circle runout at the
center Jjournal

Maximum circle runout: 0.06 mm (0.0024 in.)

If the circle runout 1s greater than maximum, replace the
crankshaft

INSPECT MAIN JOURNALS AND CRANK PINS

(@) Using a micrometer, measure the diameter of each
main journal and crank pin

Main journal diameter:
STD 66.982-67.000 mm
(2.6371 -2.6378 in.)
U/S 0.25 66.745 - 66.755 mm
(2.6278-2.6281 in.)
U/S 0.50 66.495-66.505 mm
(2.6179-2.6183 in.)

Crank pin diameter:
STD 58.982-59.000 mm
(2.3221-2.3228 in.)
U/S 0.25 58.745-58.755 mm
(2.3128-2.3132 in.)
U/S 0.50 58.495-58.505 mm
(2.3029-2.3033 in.)

If the diameter 1s not as specified, check the oil clearance
(See pages EM-86 to 92)

{(b) Check each man journal and crank pin for taper and
out-of-round as shown
Maximum taper and out-of-round: 0.02 mm
(0.0008 in.)
If the taper or out-of-round 1s greater than maximum, grind
or replace the crankshatft

IF NECESSARY, GRIND AND HONE MAIN
JOURNALS AND/OR CRANK PINS

Grind and hone the main journals and/or crank pins to the
finished undersized diameter (See procedure step 2)

Install new mamn journal and/or crank pin undersized
bearings
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ENGINE MECHANICAL - Cylinder Block EM-105

EMB309

EMB283

EMBA3E EMIBAZD

REPLACEMENT OF CRANKSHAFT OIL SEAL

HINT  There are two methods (A and B) to replace the ol
seal as follows

REPLACE CRANKSHAFT REAR OIL SEAL

A.

If rear oil seal retainer is removed from cylinder block:
(@) Using a screwdrniver and hammer, tap out the ol seal

(b} Using SST and a hammer, tap in a new ail seal until its
surface 1s flush with the rear ail seal retainer edge

SST 09223-56010
(c) Apply MP grease to the ail seal lip

If rear oil seal retainer is installed to cylinder block:
{a) Using a knife, cut off the ol seal lip
{b) Using a screwdrnver, pry out the oll seal

NOTICE: Be careful not to damage the crankshaft.
Tape the screwdriver tip.

(¢} Apply MP grease to a new ol seal lip

(d} Using SST and a hammer, tap n the ol seal until its
surface 1s flush with the rear oIl seal retaner edge

SST 09223-56010
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EM-106 ENGINE MECHANICAL - Cylinder Block

EMS3517

1PZ and 1HZ

Front Mark
(Arrow}

Front Mark
(Protrusion)

EMBa53

1HD-T

Front Mark
{Arrow)

Frent Mark
(Protrusion)

EME1 73

ASSEMBLY OF PISTON AND CONNECTING
ROD ASSEMBLIES
1. ASSEMBLE PISTON AND CONNECTING ROD

(@) Install a new snap ring on one side of the piston pin
hole

» Position the snap nng so that end (B} of the snap
ring 1s aligned with the hollow, then push the snap
ring into the piston groove starting from end (A)

{(b) Gradually heat the piston to about 80°C (176°F)

{c) Apply a hght coat of engine oll 1o the piston pin

{(d) Algn the front marks of the piston and connecting
rod, and push in the piston pin with your thumb

(e) Install a new snap nng on the other side of the piston
pin hole using the same method as n (a) above

2. INSTALL PISTON RINGS
(@) Install the call by hand
(b)Y Using a piston ring expander, mstall the ail nng
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ENGINE MECHANICAL - Cylinder Block EM-107

HINT Face the end gap of the oll nng In the opposite
direction of coil joint

01l Ring Ends EMDZ42

(¢} Using a piston ring expander, install the two compres-
sion rngs with the code mark facing upward

Code mark: No.1 1T
No.2 2T

(d} Position the piston nngs so that the nng ends are as
shown

NOTICE: Do not align the ring ends.

EMB150

EMB131

3. INSTALL BEARINGS

(a) Algn the bearng claw with the claw groove of the
connecting rod or connecting cap

{v) Install the bearngs in the connecting rod and con-
necting rod cap

EME132
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EM-108 ENGINE MECHANICAL - Cylinder Block

ASSEMBLY OF CYLINDER BLOCK
(See page EM-84)

HINT

« Thoroughly clean all parts to be assembled

+ Before instaling the parts, apply new engine oil to all
shding and rotating surfaces

* Replace all gaskets, O-rings and ol seals with new parts

1 INSTALL NEW CYLINDER BLOCK OIL HOLE GASKET
2. INSTALL CYLINDER BLOCK ORIFICE

EMEB228 EMSC6E

3. INSTALL OIL NOZZLES AND CHECK VALVES

(@) Algn the pin of the all nozzle with the pin hole of the
cylinder block

{(b) Install the oIl nozzle with the check valve Install the
five (1PZ} or six (1 HZ and 1HD-T) oil nozzles and
check valves

Torque: 275 kg-cm (20 ft-Ib, 27 N'm)

EME276

Main Bearing Cap  Cylinder Block 4. INSTALL MAIN BEARINGS

k (a) Ahgn the bearing claw with the claw groove of the
/ main bearng cap or cylinder block

{(b) Install the beanngs in the cylinder block and main
bearing cap

NOTICE: Install the bearing with the oil hole in the
cylinder block.

5. PLACE CRANKSHAFT ON CYLINDER BLOCK

EM3340
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ENGINE MECHANICAL - Cylinder Block EM-109

6. INSTALL THRUST WASHERS
(@) Push the crankshaft toward the front (rear) side

(b) Install the thrust washers to the No 4 man journal
position of the cylinder block with the oll grooves
facing outward

Thrust Washer Qil Groove : ;
@

@

EMEB506 EMDDET

7. INSTALL MAIN BEARING CAP

A. Install main bearing cap on cylinder block

(a} Remove any old packing (FIPG) matenal and be
careful not to drop any oil the contact surfaces of the
main bearnng cap and cylinder block

+ Thoroughly clean all components to remove all the loose
matenal

+ Using a non-residue solvent, clean both sealing surfaces
EMBSES (b} Apply seal packing to the cylinder block as shown in

Seal Packing

the Wllustration

THZ and THD-T Seal packing: Part No. 08826-00080 or equivalent

Install & nozzle that has been cut to a 5 mm (020 in)
opening

» Parts must be assembled within 5 minutes of apphcation
Ctherwise the material must be removed and reapplied

« Immediately remove nozzle from the tube and reinstall
cap

Seal Packing

EM298s

B. Install main bearing cap bolis

HINT
« The main beanng cap bolts are tightened in two progres-
sive steps

+ If any of the man bearnng bolts break or deform, replace
them
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EM-110 ENGINE MECHANICAL - Cylinder Block

EM&301

EmiBgnd

(@) Apply a hght coat of engine o1l on the threads and
under the heads of the main bearnng cap bolts

(b} 1st, install and uniformly tighten the twelve (1 PZ) or
fourteen (1 HZ and 1 HD-T) mamn bearing cap bolts in
several passes In the sequence shown

Torque: 1,050 kg-cm (76 ft-Ib, 103 N-m)

If any one of the main beanng cap bolts does not meet the
torque specification, replace the man beanng cap bolt

{c) Mark the front of the main bearng cap bolt head with
paint

(d} 2nd, retighten the main bearnng cap bolts 90° in the
numencal order shown above

(e} Check that the painted mark I1s now at a 90° angle to
the front

{f) Check that the crankshaft turns smoothly

Check the crankshaft thrust clearance
(See step 5 on page EM-89)

(h}) Install and torque the thirteen bolts (1 PZ) or fifteen
bolts (1 HZ and 1 HD-T)

Torque: 185 Kg-cm (13 fi-1b, 18 Nm)
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ENGINE MECHANICAL - Cylinder Block

EM-111

Front Mark
(Arrow)

Front Mark
(Arrow)

EME203
EMB4B1 EMB4EZ

Front Mark
(Protrusion)

EMa234

8.

INSTALL PISTON AND CONNECTING ROD
ASSEMBLIES

Using a piston nng compressor, push the correctly num-
bered piston and connecting rod assemblies Into each
cylinder with the front mark of the piston facing forward

INSTALL CONNECTING ROD CAPS

Place connecting rod cap on connecting rod

(@) Match the numbered connecting rod cap with the
connecting rod

(b} Install the connecting rod cap with the front mark
facing forward

Install connecting rod cap bolts

HINT:
« The connecting rod cap bolts are tightened In two
progressive steps

« If any of the connecting rod bolts break or deform,
replace them

(a) Apply a light coat of engine oll on the threads and
under the heads of the connecting rod cap bolts

{(b) 1st, using SST, install and akternately tighten the bolts
of the connecting rod cap N several passes

SST09011-381 21
Torque: 375 kg-cm (27 t-1b, 37 Nm)

If any one of the connecting rod cap bolis does not meet
the torque specification, replace the cap bolt
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EM-112 ENGINE MECHANICAL - Cylinder Block
(¢} Mark the front of the connecting rod cap bolt with
Front \‘Q’\ palnt
Fainted

Mark

/F‘alnted Mark
80"

EMB236

CORRECT WRONG
— - e

Seal
Packing

EMBASS

EMB445

{(d) 2nd, retighten the connecting rod cap bolts by an
addrtional 90°

{e) Check that the painted mark 1s now at a 90° angle to
the front

{(f} Check that the crankshaft turns smoothly

{(g) Check the connecting rod thrust clearance
(See step 2 on page EM-86)

INSTALL REAR OIL SEAL RETAINER

(a) Remove any old packing (FIPG) matenal and be
careful not to drop any oil on the contact surfaces of
the rear oil seal retainer and cylinder block
« Using a razor blade and gasket scraper, remove all

the old packing (FIPG) matenal from the gasket
surfaces and sealing groove

= Thoroughly clean all components to remove all the
loose matenal

* Using a non-residue solvent, clean both sealing
surfaces

(b) Apply seal packing to the rear ol seal retaner as
shown n the ilustration

Seal packing: Part No.08826-00080 or equivalent

« Install a nozzle that has been cut o a 2-3 mm
(0 08-0 12 In} opening

» Parts must be assembled within 5 minutes of appli-
cation Otherwise the materal must be removed
and reapplied

« Immediately remove nozzle from the tube and rein-
stall cap

{¢) Install the retainer with the six bolts
Torque: 65 kg-cm (56 in.-Ib, 6.4 N-m)
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ENGINE MECHANICAL - Cylinder Block EM-113

POST ASSEMBLY

1.
2.

=

© ®©® N o o

11.

EMB155

EMB158

14.

15.

12.

13.

INSTALL ENGINE MOUNTING

INSTALL THERMOSTAT AND WATER INLET
(See page CO-11)

INSTALL OIL COOLER (See page LU-18)

INSTALLTIMING GEAR CASE (OIL PUMP)} AND OIL PAN
(See page LU-12)

INSTALL INJECTION PUMP (See page FU-93)
INSTALL TIMING GEARS (See page EM-50)
INSTALL ALTERNATOR

INSTALL WATER PUMP (See page CO-8)
INSTALL CYLINDER HEAD (See page EM-75)

INSTALL PULLEYS AND TIMING BELT
(See page EM-38)

REMOVE ENGINE STAND

INSTALL REAR END PLATE
Install the end plate with the balt
Torque: 185 kg-cm (13 fi-1b, 18 Nm)

(M/T)

INSTALL FLYWHEEL

(@ Install the flywheel on the crankshaft

(b) Install and uniformly tighten the eight mount bolts
several passes, In the sequence shown

Torque: 1,300 kg-cm (94 ft-1b, 127 N-m)

(A/T)
INSTALL FLYWHEEL, DRIVE PLATE AND SPACER
(See procedure step 13)

Torque: 1,300 kg-cm (94 ft-Ib, 127 N-m)

(M/T)
INSTALL CLUTCH DISC AND COVER
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TC-2

TURBOCHARGER SYSTEM - Description

DESCRIPTION

Impeiler Wheel

Actuator

FROM OIL
INLET PIPE

Water Cooling Channel

OUTLET PIPE

Full-Floating Bearing

Turbine Wheal

Waste Gate Valve

01l Passage

Coolant

Full-Floating
Bearing

TCO101
TCODIG

System which increase the amount of ar sent to
the engine are either turbocharger type (using
exhaust gas to turn the turbine) or supercharger
type (using the engine crankshaft, etc to mechan-
ically turn the pump, etc) For LAND CRUISER
and CCASTER 1HD-T engine, the turbocharger
type has been adopted

The turbocharger 15 a device which Increases
engine output by introducing a greater amount of

ar to the engine This allows a proportional In-
crease In the fuel that can be burned and hence
raises the potential power output,

In other words b ylNstaling a special turbo-
¢'narger and providing a hignér all thaﬂ Usuala
engme output can be increased by INCreasing the
average combustion pressure without Increasing
the engine speed,
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TURBOCHARGER SYSTEM - Description

TC-3

Turbocharger

Turbine
Wheel

Actuator

Impeller
Whee!

Air Cleaner

. I
Waste Gate
Valve

TCO092

Operation of Turbocharger

Exhaust gas acts on the turbine wheel inside the
turbine housing, causing 1t to revolve When the
turbine wheel revolves, the impeller wheel which
1 located on the same shaft also revolves, com-
pressing the intake ar which has passed through
the arr cleaner When expelled from the compres-
sor housing the compressed ar 1s supplied to the
cylinders When the engine speed increases, the
exhaust gas volume increases and the turbine wheel
revolutions increasa (approx 20,000 — 115,000
rpm), thus the turbocharged ar pressure grows
greater and engine output Increases

Waste Gate Valve

If the turbocharged ar pressure exceeds the
prescribed ar pressure, the flow of exhaust gas
by-passes the turbine, controling turbine wheel
revolutions and turbocharged ar pressure This
by-pass valve which controls the quantity of ex-
haust gas flowing to the turbine 1s called the waste
gate valve When the charged arr pressure exceeds
the prescnbed pressure, the actuator operates, the
waste gate valve opens and part of the exhaust gas
by-passes the turbine This causes a drop In the
turbine revolution rate and controls the charged ar
pressure within the prescnbed hmits
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TC-4 TURBOCHARGER SYSTEM — Precautions

TCOO78

TCOO7E

PRECAUTIONS

1

10

Do not stop the engimme immedialtely after pulling a
trailer or high speed or uphill driving Idle the engine
for 20-120 seconds, depending on the seventy of the
driving condition

Avoid sudden racing or acceleration immediately after
starting a cold engine

If the turbocharger 1s defective and must be replaced,
first check for the cause of the defect Iin reference to
the following items and replace parts If necessary

« Engine ail level and quality
« Conditions under which the turbocharger was used
« Ol Iines leading to the turbocharger

Use caution when removing and reinstalling the tur-
bocharger assembly Do not drop 1t or bang 1t against
anything or grasp 1t by easily-deformed parts, such as
the actuator or rod, when moving it

Before removing the turbocharger, plug the mntake
and exhaust ports and oil inlet to prevent entry of dirt
or other foreign materal

If replacing the turbocharger, check for accumulation
of sludge particles in the oIl pipes and, If necessary,
replace the oll pipes

Completely remove the gasket adhered to the lubnca-
tion ol pipe flange and turbocharger oil flange

If replacing bolts or nuts, do so only with the specified
new ones to guard against breakage or deformation

If replacing the turbocharger, put 20 cc (12 cu in) of
oll into the turbocharger o1l inlet and turn the impeller
wheel by hand to spread oil to the bearing

If overhauling or replacing the engine, cut the fuel
supply after reassembly and crank the engine for 30
seconds to distribute o1l throughout the engine Allow
the engine to idle for 60 seconds
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TURBOCHARGER SYSTEM - Precautions, Troubleshooting TC-5

11. If the engine is running with the air cleaner, case cover
and hose removed, foreign particles entering will damage
the wheels which run at extremely high speed.

TROUBLESHOOTING

Too0H

HINT Before troubleshooting the turbocharger, first
check the engine itself (Valve clearance, engine compres-
sion, Injection timing etc)

INSUFFICIENT ACCELERATION, LACK OF POWER OR
EXCESSIVE FUEL CONSUMPTION

(Possible Cause) {Check Procedure and Correction Method)

oy

1. TURBOCHARGING PRESSURE TOQO ( Check turbocharging pressure. {See page TC-8)
LOW Turbocharging pressure:

0.50-0.65 kg/ecm?

(7.1-9.2 psi, 49-64 kPa)
If the pressure is below specification, begin
9 diagnosis from item 2.

2. RESTRICTED INTAKE AIR SYSTEM | [ Check intake air system, and repair or replace parts

| as necessary. {See page TC-8)

3. LEAK IN INTAKE AIR SYSTEM Check intake air system, and repair or replace parts
as necessary. (See page TC-8)

4, RESTRICTED EXHAUST SYSTEM Check exhaust system, and repair or replace parts as
necessary. (See page TC-8)

5. LEAK |IN EXHALUST SYSTEM Check exhaust system, and repair or replace parts as b
necessary. {(See page TC-8)

6. ERRATIC TURBOCHARGER (" Check rotation of impeller wheel. If it does not turn
OPERATION or turns with a heavy drag, replace the turboecharger

assembly.
Check plays of turbine shaft. (See page TC-12)

Axial play:  0.13 mm (0.0051 in.) or less
Radial play: 0.18 mm {0.0071 in,) or less

If not within specification, replace the turbecharger
assembly,
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TC-6 TURBOCHARGER SYSTEM - Troubleshooting

ABNORMAL NOISE

(Possible Cause) {(Check Procedure and Correction Method)
1. TURBOCHARGER INSULATOR )_ﬁCheck for loose, improperly installed or deformed A
RESONANCE insulater mount belts and nuts, and repair or

L replace as necessary.

2. EXHAUST PIPE LEAKING OR ( Check far exhaust pipe deformation, loose mount
VIBRATING | bolts or a damaged gasket, and repair or replace as
| necessary. )
3. ERRATIC TURBOCHARGER Refer to item 6 of INSUFFICIENT ACCELE HATION_,“
OPERATION LACK OF POWER OR EXCESSIVE FUEL
CONSUMPTION, )

EXCESSIVE OIL CONSUMPTION OR WHITE EXHAUST

{(Possible Cause) {Check Procedure and Correction Method)

FAULTY TURBOCHARGER OIL SEAL | Check for oil leakage in exhaust system.
® Remove the turbine elbow from the turbocharger

and check for excessive carbon deposits on the
turbine wheel. Excessive carbon deposits would
indicate a faulty turbocharger.

Check for oil leakage in intake air system.

e Check for plays in turbine shaft, and replace the
wrbocharger if necessary. (See page TC-12)

Axial play: 0.13 mm (0.0051 in.) or less
Radial play: 0.18 mm (0.0071 in.) or loss
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TURBOCHARGER SYSTEM - Turbocharger Electncal System Diagnosis (HZJ80) TC-7

TURBOCHARGER ELECTRICAL SYSTEM DIAGNOSIS (HZJ80)

TROUBLESHOOTING OF TURBOCHARGER INDICATOR LIGHT AND WARNING
LIGHT OPERATION

Da both green indicator hght and amber warn-
ing light hight when sgnmition switch 18 turned to NO Check GAUGE fuse Blown ri%?i?rk;;rnzgggts:rr;d
ON?
QK
Check CHARGE and Blown Check for short and
ENGINE fuses répair as necessary
OK
Is charge warning NO Faulty charging
hght out? system
YES
Faulty combination
YES mater

Are indicator and warning hights out during

angine 1dle?
EBoth lights stay on
Is charge warning NQO Faulty charging
hght out? system
Green hght stays on
Check for open circuit in wire harness between low pressure oK Faulty low pressure
switch and tachometer. switch
Amber light comes on
Check for apen circuit 1n wire harness between high pressure switch 0K Faulty high pressura
and tachometer and check for ground connection of switch switch
YES

Does green indicator ight come on when 0 14 kg/em®
(2 0 ps1, 13 7 kPa) pressure 1s applied 10 both
pressure switches?

! NO
Check for short circut in wire harness between low prassure OK Faulty low pressure
switch and tachometer switch

Amber light comes on

Doas qrasn indicator hght coma on whan 1 08 kgfem? (154 pst, 1059 NO Faulty high pressure
kPa) pressure applied 1o both switches? S5T 09992-00241 switch
YES YES Faulty combinatian
meter

Does amber indicator hght come on when 1.08 kg/cm®
{19 4 psi, 105 9 kPa) pressure epplied to both switch?

NG
Check for short circuit 1n wire harness between high pressure Faulty high pressure
switch and tachometer switch

YES

4

Turbocharger indscatar hght and warning hght
oparation okay
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TC-8 TURBOCHARGER SYSTEM — Turhocharger

TCO077

TURBOCHARGER
ON-VEHICLE INSPECTION OF TURBOCHARGER

1.

INSPECT INTAKE AIR SYSTEM

Check for leakage or clogging between the arr cleaner and
turbocharger inlet and between the turbocharger outlet and
cylinder head

« Clogged arr cleaner Clean or replace the element

« Hoses collapsed or deformed Check each connection
and repair

« Cracks In components Check and replace

INSPECT EXHAUST SYSTEM

Check for leakage or clogging between the cylinder head
and turbocharger inlet and between the turbocharger outlet
and exhaust pipe

+ Deformed components Reparr or replace

= Foreign matenal in passages Remove

+ Leakage from components Repair or replace
« Cracks 1n components Check and replace

CHECK TURBOCHARGING PRESSURE
(a) Warm up engine

(b) Connect a 3-way union to the intake pipe pressure
hose and install SST (turbocharger pressure gauge) to
It

SST 09992-00241

(b) Press In the clutch pedal, then press the accelerator
pedal down as far as it will go Measure the turbo-
charging pressure at maximum speed (4,400 rpm)

Standard pressure: 0.50-0.65 kg/cm’

(7.1-9.2 psi, 49-64 kPa)
If the pressure I1s less than specification, check the intake arr
and exhaust systems for leakage |If there 15 no leakage,
replace the turbocharger assembly
If the pressure 18 above specification, check If the actuator
hose 1s disconnected or cracked If not, replace the turbo-
charger assembly

INSPECT IMPELLER WHEEL ROTATION.
(a) Disconnect the arr cleaner hose

(b) Grasp the edge of the impeller wheel and turn it
Check that 1t turns smoothly

If 1t does not turn or if 1t turns with drag, replace the
turbocharger assembly
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TURBOCHARGER SYSTEM - Turbocharger TC-9

COMPONENTS

Intake Pipe % Gasket

Air Hose

Manifold Heat Insulator

Exhaust Mamifold

Turbo Heat Insulator

Do 2
AYirmovszs F

HDJ80
Turbo Heat
Insulator

1,200 (87, 118)

[kg-cm itt-Ib, N-m]| : Specified torque

¢ Non-reusakble part ——

Donated by Andrew Schauer. cruisercult.com



TC-10 TURBOCHARGER SYSTEM - Turbocharger

REMOVAL OF TURBOCHARGER
(See page TC-9)

1. DRAIN ENGINE COOLANT (See page CO-4)

2. REMOVE INTAKE PIPE

(a) Disconnect the vacuum hose for the boost compen-
sator

{b) Disconnect the ar hose clamp bolt
(c) Remove the three bolts and Iintake pipe

3. RBEMOVE EXHAUST MANIFOLD HEAT INSULATOR
Remove the five bolts and heat insulator

4. DISCONNECT WATER BY-PASS HOSES

5. REMOVE TURBO HEAT INSULATOR
Remove the two bolt and heat insulator

6. REMOVE TURBOCHARGER STAY
Remove the three bolts and turbocharger stay
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TURBOCHARGER SYSTEM - Turbocharger TC-11

7. REMOVE TURBO OIL PIPE

(@) Remove the umon bolt and two gaskets holding the
turbo o1l pipe to the cylinder block

(b} Disconnect the turbo o1l hose
{(c} Remove the two nuts, turbo oil pipe and gasket

8. REMOVE TURBOCHARGER AND EXHAUST
MANIFOLD ASSEMBLY

Remove the twelve nuts, the turbocharger and exhaust
manifold assembly and gaskets

TCO05E

9. SEPARATE TURBOCHARGER AND EXHAUST
MANIFOLD

Remove the four nuts, turbocharger and gasket

TCO0S5

10. REMOVE NO.2 TURBO HEAT INSULATOR
Remove the two bolts and No 2 turbo heat insulator

TCO024

11. REMOVE NO.1 TURBO WATER PIPE
Remove the two nuts, No 1 turbo water pipe and gasket

TCU087
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TC-12

TURBOCHARGER SYSTEM - Turbocharger

TCO096

TCO080

TCCO79

A ¥’
rrrsdary

TCO0E0

12. REMOVE TURBINE OUTLET ELBOW

Remaove the four nuts, turbine outlet elbow and gasket

INSPECTION OF TURBOCHARGER

1.

INSPECT IMPELLER WHEEL ROTATION

Grasp the edge of the turbine wheel and tum 1t Check that
the impeller wheel turns smoothly

If the impeller wheel does not turn or if it turns with a drag,
replace the turbocharger assembly

INSPECT AXIAL PLAY OF IMPELLER WHEEL

Insert a dial indicator into the exhaust side, hold the tur-
bine wheel edge by hand and check the axial play

Axial play: 0.13 mm (0.0051 in.) or less

If the axial play 1s not as specified, replace the turbocharger
assembly

INSPECT RADIAL PLAY OF TURBINE SHAFT

(@) From the ol outlet hole, insert the dial indicator
through the hole in the spacer beanng and set it in the
center of the turbine shaft

(b) Moving the turbine shaft in a radial direction, measure
the radial play of the shaft

Radial play: 0.18 mm (0.0071 in.} or less

If the radial play s not as specified, replace the turbo-
charger assembly
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TURBOCHARGER SYSTEM - Turbocharger TC-13

TEOO76

TCODSE

TCOO84

4,

INSPECT ACTUATOR OPERATION
(a) Disconnect the actuator hose

{b) Using SST (turbocharger pressure gauge), apply ap-
prox 092 kg/cm2 (13 1 ps1, 90 kpa) of pressure to the
actuator and check that the rod moves

SST (09992-00241

If the rod does not move, replace the turbocharger assem-

bly

NOTICE: Never apply more than 1.05 kg/cm?® (14.9
psi, 103 kPa) of pressure to the actuator.

INSTALLATION OF TURBOCHARGER
(See page TC-9)

NOTICE: After replacing the turbocharger assembly,
pour approx. 20 cc (1.2 cu in.) of new oil into the oil
inlet and turn the impeller wheel by hand to splash oil
on the bearing.

INSTALL TURBINE OUTLET ELBOW

Install a new gasket and the turbine outlet elbow with the
four nuts

Torque: 530 kg-cm (38 ft-1b, 52 Nm)

INSTALL NO.1 TURBO WATER PIPE
Install a new gasket and the water pipe with the two nuts
Torque: 80 kg-cm (69 in.-Ib, 7.8 Nm)

INSTALL NO.2 TURBO HEAT INSULATOR
Install the No 2 turbo heat insulator with the two bolts
Torque: 80 kg-cm (€69 in.-Ib, 7.8 Nm)
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TC-14 TURBOCHARGER SYSTEM - Turbocharger

Turbocharger Side

TCO0D3

4.

ASSEMBLE TURBOCHARGER AND EXHAUST
MANIFOLD

Install a new gasket and the turbocharger to the exhaust
manifold with the four nuts

Torque: 530 kg-cm (38 ft-1b, 52 N-m)

INSTALL TURBOCHARGER AND EXHAUST
MANIFOLD ASSEMBLY

(a) Install two new gaskets to the cylinder head

() Install the turbocharger and exhaust manifold assem-
bly with the twelve nuts

Torque: 400 kg-cm (29 fi-1b, 39 N-m)

HINT  Apply 330 kg-cm (24 ft-Ib, 32 N-m) of torque
when performing additional tightening of loosed nuts

INSTALL TURBO OIL PIPE

(@ Install a new gasket and the turbo o1l pipe w;th the
two nuts

Torque: 185 kg-cm (13 ft-l1b, 18 N-m)
(b} Connect the turbo oll hose

(¢} Install two new gaskets and the union bolt of the
turbo all pipe

Torque: 250 kg-cm (18 ft-1b, 25 N-m)

INSTALL TURBOCHARGER STAY
Install the turbocharger stay with the three bolts
Torque: 1,200 kg-cm (87 ft-Ib, 118 N-m)
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TURBOCHARGER SYSTEM - Turbocharger TC-15

8.

12.
13.
14.

10.

11.

INSTALL TURBOCHARGER HEAT INSULATOR
Install the heat insulator with the two baolts
Torque: 185 kg-cm (13 ft-1b, 18 Nm)

CONNECT WATER BY-PASS HOSES

INSTALL EXHAUST MANIFOLD HEAT INSULATOR
Install the heat insulator with the five bolts
Torque: 185 kg-cm (13 fi-1b, 18 Nm)

INSTALL INTAKE PIPE

(@) Connect the ar hose and install a new gasket and the
Intake pipe with the three bolts

Torque: 200 kg-cm (14 ft-1b, 20 Nm)
(b} Connect boost compensator vacuum hose

FILL ENGINE WITH COOLANT (See page CO-5)
START ENGINE AND CHECK FOR LEAKS
CHECK ENGINE OIL LEVEL
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FU-1

FUEL SYSTEM

NOTE For troubleshooting procedures, refer to TROUBLE-
SHOCTING (EM Section)

Page
DESCRIPTION. ... e FU-2
REPLACEMENT OF FUEL FILTER.................... FU-4
FUEL HEATER SYSTEM............cciiviiiaiiiinnnns FU-6
INJECTION NOZZLES (1PZand 1 HZ)............... FU-9
INJECTION NOZZLES (1HD-T).........coviviinnnn FU-16
INJECTION PUMP....... .ot eeee FU-27
POWER CONTROL SYSTEM (PCS)
(HDB30(W/ M/T) only).....ccoiiiniiiiiiienaens FU-95
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FU-2 FUEL SYSTEM - Description

DESCRIPTION

Fuel Filter

Cverflow Pipe

Injection
Nozzle

Fuel
Cut

Solenaid
Valve

Fuel Pump

o] 3

| H_ﬁ

Fuel Tank

FLU2883

FUEL SYSTEM

Fuel 1s drawn up from the fuel tank through the fuel filter (sedimenter} by the feed pump built into the
injection pump The fuel drawn up 1s then sent into the pump housing Fuel compressed in the pump housing
1s distributed to the injection nozzles according to the injection order, and njected at high pressure into the
combustion chamber Excess fuel in the pump housing flows through the overflow valve and along the
overflow pipe and returns to the fuel tank The fuel cycle provides both cooling and lubrication for the pump
The cycling of fuel through the pump chamber warms the fuel so that it 1s prevented from becoming wax-like

at cold temperatures
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FUEL SYSTEM — Description FU-3

Injection Pump (VE Pump)

TO OVERFLOW
Adjusting Lever PIPE

Covernor Laver

Regulator
Valve

Fuel Cut
Solenod
Valve

FROM FUEL
FILTER

Drive Shaft

Fump Plunger

TO INJECTION
NOZZLE

S

_HE, i .‘

D«;lwerv

Valve
Feed Pump Coupling / / Spill Ring

Roller Timer Face
Piston Camplate

FU2299

OPERATION

= The centrifugal force type feed pump takes up a fixed volume of fuel with each turn The fuel expulsion
pressure from the feed pump 1s controlled by operation of the pressure regulator valve

= Fuel 1s sent from the outlet side of the feed pump, through the hole n the upper part of the feed pump cover
and into the pump body

+ The pump plunger also rotates as it moves up and down After the fuel 1s drawn n, 1t 1s distributed under
pressure to the delivery valve of each cylinder according to the injection order

« The centnfugal force type all speed governor installed in the upper part of the injection pump moves the spill
rng obstructing the plunger spill port and controls the fuel injection volume

* The hydraulic type timer nstalled n the lower part of the injection pump 1s operated by the fuel pressure of
the pump housing, and movement of the roller nng by the timer advances the injection angle and controls
the njection timing

« The fuel cut solenoid valve 1s connected to the starter switch IG circurt, and when the starter switch 1s turned
to OFF, the current 1s cut off, the solenoid 1s de-energized, fuel 1s cut off and the engine stops

« High Altitude Compensation (HAC) Device
Due to the decrease in atmospheric pressure at high alttudes, the arr fuel ratic becomes more dense and the
smoke density increases To prevent this, the device automatically reduces the fuel injection volume for full
loads In response to the altiiude

+ Boost Compensator with turbocharger
The boost compensator 1s installed on the upper part of the governor of the injection pump Turbocharged
ar pressure moves the diaphragm and push rod up and down, this movement 1s conveyed to the spill ring
and the fuel injection volume Increases according to the degree of movement
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FU-4 FUEL SYSTEM - Replacement of Fuel Filter

REPLACEMENT OF FUEL FILTER

1.

FUZ738

FU2653

FU2272

FU1779

C.

DISCONNECT FUEL FILTER WARNING SWITCH
CONNECTOR
DRAIN FUEL FROM FUEL FILTER

(@) Connect a vinyl hose to the drain cock, and insert the
other end of the vinyl hose in a container

(b) Loosen the dran plug, and drain the fuel

REPLACE FUEL FILTER

Remove fuel filter
Using SST, remove the fuel filter
SST 09228-64010

Remove fuel filter warning switch from fuel filter
Using pliers, remove the warning switch and O-ring

NOTICE: Be careful not to damage the warning
switch.

Install fuel filter warning switch to new fuel filter
(@ Install a new O-ring to the waming swiich
(b} Apply fuel to the O-nng of the warning switch

() Install the warning switch to a new fuel filter by hand
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FUEL SYSTEM - Replacement of Fuel Fitter FU-5

D. Install new fuel filter
(a) Check and clean the fuel filter installation surface
() Apply fuel to the gasket of a new fuel filter

{(c} Lightly screw the fuel filter nto place, and tighten it
until the gasket comes nto contact with the seat

(d) Tighten 1t additional 3/4 turn by hand

FU2744

4. FLL FUEL FILTER WITH FUEL
Operate the hand pump until you feel more resistance

FU2743

5. CONNECT FUEL FILTER WARNING SWITCH
CONNECTOR

6. START ENGINE AND CHECK FOR FUEL LEAKS
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FU-6 FUEL SYSTEM - Fuel Heater System

FUEL HEATER SYSTEM
SYSTEM CIRCUIT

PZJ70, 73, 7. HZJ7T), 73, 75, HZB30 and HDB3(Q
Starter Switch
AM IG Fuse
o
FL ENGINE
AMA1 10A (HZB30 and HDB30)
1.0Y (Others) 158A (Others)
HZB30
and
HDB30
FL
AM1 1 25B (PZJ70,73,75 and HZJ70,73,75)
MAIN 2 0L {HZB30 and HDE30) gﬁ;hm Fuel Heater
and Yacuum
Switch
- Fuel Assembly
| Battery Heater
>
© g
g
-~ T | Bauery
2 —L_[ (24V Type)
HZJ80 and HDJBO Starter Switch
AM1
1G1
Fuse
IGN
Fusc 7.5A
m
FUEL-HTR
20A
FL
AM1 Fuel
S0A Heater
Relay
FL
2 AM1 1.25B {Europe)
MAIN 2 QL (Others)
Vacuum
Switch Fuel Heater
Battery and Vacuum
Switch
Fuel Assembly
Heater
— - JT_ FU2888
FU2338
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FUEL SYSTEM - Fuel Heater System FU-7

Ohmmeter

Ohmmeter

Ohmmeter = .1

FU2233

INSPECTION OF COMPONENTS

Fuel Heater
INSPECT FUEL HEATER

(a) Apply a vacuum of 350 £ 50 mmHg (1378 = 197
n Hg, 46 7 £ 67 kPa) or more to the vacuum switch
port

(b) Using an ohmmeter, measure the resistance between
terminal 1 and the switch body

Resistance: 0.5-2.0 Q at 20°C (68°F)

If the resistance 18 not as specified, replace the fuel heater
and vacuum switch assembly

Vacuum Switch

1

INSPECT SWITCH CONTINUITY

Using an ohmmeter, check that there 1s no continury
between terminal 1 and the switch body

If continurty 1s not as specified, replace the fuel heater and
vacuum switch assembly

INSPECT SWITCH OPERATION

(@) Apply a vacuum of 350 = 50 mmHg (1378 = 197
In Hg, 46 7 + 86 7 kPa} or more to the vacuum switch
port

(b) Using an chmmeter, check that there 18 continuity
between terminal 1 and the switch body

If operation 18 not as specified, replace the fuel heater and
vacuum switch assembly
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FU-8

FUEL SYSTEM - Fuel Heater System

2 1
4 3 BEOCOS
Mo continuity Continuity

BEQRO9

Continuiiy

BEOOID

Fuel Heater Relay (HZJ80 and HDJ80 only)

LOCATION  In the engine compartment relay box

INSPECT RELAY CONTINUITY

(a) Using an ochmmeter, check that there 15 continuity
between terminals 1 and 3

{¢) Check that there 15 no continuity between terminals 2
and 4

If continuity 18 not as specified, replace the relay

INSPECT RELAY OPERATION
(b} Apply battery voltage across terminals 1 and 3

(¢} Using an ohmmeter, check that there 15 continuity
between terminals 2 and 4

If operation 15 not as specified, replace the relay
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FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ) FU-9

INJECTION NOZZLES (1 PZand 1 HZ)
REMOVAL OF INJECTION NOZZLES

1HZ &
Mozzle Leakage Pipe ® Gasket
/ Injection Nozzle
1PZ Nozzle Seat
Nozzle Leakage Pipe /. Gasket

1HZ

Fuel Hose

150 (11, 15
[kg-crm (ft-Ib, N'm} | : Specified torque

# Non-reusable part

FU2844

1. REMOVE INTAKE PIPE
(See step 6 on page EM-34)
2. REMOVE INJECTION PIPES

(@) Loosen the union nuts of the injection pipes from the
Injection nozzles

(b} Loosen the union nuts of the injection pipes from the
Injection pump

(¢} Remove the three clamps and njection pipes

FLIZ7 76

Donated by Andrew Schauer. cruisercult.com



FU-10 FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ)

EMBE28

FL2703

FLI2752

FUZ728

3. REMOVE NOZZLE LEAKAGE PIPE
{a} Disconnect the fuel hose from the nozzle leakage pipe
(b) Remove the nuts, leakage pipe and gaskets

4. REMOVE INJECTION NOZZLES
Using SST, remove the injection nozzles, seats and gaskets
SST 09268-64010

HINT  Arrange the mnjection nozzles n correct order

TEST OF INJECTION NOZZLES

1. INJECTION PRESSURE TEST

(@) Install the injection nozzle to the injection nozzle hand
tester and bleed arr from the union nut

CAUTION: Do not place your finger over the nozzle
injection hole.

(b) Pump the tester handle a few times as fast as possible
to discharge the carbon from the injection hole

(¢} Pump the tester handle slowly and observe the pres-
sure gauge

(d} Read the pressure gauge just as the injection pressure
begins to drop

Opening pressure:
New nozzle  145-155 kg/cm?
(2,062-2,205 psi)
{(14,220-15,200 kPa)
Reused nozzle 135- 155 kg/cm®
(1,920-2,205 psi)
{(13,239-15,200 kPa)
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FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ) FU-11

HINT  Proper nozzle operation can be determined by a
swishing sound

If the opening pressure 1s not as specified, disassemble he
nozzle holder and change the adjusting shim on the top of
the pressure spring (See page FU-13)

Adjusted opening pressure: 135- 155 kg/cm?
(1,920-2.205 psi)
(13,239-15,200 kPa)

Adjusting shim thickness

mm {in)

0 900 (0.0354)
0.925 (0.0364)
0.950 (0.0374)
0.976 (0.0384)
1.000 (0.0394)
1026 (0 0404)
1.050 {0 0413)
1.075 {0.0423)
1.100 (0 0433)
1.125 (0.0443)
1.160 (0.0453)
1.175 (0 0463)
1.200 (0 0472)
1.225 (0.0482)
1.250 (0.0492)

1.275 (0.0502)
1 300 (0.0512)
1325 (0.0522)
1.350 (0 0531)
1.375 (0.0541)
1 400 (0.0551)
1 425 (0 0561)
1 450 (0 0571)
1 475 {0.0581)
1.500 (0.0591)
1.526 ({0 0600)
1 550 (0 0610)
1 575 (0 0620)
1 600 {0.0630)
1.626 (0.0640)

1 650 (0 0650)
1 675 (0 0659)
1 700 (0 0669)
1.725 {0.0679)
1.750 (0.0689)
1 775 (0.0699}
1 800 (0 0709}
1 825 (0 0719)
1 850 {0.0728)
1.875 (0.0738)
1 900 {0.0748)
1.925 {0.0758)
1.950 {0 0768)

HINT

« Varying the adjusting shim thickness by 0025 mm
{0 0010 n) changes the injection pressure by about 4 5
kg/cm® (64 psi, 441 kPa) (1PZ)

= Varying the adusting shim thickness by 0025 mm
{0 0010 In )} changes the injection pressure by about 35
kg/cm® (50 psi, 343 kPa) (1HZ)

» Only one adjusting shim should be used
(f) There should be no dnpping after injection

2. LEAKAGE TEST

While maintaning pressure at about 10-20 kg/cm®
(142-284 psi, 981 -1,961 kPa) below opening pressure
(adjust by tester handle), check that there 1s no dripping for
10 seconds from the njection hole or around the retaining
nut

If the nozzle dnps within 10 seconds, replace or clean and
overhaul the nozzle assembly

SRR

Good Faulty

FU1347

3. SPRAY PATTERN TEST

(a) The njection nozzle should shudder at a certain
pumping speed between 15 - 60 times (old nozzle) or
30 - 60 times (new nozzle} per minute

(b} Check the spray pattern dunng shuddering

If the spray pattern 1s not correct during shuddering, the
nozzle must be replaced or cleaned

L

Good Faulty

FU1481
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FU-12 FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ)

COMPONENTS

Nozzle Holder Body

Prassure Spring

Distance Piece

Adjusting Shim

Nozzle Assembly

Nozzle Holder
Retaining Nut

| 375 (27, 37)

rﬂ;-cm ift-lb, N'm}| : Specifiad torque FUSTIA

DISASSEMBLY OF INJECTION NOZZLES

DISASSEMBLE INJECTION NOZZLES
(@) Using SST, remove the nozzle holder retaiming nut
SST 09268-64010

NOTICE: When disassembling the nozzle, be careful
not to drop the inner paris.

(b) Remove the pressure spring, shim, pressure pin, dis-
tance piece and the nozzle assembly

FU2a0G

CLEANING AND INSPECTION OF INJECTION
NOZZLES

. 1. NOZZLE CLEANING

(@) To wash the nozzles Use a wooden stick and brass
brush Wash them in clean diesel fuel

HINT Do not touch the nozzle mating surfaces with your
fingers

FLIOEES
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FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ) FU-13

FU1349

FU1 380

FU271

One thard of
its length

About
60 degrees

FU1351

\ / FU1352

(b} Using a wooden stick, remove the carbon adhering to
the nozzle needle tip

{c) Using a brass brush, remove the carbon from the
exterior of the nozzle body (except lapped surface)

(d) Check the seat of the nozzle body for burns or
Corrosion

(e) Check the nozzle needle tip for damage or corrosion

If any of these conditions are present, replace the nozzle
assembly

INSPECT NOZZLE ASSEMBLY
(a) Wash the nozzle I1n clean diesel fuel

HINT Do not touch the nozzle mating surfaces with your
fingers

(b) Tilt the nozzle body about 60 degrees and pull the
needle out about one third of its length

(c) When released, the needle should sink down Into the
body vent smoothly by its own weight

(d) Repeat this test, rotating the needle slightly each time

If the needle does not sink freely, replace the nozzle
assembly
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FU-14 FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ)

FU2810

FUZ756

LTy
EMB546

ASSEMBLY OF INJECTION NOZZLES
(See page FU-12)

1.

ASSEMBLE INJECTION NOZZLE HOLDERS

(@) Assemble the nozzle holder retaining nut, the nozzle
assembly, distance piece, pressure pIn, pressure
spring, adjusting shim and nozzle holder body, and
finger tighten the retaning nut

(b) Using SST, tighten the retaining nut

SST 09268-64010

Torque: 375 kg-cm (27 ft-1b, 37 N-m)

NOTICE: Over torquing could cause nozzle deforma-

tion and needle adhesion or other defects.

PERFORM PRESSURE AND SPRAY PATTERN TEST
(See pages FU-10, 11)

INSTALLATION OF INJECTION NOZZLES
(See page FU-9)

1.

INSTALL INJECTION NOZZLES

(@) Place new gaskets and the nozzle seats nto the
Injection nozzle holes of the cylinder head

(b} Using SST, install the injection nozzles
SST 09268-64010
Torque: 650 kg-cm (47 i-Ib, 64 Nm)

NOTICE:
+ Over torquing could cause nozzle deformation and
needle adhesion or other defects.

+ When installing the injection nozzle, never torque
the nozzle holder body. Torque the retaining nut
section.

INSTALL NOZZLE LEAKAGE PIPE

(@) Install new gaskets and the leakage pipe with the nuts
Torque: 300 kg-cm (22 fi-1b, 29 Nm)

{(b) Connect the fuel hose to the return pipe
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FUEL SYSTEM - Injection Nozzles (1 PZ and 1 HZ) FU-15

3. INSTALL INJECTION PIPES
(@) Place the two clamps on the intake manifold
(b} Connect the injection pipes to INjection nozzle
Torque: 150 kg-cm (11 fi-lb, 15 Nm)

{¢} Connect the Injection pipes to INjection pump
Torque: 150 kg-cm (11 ft-lb, 15 Nm)
(d} Secure the injection pipes with clamps and bolts

FU2776

4. INSTALL INTAKE PIPE
(See step 3 on page EM-38)

5. START ENGINE AND CHECK FOR FUEL LEAKS
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FU-16 FUEL SYSTEM - Injection Nozzles (1 HD-T)

INJECTION NOZZLES (1HD-T)
REMOVAL OF INJECTION NOZZLES

125(9.12) } —
—©

& Gaskst

Washer o =

Nozzle Holder Ciamp—@ @‘
=

Nozzle Leakage Fipe

Injection Nozzie

% O-Ring
& Nozzle Seat

{ kg-cm {ft-lb, N-m)] : Specified torque
4+ Non-reusable part

FU2B45

1. REMOVE INTAKE PIPE
(See step 6 on page EM-34)

2. DISCONNECT INJECTION PIPES

Loosen the union nuts of the six injection pipes from the six
Injection nozzles

FU2753

3. REMOVE NOZZLE LEAKAGE PIPE
(@) Disconnect the fuel hose from the nozzle leakage pipe

(b} Remove the six hollow bolts, leakage pipe and twelve
gaskets

J EMBIGY
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FUEL SYSTEM - Injection Nozzles (1 HD-T) FU-17

[} »
Good Faulty
FLM 354
) M
AN % 4
Good Faulty Faulty Faulty

FUZEBS

4. REMOVE INJECTION NOZZLES

(&) Remove the bolt, washer, nozzle holder clamp, injec-
tion nozzle and seat

(b} Remove the O-ring from the injection nozzle

HINT  Arrange the injection nozzles in correct order

TEST OF INJECTION NOZZLES

1. LEAKAGE TEST

While mantaining pressure at about 10-20 kg/cm®
(142-284 psi, 981-1,961 kPa} below No1 opening
pressure {adjust by tester handle), check that there 1s no
drnipping for 10 seconds from the injection hole or around
the retaining nut

If the nozzle dnps within 10 seconds, replace or clean and
overhaul the nozzle assembly

2. SPRAY PATTERN TEST

{a) The mjection nozzle should shudder at a certain
pumping speed between 15 - 60 times (old nozzle) or
30-60 tmes (new nozzle) per minute

(b} Check the spray pattern during shudderng

If the spray pattern 1s not correct during shuddenng, the
nozzle must be clean or replaced
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FU-18

FUEL SYSTEM - Injection Nozzles (1 HD-T)

COMPONENTS

&

[kg-cm (R-Ib, N-m}] :
4+ Non-reusable part

MNozzle Holder
Retaining Nut

Adjusting Shim

No 1 Pressure Spring
No.1 Pressure Pin -

Distance Piece

-
I
|
!
|
1

A

Straight Pln -7

Nozzle Assembly

A7

Adjusting Shim

Nozzle Holder Body

% O-Ring

Capsule Sub-Assembly

Specified torque

Fu 2860

DISASSEMBLY OF INJECTION NOZZLES

DISASSEMBLE INJECTION NOZZLES
(a) Remove the nozzle holder retaining nut

NOTICE: When disassembling the nozzle, be careful
not to drop the inner parts.

{b) Remove the nozzle sub-assembly and distance piece,
straight pins, No 1 pressure pin, No 1 pressure spring,
adjusting shim, capsule sub-assembly and adjusting
shim

FUZEN

CLEANING AND INSPECTION OF INJECTION
NOZZLES

! 1. NOZZLE CLEANING

(@) To wash the nozzles Use a wooden stick and brass
brush Wash them n clean diesel fuel

HINT Do not touch the nozzle mating surfaces with your

fingers

FUGB53
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FUEL SYSTEM — Injection Nozzles (1 HD-T) FU-19

FU2748

Fuz7aa

FU0bBE2

One third of
s length

About 60 degrees

FU2771

FU2772

(b) Using a wooden stick, remove the carbon adhernng to
the nozzle needle tip

{¢) Using a brass brush, remove the carbon from the
exterior of the nozzle body (except lapped surface)

(d} Check the seat of the nozzle body for burms or
COrrosion

(e) Check the nozzle needle tip for damage or corrosion

If any of these conditions are present, replace the nozzle
assembly

INSPECT NOZZLE ASSEMBLY
(a) Wash the nozzle in clean diesel fuel

HINT Do not touch the nozzle mating surfaces with your
fingers

(b} Tilt the nozzle body about 60 degrees and pull the
needle out about one third of s length

(c) When released, the needle should sink down into the
body vent smocthly by its own weight

(d) Repeat this test, rotating the needle slightly each time

If the needle does not sink freely, replace the nozzle
assembly
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FU-20

FUEL SYSTEM -

Injection Nozzles (1 HD-T)

FUZ902

5|
'l_@ SsT

&,
G4

FU2B98 FU2899

85T

Dimension {2

35T

FLIZ904
FLZ800

ASSEMBLY AND ADJUSTMENT OF
INJECTION NOZZLES
(Seepage FU-18)

1.

ADJUST PRE-LIFT

NOTICE: Pre-lift adjustment requires great preci-
sion, so when performing this operation, make sure
everything is clean and that no foreign substances are
trapped.

(@) Install the SST to the dial indicator so that the
protrusion shown in the illustration 18 20 mm
(0079 n) or less

SST 09268-17010

(b} Set the dial indicator scale to 0 mm (0 in} on top of
SST or surface plate

SST 09268-17010

(c} Place the nozzle sub-assembly, distance piece,
straight pins and No 1 pressure pin on the SST as
shown n the illustration

SST 09268-17010

(d) Install SST holes to the straight pins and measure
dimension 11

SST 09268-17010
Dimension £2 (Reference): 4.70 mm (0.1850 in.)
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FUEL SYSTEM - Injection Nozzles (1 HD-T) FU-21

70 mm
FU2912

FLI2902

Straight Pin
Capsule
Sub- Assembly

T

Adjusting Sim

MNozzle Holder Body

12857

FU2803
FUZ2814

(e) Install SST to the dial indicator so that the protrusion
shown In the illustration 15 7 0 mm (0 276 In) or less

SST 09268-17010

(f) Set the dial Indicator scale to 0 mm (0 in) on top of
SST or surface plate

55T 09268-17010

{g) Place the adjusting shim, the capsule sub-assembly
and straight pins on the nozzle holder body

(h) Install SST holes to the straight pins and measure
dimension £1

SST 09268-17010
Dimension f1 (Reference): 4.79 mm (0.1886 in.)
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FU-22

FUEL SYSTEM - Injection Nozzles (1 HD-T)

(1) Subtract the dimension £2 from the dimension £1
Prelift: 0.08 - 0.10 mm (0.0031 - 0.0039 in.)

If the pre-lift dimension 15 not as specified, change the
adjusting shim on the top of the capsule sub-assembly

Adjusting shim thickness mm {In.)

0.700 (0 0276)
0 750 (0.0295)
0 800 (0 0315)
0.850 (0 0335)
0.900 (0 0354)
0 950 (0.0374)
0975 (0.0384)
1.000 (0.0394)
1.025 (0 0404)
1 050 (0.0413)
1.075 (0 0423)
1100 (0 0433)
1.125 (0 0443)
1.150 (0 0453}
1.175 (0 0463)
1200 (0 0472)
1.225 (0 0482)
1.250 (D 0492}
1.280 (0 0504)
1 290 (0 0508)
1300 (0 0512)

1.310 (0 0516)
1.320 (0.0520)
1.330 (0 0524)
1.340 (0 0528)
1.350 (0.0531)
1.360 (0 0535)
1.370 (0 0539)
1.380 (0 0543)
1.390 (0.0547)
1.400 (0.0551)
1 410 (0.0555)
1 420 (0 0559)
1.430 (0 0563)
1.440 (0.0567}
1 450 (0.0571)
1.480 (0 0575)
1.470 (0.0579)
1 480 (0 0583)
1 490 (0.0587)
1.500 (0 0591)
1.510 (0 0594)

1 520 (0 0598)
1.530 (0.0602)
1 540 (0 0608)
1 550 (0 0610)
1.560 (0.0614)
1.570 (0.0618)
1 580 (0 0622)
1 590 (0 0626)
1.600 (0.0630)
1.610 (0.0634)
1.620 (0 0638)
1 630 (0 0641)
1.640 (0 0646)
1.650 (0 0650)
1 660 (0 0654)
1 670 {0 0657)
1.680 (0 0661)
1.690 (0 0665)
1.700 {0 0669)
1 750 {0 0689)
1 800 {0 0709)

HINT  If the shim 1s made thicker, the pre-hft 1s decreased

—p|

| —

Leave a gap

FUZ905
FUZ&3

(5) {4

{7
(8) e
O

FU.2892

CHECK NO.2 OPENING PRESSURE

(a) Loosen by one or two tumns the plug screw of the
capsule sub-assembly with SST

SST 09268-17010

HINT  When the plug screw Is loosened by one or two
turns, the pre-lift from installation in the nozzle holder be-
comes 0 mm (0 in)

(b) Assemble the following parts
(1) Nozzle holder body
(2) Adjusting shim selected in step 1 above

(3) Capsule sub-assembly in the condition from step
2 (a)

(4) No1 pressure pin
{5) Distance piece

(6) Straight pins

{7) Nozzle sub-assembly
{8) Retaning nut

NOTICE: Do not assemble the No.1 pressure sptring
and the adjusting shim for adjustment of the No.1
opening pressure.
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FUEL SYSTEM - Injection Nozzles (1 HD-T) FU-23

14 mm
Deep
Socket

FiZ747

E TS Y
7 M\ Py
Faulty Good
FU2670

HINT  Align the holes of the nozzle body, distance plece
and nozzle holder body

(c) Using a 14 mm deep socket wrench, torque the
retaining nut

Torque: 350 kg-cm (25 ft-1b, 34 N-m)

NOTICE: Over torquing could cause nozzle deforma-
tion and needle adhesicn or other defects.

(d) Install the injection nozzle to the injection nozzle hand
tester and bleed ar from the union nut

CAUTION: Do not place your finger over the nozzle
injection hole.

(e) Pump the tester handle a few times as fast as possible
to discharge the carbon from the njection hole

() Pump the tester handle slowly and observe the pres-
sure gauge

(9) Read the pressure gauge just as the injection pressure
begins to drop

No.2 opening pressure (Inspection pressure):
132-138 kg/cm?
(1,877-1,963 psi, 12,945-13,533 kPa)
HINT  Proper nozzle operation can be determined by a
swishing sound

If the opening pressure 1s hot as specified, replace the
capsule sub-assembly

HINT The No 2 opening pressure 1s already adjusted for
the new capsule sub-assembly

(h) There should be no dripping after injection
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FU-24 FUEL SYSTEM - Injection Nozzles (1 HD-T)

FL 2805

FU2760

FU2747

FuU28E9

(1} After checking the No 2 opening pressure, remove the
capsule sub-assembly and tighten the plug screw with
SST

SST 09268-17010
Torque: 25 kg-cm (21 in.-lb, 2.5 N-m)

ADJUST NO.1 OPENING PRESSURE

(@) Assemble the nozzle holder body, adjusting shim
selected n step 1, the capsule sub- assembly, adjust-
ing shim for adjustment of No1 opening pressure,
No1 pressure spring, No1 pressure pin, distance
piece, straight pins and the nozzle sub-assembly, and
finger tighten the retaining nut

HINT

= Align the holes of the nozzle body, distance piece and
nozzle holder body

* When the thickness of the onginally used adjusting shim
1s not known, use a shim 15 mm (0 59 in ) thick instead

(b) Using a 14 mm deep socket wrench, torque the
retaining nut

Torque: 350 kg-cm (25 ft-Ib, 34 N-m)

NOTICE: Over torquing could cause nozzle deforma-
tion and nheedle adhesion or other defects.

{c) Install the njection nozzle to the injection nozzle hand
tester and bleed ar from the umon nut

CAUTION: Do not place your finger over the nozzle
injection hole.
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FUEL SYSTEM - Injection Nozzles (1 HD-T)

FU-25

FUZ884

(d) Pump the tester handle slowly and cbserve the pres-

sure gauge

(e) Read the pressure gauge just as the injection pressure

begins to drop
No.1 opening pressure:

swishing sound

180-190 kg/cm®

(2,560-2,702 psi)
(17,652-18,633 kPa)

HINT  Proper nozzle operation can be determined by a

If the opening pressure 15 not as specified, disassemble the
nozzle and change the adjusting shim on the top of the
No 1 pressure spring

Adjusting shim thickness

mm (in)

Good
FU2ET0

0 700 (0.0276)
0.760 (0 0296)
0 800 (0 0315)
0 850 (0 0335)
0 900 (0.0354)
0 950 (0 0374)
0 975 (0 0384)
1.000 (0.0384)
1 025 (0.0404)
1 050 (0 0413)
1075 (0 0423)
1 100 (0 0433)
1.125 (0.0443)
1.150 (0.0453)
1,175 (0 0463)
1 200 (0.0472)
1.225 (0.0482)
1.250 (0.0452)
1 280 (0 0504)
1.290 (0.0508)
1 300 (0.0512)

1310 (0.0516)
1.320 (0.0520)
1 330 (0.0524)
1 340 (0.0528)
1 350 (0 0531)
1 360 (0.0535)
1 370 {0.0539)
1 380 {0 0543)
1 390 {0 0547)
1.400 {0.0551)
1 410 (0.0555)
1420 (0 0559)
1 430 {0 0563)
1.440 {0.0567)
1 480 {0.0571)
1 460 (0.0575)
1 470 (0 0579)
1.480 (0.0583)
1.490 (0.0587)
1 600 {0 0691)
1 510 (0 0594)

1520 (0 0598)
1 630 (0 0602)
1 540 (0.0608)
1550 (0 0610)
1560 (0 0614)
1,570 (0 0618)
1.580 (0 0622)
1580 (0 0626)
1 600 (0 0630)
1610 (0 0634)
1620 {0 0638)
1630 (0 0641)
1 640 (D 0646)
1.650 (0.0650)
1 660 (0 0654)
1 670 (0 0B57)
1.680 (0 0661)
1 630 (0.0665)
1700 (0 0669)
1750 (0 0689)
1.800 (0 0709}

HINT

« Varying the adjusting shim thickness by 001
(0 0004 1n ) changes the njection pressure by about 15
kg/cm? (21 psi, 147 kPa)

+ Only one adjusting shim should be used
(f) There should be no dripping after injection

Donated by Andrew Schauer. cruisercult.com
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FU-26

FUEL SYSTEM - Injection Nozzles (1 HD-T)

%

EMB802

£

INSTALLATION OF INJECTION NOZZLES
(See page FU-17)

1. INSTALL INJECTION NOZZLES
(@ Install a new O-nng to the INjection nozzle

(b} Install new nozzle seats into the injection nozzle hole
of the cylinder head

{¢) Install the injection nozzles with the washer, nozzle
haolder clamp and bolt

Torque: 400 kg-cm (29 ft-1b, 39 N-m)

2. INSTALL NOZZLE LEAKAGE PIPE

(@ Install new gaskets and the leakage pipe with the
hollow bolts

Torque: 125 kg-cm (9 fi-1b, 12 N-m)
{(b) Connect the fuel hose to the return pipe

3. CONNECT INJECTION PIPES
Connect the injection pipes to Injection nozzle
Torque: 250 kg-cm (18 ft-1b, 25 N-m)

4. INSTALL INTAKE PIPE
(See step 3 on page EM-38)

5. START ENGINE AND CHECK FOR FUEL LEAKS

Donated by Andrew Schauer. cruisercult.com



FUEL SYSTEM - Injection Pump FU-27

INJECTION PUMP
REMOVAL OF INJECTION PUMP

Accelerator
Connecting Rod Water By-Pass
Hose

1PZ and 1HZ {M/T)
1,000 (72, 98) for Europa

Cylinder Black

Insulator

| 1PZ and 1HZ {HZJ70, 73, 75)
| Fuel Pipe
|
i

injection Pipa

1PZ and THZ

[ 150 {11,15)

1HD-T

O Clamp

[kg-cm {it-Ib, N-m}| : Specified torque
# Non-reusable part

FLI27R2
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FU-28 FUEL SYSTEM - Injection Pump

1.

10.

11.

12.

13.

EMBE23

14.

(w/ACSD)
DRAIN COOLANT (See page CO-5)

REMOVE TIMING BELT
(See steps 1 to 3 on pages EM-33 to 34)

REMOVE NO.2 CAMSHAFT TIMING PULLEY
(See step 5 on pages EM-34)

DISCONNECT ACCELERATOR CONNECTING ROD

(A/T)
DISCONNECT THROTTLE CABLE

(w/ A/C)
DISCONNECT A/C IDLE-UP VACUUM HOSE

(w/ ACSD)
DISCONNECT WATER BY-PASS HOSES FROM
THERMO WAX

DISCONNECT INJECTION PUMP CONNECTOR
DISCONNECT FUEL HOSES FROM INJECTION PUMP

(1HD-T)
DISCONNECT BOOST COMPENSATOR HOSE

(W/PCS)
DISCONNECT PCS VACUUM HOSE

(W/BACS)
DISCONNECT BACS VACUUM HOSE

REMOVE INJECTION PIPES
(See step 2 on page FU-9)

REMOVE INJECTION PUMP

(@) Using SST, remove the injection pump drive gear set
nut

SST 09330-00021

{b) Remowve the bolt holding the njection pump to pump
stay
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FUEL SYSTEM — Injection Pump FU-29

EMB782

(c) Before removing the njection pump, check If the
perod lines are aligned

If not, place new matchmarks for remnstallation

(d) Remove the two nuts holding the injection pump to
the timing gear case

{e) Using SST, remove the injection pump

SST 09213-60017 (09213-00020, 09213-00030,
09213-00060} and 09950-20017

NOTICE:
+ Tighten the two bolis more than 8 mm (0.31 in.).
+ Set SST so that it is balanced.

« Do not hold or carry the injection pump by the
adjusting lever.

+ Do not put the injection pump (with HAC, or for the
1 HD-T) at an angle more than 45° from the hotrizon-
tal.

{f) Remove the cylinder block msulator (1 PZ and 1 HZ
(M/T} for Europe)

(g) Remove the O-nng from the injection pump

Donated by Andrew Schauer. cruisercult.com



FU-30 FUEL SYSTEM - Injection Pump

COMPONENTS
1PZ {w/o HAC) and 1HZ {w/o HAC) 1PZ {w/ HAC) and 1HZ {w/ HAC}
Pnematic
- Bellows
® Gasket ¢ £ o0 Outlet Pipe Cover Gasket

@ Rubber
Adjusting Cap
Lever Pnematic
Bellows

Shim

%ﬁ?’/‘] Maximum Speed

Lever Adjusting Screw _fi® ;
Return @
Spring & Set Screw

Connecting Pin
# Gasket

Fush Rcd

Pnematic
Bellows
Spnng

~ Cover
\\‘_l
= / Dash Pot
ldle Speed @ “
Adjusting
Screw Lever Control Lever
Governor Cover # Gasket Control Support Pin A

# Gasket Spring % Gaskst & %

THD-T

Diaphragm Cover

PCS Actuator
No 1 PCS Lever

Clp

12 9
@ /__@ & Gasket
/@{f Guide Bushing m@.

Diaphragm

@7 Spring
Shim _ A

No 2 Overflow Screw

P
-

m———

Washer fuel Qutet Pipe

4 0-Rmg
No 2 PCS Lever

b Cover
L Cash Pot

@ &T\ =0 ) #Gasket

Connecting Pin
# Gasket Contral Lever
Support Pin

# Gasket FU2B90 FU2654
FU2891

[kg-cm (ft-lb, N-m}] : Specified torque
# Non-reusable part
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FUEL SYSTEM - Injection Pump FU-31

COMPONENTS (Cont'd)

230 (17, 23)

# O-Ring Damper Spring

Speed Contral
# Gasket Spring

Washer
#0-Ring Gy
@ Fugl Inlet (&)
Pipe £ .
Regulator @Nﬁ Spring Seat

Valve Adjusting Lever Shaft
& Gasket

Fuel Inlet
Hollow Screw

# 0-Ring {w/ACSD)

Idie-Up Lever

Pickup Sensor

#* Ol Seal

Pump Bod
P Y ¢ 0-Ring

{w/ACSD)
Thermo Wax

kg-cm {it-lb, N-m)| : Specified torque
% Non-reusable parnt FU2773
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FU-32 FUEL SYSTEM - Injection Pump

COMPONENTS (Cont'd)

Bearning
Stop thg

ﬁ y——>=5lesve Plug
Governor Sleave

Flyweight I
No.1 Flyweight Q? Beanng Retamner

Washer
E-Ring Distnbutive
a Head Plug
No.2 Fiyweight
Governor Shaft WashEry g %’Fuel Cut 4 Gasket
+ 0-Ring Solenod Distnibutive
Flyweight ©— ¢ 0-Ring Head Plug Bolt
Holder 2 Spri
Governor Gear i prng
Adjusting Washer Lead Wire Vvahe
@ Lever Support Stramer O-ng

Spring -
"// | @
|
N

Plunger Spring Shim ! Delivery Valve

Holder

)
" ‘ Spring Seat
Plunger Spring a 2 Sprmg ing Sea
Sl Ring Delwery Valve
Upper Plunger Plate : 4 Gasket
¢ 0-Ring | ﬁ
L.’

Pump Plunger Plunger Spring ;
Guide Drive Shaft

w83 Upper Spring Seat ,-”4
Distributive Head e I
Drve Shaft Washer < |l

: A

ower Spring Seat
Feed P C
Lower Plunger Plate ump Cover P
-
e, .
P
i Fuel Purmp Liner ‘ L ] Jomr " Face Camplate
i

Flubber,—
Drlve Gear

/

Roller Ring @ @

@

Fuel Pump Rotor

‘f%
RH Timer

Coupllng
Caver 4 Gasket
+ O-Ring Timer Sprng Roller and Washsr

Cllp
Timer Adjusting Screw Stopper Pin
Slide Pin

r’
Blade |

|

|

|

! Coupling Spring

-

/

Timer
Sub-Piston
Timer Piston @Qti'b
* O-Ring
4 Non-reusabie part LH Timer Cover

FUZTa7
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FUEL SYSTEM - Injection Pump FU-33

FU2A33

Hexagon

Wrench .

DISASSEMBLY OF INJECTION PUMP
(See pages FU-30, 31 and 32)

1.

MOUNT PUMP ASSEMBLY TO SST (STAND)
SST 09241 -76022 and 09245-54010

REMOVE SET KEY OF DRIVE PULLEY FROM DRIVE
SHAFT

(w/ A/C)
REMOVE IDLE-UP ACTUATOR

REMOVE TWO FUEL PIPES

Place the matchmarks on the fuel inlet pipe and governor
cover

(w/ ACSD)
REMOVE IDLE-UP LEVER

Using a 5 mm hexagon wrench, remove the three bolts and
idle-up lever

(w/ ACSD)
REMOVE THERMO WAX

(@) Using a screwdriver, turn the cold starting lever coun-
terclockwise approx 20°

(by Put a metal plate (thickness of 3 5-75 mm)
(0 138-0 295 In) between the cold starting lever
and thermo wax plunger

(¢} Using a 5 mm hexagon wrench, remove the two bolts,
thermo wax and O-ring
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FU-34

FUEL SYSTEM - Injection Pump

FU2855

Hexagon
Wrench

FLI2857

FU2EE58

FL2859

FL2826

7.

10.

(w/ PCS)

REMOVE PCS ACTUATOR

(@) Remove the PCS adjusting screw
(b) Remove the clip

(c) Using a 5 mm hexagon wrench, remove the two bolts
and PCS actuator assembly

(w/ PCS)
REMOVE NO.1 PCS LEVER

Remove the nut and No 1 PCS lever

{w/ Dash Pot)
REMOVE DASH POT

Remove the dash pot and gasket

REMOVE FUEL CUT SOLENOID

(@) Disconnect the lead wire connector from the bracket
(b) Disconnect the dust cover from the fuel cut solenoid
(c) Remove the nut, lead wire and dust cover
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FUEL SYSTEM - Injection Pump FU-35

(d} Remove the fuel cut solenoid, O-ring, spring, valve,
strainer and wave washer

11. (W/TACHOMETER)
REMOVE PICKUP SENSOR

Remove the pickup sensor and O-nng

FU27¢7

12. REMOVE ADJUSTING LEVER
(@) Place the matchmarks on adjusting lever and shaft

(b} Remove the nut, retumn spnng guide, adjusting lever
and return spring

FU2B53

B mm 13. REMOVE GOVERNOR COVER

Hexagon (@) (w/HACand 1HD-T)
Remove the idle speed adjusting screw

{(b) Using a 5 mm hexagon wrench, remove the four bolts

Fuz1n
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FU-36 FUEL SYSTEM — Injection Pump

{c} Disconnect the speed control spring from the spring
seat, and remove the spring seat, damper spring,
speed contral spring, the governor cover and adjust-
Ing lever shaft assembly and gasket

FU2292

14. REMOVE GOVERNOR ADJUSTING LEVER SHAFT
FROM GOVERNOR COVER

Remove the following paris from the govemor cover

(1) Adjusting lever shaft, O-ring and washer
assembly

(2) O-nng
(3) Washer

FU2268

15. (1PZ{w/HAC) and1HZ(w/HAC))
DISASSEMBLE HIGH ALTITUDE COMPENSATOR

A. Remove lever control spring
Remove the bolt, gasket and lever control spring

FU2187

B. Remove pneumatic bellows
(@) Using a 5 mm hexagon wrench, remove the four bolts

Hexagon
Wrench

FU26E2
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FUEL SYSTEM - Injection Pump FU-37

{1}

(2}
(5)

{4}

(3)

(6}

(7

FUZB55

Hexagon
Wrench

FLI2132

FL2159

(b) Remove the following parts
(1) Pneumatc bellows cover
(2) Gasket
(3) Shims
NOTICE: Note the number of the shims.
(4) Preumatic bellows
(5) Two rubber caps
(6) Push rod
(7} Prneumatic bellows spring

C. Remove control lever

(@) Using a 4 mm hexagon wrench, remove the two bolts
and gaskets

(b} Using a small screwdrnver, push out the support pin
and remove the control lever

{c) Using needle nose pliers, remove the connecting pin

NOTICE: Be careful not to damage the connecting.
Tape the tip of the pliers.
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FU-38 FUEL SYSTEM - Injection Pump

FU2768

FUZ736

FLG2S

Fuzge?

Hexagon
Wrench

Fli2132

16. (1HD-T)
DISASSEMBLE BOOST COMPENSATOR
A. Remove lever control spring
Remove the bolt, gasket and lever control spring

B. Remove hoost compensator diaphragm
(@) Using a 5 mm hexagon wrench, remove the four bolts

(b) Remove the following parts
(1) Diaphragm cover

(2) Diaphragm

(3) Spring

(4) Boost compensator shim

C. Remove guide bushing

D. Remove control lever

(@) Using a 4 mm hexagon wrench, remove the two bolts
and gaskets
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FUEL SYSTEM - Injection Pump FU-39

FuU2698

17.

{b) Using a small screwdriver, push out the support pin
and remove the control lever

(c) Using needle nose pliers, remove the connecting pin

NOTICE: Be careful not to damage the connecting
pin. Tape the tip of the pliers.

Remove ISl2 PCS lever

Remove the following pars from the the governor cover
(1) No 2 lever, O-nng and washer assembly
(2) O-nng
(3) Washer

Remove No.2 overflow screw
Remove the cover and No 2 overflow screw

CHECK FLYWEIGHT HOLDER THRUST CLEARANCE
(See step 20 on page FU-58)

Thrust clearance: 0.15-0.35 mm
(0.0059-0.0138 in.)
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FU-40

FUEL SYSTEM - Injection Pump

5 mm

S
Hexagon \
Wrench L&

FJ1825

FUZ798

18. REMOVE GOVERNOR SHAFT AND FLYWEIGHT

19.

20.

HOLDER

(a) Remove the govemor shaft lock nut by turning tt
clockwise

NOTICE: The governor shaft and lock nut have LH
threads.

(b) Using a 5 mm hexagon wrench, remove the governor
shaft clockwise, and remove the following part

(1) Flyweight holder assembly
{2) No1 flyweight washer
(3) Governor gear adjusting washer

HINT Be careful not to drop the two washers into the
pump housing

{c) Remove the following parts from the flyweight holder
(1} Govemaor sleeve
(2} No 2 flyweight washer
(3) Four flyweights

REMOVE INJECTION PUMP STAY

Using a 5 mm hexagon wrench, remove the three bolis and
stay

REMOVE DISTRIBUTIVE HEAD PLUG
Using SST, remove the distributive head plug
SST 09260-54012 (09262-54010)
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FUEL SYSTEM - Injection Pump FU-41

FU2729

FLI2734

Hexagan

FLI2708

21. REMOVE DELIVERY VALVE HOLDERS

(@) Using SST, remove the delivery valve holders, springs
and spring seats

SST 09260-5401 2 (09269-54020)
{b) Remove the delivery valves and gaskets

NOTICE: Do not touch the sliding surfaces of the
delivery valve with your hand.

HINT Arrange the delivery valves, springs, spring seats
and holders in order

22. REMOVE DISTRIBUTIVE HEAD
(@) Using a 5 mm hexagon wrench, remaove the four bolts

Donated by Andrew Schauer. cruisercult.com



FU-42 FUEL SYSTEM - Injection Pump

F-1

EE

Plunger

&-Shim_/

FlU 2664

Fli2gzd

FLZE03

(b} Remove the distributive head and following parts
(1) Two lever support springs
(2) Two plunger spring guides
(3) Two plunger spring shims
(4) Two upper spnng seats
(5) Two plunger springs

23. REMOVE PUMP PLUNGER

Using SST, remove the pump plunger and plunger adjust-
ing shim together with the following parts

(1) Spill nng

{2) Lower spring seat

(3)  Upper plunger plate

(4) Lower plunger plate
SST 09260-54012 (09269-54030)

NOTICE: Do not touch the sliding surfaces of the
pump plunger with your hand.

24. REMOVE GOVERNOR LINK

Using SST, remove the two support bolts, gaskets and
governor link

SST 09260-54012 (09269-54040})

25. REMOVE FACE CAMPLATE AND COUPLING

Remove the face camplate, spring and coupling
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FUEL SYSTEM - Injection Pump FU-43

26. REMOVE ROLLER RING AND DRIVE SHAFT
{a) Remove the timer clip and stopper pin

FU2835

(b) Push the shde pin toward nside

(c) (1PZ)
Push the drive shaft, and remove the roller ring, three
rollers and shims assembly
(1 HZ and 1HD-T)
Push the drive shaft, and remove the roller nng, four
rollers and shims assembly

FUZa64

A\PZ NOTICE:
» Be careful not to drop the rollers.

» Do not alter the position or assembly of the rollers.

Fuzeit

FL2784
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FU-44 FUEL SYSTEM

— Injection Pump

FU2795

Joint

Fi}2280

b mm
Hexagon
Wrench

FLI2264

FLIZ885

5 mm
Hexagon
Wrench

G

FU2181

{d) Remove the drive shaft, governor drive gear, two joint
rubbers assembly, set key and drive shaft washer

(e) Remove the drive gear and two joint rubbers from the
dnve shaft

27. REMOVE TIMER
(a) Using a 5 mm hexagon wrench, remove the four bolts

{b) Remove the following parts:

(1)

LH tmer cover, timer adjusting screw and nut
assembly

Spring

O-nng

RH timer cover
O-nng

Piston
Sub-piston

{c) Remove the nut from the LH timer cover

(d) Using a 5 mm hexagon wrench, remove the timer
adjusting screw

(e) Remove the O-ring from the timer adjusting ring
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FUEL SYSTEM - Injection Pump FU-45

28. REMOVE FUEL FEED PUMP
(@) Remove the two screws
(b) Using a piece of wire, remove the feed pump cover
(c} Remove the feed pump rotor, four blades and liner

NOTICE:
+ Be careful not to interchange the blade positions.

» Be careful not to damage the pump body.

29. REMOVE REGULATOR VALVE
Using SST, remove the regulator valve and two O-nngs
SST 09260-54012 (09262-54020)

FU2828

30. REMOVE FUEL INLET HOLLOW SCREW
Remove the hollow screw and gasket

Donated by Andrew Schauer. cruisercult.com
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FU2732

ﬁ |
FUM?s  FU0176

5 S

FU 77 FUO176

28

FUD178 FUD179

e

FUOTTS FUOM 76

INSPECTION OF INJECTION PUMP
COMPONENTS

NOTICE: Do not touch the sliding surfaces of the
pump plunger and delivery valves.

INSPECT DELIVERY VALVES
(IPZandiHZ)

(a) Pull up the valve and close the hole at the valve seat
bottom end with your thumb
When the valve 15 released, it should sink down
quickly and stop at the position where the relief nng
closes the valve seat hole

(b} Close the hale at the valve seat bottom end with your
thumb
Insert the valve into the valve seat and press down
with your finger When your finger 1s released, the
valve should nse back to s oniginal position

(¢} Remove your thumb from the valve seat hole
The valve should close completely by ts own weight

If operation 1s not as specified, replace the valve as a set

HINT Before using a new valve set, wash off the rust
prevention compound with hight ol or gasoline Then
re-wash with diesel fuel and perform the above tests

(1HD-T)

Pull up the valve When the valve 1s released, it should sink
down quickly
If operation 1s not as specified, replace the valve as a set

HINT Before using a new valve set, wash off the rust
prevention compound with hght ol or gasoline Then
re-wash with diesel fuel and perform the above tests
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FUG180

FUZIN

Squareness ——

EMOQ92

lenc
\

EnMQam

2.

INSPECT PUMP PLUNGER, SPILL RING AND
DISTRIBUTIVE HEAD

(@) Tt the spill ring (distnbutive head) shghtly and pull
out the plunger

(b} When released, the plunger should sink down
smoothly into the spill nng (distnbutive head) by s
own weight

(c) Rotate the plunger and repeat the test at vanous
posHtions

If the plunger sticks at any position, replace the parts as a
set

(d} Insert the governor ink ball pin into the spill nng and
check that 1t moves smoothly without any play

INSPECT PLUNGER SPRINGS FOR SQUARENESS

Using a steel square, check the squareness of the plunger
Sprngs

Maximum squareness: 2.0 mm (0.079 in.)

If squareness 1s greater than maximum, replace the springs

INSPECT SPRING LENGTH
Using vernier calipers, measure the free length of each
spring
Spring free length:
Delivery valve spring

1PZand1HZ 24.4 mm (0.961 in.)

1HD-T 19.1 mm (0.752 in.)
Plunger spring

1PZand1HZ 30.0 mm (1.181 in.}

1HD-T 31.2 mm (1.228 in.}
Coupling spring

1PZand 1 HZ 16.6 mm (0.654 in.)

1HD-T 15.5 mm (0.610 in.)

Pneumatic bellows spring (w/ HAC)
1PZand1HZ(w/ HAC)
35.0 mm (1.3781in.)
Boost compensator spring
1HD-T (Europe) 19.7 mm (0.776 in.)
1 HD-T (Others w/o BACS)
19.6 mm {0.772 in.)
1 HD-T (Others w/ BACS)
21.8 mm (0.858 in.)

If the free length 18 not as specified, replace the spring(s)
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FUEL SYSEM - Injection Pump

FUD1B2 FUME3

W

e ©

Battery

FUGE4

22 mm Socket
Wrench

FU2B67

5.

INSPECT ROLLER RING AND ROLLERS
Using a dial indicator, measure the roller height
Roller height variation: 0.02 mm (0.0008 in.)

If the vanation i1s greater than specification, replace the
roller nng and roller as a set

INSPECT FUEL CUT SOLENOID

(a) Connect the solenoid valve body and terminal to the
battery terminals

{(b) You should feel the click from the solenoid valve when
the battery power 1s connected and disconnected

If the solenaid valve 1s not operating properly, replace it

INSPECT PICKUP SENSOR

Using an ohmmeter, measure the resistance between the
terminals

Resistance: 600-800 Q
If resistance 1s not as specified, replace the sensor

IF NECESSARY, REPLACE OIL SEAL
(8} Using a wrench, pry out the ol seal

NOTICE: Be careful not to damage to the pump
body.

(0) Apply NIP grease to the lip of a new oll seal

(c) Using a 22 mm socket wrench, tap in the oil seal untll
its surface 1s flush with the pump housing
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FUEL SYSTEM - Injection Pump FU-49

ASSEMBLY OF INJECTION PUMP
(See pages FU-30, 31,32)

1. MOUNT PUMP BODY TO SST (STAND)
SST 09241 -76022 and 09245-54010

2. INSTALL FUEL INLET HOLLOW SCREW
Install & new gasket and the hollow screw
Torque: 375 kg-cm (27 ft-Ib, 37 Nm)

FLU2834

3. INSTALL REGULATOR VALVE
(@) Install the two O-nngs to the regulator valve
(b} Using SST, install the regulator valve
SST 09260-54012 (09262-54020)
Torque: 90 kg-cm (78 in.-lb, 8.8 Nm)

4. INSTALL FUEL FEED PUMP
(@) Install the liner, rotor and four blades

(b) Check that the liner and blades are facing in the
correct direction, as shown

hy 'E?"“W {c) Check that the blades move smoothly

{(d) Algn the fuel outlet holes of the cover and liner
(e} Install the pump cover with the two screws
Torque: 25 kg-cm (22 in.-lb, 2.5 Nm)

FuUnas1

{fy Check that the rotor moves smoothly

FUD311
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FL-50 FUEL SYSTEM - Injection Pump

FLO192

FU193

FU2283

5

INSTALL DRIVE SHAFT
(@) Install the drive gear on the drnive shaft as shown

{b) Install two new joint rubbers into the dnve gear

(c) Position the key groove of the feed pump rotor
upward

(d) Install the set key and dnve shaft washer on the drive
shaft and insert the drive shaft assembly into the pump
housing

(€) Check that the drive shaft turns without catching
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FU2733

FU2907

FuZ7sa

6.

INSTALL TIMER PISTON
(@) Apply No 50 DENSO grease to the timer piston
() Install the sub-piston into the timer piston

{¢) Insert the timer piston Into the pump housing

INSTALL ROLLER RING

@ (1PZ)
Install the shide pin, three rollers and washers on the
roller ring as shown n the illustration

{b) (1 HZand 1HD-T)
Install the shde pin, four rollers and washers on the
roller ring

{c}) Check that the roller 1s facing the flat surface of the
washer

(d} Install the roller nng nto the pump housing

(e) Carefully install the slide pin into the sub-piston
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FU-52 FUEL SYSTEM — Injection Pump

FLI2836

Hexagon
Wrench

FUZ161

FU2726

5 mm
Hexagen
Wrench

FU2264

FUZ135

9.

(e} Install the stopper pin and chp

INSTALL TIMER SPRING
(a) Install a new O-ring to the timer adjusting screw

(b) Using a 5 mm hexagon wrench, stall the timer
adjusting screw to the LH timer cover and temporarily
install the nut

(c) Install the following parts
(1) New O-ring
(2) RH tmer cover
(3) Timer spring
(4} New O-ring
(

5) LH tmer cover, timer adjusting screw and nut
assembly

(d) Using a 5 mm hexagon wrench, install the the four
bolts

PRESET TIMER ADJUSTING SCREW

(@) Using verier calipers, measure the protrusion of the
adjusting screw from the timer cover

Protrusion: 7.5-8.0 mm {0.295-0.315 in.)
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FUEL SYSTEM - Injection Pump FU-53

5 mm
Hexagon
Wrench

FUZ253

(b} Using a 5 mm hexagon wrench, adjust the protrusion
of the adjusting screw from the timer cover

10. ADJUST PLUNGER SPRING SHIM

(@ Install the following parts to the distributive head

(1) Two plunger spring guides

(2) Two upper spring seats
(3) Two plunger springs
(4) Lower spring seat
(5) Upper plunger plate
(6) Lower plunger plate
(7) Pump plunger

HINT Do not assemble the plunger spring shims at this
ime

(b} Using vermier calipers, measure clearance A indicated
in the dlustration

(¢} Determine the plunger spring shim size by using the
following formula and chart

IPZand 1HZ

New plunger spring shim thickness = 58 - A
1HD-T

New plunger spring shim thickness = 51 - A

A Measured plunger position
Plunger spring shim selection chart for 1 PZ and 1 HZ

mm (in )
Measured Shim Measured Shim
FU2TSE FUDISE clearance thickness clearance thickness
Mare than 43-45
53 (0.209) 085 {0.020) (0.169-0177) 1.5 (¢ 069)
bo-52 40-42
{01968 -0 205) 08(0031) {0157 -0165}) 18 (0071)
48 — 4.2 Less than
0,189 — 1,193 | 10(0039) | o0 16qy | 201(0079)
46-47
0181 -0185) | ' 2 (0047 - -
Plunger spring shim selection chart for 1 HD-T
mm (In.)
Measured Shim Measured Shim
clearance thickness clearance thickness
More than 3.6 — 3.8
aso1a1) | 980020 | 5147 _gisp | 15 (0059
43-45 33-35
0189 — 0.177) | 98 (0031} | 0 ron ozgy | 18 (0071
41 -42 Less than
167 -0165) | 120@0IN | 4500126 | 20 (007D
35-40
(01540157 | 1210047) - -
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FU-54

FUEL SYSTEM — Injection Pump

HINT

= For a measurement between listed sizes, use the next
larger size Bx If thickness 1s 11 mm (0043 n) by
calculation, use a 12 mm (0 047 in'} shim

« Select two shims which have the same thickness

11. (IPZonly}
Face Camplate ADJUST PLUNGER ADJUSTING SHIM
(a) Install the coupling and face camplate

Coupling HINT Do not assemble the coupling spring

FU2E04

(b} Clean the plunger adjusting shim and contacting
surface area

{c) Algn the pin groove of the pump plunger with the
face camplate pin

(d) Using SST, install the used plunger adjusting shim
and pump plunger

SST 09260-54012 (09269-54030)

FLIZB47

(&) Install the distributive head with the four bolts
Torque: 120 kg-cm (9 ft-Ib, 12 N-m)

NOTICE: Be careful not to damage the pump
plunger.

(fy  Using vernier calipers, measure dimension B indicated
in the ilustration

FLI2865
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FUEL SYSTEM - Injection Pump

FU-55

(g) Determine the plunger adjusting shim size by using
the following formula and chart

New adjusting shim thickness = T + (B-33)
T  Thickness of used shim

B

Measured plunger position

Plunger adjusting shim selection chart

Measured clearance mm
22|24|25|26|27|28|29!30(31| 32-34 |35|36(3.7|38(39,40(41(|42|43(44
19 21 |22|23|24 252827282928
20 18 22|23|24|256 2627282328
21 1.9/19 23| 242528 |27|28|29]z29
e E 2z 191820 2425|2627 |28|29]29
£ 23 1919|2021 25|26|27|28|29]|z29
2 2.4 1918|2021 22 26|27 |28|20(2%
T (25 19192012122 23 2728|2928
2 26 1919|2021 ]22]|23|24 282829
27 1919202122 232425 29|29
28|99 )19|20|21|22[23[24]|25]|285 29
29198202122 23|24 |25|26|27
Flunger adusting 19 | 20 | 214 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29
Im thic “;sfn (n) | (0075)| (0O78)| (0083)] (00A7}| (0091)/ (0084)| (0098)( (0.102)) (0106)) (D 110)) (O 114)
EXAMPLE: The 24 mm (0.094 in.}) shim is installed
and measured clearance is 3.7 mm (0.146 in.). Replace
the 2.4 mm (0.094 in.) shim with a 2.8 mm (0.110 in.}
shim.
(h) Install a new plunger adjusting shim and recheck
dimension B
7 l Dimension B: 3.2-3.4 mm (0.126-0.134 in.)
- B
N 7
o ?\\ Zj//;///'{/%: T
N W
= F @ =
% 2
R S i
N . 'Z%*\\a

FUK204

FUZ835 FUZB50

(1)
)

Remove the distributive head
Using SST, remove the following parts
(1) Pump plunger
{2) Plunger adjusting shim
(3) Face camplate
SST 09260-5401 2 (09269-54030)
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FU-56 FUEL SYSTEM - Injection Pump

FLTG6

Fu2aasy

FLG2OT

12.

13.

14.

15.

(1 HZ and 1HD-T)
INSTALL COUPLING

INSTALL FACE CAM PLATE

(a) Face the dnve shaft with the key groove facing
upward

(b} Install the coupling spring and camplate with the
camplate pin facing the governor cover side

INSTALL GOVERNOR LINK

(@) Using SST, install the governor Ink with two new
gaskets and the two support bolts

Torque: 140 kg-cm (10 ft-lb, 14 N-m)
SST 09260-54012 (09269-54040)
{b) Check that the governor ink moves smoothly

INSTALL PUMP PLUNGER

(@ (P4
Place the previously used plunger adjusting shim on
center of the camplate
(1 HZ and 1HD-T)
Place the previously used plunger adjusting shim on
the center of the camplate

NOTICE: Do not apply grease to the shim.
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FUEL SYSTEM - Injection Pump FU-57

{1 ) FUZ729

FUO210 Fuo211

Hexagon
Wrench \

FLU2700

16.

(b} Install the following parts to the pump plunger
(1) Lower plunger plate
(2) Upper plunger plate
(3) Lower spring seat
(4) Spill nng

HINT Face the spill nng with the hole facing the lower
spring seat

(c) Ahgn the pin groove of the plunger with the pin of the
face camplate

{d) Ahgn the ball pin of the governor link with the pin hole
of the spill ring

{e) Using SST, install the pump plunger and two plunger
sprngs

SST 09260-5401 2 (09269-54030)

INSTALL DISTRIBUTIVE HEAD

{a) Apply No50 DENSO grease to the following parts
and nstall them to the distributive head

(1) Two plunger spnng guides

(2) Two new selected plunger spring shims
) Two upper spring seats

(4) Two lever support spnngs

) New O-ning

(b) Install the distributive head

NOTICE: Be careful not to damage the pump
plunger.

(c) Using 5 mm hexagon wrench, nstall the four bolts
Torque: 120 kg-cm (9 ft-1b, 12 Nm)
HINT  Use the bolt which 1s 45 mm (177 in) in length

Donated by Andrew Schauer. cruisercult.com



FUEL SYSTEM - Injection Pump

U276

FU2825

FL2811

FLI2136

17.

18.

19.

20.

INSTALL DELIVERY VALVE HOLDERS

(a) Install new gaskets and the valves into the distnbu-
tive head

(b) Install the spring seats and springs nto the delivery
valve holders

{¢) Using SST, install the delivery valve holders
SST 09260-54012 (09269-54020)

Torque:
1PZ and 1HZ 500 kg-cm (36 fi-Ib, 49 IMHM)
1HD-T 550 kg-cm (40 fi-Ib, 54 Nm)
{IPZonly)

INSTALL DISTRIBUTIVE HEAD PLUG
(@) Install a new OG-ning to the head plug
(b) Using SST, install the head plug
SST 09260-5401 2 (09262-54010)
Torque: 700 kg-cm (51 ft-1b, 69 Nm)

INSTALL GOVERNOR SHAFT AND FLYWEIGHT
HOLDER

(@) Install the following parts to the flyweight holder
(1) Four flyweight
(2) No 2 flyweight washer
(3) Governor sleeve

HINT Replace the four flyweights as a set

(b} Install a new O-ning to the governor shaft

(c) Place the flyweight holder assembly (1) in position,
and mstall the No 1 flyweight washer (2} and gover-
nor gear adjusting washer (3) between the flyweight
holder and pump housing

(d} Install the governor shaft through the governor gear
adusting washer, No1 flyweight washer and fly-
weight holder assembly

(e) Using a 5 mm hexagon wrench, turn the govemor
shaft counterclockwise

CHECK FLYWEIGHT HOLDER THRUST CLEARANCE

Using a thickness gauge, measure the thrust clearance
between the housing pin and flyweight holder

Thrust clearance: 0.15-0.35 mm
(0.0059-0.0138 in.)
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FUEL SYSTEM - Injection Pump FU-59

If the thrust clearance 1s not as specified, adjust with a
governor gear adjusting washer

f\, Adjusting - .
Governor gear adjusting washer thickness:
Y@ % Washer 1.05 mm (0.0413 in.)
3 1.25 mm (0.0492 in.)
1.45 mm (0.0571 in.)

1.65 mm {(0.0650 in.)
1.85 mm (0.0728 in.)

21. ADJUST PROTRUSION OF GOVERNOR SHAFT

(@) Using vernier calipers, measure the protrusion of the
govemor shaft

Protrusion: 0.5-2.0 mm (0.020-0.079 in.)

If the protrusion 1s not as specified, adjust by turning the
govemor shaft

~J FU2810

{(b) Install and tighten the nut while holding the governor
shaft with a 5 mm hexagon wrench

5 mm
Hexagon
Wranch

FUZ512

22. (1 PZ (w/ HAC) and 1 HZ (w/ HAC))
ASSEMBLE HIGH ALTITUDE COMPENSATOR

Install control lever
(@) Insert the connecting pin INto governor cover

FU2165

(b) WUsing a small screwdrnver, install the contral lever with
the support pin

FU2158

Donated by Andrew Schauer. cruisercult.com



FU-60 FUEL SYSTEM - Injection Pump

FU2132

FLI2861

@f—m

FU2860

FU2599

FU2B13

23.

C.

(c) Using a 4 mm hexagon wrench, install two new
gaskets and the two bolts

{(1HD-T)

ASSEMBLE BOOST COMPENSATOR
Install No.2 overflow screw

Install the No 2 overflow screw and cover

Install No.2 PCS lever

Install the following parts to the governor cover:
(1) Plate washer
(2) O-nng
{3) No 2 lever, O-ring and washer assembly

Install control lever
(@ Insert the connecting pin Into governor cover

(b) Using a small screwdnver, install the control lever with
the support pin
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FUEL SYSTEM - Injection Pump

FU-61

Hexagon
Wrench

FU2132

FUZ263

5 mm Hexagon Wrench

FU2238

FU2727

24,

25.

26.

(c) Using a 4 mm hexagon wrench, install two new
gaskets and the two bolts

INSTALL ADJUSTING LEVER SHAFT TO GOVERNOR
SHAFT

Install the following parts to the governor cover
(1} Plate washer
(2} New O-ring

(3) Adusting lever shaft, O-ring and plate washer
assembly

INSTALL GOVERNOR COVER
(a) Install the speed control spring 1o the adjusting shaft

(b} Install a new gasket to the groove of the governor
cover

(¢} Install the damper spring and spring seat, and connect
the speed control spring to the spring seat

(d) Using a 5 mm hexagon wrench, install the governor
cover with the four bolts

Torque 85 kg-cm (74 1n -1b, 8 3 Nm)
HINT  Use the bolt which 1s 35 mm (1 38 in} In length

(e} (w/ HACand 1HD-T)
Install the 1dle speed adjusting screw

INSTALL ADJUSTING LEVER
(a) Place the return spring on the governor cover
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FU-62 FUEL SYSTEM - Injection Pump

(b) Hook the return spring to the adjusting lever, and turn
and place the adjusting lever on the governor shaft

(c) Align the IInes of the adjusting lever shaft and adjust-
Ing lever

FUZ751
FLIZE31

(d) Install the adjusting lever with the spring guide and
nut

FU2853

27. (W TACHOMETER)
INSTALL PICKUP SENSOR
(@) Install a new O-ning and pickup sensor
(b) Connect the two lead wires to the connector
Torque: 210 kg-cm (15 fi-1b, 21 N'm)

FL 2797
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FUEL SYSTEM — Injection Pump

FU-63

333
-

3"

950 S8T

FU2915

FL2914

28.

{(1HZand1HD-Tonly)
ADJUST PLUNGER PRE-STROKE

(@) Install SST to the fuel cut sclenoid installation screw
section

SST 09275-17010

{b) Set the dial indicator so that the tip of the dial
indicator push rod touches the upper surface of the
plunger

(c} Rotate the drive shaft, set the plunger to BDC and set
the scale on the dial indicator to 0 mm (0 in)

(d) Apply a few drops of light o1l {diesel fuel) to the top
surface of the plunger, and when 01 kg/cm® (1 4 psi,
49 kPa) of arr 1s applied to SST, bubbles appear on the
upper surface of the plunger

SST 09275-17010

(e) Slowly rotate the drive shaft in the pump rotation
direction {clockwise) and read the dial indicator when
the bubbles on the top of the plunger disappear

Pre-stroke: 0.15-0.25 mm (0.0059- 0.0098 in.)

If the pre-stroke 18 not as specified, replace the plunger
adusting shim under the plunger with a different sized
shim

Adjusting thim thickness mm {in )

1.90 (0 0748)
1.95 (0.0768)
200 (0 0787)
2.05 (0 0807)
2.10 (0 0827)
2 16 (0 0B46)

2.35 (0.0925)
2 40 (0.0945)
2 45 (0.0965)
250 (0.0984)
255 (0 1004)
2 60 (0.1024)

2.80 (0 1102)
286 (01122)
2.90 (0.1142)
2.94 (0.1157)
2.99 (0.1177)
3.04 (0.1197)

2.20 (0.0866) 2.65 (01043) 309 ({0.1216)

2 25 (0.0886) 2.70 (0 1083) 314 (0.1236)

2 30 (0 09086) 2.75 (0.10B3) 319 (0.1256)
HINT If the shim 18 made thicker, the pre-stroke I8

decreased

(f) After completing the pre-stroke adjustment, check

that dimension B 1s within specifications
Dimension B: 2.8-3.2 mm (0.110-0.126 in.)

If dmension B 1s not within the specification, replace the
distnbutor head
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FU-64 FUEL SYSTEM - Injection Pump

29. (1HZand 1HD-T)
INSTALL DISTRIBUTIVE HEAD PLUG
(@) Install a new O-nng to the head plug
(b) Using SST, install the head plug
SST 09260-5401 2 (09262-54010)

Torque: 1HZ 700 kg-cm (51 fi-lb, 68 Nim)
1HD-T 900 kg-cm (65 fi-Ib, 88 Nim)

30. (1 PZ (w/HAC) and 1 HZ (w/ HAC))
ASSEMBLE HIGH ALTITUDE COMPENSATOR

A. Install pneumatic bellows

(@) Insert 3-4 cc (0 18-0 24 cu in) of engine oIl into
the bushing hole

FUZ166

(b) Place the following parts on the governor cover:
(1) Pneumatic bellows spring
(2) Push rod

FU2187

(c) Install the following parts to the pneumatic bellows

TN Pnematic )
Iy '} Bellows cover:
Pars Cover (1) Pneumatic bellows
(3) & (2) (2) Two rubber caps
4@ % (3) Pneumatic bellows and two rubber caps assem-
bly
(4) Shms

(d) Install a new gasket and the pneumatic bellows and
bellows cover assembly to the governor cover

(e) Using a 5 mm hexagom wrench, install the four bolts

5 mm
Hexagon
Wrench

FiJ2662
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FUEL SYSTEM - Injection Pump

FU-65

B. Install lever control spring

bolt

FU2167

31. (1HD-T)

de Bushing|] A. Install guide bushing

as shown in the illustration
Dimension "A":

AZ8B0T

(a) Adjust boost compensator shim

Dimension "B'":

AZ2806

install the correct shim
Adjusting shim thickness:

LWWhNhMNMMNMMNMNDPRPRE PR R =
wHEF Yy guwEWw-Jg Ww

Donated by Andrew Schauer. cruisercult.com

F“.\rj ASSEMBLE BOOST COMPENSATOR

B. Install boost compensator diaphragm

(0.051
(0.059
(0.067
(0.075
(0.083
(0.090
(0.098
(0.106
(0.114
(0.122
(0.130

Europe 19.2-19.3 mm (0.755- 0.760 in.)
Others 18.6-18.7 mm (0.732- 0.736 in.)

(1) Place the shim on the guide bushing

(2} Using vemier calipers, measure the dimension
"B" as shown in the illustration

Europe 4.8-5.0 mm (0.189-0.197 in.)
Others 6.0-6.2 mm (0.236-0.244 in.}
If the dimension 1s not within specification, select and

1 mm (0.043 in.)

in.)
in.)
in.)
in.)
in.)
in.)
in.)
in.)
in.)
in.)
in.)

Install the lever control spnng with a new gasket and the

Install and adjust the guide bushing to the dimension "A"



FU-66

FUEL SYSTEM - Injection Pump

Matchmarks

Shim

FU2735
B7 200

FL 28538

Matchmarks

FUZ344

(b} Adjust the nstallation direction of boost compensator

(©

(d)
(e)

diaphragm
(1) Install the shim and diaphragm
HINT Do not assemble the spring

{2) While pushing on the diaphragm, measure dimen-
sion "X" with vernier calipers as shown

Dimension "X": 6.9-7.1 mm
{0.272-0.280 in.)

HINT Measure at the center of the hole

(3} Place matchmarks on the diaphragm and gover-
nor cover

(4) Remove the diaphragm

Insert 1 5-25 cc (0 09-0 15 cu in) of engine ail
into the bushing hole

Install spring, shim and diaphragm

Align the matchmarks on the diaphragm and governor
cover

(f} Using a 5 mm hexagon wrench, install the four bolts
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FUEL SYSTEM - Injection Pump

FU-67

FUZTE5

FU2130

FUZ232E

£L2858

C.

32.

33.

34.

Install lever control spring

Install the lever control spring with a new gasket and the
bolt

INSTALL FUEL CUT SOLENOID
(@) Install a new C-ring on the fuel cut solenoid

(b) Install the strainer, valve, spring, a new gasket and the
fuel cut solenoid

Torque: 225 kg-cm (16 fi-1b, 22 Nm)

() Install the lead wire to the fuel cut solenoid with the
nut

(d) Install the dust cover to the fuel cut solenoid
(&) Install the lead wire connector to bracket

(w/ Dash Pot)
INSTALL DASH POT

Install the dash pot and gasket

(w/ PCS)
INSTALL NO.1 PCS LEVER

(@) Align the lines of the levers
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FU-68 FUEL SYSTEM - Injection Pump

FU2858

FLI2857

FUZ28E5

Fu2833

5 mm
Hexagon
Wrench

FU2E32

(b) Install the nut

35. (w/ PCS)
INSTALL PCS ACTUATOR

(@) Using a 5 mm hexagon wrench, stall the PCS
actuator assembly with the two bolts

() Install the clip
{(¢) Install the PCS adjusting screw

36. (w/ACSD)
INSTALL THERMO WAX

(@) Using a screwdriver, turn the cold starting lever coun-
terclockwise approx 20°

(b) Put a metal plate (thickness of 3 5-75 mm

(0 138-0 295 In)) between the cold starting lever
and thermo wax plunger

(c) Install a new O-ning and the thermo wax with the two
bolts
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FUEL SYSTEM - Injection Pump FU-69

Hexagon
Wrench

FU2366

1PZ {w/o HAC) and THZ {w/o HAC}

FLU2761
FU2766

FUZ661

37. (w/ ACSD)
INSTALL IDLE-UP LEVER

Using a 5 mm hexagon wrench, install the 1dle-up lever
with the three bolts

38. (w/ A/C)
INSTALL IDLE-UP ACTUATOR

39. REMOVE INJECTION PUMP FROM SST (STAND)
SST 09241 -76022 and 09245-54010

40. PERFORM AIR TIGHT TEST
(@) Install a baolt to the overflow port

(b} Connect an ar hose to the fuel inlet pipe and place the
injection pump into diesel fuel

(c} Apply 05 kg/cm?® (7 psi, 49 kPa) of pressure and
confirm that there are no leaks

(d) Next check that there are no leaks with 50 kg/icm?®
(71 psi, 490 kPa) of pressure applied

41. INSTALL SET KEY OF INJECTION PUMP DRIVE
PULLEY ON DRIVE SHAFT
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FU-70

FUEL SYSTEM - Injection Pump

FU1427

FU2782 FU2793

ADJUSTMENT OF INJECTION PUMP

1

PRETEST CHECK AND PREPARATION

(a) The specifications for test nozzle and nozzle holders
are as follows

Test nozzle: DN12SD12 (NIPPONDENSO)

Test nozzle opening pressure:
145-155 kg/cm®
(2,062- 2,205 psi, 14,220-15,200 kPa)

(b} Check the accuracy of the tachometer
Allowable error: + 40 rpm

(c} Install the angle gauge stand
{(d) Mount the injection pump body on the pump tester

HINT Place a mark on the key groove portion of the
coupling

(e) Install an Injection pipe with the following specifica-

tions
Outer diameter: 6.0 mm (0.236 in.)
Inner diameter: 2.0 mm (0.079 in.)
Length: 840 mm (33.07 in.)

Minimum bending radius: 25 mm (0.98 in.) or more

() Remove the fuel Inlet hollow screw
(g} Connect the fuel nlet pipe with an adapter
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FUEL SYSTEM - Injection Pump FU-71

(h) Install the overflow hose with the overflow screw

HINT Always use the overflow screw installed on the
pump to be adjusted

FL1882 FU1883

() Using a 5 mm hexagon wrench, remove the two bolts

and RH timer cover

Timer () Install the inner pressure gauge with the timer mea-
Measuring suring device

Device
Part No 95095-10220 and 95095-10231
(NIPPONDENSQO)
HINT Bleed the arr by the arr bleed screw
(k) (1HD-T)

Connect SST (turbocharger pressure gauge) to the
boost compensator

Aijr Bleed
Screw

Hexagon Wrench

FU 2657

SST 09992-00241

1PZ
Nozzle Inner Fue!
Pressure Pressure
Gauge Gauge
elliolllel 8]l |a i # . Adjusting Valve
'r—_____..’ e 1
I i Fuel Filter
! I
_,\G@I = !
Y Measunng Fuel Feed
TS Cyhnder Pump
@ .
|
Y I
7 [ i I
T |
Fuel Tank
FU2T21
1HZ
Nozzl Inner Fuel
ozzle Pressure -&‘} Pressure
I'rlll_lll_ r|1_r|1_ Gauge Gauge
FIILE[LID]|[C]]|B]]|A T ;:f Ad)usting Valve

<> Fuel Filter

I
I
|
I
Measuring Fus| Fee
Cylinder Pl:lmpe d
1
I
i

[_1____ﬂ__]

Fuel Tank,

FLI2720:
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FU-72 FUEL SYSTEM - Injection Pump

THD-T Turbocharger Inner Fuel
Pressure Gauge Prassure Pressura
(SST) Gauge Gaugs
MNozzle @
IIU 1Il_] I'H— Adjustung Valve
7T _?;_L
FIVIE[TIDL] 1S L8] ||A Y, Y,
k
: Fuel Filter
. I
PRy ) S g’l?asgring Fuel Feed
.- e - ylhinder Pum
2 ;ﬁp‘gﬂf P
P PN |
-_.i,gm;;? i
1-""'"!}1‘1-1 _JI____ ——
I D . N=T AW,
D Fuel Tank

FU2722

(I (12 V type)
Apply approx 6 volts of DC power to the fuel cut
solenoid

(m) (24 V type)
Apply approx 12 volts of DC power to the fuel cut
solenoid

NOTICE:

+ When applying voltage to the solenoid, position the
battery as far away from the solenoid as possible so
that a spark does not occur.

B
=]
C

z
7]

W

« When connecting the battery cable, connect the

solenoid side first.

(n} The pressure for feeding fuel to the njection pump
should be 02 kg/cm® (28 psi, 20 kPa) The fuel
temperature for pump testing should be 40-45°C
(104-113°F)

FU1444  FUN§73

(0) Install an angle gauge to the stand and set it to the
adjusting lever

(p) Secure the adjusting lever fully on the maximum
speed side
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FUEL SYSTEM - Injection Pump FU-73

1PZ

(@) Check the nstallation direction of the camplate as
follow
- (1PZ)
Disconnect the njection pipe from the position
marked "A" on the distributive head

FUZ74Q

* (1 HZ and 1HD-T)
Disconnect the njection pipe from the position
marked "C" on the distributive head

» Using SST, remove the delivery valve holder
SST 09260-54012 (09269-54020)

FU2739

» Check that fuel 1s flowing out when the mark 1s In
the position shown n the illustration

If not, it 1s improperly assembled

» Disassemble and change the camplate position
180° in the opposite direction

HINT At this tme, disconnect the fuel cut solenoid wire
harness

+ Using SST, install the delivery valve holder

P SST 09260-5401 2 (09269-54020)
,\%r’ + Connect the njection pipe
%

o

Gy L6 2

FUZT1
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FU-74 FUEL SYSTEM - Injection Pump

@ 4' *

FUZ2T42

THZ and 1THD-T

() Bleed the ar from the injection pipes

ru1718

(s} Race the injection pump for 5 minutes at 2,000 rpm

NOTICE: Check that there is no fuel leakage or ab-
normal noise.

FU2873

HINT:

05 g * Measure the volume of each injection cylinder with a

30 Ssconds measuring cylinder

» Before measurnng the mjection volume first hold the
cylinder tilted for at least 30 seconds to discard all the
fuel

Fusls  FL2709
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FUEL SYSTEM - Injection Pump FU-75
2. PRESET FULL LOAD INJECTION VOLUME
(@) Set the adjusting lever to maximum position
(b) (1PZ (w/ HAC) and 1 HZ (w/ HAC))
Apply 760 £ 15 mmHg (2992 = 006 n Hg,

(©

(d)

)
(f)

101 3 + 0 2 kPa) absolute pressure

(1HD-T (w/o BACS))
Apply 081 kg/cm® (115 psi, 79 kPa) of pressure to
the boost compensator

(1HD-T (w/ BACS))

Apply 129 kg/cm® (18 3 psi, 127 kPa) of pressure to
the boost compensator

(1HD-T (w/ PCS))

Apply vacuum to the PCS actuator

Measure the injection volume

90° or More

FU2173

FL2142

Full load
Set Screw

FU2767

Pump No. of Injection volume
ltem m measunng ce (cu n )
P strokes

1PZ 1,200 200 1(2} ;g - ;‘?_’;1‘;3‘
1HZ 1,200 200 1(;')'32 - ;;';i?
1HD-T 13.58-14.18
wioBacs) | 1B 200 {083 087)
1HD 13.14-1374
(w/ BACS) 1.800 200 {0 BO-0.84)

(@)

(h)

()

Remove the collar seal as follows

+ Hold the full load set screw, and release the collar
seal from the spot weld by turning the lock nut
counterclockwise by 90° or more

« Using a screwdriver, remove the caollar seal

(w/ Wire Seal Type)
Cut off the wire seal

Adjust by turning the full load set screw

HINT  The injection volume will increase about 3 cc (0 18
cu in} with each 1/2 turn of the screw
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FUEL SYSTEM - Injection Pump

3. (w/o HIGH ALTITUDE)
05 2.0 PRE-SETTING OF LOAD SENSING TIMER
_Shmm Using a 5 mm hexagon wrench, adjust the protrusion of the
governor shaft
Protrusion: 0.5-2.0 mm (0.020-0.079 in.)
"1 B mm Hexagon
v Wrench FUZ317  FLID242
4. PRESET MAXIMUM SPEED
(@) Setthe adusting lever to maximum position
(b) (1 PZ (w/ HAC) and 1 HZ (w/ HAC))
Apply 760 £ 15 mmHg (2992 £+ 006 In Hg, 1013 +
0 2 kPa) absoclute pressure
(c) (1HD-T (w/o BACS))
Apply 081 kg/cm® (115 psi, 79 kPa) of pressure 10
the boost compensator
(d) (1HD-T (w/ BACS))
Apply 129 kg/cm® (18 3 psi, 127 kPa) of pressure to
the boost compensator
(e) (1HD-T (w/ PCS))
Apply vacuum to the PCS actuator
{h Measure the injection volume
No of .
Pump . Injection volume
item rom measuring cc (cu in.)
P strokes '
40-60
1PZ 2,300 200 (024 -0 37)
30-50
1HZ 2,300 200 (0 18-031)
3.0-b60
THD-T 2,200 200 (018 - 0.31)
(@) Cut off the seal wire
(h} Adjust the injection volume with the maximum speed
adjusting screw
FLIZ78BB
5. ADJUST PUMP INNER PRESSURE

FU2873

(@) Measure the pump nner pressure at the below hsted
rpm

Donated by Andrew Schauer. cruisercult.com



FUEL SYSTEM - Injection Pump FU-77

Hem Pump rpm | Inner pressure kgfem? [psi, kPa)
1Pz 500 245-305 (35-43, 240 ~299)
2,000 64-70(91-100 628 — 686)

THz 500 2.5-31 {36 — 44, 245304}
2,000 71-77 {101 =110, 696 - 755)

400 22-31 (31—44, 216 - 304}
{W}DHEAESI 1900 |81-84 (115119, 794—824)

2,200 90 (128, B83) or less

1HD-T 400 27-36 (38-51, 265 - 353)

(w/ BACS) 2,200 B7-90 (124-128, 853 -893)

FUZ874

FLI2284

FU2197

(b} If the pressure 1s low, adjust by hghtly tapping the
regulator valve piston while watching the pressure
gauge

HINT  If the pressure 1s too high or If the regulator valve
was tapped In 100 far, the regulator valve must be replaced

CHECK OVERFLOW VOLUME
Measure the overflow volume at the below listed rpm

Overflow volume
Item Pump rpm ce/min. {cc in /min )
1PZ and 1HZ 2,000 366 - 800 (223 -488)
THD-T 1,900 583-1,083 (356 -66.1)

HINT  Always use the overflow screw installed on the
pump to be adjusted

(w/ ACSD)
RELEASE COLD STARTING SYSTEM FOR NEXT
INSPECTIONS

(@) Using a screwdriver, turn the cold starting lever coun-
terclockwise approx 20°

(o) Put a metal plate (thickness of 3 5-75 mm
{0 138-0 295 In)) between the cold starting lever
and thermo wax plunger

HINT Keep the cold starting system released until all
measurements and adjustments are fimished

ADJUST TIMER
(@) Set the timer measunng device at zero
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FU-78

FUEL SYSTEM - Injection Pump

Hexagon
Wrench

FUZ70%

FU27T5

FLI 2653

10.

(b) Measure the timer piston stroke at the below listed
rpms

Pump
em rpm

Timar pistan stroke mm {in )

600 | 0581 58 {0 0288 — 0 0622)
1,200 | 302-402 {D 1189 -0 1583)
1Pz 1,600 | 4655 65 {0 18320 — 0 2224)
2,000 | 6287 28 {D 2472 - 0.2866)

688 -7.88 (02709 -0.3102)
2,500 {LST non gpeational)

600 | 043-143 (00169 -0 0563)
1,200 | 323 -423 (01272 - 0.1665)
1800 | 509 -5 09 (0 2004 — 0.2398)
2,000 | 6.88 -7 88 (02709 - 0.3102)

688 -7.88 (02709 -0.3102)
2.500 (LST non opeational}

THZ

1,300
1,440

14-24 {0055 -0094)
30-4.0{0118-0.157)
1,700 | B8-69 (0232-0272)
1,800 | 77-87 (0303-0343)

1HD-T
(Europe)

BOO | 105-205 (00413 - 0.0807)
1,400 | 49-62 {0193 -0232)
1,700 | 642-742 (02528 -0.2821}

1HD-T
{(Others)

1,800 | 77-8.7 {0303-0.343}

HINT  Check that the hysteresis 1s within 03 mm (0 012
In )

(¢} Using a 5 mm hexagon wrench, adjust by the timer
adjusting screw

HINT The stroke will decrease with turn to clockwise and
increase with turn to counterclockwise

(1HD-T)
CHECK AIR TIGHTNESS OF BOOST COMPENSATOR

(@) Apply 100 kg/cm® (14 2 psi, 98 kPa) of pressure to
the boost compensator

(b} Measure the time 1t takes for the pressure to drop to
097 kg/cm?® (13 8 psl, 95 kPa)

Pressure drop: 10 seconds or more

ADJUST FULL LOAD INJECTION VOLUME

(@) The adusting lever angle for the adjustment below
should be as shown in the illustration

Adjusting lever angls

A (Maximum speed side} B (ldle speed side}

Plus 21 - 31° Minus 12 - 227
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FUEL SYSTEM — Injection Pump FU-79

(b) (1 PZ (w/ HAC) and 1 HZ (w/ HAC))
Apply 760 £ 15 mmHg (2992 £+ 006 in Hg, 1013 +
0 2 kPa) absolute pressure

{c) (1HD-T (w/o BACS))
Apply 081 kg/cm® (115 psi, 79 kPa) of pressure to
the boost compensator

(d) (1HD-T (w/ BACS))
Apply 129 kg/cm® (18 3 psi, 127 kPa) of pressure to
the boost compensator

(e) (1HD-T (w/ PCS))
Apply vacuum to the PCS actuator

(f)  Measure the full load injection volume

strokes
1PZ Plus 21 31° 1,200 200 1(;';3 ,_01 ;1)3
1HZ Plus 21 - 31° 1,200 200 1“1) 32:;%2?
THD T (w/o BACS) Plus 21 - 31° 1,100 200 1(3 23:3‘23?
1HD-T (w/ BACS) Plus 21 —31° 1.100 200 1(3 ;3:11;?

Full Load
Set Screw

FU2787

(g} Adust by turning the full load set screw

HINT  The injection volume will increase about 3 cc (0 18
cu In} with each 1/2 tum of the screw

(hy (1HD-T (w/ PCS))

Rekease the vacuum to the PCS actuator
() (1HD-T (w/PCS))

Measure the njection volume

No of
Pump rpm measurng Injection volume
strokes cc (cuin.)
1,100 200 11.0-12.2 (067 -0.74)
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FU-80

FUEL SYSTEM - Injection Pump

Vacuum

Clearance
FU2883

() (1HD-T(w/ PCS))
Adjust by turning the PCS adjusting screw

HINT By screwing in the adjusting screw, the injection
volume 15 Increased; unscrewing the adjusting screw de-
creases the injection volume

(k} (1HD-T {w/PCS))
Apply vacuum to the PCS actuator and check that the
clearance between No1 PCS lever and adjusting
screw at least 3 mm (0 12 1n)

11. ADJUST MAXIMUM SPEED
(& (PZ (w/HAC) and 1HZ (w/HAC))
Apply 760 £ 15 mmHg (2992 = 006 inHg,
101 3 + 0 2 kPa) absolute pressure
(b} (1HD-T {w/0 BACS))
Apply 081 kg/em® (115 psi, 79 kPa) of pressure to
the boost compensator
{c) (1HD-T (w/ BACS))
Apply 129 kg/cm?® (18 3 psi, 127 kPa) of pressure to
the boost compensator
(d) (1HD-T (w/ PCS))
Apply vacuum to the PCS actuator
(e} Measure the injection volume at each pump rpm
Adjustm um No. of
ltem | ! Ig pump measurnng Injection volume Remarks
gver angle mp strokes cc {eu in.}
2,300 40-6.0(024-037) Adjust
1PZ Plus 21 - 31° 200
2,500 10 (0086) ar less -
2,300 3.0-50(018-031) Adjust
1HZ Plus 21 —31° 200
2,550 1.0 (0 06) or less -
1HD-T Plus 21 - 31° 2,200 200 3.0-5.0(018-031) Adjust
] e 2,350 1.0 (0.08} or less -
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FUEL SYSTEM — Injection Pump FU-81

Maximum Speed Adjusting Screw (f) Adust by turning the maxmum speed adjusting

Screw

FU2763

12. CHECK INJECTION VOLUME

(a} (1 PZ (w/ HAC) and 1 HZ (w/ HAC))
Apply 760 £ 15 mmHg (2992 + 006 in Hg, 101 3 =
02 kPa) absolute pressure

{(b) (1PZandiHZ)
Measure the injection volume at each pump rpm

. Nec of , Variation
Adjusting Imjection volume
ltem Pump rpm measuring . limrt Remarks
lever angle cc (cu in.)
strokes ¢ {cu m.)
1178-1218 Basic full-load
1,200 (072-074) 04(002) | i ection volume
960 —14 40 Volume during
100 {0 59— 0 88) 12007 | giarting
1PZ Plus 21 - 31° 200 10561178
500 (064_072) 06 (0.04) -
1162-1282
2,000 (071-078) 06 (0.04) -
1180-1220 Basic full-load
1.200 (072-074) 0.4 (0.03) injection volume
960 -14.40 Volume during
100 (059 — 0 88) 120067 | arting
1HZ Plus 21 - 31° 200 974 1094
500 (0590 67) 06 (004) -
1096—-1216
2,000 (067 —074) 0.5 (0.04} -
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- — Injection Pum
FU-82 FUEL SYSTEM - Inject Pump
(c) (1HD-T (w/ PCS))
Apply vacuum to the PCS actuator
(d) (1HD-T)
Measure the injection volume at each pump rpm and
boost pressure
Boost MNo. of — T
Adjusting Pump Injection volume |Variation limit
ltem pressure MEESUIn f - Remarks
lever angle M | ygrem? (psi, kPal stfokesg cc {cuin | cc feuin.)
081 13.52 — 14.72 Basic full-load
1,100 {11 &, 79) {0.83 — 0.20) 0.6 10.04) injaction volume
11 60 — 16 40 Volume during
SHDT 100 040, 0) 10.71 — 1.00§ 1.210.07 | grarting
Plus 21 — 31% 200
{Europe) 832 —9.12
500 ¢eo (0 51 — C.56) 0.6 {0.04) N
0.81 1358 — 14.18
1,800 11,5 79) o83 - g.87) | 121007 -
o 81 11.70 — 12.90 Basic full load
11000 (31,5, 79) 0.71 — 0.79) | 61004} [ tion volume
1HD-T 100 010, 0) 1[(1):3? _ :%3? 1.2 10.07} \sﬂi'r‘img during
{Others) Plugs 21 — 319 200
twio BACS) 500 0 (9, 0) o T oas | 061008 _
0 81 13.58 — 14.18
18001 415, 79) .82 — 0.8z  1-210.07 -
129 11.70 — 12,90 Basic full-load
1100 g3 127 ©.71 — 0.70) | C-610.04) |4 tion volume
0.80 1160 — 16,40 Volume during
THD-T 100 71, 49) {071 — 1.00) 1.21007) starting
o aaegy | Tue 21— e 0.50 200 8.20 — 9.20
w . . — .
500 (7 1, 49) (0.50 — 0.56; | 0-6(004) -
1.29 132,14 — 14 74
1,800 (183 127) (080 — 0 B4) 1.2 (0 07) —

FuU2M3

Sleeve Plug

FU2663

If the jection volume at 100 rpm 15 not as specified,
replace the governor sleeve plug as follows

« Using SST and a press, press out the sleeve plug

assermbly from the governor sleeve
SST 09236-00101 (09237-00070)

* Remove the E-nng and following parts from the

sleeve plug
(1} Stop nng
(2) Bearnng and two bearnng retaners
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FUEL SYSTEM - Injection Pump

FU-83

Head Thickness

FU1B16

* Measure the head thickness of the sleeve plug, and
select a new sleeve plug

Sleeve plug head thichness for 1PZ and 1HZ mm (in.}

3.0(0118) 3.5 {0 138) 40 (0 158)
31(0122) 3.6 {0 142) 41 {(01861)
32 (0.1286) 3.7 {0.146) 4 2 (0 165)
3.3 (0.130) 3.8 {C.150)
34 (0.134) 3.9 {0154)

Sleeve plug head thichness for THD-T  mm [in.}
30(0.118) 4.3 (0 169) 68 {0.220)
3.1 (0.122) 44 (0.173) 5.7 (0.224)
3.2 (0.126) 45 (0177) 5.8 (0.228)
33(0.130) 4.6 (0.181) 5.9 (0.232)
34 {0.134) 4.7 (0.185) 60 (0 2386)
35 (0138) 48 (0189) 61 (0 240}
3.6 (0.142) 49 (0.193) 6.2 (0244)
3.7 (0.146) 5.0 (0.197) 6.3 (0.248)
3.8 (0150 61 (0.201) 6.4 (0.252)
29 (0164) 652 (0206) 6 5 (0 266)
4.0 (0168) 53 (0209 6.6 (0.260)
4.1 (0161) 54 (0.213)

4.2 (0 165) 55 (0.216)

g— Sleeve Plug

L2663

T

FU2712

HINT Lengthening the plug 01

mm (0 004 in) will

decrease Injection volume by 06 cc (0 04 cu In)

« Install the following parts to the new sleeve plug
with a new E-ring

(1) Bearing and two retainers
(2) Stop rnng

* Using a press, press In the sleeve plug assembly to
the governor sleeve

Donated by Andrew Schauer. cruisercult.com



FU-84

FUEL SYSTEM - Injection Pump

Timer Slide Pm

Fu2?79

13. (1HD-T)
ADJUST FULL LOAD MINIMUM INJECTION
VOLUME
(@) Measure the injection volume
No of Injection
[tem Pump rpm measuring volume
strokes cc (cun)
Europe 500 200 (g 2-3 gg)
Others 268-948
(w/o BACS) BoO 200 (G 53 - 0 58)
Others 764-834
{w/ BACS) 500 200 (0.86 - 0.51)

(b} Using a hexagon wrench, adjust the tnner shide pin

14. (1HD-T)
ADJUST BOOST COMPENSATOR CHARACTERISTIC
(@) Apply pressure to the boost compensator
(by Measure the injection volume bushing

[tem Pump rpm kngr;c‘:zt E:;z?'s::rpzl No n;t:r;ﬁ:zurmg [mecnon valume  cc {cu in )
Europe 1,100 0.48 (6 8, 47) 200 1244 -13.44 (076 -082)
Others {w/o BACS) 1,100 054 (77, 53) 200 10.86-1186 (066 -072)
Others {w/ BACS) 500 0.50 (7.1, 49) 200 B 20-95 20 (0.50 - O 56)

FU2791

(c) Using a screwdrver, adjust the guide bushing

HINT When the guide bushing 1s turned clockwise, as
seen from above, the injection volume will increase
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FUEL SYSTEM - Injection Pump

FU-85

B
£ SN, LY.
[=]
=
=
(=]
=
3]
=
£ Pump rpm ——
da
[ +]
E
=
[=}
=
c
[=}
=1
g Boost Pressure —
c' (ay Adjust full-ipad Injacucn
- wilume
{b) Adyust full-load mirmurn
inject on volume
{c) Adjust ceid sart ng injectien
voluma
{d) Adjust baost compansator
character stic
{e) Adjusr boost compensator

13.

(1HD-T)
INSPECT BOOST COMPENSATOR CHARACTERISTIC
TENDENCY

(a) Apply pressure to the boost compensator
(b) Measure injection volume

charactensic tendency

[tem Pump rpm kng?:{r:f; ﬁ;zist'lr;} No D;Jgﬁ:iu""g Injection volume oG {cu in.)
Europe 1,100 0.27 (38, 26) 200 10.60-11.70 (064 -0.71)
Others (w/o BACS) 1,100 041 (&8, 40) 200 S48 - 1068 (058 —06B)
Cthers {w/ BACS) 500 081 (115, 79) 200 9 80-1100 (060-0.67)
16. (1HD-T)
CHECK HYSTERESIS
(w/o BACS)

Compare the injection volume when the boost compensa-
tor pressure Is lowered from 081 kg/cm? (11 5 psi, 79 kPa)
to 0 kg/cm® (0 psi, 0 kPa) and, conversely, when 1t Is
raised from zero

(w/ BACS)

Compare the njection volume when the boost compensa-
tor pressure 1s Iowered from 125 kg/cm® (18 3 psi, 127
kPa)} to 0 kg/cm® (0 psi, 0 kPa) and, conversely, when it
Is raised from zero

HINT Make measurements after moving the adjusting
lever between dle and maximum three times for each
lowering of the pressure

tom | Pomprom | Boospresee | mecsunmg Icten volsme gty
1,100 0.81 (11 5, 79) 200 13521472 (0.82 -0 90) -
Europe 1,100 048 (68, 47) 200 12441344 (0 76— 0 82) -
1,100 027 (38, 26) 200 1050—11 70 (0 64-071) 03 (002) or less
1,100 0 (0, 0) 200 970-1110 (0590 68) -
1,100 081 (115, 79 200 1170 1280 (071 -079) -
Others 1,100 054 (77, 53) 200 10 86 — 11 86 (0 66 -0 72) -
(w/o BACS) 1,100 041 (5 B, 40) 200 948 — 10 68 (0 58 — 0 B5) 03 (0 02) or less
1,100 0 (0, 0) 200 862-1002 (053-061) -

Donated by Andrew Schauer. cruisercult.com




FU-86 FUEL SYSTEM — Injection Pump
Cont'd
Ham P Boost prassure No of Imjaction volume Hysteresis
ump rpm kg/em? (psi, kPa) m:tﬂrzliggg cc (cuin) ec (cun)
1,100 129(183,127) 200 1170-1290 (071-079) -
Othars 500 021 (11 b, 79} 200 9801100 (060-067) 0.3 {002) or less
(w/ BACS) BO0 050 {71, 49) 200 B20-520 (050-056) -
500 0 (0, 0) 200 754-834 (046-051) -

If not within standard value, check each sliding part of the
boost compensator and check whether or not there 1s any

End point of the

load sensing timer

Injectuon Pump
innar Pressure

e oll
_' Hexagon 17. (w/0 HIGH ALTITUDE)
_ Wrench ADJUST LOAD SENSING TIMER

(a) Using a 5 mm hexagon wrench, adjust the starting
and end points of the load sensing timer by turning
the governor shaft

(b) (1 PZ (w/ HAC) and 1 HZ (w/ HAC))
Apply 760 £ 15 mmHg (2992 £+ 006 in Hg, 1013 +
0 2 kPa) absolute pressure

(¢) (1HD-T (w/o BACS))
Apply 081 kg/cm® (115 psi, 79 kPa) of pressure to

I the boost compensator
/ statting point af d) (1HD-T (w/ BACS))
the load sensing umer Apply 129 kg/cm?® (18 3 psi, 127 kPa) of pressure 1o

the boost compensator

(e} (1HD-T (w/ PCS))
Apply vacuum to the PCS actuator

(f} Measure the injection volume

Se o Speca S
Adjusting Lever Posmion fuaaLy ltem Adjl-ls'ilng lever | Pump N-D of
position tpm | measuring strokes
1PZ, 1HZ Maximum | 1.600 200
1HD-T speed side 1,800

{g) Slowly move the adusting lever from the maximum
speed side 1o the 1dle speed side, and secure 1t at the
point where the pump nner pressure begins to drop

(h} Measure the njection volume at the drop point
(starting point)

ruo252
FLIZ2370

\rem Pume rpm measur:?lgasftrokes Inji??gu\:?,hjlma
i 200 s 124 (508} = 0 (002
T 508755 Goa
THD-T (Europe) 1,800 200 rl\gll:éll_lssu[leg \E'Sh‘.ll% )atis'g;g ?3 o)
O T e 1800 200 s 12 (6035 = 0.3 (601)
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FUEL SYSTEM - Injection Pump FU-87

FU2317

FUO255
FU2870

() Using a 5 mm hexagon wrench, adjust by turning the
governor shaft, and perform the measurement again it
Is as specified

HINT The mjection volume will increase approx 3 cc
(0 2 cu In) with each 1 /2 turn of the governor shaft

) (1PZand1HZ)
Check the end point injection volume by slowly
moving the adjusting lever from the maximum speed
side to the 1dle speed side, and secure 1t at the point
where the pump inner pressure stops dropping

Pump No. of measur- Injection volume
Item .
rpm ing strokes cc {cu In.}
8.08-2.88
1PZ 1,600 200 (055 0.60)
THZ 1,600 200 8.2 (0.50) or more

FU2870

(k) (1HD-T (Europe))
Check the timer piston stroke when the the pump rpm
s 1,440 rpm and njection volume 1s 8§ 4-9 2 c¢
(051 -0 56 cun)

Timer piston stroke: 2.0 mm (0.079 in.) or less

()  (1HD-T (Others))
Check the mnjection volume when the pump mpm 1s

1,440 rpm and timer piston stroke 1s 3 7-4 3 mm
(0 146- 0169 In)

Injection volume: 6 cc (0.37 cu in.)

HINT The end point for 1THD-T enhgine 1s hard to 1den-
tify, so use the methods used in (k} or (I} above

{m) Check the timer piston fluctuation when the adjusting
lever 15 moved from the maximum speed side to the
idle speed side

ltem Pump rpm Timer piston fluctuation mm {in )
1PZ 1,800 2.19-3.19 (D 0862 -0 12568)
1HZ 1.600 273-373{01075-01459)
THD T (Europe) 1.440 0.70-1.70 {0 0276 — 0,0669)
THD T (Others) 1,440 1.96-2.96 (00772 -0.1155)
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FUEL SYSTEM - Injection Pump

{n) Check the protrusion of the governor shaft
Protrusion: 0.5-2.0 mm (0.020-0.079 in.)
B FUQ471 FUDZ242
18. ADJUST IDLE SPEED
(@) (w/ Dash Pat)
Using pliers, remove the dash pot cover
FUZEH
{b) (w/ Dash Pat)
Fully loosen the dash pot adjusting screw
Dash Pot
Adjusting Screw
FL2852
{c) Measure the njection volume for each pump rpm
No of . Varation
Adjusting Pump Injection volume
Item lever angle rpm m;?_g'iiggg cc {cun '} cc I(m'ﬁn_) Remarks
325 q=294 ~ 394 (D18 ~ 0.24) 0.4 {0.02) Adjust
1PZ 1"5"3’5‘} 300 200 More than g Plus 0.5 (0.03) -
400 qMinus12 ~22{007 ~0.13) —
375 q=23~33(014 ~ 0.20) 0.4 (0.02) Pre-set
Minus 350 More than q Plus 0.5 (0.03} -
HZ . -
THZ (MT) 12-22 450 200 qMinus12~22(007 ~013) -
325 260 ~ 360 {018 ~ 022) 04 (002) Adjust
375 g=23~33(014 ~020) 0.4 (0 02) Pre set
Minus 350 More than ¢ Plus 05 (0 03) -
1HZ (A/T . 200 -
(AT 12-22 450 qMinus12 ~ 22{0.07 ~ 013) -
375 164 ~ 264 (010 ~ 016) 0.4 (0 02) Adjust
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FUEL SYSTEM - Injection Pump FU-89

Cont'd
No of Variation
Adjusting Pump Injection volume
Item lever angle pm m;é:z?(::g cc {cum) ce I("::'tin) Remarks
Full posmion 400 932 ~ 1172 (067 ~ 0.72) - -
1HD-T
(EUTOPE MJ{T:I hﬂ”"“_lsn 325 20‘0 q-= 3 ?0 ~ 4 70 ('0 23 —~ 0.29] '0 4 (G 0‘2) Adjus‘
12-32 300 More than g Plus 0.5 {0 03) - -
Full position 400 1030 ~ 1270 (0569 ~ 077} - -
THD-T
(Europs A/T) Minus_ 325 200 q0=284 ~384(017 ~023) | 0.4(002) Adjust
12-22 300 More than g Plus 0.5 {0 03) - -
Full position 400 920 ~ 1160 (0566 ~ 071) — —
1HD-T
(Others M/T) Minus_ 325 200 q=370 ~470(0.23 ~029) | 04 10.02} Adjust
12-22 300 More than g Plus 0.5 (0 03) R R
Full position 400 1018 ~ 1258 (062 ~ 077) - -
EgtﬁéIs AMTY Minus 325 200 =284 ~384 (017 ~ 023) | 04(002) Ad)ust
12-22 300 Mare than q Plus 0 5 (0 03) - -

Idle Speed Adjusting Screw

FUZ769

Dash Pot

Adjusting Screw

FU2862

(d} Adjust by turning the 1dle speed adjusting screw

(e) (w/ Dash Pat)
Set the adjusting lever to the angle for the injection
volume shown below

No of
Pump Injection volume
Item rpm M;?S‘;Ll::;;g cc (cuin )
1HZ 700 200 q=05~08{003 ~ 0056}
THD-T 400 2Q0 g=01~03(001 ~ 0.02)

{(fy (w/ Dash Paot)
Adjust the injection volume with the dash pot adjust-
INg screw
HINT  The stroke will decrease with turn o clockwise and
ncrease with turn to counterclockwise

Na of
Pump Injection valume
Item pm mgt?iﬂggg G {cun )
1HZ 700 200 gqPuls0.2 ~ 03 (001 ~ 0.02)
THD-T 400 200 qPlus Q1 ~ 03 (001 ~ 002)
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FU-90

FUEL SYSTEM - Injection Pump

Fu2144

FlU2145

1PZ and 1HZ

2 (008

1 (0 04}

o

Tirner Piston Stroke mm {in

-20 -16 0 10 20 30
(—-40} (1407 (32) (B0) (6B) (B6}

Fuel Temparature °C (°F}
FU2896

19.

(@)

(w/ Dash Pot)
Install the dash pot cover

(w/ACSD)
ADJUST COLD STARTING SYSTEM

(@)

Remove the overflow screw and check the fuel tem-
perature In the fuel pump

Fuel temperature: 15-35°C (59-95 °F)

(0)

Set the set key of the pump dnve shaft in a vertical or
honzontal position

Set the scale of the timer measunng device o zero

Check the adjusting lever opening angle and consider
this angle as zero

Remove the metal plate between the cold starting
lever and thermo wax plunger

Torque the cold starting lever clockwise to approx
50 kg-cm (43 in-lb, 4 9 Nm) and keep the lever
tightened for about 10 seconds Then release the
torque

Measure the timer piston stroke
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FUEL SYSTEM - Injection Pump

FU-91

1HD-T

€

E

g 2{008)

2

B 10004)

&

]

g 0

o -10 0 10 20 30 40
E (140) (32) (50) (68) (B6) {104}
[ Fuel Temparatura °C (°F)

FUZ535

Timer Adjusting Screw

FU2178

FU2724

Fast Idle
Adjusting Screw z o715

FL2733
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20.

21,

(h} Adjust by turning the timer adjusting screw

HINT Screw In for stroke decrease

(w/ ACSD)

ADJUST FAST IDLE

(a) Measure the clearance between the adjusting lever
and idle speed adjusting screw

Item Fuel temperature Clearance
1PZ and 16°C {59°F) 1.3 mm (0.051 in )
1HZ 30°C (86°F) Omm {0n)

18°C {59°F} 1 6 mm {0.063 in.)
1HD-T
40°C (104°F) O mm (0 in.)

(b} Adjust by turning the fast idle adjusting screw

POST ADJUSTMENT CHECK
(@) Check that injection stops when the fuel cut solenoid

hamess 1s removed
Pump revolution: 100 rpm




FU-92 FUEL SYSTEM - Injection Pump

{(b) Check the adjusting lever movement
Adjusting lever angle: 38-48°

Maximum 22. SEAL PARTS

Speed Seal the maximum speed adjusting screw and full load set
screws with new lead seals

Fuil Load ST, A Serew
Set Screw

FU2782

23. INSTALL TWO FUEL PIPES

Torque:
Inlet 250 kg-cm (18 ft-1b, 25 Nm)
Outlet 225 kg-cm (16 fi-1b, 22 N'm)

Matchmarks

24. INSTALL INJECTION PUMP STAY
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FUEL SYSTEM - Injection Pump

FU-93

FLI2752

FU2707

INSTALLATION OF INJECTION PUMP
(See page FU-27)

1.

INSTALL INJECTION PUMP

NOTICE: Do not put the injection pump (with HAC,
or for the 1 HD-T) at an angle more than 45° from the
horizontal.

(@ (1PZand 1 HZ (M/T for Europe))
Place the cylinder block insulator in position
{b) Install a new O-ring to the pump

{(c) Apply a light coat of engine ail on the G-rning
(d) Align the set key on the drive shaft and groove of the
injection pump drive gear

{e} Algn the pencd lines (or matchmarks) of the injection
pump and timing belt case

(f} Install the two nuts holding the injection pump to the
timing gear case

Torque: 185 kg-cm (13 ft-1b, 18 N-m)

(@) Install the pump stay mount bolt

Torque: 700 kg-cm (51 ft-1b, 69 N-m)

NOTICE: Before tightening to the standard torque, check
whether the pumpstay is up against the pump braket.

If there 1s a gap, loosen the bolis joining the pump stay
1o the cylinder block and set the pump stay aganst the
pump bracket
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FU-94 FUEL SYSTEM - Injection Pump

(h) Install a new O-rning to the Injection pump dnve gear

EME524

(1) Install the injection pump dnve gear set nut
() Using SST, torque the nut
SST09330-00021

Torque: 1,000 kg-cm (72 ft-1b, 98 Nm})

EM8526

2 CHECK INJECTION TIMING (See page EM-24)

3 INSTALL INJECTION PIPES
{(See step 3 on page FU-15)

Torque:
"IPZand 1HZ 150 kg-cm (11 ft-lb, 15 Nm)
1HD-T 250 kg-cm (18 ft-1b, 25 Nm)
4 (w/ BACS)
CONNECT BACS VACUUM HOSE
5 (w/ PCS)
CONNECT PCS VACUUM HOSE
6 (1HD-T)

CONNECT BOOST COMPENSATOR HOSE
7  CONNECT FUEL HOSES TO INJECTION PUMP

8 CONNECT INJECTION PUMP CONNECTOR

9 (w/ACSD)
CONNECT WATER BY-PASS HOSES TO THERMO
WAX

10 (w/A/C)

CONNECT A/C IDLE-UP VACUUM HOSE

11 (A/T)
CONNECT THROTTLE CABLE

12  CONNECT ACCELERATOR CONNECTING ROD

13 INSTALL NO 2 CAMSHAFT TIMING PULLEY
(See step 4 on page EM-39)

14 INSTALL TIMING BELT
(See steps 6 to 9 on pages EM-39 to 41)
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FUEL SYSTEM - Power Control System (PCS) (HDB30 (w/ M/T) only) FU-85

15. FILL WITH ENGINE COOLANT (See page CO-5)
16. START ENGINE AND CHECK FOR FUEL LEAKS

17. CHECK IDLE SPEED AND MAXIMUM SPEED
(See page EM-27)

POWER CONTROL SYSTEM (PCS)
(HDB30(w/ M/T) only)

ON-VEHICLE INSPECTION

INSPECT POWER CONTROL SYSTEM (PCS)
(a) Start the engine

(b) Depress the clutch pedal and check the operation of
the actuator at each shift position

FUoBA? Standard:
Shifting to 1st or Reverse......Actuator not
operating
Sifting to other positions........ Actuator operates

INSPECTION OF POWER CONTROL SYSTEM
(PCS) COMPONENTS

1. INSPECT PCS VSV

Contnurty

A. Inspect VSV for open circuit

Using an ochmmeter, check that there 1s continuity between
the terminals

Resistance (Cold): 33-39Q
- If there 1s no continuity, replace the VSV

B. Inspect VSV for ground

Using an ohmmeter, check that there 18 no continuity
No continurty between each terminal and the body

If there 1s continurty, replace the VSV

FUZE?S
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FU-96

FUEL SYSTEM - Power Control System (PCS) (HDB30 (w/ M/T) only)

FL2BT?

Ohmmeter

FU2875

C.

Inspect VSV operation
{a) Check that ar flows from pipes E to the filter

(b) Apply battery voltage across the terminals
{c) Check that arr flows from pipe Eto F
If operation I1s not as specified, replace the VSV

INSPECT SHIFT POSITION SWITCH

(@) Check that there 15 no continuity between terminals
when the switch 1s pushed (shift position 1st or
reverse)

(b} Check that there I1s continurty between terminals when
switch 1s free (shift position others)

If continuity 1s not as specified, replace the switch
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CO-1

COOLING SYSTEM

Page
DESCRIPTION. . ... e e CO-2
TROUBLESHOOTING. ... ..o iieeea e CO-4
CHECK AND REPLACEMENT OF
ENGINE COOLANT....... ..ot CO-4
WATER PUMP. ... ... i ineenad CO-6
THERMOSTAT. ... iiecr e eenna CO-10
RADIATOR. ... e e e aed CO-12
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Co-2 COQOLING SYSTEM - Description

DESCRIPTION

This engine utiizes a pressurized water forced circulation cooling system which includes a thermostat equipped
with a by-pass valve mounted on the nlet side

IPZand1HZ
From Heater
To Heater
¥
Radiator Thermostat
1HD-T

From Heater

L N To Heater

Radiator

Thermostat

€01048
C01050
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COOLING SYSTEM - Description CO-3

The cooling system 18 composed of the water
Jacket (inside the cylinder block and cylinder head),
racdiator, water pump, thermostat, cooling fan,
hoses and other components Coolant which 1s
heated in the water jacket 1s pumped to the radiator,
where It 1s cooled by the cooling fan and the vehicle
windstream Coolant which has been cooled 1s then
sent back to the engine by the water pump, where
it cools the engine The water jacket 1s a network of
channels n the shell of the cylinder block and
cylinder head through which coolant passes I 1s
designed to provide adequate cooling of the cylin-
ders and combustion chambers which become the
hottest dunng engine operation

RADIATOR

The radiator performs the function of cooling the
coolant which has passed through the water jacket
and become hot, and 1t 1Is mounted n the front of
the vehicle The radiator consists of an upper tank
and lower tank, and a core which connects the two
tanks The upper tank contains an nlet for coolant
from the water jacket and a filler inlet It also has a
hose through which excess coolant or steam can
flow The lower tank has an outlet and drain cock
far the coolant The core contains many tubes and
cooling fins through which coolant flows from the
upper tank to the lower tank so that coolant has
been heated up as it passes through the water
jacket 1s cooled heae by the ar sucked through the
radiator by the cooling fan, as well as by the wind
generated by the vehicle's travel Models with an
automatic transmission include an automatic trans-
missions fluid cooler built into the lower tank of the
radiator

RADIATOR CAP

The radiator cap 1s a pressure type cap which
seals the radiator, resulting in pressunzation of the
radiator as the coolant expands The pressurization
prevents the coolant from boiling even when the
coolant temperature exceeds 100°C (212°F) A
relief valve (pressurnization valve} and a vacuum
valve (negative pressure valve) are built into the
radiator cap When the pressure generated inside
the cooling system exceeds the hmit (coolant
temperature  110-120°C, 230 - 248°F, pressure;
0 3-1 0 kg/cm®, 4 3-14 2 psi, 29 4-98 1 kPa)
the relief valve 1s opened by the pressure and lets
steam escape through the overflow pipe The vac-
uum valve opens to allow atmospheric ar to enter
to alleviated the vacumm which develops 1n the
cooling system after the engine 1s stopped and the
coolant temperature drops The valve's opening
allows the pressure 1n the cooling system to return
to the reservorr tank

RESERVOIR TANK

The reservarr tank 1s used to catch coolant which
overflows the cooling system as a result of volu-
metric expansion when the coolant 1s heated When
the coolant temperature drops the coolant in the
reservor tank retumns to the radiator, thus keeping
the radiator full at all tmes and avoiding needless
coolant loss To find out If the coclant needs to be
replenished, check the reservorr tank level

WATER PUMP

The water pump 1s used for forced circulation of
coolant through the cooling system It 1s mounted
on the front of the cylinder block and dnven by a
drive belt

THERMOSTAT

The thermostat has a wax type by-pass valve and
Is mounted in the cylinder block The thermostat
includes a type of automatic valve operated by
fluctuations in the coolant temperature This valve
closes when the coolant temperature drops, pre-
venting the circulation of coolant through the radi-
ator and thus permitting the engine to warm up
rapidly The valve opens when the coolant temper-
ature has nsen, allowing the circulation of coolant
Wax nside the thermostat expands when heated
and contracts when cooled Heating the wax thus
generates pressure which overpowers the force of
the spring which keeps the valve closed, thus
opening the valve When the wax cools, s con-
traction causes the force of the spring to take effect
once more, closing the valve The thermostat in this
engine operates at a temperature of 76°C (169°F)
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Co4 COOLING SYSTEM - Troubleshooting, Check and Replacement of Engine Coolant

TROUBLESHOOTING
Problem Possible cause Remedy Page

Engine overheats Fan belt loose or missing Adjust or replace belts CH-5
Dirt, leaves or Insects on radiator or | Clean radiator or condenser Co-12
condenser
Hoses, water pump, thermostat housing, Reparr as necessary
radiator, heater, core plugs or head gasket
leakage
Thermostat faulty Check thermostat CO-10
Injection timing retarded Adjust timing EM-24
Flud coupling faulty Replace fluid coupling CO-7
Radiator hose plugged or rotted Replace hose
Water pump faulty Replace water pump Co7
Radator plugged or cap faulty Check radiator COo-12

Cylinder head or block cracked or
plugged

Repar as necessary

HINT Removal of the thermostat would have an adverse effect, causing a lowering of cooling efficiency Do not re-

move the thermostat, even f the engine tends to overheat

line

C00s28

£00840 3

sure.

Drain

2. CHECK ENGINE COOLANT QUALITY

There should not be any excessive depostits of rust or scales
around the radiator cap or radiator filler hole, and the
coolant should be free from oll

If excessively dirty, replace the coolant

REPLACE ENGINE COOLANT
(a) Remove the radiator cap

CAUTION: To avoid the danger of being burned, do
not remove it while the engine and radiator are still
hot, as fluid and steam can be blown out under pres-

CO0942 250 kg-cm (18 ft-1b, 25 N-m)
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CHECK AND REPLACEMENT OF
ENGINE COOLANT

1 CHECK ENGINE COOLANT LEVEL AT RESERVOIR TANK

The coolant level should be between the "LOW" and
"FULL" lines

If low, check for leaks and add coolant up to the "FULL"

() Drain the coolant from the radiator and engine drain
Cock cocks

{c} Close the drain cocks
Torque (Engine drain cock):




COOLING SYSTEM - Check and Replacement of Engine Coolant CO-5

(d) Fill the system with coolant
Use a good brand of ethylene-glycol or TOYOTA
radiator condrtioner or eguivalent anticorrosive, mixed
according to the manufacturer's directions

Ethylene-glycol type This type has an antfreeze and
anticorrosive effect

TOYQOTA radiator conditioner  This has only an anticorro-
sive effect

NOTICE:
» Do not use alcohol type coolant.

« The coolant should be mixed with demineralized
water or distilled water.

Capacity (w/o Heater):
PZJ70, 73,75
9.6 liters (10.1 US qts, 8.4 Imp. qts)
HZJ70, 73,75
M/T 9.9 liters (10.5 US qts, 8.7 Imp. gts)
AT 9.7 liters (10.3 US qts, 8.5 Imp. gts)
HZJ30 and HDJ80
M/T 104 liters (11.0 US gts, 9.2 Imp. qgts)
A/T 10.2 liters (10.8 US qts, 9.0 Imp. qis)
HZB30 and HDB30
10.2 liters (10.8 US qts, 9.0 Imp. qgts)
Capacity (w/ Heater):
PZJ70,73,75
10.3 liters (10.9 US qts, 9.1 Imp. gis)
HZJ70, 73,75
M/T 10.6 liters (11.2 US qts, 9.3 Imp. gts)
A/T 104 liters (11.0 US gts, 9.2 Imp. qts)
HZJ80and HDJ80
M/T 11.1 liters (11.6 US gts, 9.8 Imp. qis)
A/T 109 liters (11.5 US gts, 9.6 Imp. gts)
HZB30 and HDB30
14.6 liters (15.4 US qts, 12.8 Imp. gts)
Capacity (w/ Front and rear heaters):
PZJ70,7375
11.3 liters (11.9 US qts, 9.9 Imp. qts)
HZJ70, 73, 75
11.6 liters (12.2 US qts, 10.2 Imp. gts)
HZJ80 and HDJ80
M/T (Europe)
12.0 liters (12.7 US qts, 10.6 Imp. gts)
A/T (Europe)
11.8 liters (12.5 US qts, 10.4 Imp. qts)
M/T (Others)
11.9 liters (12.6 US qts, 10.5 Imp. gis)
A/T (Others})
11.7 liters (12.4 US qts, 10.3 Imp. qts)

(e) Renstall the radiator cap
{f) Warm up the engine and check for leaks
{g) Recheck the coolant level and refill as necessary
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CO-6 COOLING SYSTEM — Water Pump

WATER PUMP
COMPONENTS

Camshaft Ol Seal Retaner

No 2 Turbo

Alternator Adjusing Bar Water Ppe

400 (29, 39)

Drive Belt

w/0 Fluid Coupling

Fan Spacer

Fluid Coupling

200(14,20)

200(14,20)

[kg-cm (ft-Ib. N-m)| Specified torque
€ Non-reusable part

CO0ss6
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COOLING SYSTEM - Water Pump CO-7

CO0857

EMB284

REMOVAL OF WATER PUMP
(See page CO-6)

1.
2.

DRAIN ENGINE COOLANT (See page CO-5)
REMOVE DRIVE BELT, FAN AND WATER PUMP
PULLEY

(a) Stretch the beft tight and loosen the four pump pulley
set nuts

(b) Loosen the pivot bolt, lock bolt and adjusting bolt,
and remove the drive belt

{(c} Remove the four nuts, fan and flud coupling (fan
spacer) assembly and pulley

REMOVE TIMING BELT AND IDLER PULLEY
(See steps 1 to 4 on pages EM-33 to 34)

REMOVE NO.1 CAMSHAFT TIMING PULLEY
(See steps 6 to 8 on pages EM-34 to 35)

REMOVE CAMSHAFT OIL SEAL RETAINER
(See step 14 on page EM-55}

REMOVE WATER PUMP
(@ (1HD-T)
Disconnect the turbo water by-pass hoses
{b) Remove the three bolts and alternator adjusting bar

(c) Remove the five bolts, two nuts, No2 turbo water
pipe (1 HD-T}), water pump and gasket

Donated by Andrew Schauer. cruisercult.com



CO-8 COOLING SYSTEM - Water Pump

C00827

C00826

EMB285

INSPECTION OF WATER PUMP

1.

INSPECT WATER PUMP

Turn the pulley and check that the water pump bearnng
moves smoothly and quietly

If necessary, replace the water pump

INSPECT FLUID COUPLING
Check the fluid coupling for damage and silicon oil leakage
If necessary, replace the fluid coupling

INSTALLATION OF WATER PUMP
(See page CO-6)

1.

INSTALL WATER PUMP

(@ Install a new gasket, the water pump and No 2 turbo
water pipe (1 HD-T} with the five bolts and two nuts

Torque: 200 kg-cm (14 fi-Ib, 20 N-m)

(b} Install the alternator adjusting bar with the two bolts
(A}

Torque: 400 kg-cm (29 ft-Ib, 39 N-m)

{c) Temporanly install the lock bolt (B)

(dy (1HD-T)
Connect the water by-pass hoses

INSTALL CAMSHAFT OIL SEAL RETAINER
(See step 6 on page EM-79)

INSTALL NO.1 CAMSHAFT TIMING PULLEY
(See steps 1 to 3 on page EM-38)

INSTALL IDLER PULLEY TIMING BELT
(See steps 5 to 11 on pages EM-39 to 41}
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COOLING SYSTEM - Water Pump CO-9

5. INSTALL WATER PUMP PULLEY, FAN AND DRIVE
BELT

(@) Install the pump pulley, the fluid fan and coupling (fan
spacer) assembly with the four nuts

(b} Place the dnve belt on each pulley
(c) Stretch the belt tight and torque the four nuts
Torque: 200 kg-cm (14 ft-1b, 20 N-m)

(d) Adust the dnve belt deflection
{(See step 3 on page CH-5)

COn8s7

6. FILL WITH ENGINE COOLANT (See page CO-5)
7. START ENGINE AND CHECK FOR LEAKS
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CO-10 COOLING SYSTEM - Thermostat

THERMOSTAT

REMOVAL OF THERMOSTAT
1. DRAIN ENGINE COOLANT (See page CO-5)

2. REMOVE WATER INLET

Remove the three bolts and water inlet from the water inlet
housing

3. REMOVE THERMOSTAT

C00848

INSPECTION OF THERMOSTAT

INSPECT THERMOSTAT

HINT The thermostat 1s numbered with the valve open-
Ing temperature

Co0841

(@) Immerse the thermostat in water and gradually heat
the water

{b) Check the valve opening temperature
Valve opening temperature: 74-78X (165-172°F)

If the valve opening temperature I1s not as specified, replace
the thermostat

Co0829

{¢) Check the valve lift
Valve lift: 10 mm (0.39 in.) or more at 90°C (194°F)
If the valve Iift 1s not as specified, replace the thermostat

(d) Check that the valve spring 1s tight when the thermo-
stat 1s fully closed

If necessary, replace the thermostat

Valve Lift

CO0s48
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COOLING SYSTEM - Thermostat Co-11

INSTALLATION OF THERMOSTAT

\ 1 PLACE THERMOSTAT IN CYLINDER BLOCK
Jiggle {a) Install a new gasket to the thermostat
A
i \ (b} Install the thermostat with the jiggle valve upward

£00847

2. INSTALL WATER INLET TO CYLINDER BLOCK
Install the water inlet with the three bolts
Torque: 200 kg-cm (14 fi-1b, 20 N-m)
NOTICE: Torque the two upper bolts first.

3. FILL WITH ENGINE COOLANT (See page CO-5)
4. START ENGINE AND CHECK FOR LEAKS
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CO-12

COOLING SYSTEM — Radiator

RADIATOR
CLEANING OF RADIATOR

Using water or a steam cleaner, remove any mud and dirt
from the radiator core

NOTICE: If using a high pressure type cleaner, be
careful not to deform the fins of the radiator core. If
the cleaner nozzle pressure is 30-35 kg/cm2(427-498
psi, 2,942-3,432 kPa), keep a distance of at least
40-50cm (15.75-19.69 in.}) hetween the radiator core
and cleaner nozzle.

INSPECTION OF RADIATOR

1. INSPECT RADIATOR CAP

Using a radiator cap tester, pump the tester and measure
the relief valve opening pressure

Standard opening pressure:

0.75-1.05 kg/cm” (10.7-14.9 psi, 74-103 kPa)
Minimum opening pressure:

0.6 kg/cm? (8.5 psi, 59 kPa)

If the opening pressure 1s less than mimimum, replace the

radiator cap

2. INSPECT COOLING SYSTEM FOR LEAKS

(a) Fill the radiator with coolant and attach a radiator cap
tester

(b) Warm up the engine

{c) Pumpittc12 kg/cm2 (17 1 psi1, 118 kPa), check that
pressure does not drop

If the pressure drops, check for leaks the hoses, radiator or
water pump If no external leaks are found, check the heater

core, cylinder block and head
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LU-1

LUBRICATION SYSTEM

Page

DESCRIPTION...... ..o e LU-2
TROUBLESHOOTING........cco oo LU-4
OIL PRESSURE CHECK..............cociiveiiinennn LU-5
REPLACEMENT OF ENGINE OIL AND

OIL FILTER.. ..ot rn e e LU-6
OILPUMP. ... e e mnnanna LU-8
OIL COOLER, RELIEF VALVE AND

CHECK VALVE ... ... e LU-15
OIL NOZZLES AND CHECK VALVES................. LU-20
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LU-2

LUBRICATION SYSTEM - Description

DESCRIPTION

A fully pressunzed, fully filtered lubrication system has been adopted for this engine

IP2

Chl Cooler

il Pump

IHZ

Ol Filter

Oil Straner

VACUUM PUMP

R VALVELIFTERS & |
x VALVE STEMS [
ettt { IDLER GEAR | } !
r ——1 PISTON & CYLINDERS | CAMS ———
| | OIL NOZZLE | :
———| CONNECTING RODS | } | CAMSHAFT JOURNALS | —— ——
| I [ CHECK VALVE | :
~——{ CRANKSHAFT | [ CYLINDER HEAD }——-——+
| [
O MAIN OIL HOLE | |
| = [
! rRELIElI: VALVE] | QILFILTER }——————— T :
I T __T"T-T"T"” | |
1
l [RELIEFVALVE]  [OIL COOLER | | :
| | TURBOCHARGER ittt [ CHECK VALVE | |
IHD-T only) [
| ( [ RELIEF VALVE] [ oIL PUMP] | |
|
I r ' |
| | | |
t i ! i

OIL PAN

LU10B1 LUM0EZ
Lu1063
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LUBRICATION SYSTEM - Description LU-3

A pressure feeding lubrncation system has been
adopted to supply oil to the moving parts of this
engine The lubrication system consists of an ol
pan, oll pump, all filter and other external parts
which supply oil to the moving parts in the engine
block The ol circurt 1s shown in the illustration at
the top of the previous page Ol from the all pan Is
pumped up by the oIl pump  After it passes through
the oll filter, 1t 1s fed through the vanous oil holes in
the crankshaft and cylinder block After passing
through the cylinder block and performing its lubri-
cating function, the ol 1s returned by gravity to the
ol pan A dipstick on the center left side of the
cylinder block 1s provided to check the oll level

OlL PUMP

The o1l pump pumps up oil from the ol pan and
sends 1t under pressure to the vanous parts of the
engine An ol strainer 1s mounted In front of the
inlet to the all pump to remove 1IMpurities The oll
pump itself 1s a trochoid type pump, which uses a
drnive rotor and drniven rotor inside the pump body
When the drive rotor rotates, the dniven rotor rotates
in the same direction The axis of the dniven rotor
shaft i1s different from the center of the driven rotor,
so when both rotors rotate, the space between the
two rotors changes Qi 1s drawn in when the space
widens and 1s discharged when the space becomes
narrow

OIL PRESSURE REGULATOR (RELIEF VALVE)

At high engine speeds, the oll pump supples
more oll to each part that 1s necessary For this
reason, an ol pressure regulator which works to
prevent oversupply of ol 1s installed on the oil
pump Durning normal oil supply, a coll spring and
valve keep the by-pass closed, but when too much
oll 18 being supplied, the pressure becomes ex-
tremely high, overpowering the force Of the spring
and opening the valves This allows the excess ol
to flow through the valve and return to the inlet of
the oll pump

OIL FILTER

The ail filter 1s a full flow type filter with a built-in
paper filter element Particles of metal from wear,
arborn dirt, carbon and other impuriies can get in
the oIl durning use and could cause accelerated wear
or siezing If allowed to circulate through the engine
The oll filter, ntegrated into the ol line, removes
these impurntties as the oil passes through 1t The
filter 15 mounted outside the engine to simplify
replacement of the filter element A relief valve 1s
also included ahead of the filter element to relieve
the high ol pressure in case the filter element
becomes clogged with impuntes The relef valve
opens when the ol pressure overpowers the force
of the spring Cil passing through the relief valve
by-passes the ol filter and flows directly into the
main oil hole n the engine
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LU-4

LUBRICATION SYSTEM - Troubleshooting

TROUBLESHOOTING

Problem Possible cause Remedy Page

Ol leakage Cylinder head, cyhnder block or oil pump Repair as necessary
body damaged or cracked
0O1l seal faulty Replace ol seal EM-48, 49,

72,105

Gasket faulty Replace gasket

Low ol pressure 01l leskage Repair as necessary
Relief valve faulty Repair relief valve LU-B
Oil pump faulty Repair ol pump LU-9
Engine oil poor quality Replace engine o1l LU-8
Crankshaft beanng faulty Replace bearing EM-84
Connecting rod beanng faulty Replace hearing EM-B4
Chl filter clogged Replace oil filter LUJ-6

Hegh ol pressure Relhef valve faulty Reparr relief valve LU-8
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LUBRICATION SYSTEM - Oil Pressure Check LU-5

Recommended Viscastty (SAE)

15W 4l Z0W-40 20W-50
10W 40 10W-50 )
T T T T I  — —
10w 3a

e [T

= T

*C—28 —18 -7 4 16 27 38
°F=230 0 20 a¢ 60 a0 100
TEMPERATURE RANGE ANTICIPATED BEFORE HEXT Oh CHANGE
* On wrbocharged engines never use above QOC (32°F)

Vv

Luo33g

LuUg9s3

Oil Pressure Gauge

LU0935

OIL PRESSURE CHECK

1. CHECK ENGINE OIL QUALITY

Check the oIl for detenoration, entry of water, discolorng or
thinning

If the quality 1s poor, replace the oll

Use API grade CD or better and recommended viscosity oll
(Europe)

Use API grade CC, CD or better and recommended viscos-
ity o1l {Cthers)
2. CHECK ENGINE OIL LEVEL

The o1l level should be between the "L" and "F" marks on
the dipstick

If low, check for leakage and add oil up to "F" mark

NOTICE: Do not fill with engine oil above the "F"
mark.

3. REMOVE OIL PRESSURE SENDER GAUGE
4. INSTALL OIL PRESSURE GAUGE

5. WARM UP ENGINE
Allow the engine to reach normal operating temperature

6. CHECK OIL PRESSURE

Oil pressure:
At idling 0.3 kg/cm?® (4.3 psi, 29 kPa)
or more
At 3,000 rpm 2.5 kg/cm?® (36 psi, 245 kPa)
or more

7. REMOVE OIL PRESSURE GAUGE
8. REINSTALL OIL PRESSURE SENDER GAUGE
9. START ENGINE AND CHECK FOR LEAKS
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LU-6 LUBRICATION SYSTEM - Replacement of Engine Oil and Oil Fitter

LU0355

LURS4A7

L3446

REPLACEMENT OF ENGINE OIL
AND OIL FILTER

NOTICE:

Prolonged and repeated contact with mineral oil
will result in the removal of natural fats from the
skin, leading to dryness, irritation and dermatitis. In
addition, used engine oil contains potentially harm-
ful contaminants which may cause skin cancer.
Adequate means of skin protection and washing
facilities should be provided.

Care should be taken, therefore, when changing
engine oil, to minimize the frequency and length of
time your skin is exposed to used engine oil. Protec-
tive clothing and gloves, that cannot be penetrated
by oil, should be worn. The skin should be tho-
rougthly washed with soap and water, or use wa-
terless hand cleaner, to remove any used engine oil.
Do not use gasoline, thinners, or solvents.

In order to preserve the environment, used oil and used
oil filters must be disposed of only at designated dis-
posal sites.

1. DRAIN ENGINE OIL
(a) Remove the all filler cap
(b} Remove the ol drain plug, and drain the oll into a

container

2. REPLACE OIL FILTER
(a) Using SST, remove the ol filter
SST 09228-10001

(b} Clean and check the oil filter installation surface
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LUBRICATION SYSTEM — Replacement of Engine Qil and OIl Filter LU-7

LUOS4E

LUCSdd

4,
5.

(c) Apply clean engine oll to the gasket of a new ol filter

(d) Lightly screw the oil filter into place, and tighten it
until the gasket contacts the seat

(e) Using SST, tighten 1t additional 3/4 turn
SST 09228-10001

FILL WITH ENGINE OIL
{a) Clean and nstall the oil drain plug with a new gasket
Torque: 250 kg-cm (18 ft-lb, 25 N-m)

(b} Fill with new engine oil (API grade CC (ex Europe),
CD or better and recommended viscosity cil)

Capacity (PZJ70, 73. 75):
Drain and refill
w/ Qil filter change
9.0 liters (9.5 US qts, 7.9 Imp. qgts)
w/o Qil filter change
7.7 liters (8.1 US qts, 6.8 Imp. qgts)
Dry fill 9.3 liters (9.8 US qts, 8.2 Imp. qgts)
Capacity (HZJ70, 73, 75):
Drain and refill
w/ QOil filter change
9.5 liters {10.0 US qts, 8.4 Imp. qts)
w/o Qil filter change
8.2 liters (8.7 US qts, 7.2 Imp. qts)
Dry fill 9.8 liters (10.4 US qts, 8.6 Imp. qts)

Capacity (HZJ80 and HDJ#80):
Drain and refill
w/ Qil filter change
9.3 liters (9.8 US qts, 8.1 Imp. qts)
w/o Qil filter change
8.0 liters (8.5 US qts, 7.0 Imp. qgts)
Dry fill 9.6 liters (10.1 US qts, 8.4 Imp. qts)

Capacity (HZB30 and HDB30):
Drain and refill
w/ Qil filter change
9.8 liters (10.4 US qts, 8.6 Imp. qts)
w/o Qil filter change
8.5 liters (9.0 US gts, 7.5 Imp. qts)
Dry fill 10.1 liters (10.7 US qgts, 8.9 Imp. qts)

(¢} Reinstall the oll filler cap
START ENGINE AND CHECK FOR LEAKS
RECHECK ENGINE QIL LEVEL (See page LU-5)
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LU-8 LUBRICATION SYSTEM - Oil Pump

OlL PUMP
COMPONENT

Camshaft Oil Seal Retamner

¥ Gasket

Rehef Vaive

HZJ80 and
HDJB0

# Gasket | 90 (78inb, 8.8} |
Gil Strainer
[ 90 (78 inb, 8.8) |

Oil Pump
(Timing Gear Case)

Qil Pan

Qi Strainer

Chl pan

[kg-cm {ft-tb, N-m}| . Spacified tarque
4 Naon-reusable part

LuUgs81
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LUBRICATION SYSTEM - Oil Pump LU-9

-'_,E.':h_k yeu

(i

LLQSG?

REMOVAL OF OIL PUMP

(See page LU-8)
HINT  When repaing the ol pump, the ol pan and
straner should be removed and cleaned

1  DRAIN ENGINE COOLANT (See page CO-4)

2. DRAIN ENGINE OIL (See page LU-6)

3. REMOVE TIMING GEARS
(See steps 1 to 12 on pages EM-43 to 45)

4. REMOVE OIL PAN

(a) Remove the twenty-three bolts (1PZ) or twenty-
seven bolts (1 HZ and IHD-T) and three nuts

(b) Insert the blade of SST between the cylinder block
and ol pan, cut off applied sealer and remove the all
pan

SST 09032-001 00

NOTICE:
» Do not use SST for the timing gear case side and
rear oil seal retainer.

+ Be careful not to damage the oil pan flange.

5. REMOVE OIL STRAINER
Remove the two bolts, two nuts, ol strainer and gasket

6. REMOVE OIL PUMP (TIMING GEAR CASE)

(@) Before removing the two nuts holding the timing gear
case to the mjection pump, check If the njection
pump perod lines are aligned

If not, place new matchmarks for reinstallation
(b) Remove the two nuts
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LU-10 LUBRICATION SYSTEM - Ol Pump

LUo0987

L L10883

{c) Remove the seven bolts, iming gear case and gasket

(d) Using a plastic-faced hammer, hghtly tap out the
timing gear case

() Remove the gasket

DISASSEMBLY OF OIL PUMP
1. REMOVE DRIVEN ROTOR

2. REMOVE RELIEF VALVE
Remove the plug, gasket, sprng and relief valve
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LUBRICATION SYSTEM - Oil Pump LU-11

LU0948

LM 2

LU1011

LU D

INSPECTION OF OIL PUMP

1.

INSPECT RELIEF VALVE

Coat the valve with engine ol and check that it falls
smoothly into the valve hole by its own weight

If it does not, replace the relief valve If necessary, replace
the oll pump assembly

INSPECT DRIVE AND DRIVEN ROTORS

Inspect rotor body clearance

Using a thickness gauge, measure the clearance between

the driven rotor and body

Standard body clearance: 0.10-0.17 mm
(0.039-0.0067 in.)

Maximum body clearance: 0.20 mm (0.0079 in.)

If the body clearance 1s greater than maximum, replace the

o1l pump assembly

Inspect rotor side clearance

Using a thickness gauge and precision straight edge,
measure the clearance between the rotors and precision
straight edge

Standard side clearance: 0.03-0.09 mm
(0.0012-0.0035 in.)

Maximum side clearance: 0.15 mm {0.0059 in.)

If the side clearance Is greater than maximum, replace the

oll pump assembly

Inspect rotor tip clearance
Using a thickness gauge, measure the clearance between
the drive and driven rotors

Standard tip clearance: 0.08 — 0.16 mm

(0.0031 - 0.0063 in.)
Maximum tip clearance: 0.21 mm (0.0083 in.)
If the tip clearance 1s greater than maximum, replace the ol
pump assembly
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LU-12

LUBRICATION SYSTEM - Qil Pump

LLGas7

Seal Packing

CORRECT WRONG

Emaag3

LUOS9E

ASSEMBLY OF OIL PUMP
(See page LU-8)

1. INSTALL DRIVEN ROTOR

2. INSTALL RELIEF VALVE

(@ Insert the relief valve and spring into the installation
hole of the iming gear case

{(b) Install a new gasket and the plug
Torque: 425 kg-cm (31 fi-lb, 42 N-m)

INSTALLATION OF OIL PUMP
(See page LU-8)

1. INSTALL OIL PUMP (TIMING GEAR CASE)

(@) Remove any old packing (FIPG) material and be
careful not to drop any ol on the contact surfaces of
the timing gear case and cylinder block

« Using a razor blade and gasket scraper, remove all
the old packing (FIPG) matenal from the gasket
surfaces and sealing groove

= Thoroughly clean all components to remove all the
loose matenal

* Using a non-residue solvent, clean both sealing
surfaces

(b) Apply seal packing to the timing gear case as shown
in the illustration

Seal packing: Part No.08826-00080 or equivalent

= Install a nozzle that has been cut o a 2-3 mm
(0 08-0 12 In) opening

» Parts must be assembled within 5 minutes of appli-
cation Otherwise the matenal must be removed
and reapphed

» Immediately remove nozzle from the tube and rein-
stall cap

{c) Place a new gasket Iinto the groove of the timing gear
case as shown n the illustration
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LUBRICATION SYSTEM - Oil Pump LU-13

EMBAGTY

N

EM{S00

(d) Install the timing gear case with the seven bolts
Torque: 200 kg-cm (14 fi-1b, 20 N-m)

() Install the two nuts holding the injection pump to the
timing gear case

Torque: 185 kg-cm (13 ft-1b, 18 N-m)

(fy Check that the injection pump pencd lines (or match-
marks) are aligned

If not correct, align the penod hnes (or matchmarks) by
tiling the Injection pump

POUR ENGINE OIL INTO OIL PUMP

(@) Using a 5 mm hexagon wrench, remove the taper
screw plug

{b) Pour n approx 10 cc (0061 cu n) of engine oll Into
the oll pump

(c) Apply adheshive to two or three threads of the taper
screw

Adhesive: Part No. 08833-00070, THREE BOND
1324 or equivalent

(d) Using a 5 mm hexagon wrench, mnstall the taper
screw
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LU-14

LUBRICATION SYSTEM - Ol Pump

1PZ

| L0354

3.

INSTALL OIL STRAINER

Install a new gasket and the oil straner with the two bolts
and two nuts

Torque: 90 kg-cm (78 in.-Ib, 8.8 Nm)

INSTALL OIL PAN

(a) Remove any old packing (FIPG) matenal and be
careful not to drop any o1l on the contact surfaces of
the il pan and cylinder block

+ Using a razor blade and gasket scraper, remove all
the old packing (FIPG) matenal from the gasket
surfaces and sealing groove

+ Thoroughly clean all components to remove all the
loose matenal

* Using a non-residue solvent, clean both sealing
surfaces

NOTICE: Do not use a solvent which will affect the
painted surfaces.

(b) Apply seal packing to the oll pan as shown in the
lustration

Seal packlng Part No.08826-00080 or equivalent

Install a nozzle that has been cutto a 5 mm (0 20
In) opening

+ Parts must be assembled within 5 minutes of appli-
cation OCtherwise the materlal must be removed
and reapplhed

* Immediately remove nozzle from the tube and rein-
stall cap

(¢} Install the ol pan with the twenty-three bolts (1 PZ) or
twenty-seven bolts (1 HZ and 1 HD-T) and three nuts

Torque: 100 kg-cm (7 fi-1b, 10 Nm)

INSTALL TIMING GEARS

(See steps 2 to 12 on pages EM-50 to 53)

FILL WITH ENGINE OIL (See page LU-7)

FILL WITH ENGINE COOLANT (See page CO-5)
START ENGINE AND CHECK FOR LEAKS
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LUBRICATION SYSTEM — Ol Cooler Relief Valve and Check Valve LU-15

OIL COOLER, RELIEF VALVE AND
CHECK VALVE

COMPONENTS

Oil cooler

% Engine Drain
Cack
2w (1 4, 20 Relief

Vave Body
Relief Valve
Spring
# Gasket
Lkg-cm {ftlb, N-m)| : Specified torque Plug
4 Non-reusable part
% Precoated part LUDDI8
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LU-16 LUBRICATION SYSTEM - Cil Cooler, Relief Valve and Check Valve

REMOVAL OF OIL COOLER, RELIEF VALVE
AND CHECK VALVE

(See page LU-15)

1.

2.
3.

LUGBES

LLOS88

LLIo9E2

DRAIN ENGINE COOLANT (See page CO-4)

REMOVE OIL FILTER (Seepage LU-6)

REMOVE INJECTION PUMP
(See page FU-27)

REMOVE OIL DIPSTICK AND GUIDE
(@) Remove the two bolts, all dipstick and guide
(b} Remove the ail ring from the oIl dipstick guide

REMOVE OIL COOLER AND OIL COOLER COVER
ASSEMBLY

Remove the thirteen bolts, two nuts, oIl cooler and ol
cooler assembly and gasket

SEPARATE OIL COOLER AND OIL COOLER COVER

Remove the four nuts, ol cooler and two gaskets from the
oll cooler cover

REMOVE RELIEF VALVE
Remove the relief valve and gasket

REMOVE CHECK VALVE
Remove the check valve and gasket
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LUBRICATION SYSTEM — OIl Cooler, Relef Valve and Check Valve LU-17

9. REMOVE ENGINE DRAIN COCK

LUODGG

INSPECTION OF OIL COOLER, RELIEF VALVE
AND CHECK VALVE

1. INSPECT RELIEF VALVE
Push the valve with a wooden stick to check If it 1s stuck
g
N If stuck, replace the relief valve

COCoOTOoOG

L0984

2. INSPECT CHECK VALVE
Push the valve with a wooden stick to check If it 1s stuck
If stuck, replace the check valve

LU1036

3. INSPECT OIL COOLER
Check the ol cooler for damage or ¢logging
If necessary, replace the oil cooler

LUT013
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LU-18

LUBRICATION SYSTEM - Cil Cooler, Relief Valve and Check Valve

EMB8231

LuUoosa

LUSS61

LUDDED

LUOZSE

INSTALLATION OF OIL COOLER,

RELIEF

VALVE AND CHECK VALVE
(See page LU-15)

1.

2.

3.

4.

INSTALL ENGINE DRAIN COCK

(a) Apply adhesive to two or three threads of the drain
cock

Adhesive: Part No. 08833-00070, THREE BOND 1324
or equivalent

{b) Install and torgue the drain cock as shown
Torque: 200 kg-cm (14 fi-1b, 20 N'm)

INSTALL CHECK VALVE
Install the check valve with a new gasket
Torque: 275 kg-cm (20 ft-1b, 27 N-m)

INSTALL RELIEF VALVE
Install the relef valve with a new gasket
Torque: 400 kg-cm (29 ft-1b, 39 Nm)

ASSEMBLE OIL COOLER AND OIL COOLER COVER

Install two new gaskets and the oil cooler to the oil cooler
cover with the four nuts

Torque: 200 kg-cm (14 f-Ib, 20 N-m)
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LUBRICATION SYSTEM - Ol Cooler, Relief Valve and Check Valve LU-19

5.

8.
9.

INSTALL OIL COOLER AND OIL COOLER COVER
ASSEMBLY

Install a new gasket, the oil cooler and ol cooler cover
assembly with the thirteen bolis and two nuts

Torque: 200 kg-cm (14 ft-1b, 20 N-m})

INSTALL OIL DIPSTICK GUIDE AND DIPSTICK

(@ Install a new O-ning to the ail dipstick guide

(b} Apply engine oil to the new O-ring

(¢} Install the aill dipstick and guide with the two bolts

Torque:
Intake manifold side
200 kg-cm (14 ft-l1b, 20 N-m})
Oll cooler cover side
200 kg-cm (14 ft-1b, 20 N-m)

INSTALL INJECTION PUMP
(See page FU-93)

INSTALL OIL FILTER (See page LU-6)
FILL WITH ENGINE COOLANT (See page CO-5)

10. START ENGINE AND CHECK FOR LEAKS

11.

CHECK ENGINE OIL (See page LU-5)
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LU-20 LUBRICATION SYSTEM - Oil Nozzles and Check Valves

OIL NOZZLES AND CHECK VALVES
COMPONENTS

Ol NozzleA

Check Yalve

275 (20, 27)

[75 (65 in b, 7 4)}—— = fl

[kg-cm (ft-Ib, N-m}| : Specified torque P

REMOVAL OF OIL NOZZLES AND CHECK
VALVES

1 DRAIN ENGINE OIL (See page LU-6)

2. REMOVE OIL PAN
(See step 4 on page LU-9)

3. REMOVE CHECK VALVE AND OIL NOZZLES

Remove the five (1 PZ) or six (1 HZ and 1HD-T) check
valves and o1l nozzles

LUDIES
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LUBRICATION SYSTEM - Oil Nozzles and Check Valves LU-21

INSPECTION OF OIL NOZZLES AND CHECK
VALVES
1. INSPECT CHECK VALVES
Push the valve with a wooden stick to check If 1t 1s stuck
If stuck, replace the check valve

Luo338

2. INSPECT OIL NOZZLES
Check the oil nozzles for damage or clogging
If necessary, replace the oll nozzle

LLIDG52

INSTALLATION OF OIL NOZZLES AND CHECK
VALVES

(See page LU-20)

1  INSTALL OIL NOZZLES AND CHECK VALVES
(@) Abgn the pin of the oIl nozzle with the pin hele of the
cylinder block

(b} Install the oil nozzle with the check valve Install the
five (1PZ) or six (1HZ and 1HD-T} ol nozzles and
check valves

S
LS8y

Torque: 275 kg-cm (20 ft-lb, 27 Nm)
2. INSTALL OIL PAN

(See step 4 on page LU-14)
3. FILL WITH ENGINE OIL (See page LU-7}
4. START ENGINE AND CHECK FOR LEAKS
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ST-1

STARTING SYSTEM
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PRE-HEATING SYSTEM.............c.ciiiiiiiainnanss ST-2
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ex. (Europe and Australia)...................... ST-9
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(HZJ80 and HDJ80) (w/24 V Starter). ........... ST-28
VOLTAGE CONVERTER RELAY
(HZJ80 and HDJ80) (w/24 V Starter)............ ST-29
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(HZJ80 and HDJ80) (w/ 24 V Starter)............ ST-30
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ST-2 STARTING SYSTEM - Pre-Heating System (Super Glow Type)

PRE-HEATING SYSTEM

Super Glow Type
(Europe and Australia)

SYSTEM CIRCUIT

PZJ 70, 73. 75 and HZ.1 70, 73, 7b

Starter Switch

Fuse
ENGINE
16 A

gl |B

No 2 Glow No 1 Glow
Plug Relay Plug Ralay

Glow Plug
Indicator
Light

To Alternator
Pre-Heating Terminat L

Battery Timer

Water
Temp
Sensor

Glow FL
Plug % GLOW

Resistor

Battery
(24 V Type}

(12 V Type)

|§J+< b |—+—+«| b-4
||:— @
g
o]
=Ca
-® |
s
i

HZJ 80 and HDJ B0
FL “A" Europe AM1125B
Starter Switch Australia  MAIN 2.0 L

IGN ENGINE

2 Fuse Fuse
15 A

FL WL 9.8 Glow Plug
%EE" GLOW No 2 Glow No.1 Glow > :-r"ldrl]cator
1258 Plug Relay Plug Relay ight
To Alternator
E
sl G—S< Terminal L
Glow FL Water
Plug GLOW Temp
Resistor PLUG Sensor
d43FP

= = = = = - STO876
STOBTE
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STARTING SYSTEM - Pre-Heating System (Super Glow Type) ST-3

SYSTEM CIRCUIT (Cont'd)

HZB 30 and HDB 30
Starter Switch

ENGINE GAUGE

Fuse Fuse
10 A 2 754

B gl B 1 s[11) 4 Glow Plug

Indicator
Light

) To Alternator
Pre-Heating Terminal L

i Timer

Water
Temp
Sensor

l Barttery Glaw FL

1 Plug GLOW
Resistor PLUG
06 G

23003

; Battery
| ({24 ¥ Type)

(12 V Type)
1

e

= SToETY

INSPECTION OF PRE-HEATING SYSTEM

HINT Refer to Diesel Electncal System Diagnosis for
inspection procedures (See page EM-14)

TIMER CHARACTERISTIC DIAGRAM

12V Type
(1PZ, THZ and THD-T for Australia)
- a —— 1 1T 180 .
g9 - \ After Gl/uw Time_ 445 g
g 30 2 g i N 7 120 =
L F 5 / 100 E
o 24 ) \ / =
E 20 | s £ 4 \ 80 g
o = 3 ~ \ &
= 10 = 2 / ., 40 %
B £ Light Lighting Time ] £
_‘I‘__I’ 5} 1 l\w.._ ] 20 <
i)
= 0 i {—
a 9 10 11 12 0 ¥.30.20-10 0 10 20 30 40 50 60 70
¢ 22)( 4){14332)(BOISEHBE(104)(122}146){158)
Glow Plug Terminal Voltage (V)
Water Temperature 'C (*F)
STU8G7 ST0BSA
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ST-4

STARTING SYSTEM - Pre-Heating System (Super Glow Type)

TIMER CHARACTERISTIC DIAGRAM (Cont'd)

Pre-Heating Time (sec )

(THZ for Europe)

30
[
20 =
--..____Hi
10 —
a
9 10 1 12

Glow Plug Terminal Voitage (V)

(1HD-T for Europe)

o

E 30

E “-._

= 20 P

> e

=

8 10

T

o

o O

a 10 11 12
Glow Plug Terminal Voltage (V)

24V Type

_% 15

£

[~

3 10 -

; L ‘\""*-..____

c

B b

I

o

G 0

18 20 22 24

Glow Plug Terminal Voltage (V}

Light Lighting Time (Sec.)

Light Lighting Time {Sec )

Light Lighting Time (Sec )

O = N W RO~ @

Q- NWRsREmm e~

O = NW RO m g W

160
140
120
100
80
50
40
20

After Glow Time {Sec.)

160
140
120
100
20
60
40
20

After Glow Time (Sec.)

T T T_1
" Atter Gio/w Time
or \ /
\ N
/N
| N
Light Lrghtlrllg Time \
HERN S
1 !‘ r’_‘
—30-20-10 © 10 20
~22){—&) :14)(32}(50){53)(3&:(1 04}(1 22)(1 40}(1 58)
Water Temperature *C {"F)
| f | ! [
" Aftar Glow Time
TN /
N/
VN \
AN \
nght nghtlng Tlme ..:_}—
“30 20 100 10 40 50 80 70
“ 22)( 4):14](32}:50){5&):5&){1041(122}(140)(153)
Water Temperaturs °C {°F)
T 1 | T T
o After Glow Time
A ] N
rd T
Light Lighting Time \
RN N -
—3F 'F—

30 —-20-10 @ 10 20 30 40

{ 22){- 4)(14)(32](50)(58)(85}(104](122)(1&0}(153)

Water Temperature °C {*F)

160
140
120
100
aQ
a0

40
20

After Glow Time {Sec.)

STO867 STA900
ST0867 STOSO1
ST0857 STO3G0
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STARTING SYSTEM - Pre-Heating System (Super Glow Type)

Wire Harness Side

INSPECTION OF COMPONENTS

Pre-Heating Timer

LOCATION
[ PZJ, HZJ, HDJ  Under the instrument panel on the pas-
112]3 41516 senger side
7189 1111 2|13 HZB, HDB Under the instrument panel center
K131
INSPECT PREHEATING TIMER CIRCUIT
Disconnect the connector from the pre-heating timer, and
check the connector on the wire harness side as shown In
the following chart
Check for Tester connection Condition Specified value
Continuity 1 —Ground - Continuity
Turn starter switch OFF No voltage
Voltage 3 - Ground
Turn starter switch GN Battery voltage
Turn starter switch GFF No voltage
Voltage 4 — Ground
Turn starter switch ON Battery voltage
Contmuity 5 — Ground - Continuity
Continuity 6 — Ground - Continuity
Continuity 7 — Ground - Continuity
Continuity 10— Ground - Continuity
Turn starter switch OFF No voltage
Voltage 11 — Ground

Turn starter switch START

Battery voltage

ST0803

No. 1 Glow Plug Relay
LOCATION:

In the engine compariment on the left side

INSPECT RELAY CONTINUITY
(@) Using an ochmmeter, check that there I1s continuity

between terminals E and g

(b) Check that there 1s no continuity between terminals B

and G

If continurty 1s not as specified, replace the relay
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ST-6

STARTING SYSTEM - Pre-Heating System (Super Glow Type)

Continuity

370802

5T0304

STORDS

STOB0G

CF 21 ™
g =

S5T0070

INSPECT RELAY OPERATION
(@) Apply battery voltage across terminals E and g

(b) Using an ohmmeter, check that there 1s continuity
between terminals B and G

If operation 1s not as specified, replace the relay

No.2 Glow Plug Relay (PZJ, HZJ and HDJ)

LOCATION: In the engine compartment on the left side

INSPECT RELAY CONTINUITY

(@) Using an ohmmeter, check that there 1s continuity
between terminals E and g

{b) Check that there I1s no continuity between terminals B
and G

If continuity I1s not as specified, replace the relay

INSPECT RELAY OPERATION
(@) Apply battery voltage across terminals E and g

(b) Using an chmmeter, check that there 1s continuity
between terminals B and G

If operation 1s not as specified, replace the relay

No.2 Glow Plug Relay (HZB and HDB)

LOCATION: Inside wall adjacent to center door
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STARTING SYSTEM - Pre-Heating System (Super Glow Type) ST-7

Neo continuity Continuity 1 INSPECT RELAY CONTINUITY
— — (a) Using an ohmmeter, check that there 1s continuity
o o between terminals E and g
CH
C o O o (b) Check that there 1s no continuity between terminals B

and G
If continuity 1s not as specified, replace the relay

STO13

Cantinuity Battery 2. INSPECT RELAY OPERATION
— (a) Apply battery voltage across terminals E and ¢
O i (b) Using an ohmmeter, check that there 1s continuity
ol between terminals B and G

If operation 1S not as specified, replace the relay

N 5TO3B4

Glow Plug

INSPECT GLOW PLUG

Using an ohmmeter, check that there 1s continuity between
the glow plug terminal and ground

If there 1s no continuity, replace the glow plug

HINT
= Be careful not to damage the glow plug pipes as it could
cause an open circuit or shorten life of the plugs

« Avold getting oll and gasoline on the glow plug when
cleaning

« Durnng inspection, be sure to wipe any oll off the glow
plug terminal and bakelite washer with a dry cloth

« Be careful not to apply more than 11 volts (12 V type)
or 22 volts (24 v type) to the glow plug as it could cause
FU2655 an open circuit

Glow Plug Resistor

/ Gl INSPECT GLOW PLUG RESISTOR
e
/ O+o Using an ohmmeter, check that there 1s continuity between
- ] o the resistor terminals
f Ohmmeter If there 1s no continuity, replace the resistor

FU2?46
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ST-8 STARTING SYSTEM - Pre-Heating System (Super Glow Type)

Water Temperature Sensor

INSPECT TEMPERATURE SENSOR
Using an ohmmeter, measure the resistance between the
f-]

sensor terminals
Resistance: Refer to chart
If the resistance 1s not as specified, replace the sensor

EMEad10

40

201

10

e B i

o 6&r

WATER TEMP. SENSOR X at
{1 E]
J

—— Z 2t

e MV % i <]

%/M,fr E gi i

Thermistor ozl

L

20 0 20 40 80 80 100 120
(-4) (32) (68)(104)140K176)212)(248)

TEMPERATURE °C {°F}

F3829 FIDTO9
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STARTING SYSTEM - Pre-Heating System (Fixed Delay Type) ST-9

Fixed Delay Type
(HZJ80 and HDJ80)
ex. (Europe and Australia)

SYSTEM CIRCUIT

Starter Switch

AM IS

AM2

FL
AM1
B0 A

FL FL
%MAIN GLOW
20L ¥1.258B

Glow Pluyg
Relay

Fuse
? ENGINE
15 A

Glow Plug
Indicator
Light

Pre-Heatin
9 To Alternator

Timer

Terminal L

Glow
Plug

ST0876

INSPECTION OF PREHEATING SYSTEM

INSPECT LIGHTING TIME OF GLOW INDICATOR
LIGHT
Turn the starter switch "ON", measure the hghting time

Light lighting time: Approx. 5 seconds

INSPECT PREHEATING TIME

Turn the starter switch "ON", and measure the time battery
voltage 1s applied to terminal 1 of the pre-heating timer

Pre-heating time: Approx. 18 seconds
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ST-10

STARTING SYSTEM - Pre-Heating System (Fixed Delay Type)

Wire Harness Side

INSPECTION OF COMPONENTS

Pre-Heating Timer

INSPECT PREHEATING TIMER CIRCUIT

LOCATION: Under the instrument panel on the passenger

112 3 4 side
5|6 ] 8|9 Disconnect the connector from the pre-heating timer, and
h check the connector on the wire hamness side as shown In
the following chart
691
Check for Tester connection Condition Specified value
Turn starter switch OFF No voltage
Voltage 1 — Ground -
Turn starter switch START Battery voltage
Turn starter switch OFF NoO valtage
Voltage 3 - Ground -
Turn starter switch ON Battery voltage
Continuity 7 - Ground — Continuity
Turn starter switch OFF No voltage
Vuoltage 8 — Ground

Turn starter switch ON

Battery voltage

Glow Plug Relay

(See No.2 Glow Plug Relay (PZJ. HZJ and HDJ) on page

ST-6)

LOCATION: In the engine compartment on the left side

Glow Plug
(See page ST-7)
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STARTING SYSTEM — Pre-Heating System (Fixed Delay Type) ST-11

Fixed Delay Type
(PZJ, HZJ75, HZB and HDB)

eX. (Europe and Australia)
SYSTEM CIRCUIT

PZJ and HZJ 75

Starter Switch

Fuse
GLOW
75 A

Glow Plug
Indicator
Light

Glow Plug
Relay

Pre-Heating
Timer

Battery

Battery Glow
{24 V Type) Plug

T
1
T
L
- oy

HZB and HDB

{12 V Typa)

Starter Switch

=
G Fuse Fuse
GAUGE

FL
éAm GLOW
10Y 75 A 75 A
FL FL
}MAlN GLOW __5L Glow Plug
20L%20L Glow Plug Indicator
Indicator 5 Light
G E
Pre-Heating

Battery Timer

Wiil

Battery Glow (T .
(24 V Type) Plug 'D C

(12 V Type)

-l%ww by
I

5T0880
ST0801
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ST-12

STARTING SYSTEM - Pre-Heating System (Fixed Delay Type)

INSPECTION OF PREHEATING SYSTEM

INSPECT LIGHTING TIME OF GLOW INDICATOR LIGHT
Turn the starter switch "G", measure the hghting time

Light lighting time:
12V type Approx. 6 seconds
24 V type Approx. 5 seconds

Wire Harness Side

INSPECTION OF COMPONENTS
Pre-Heating Timer

I INSPECT PREHEATING TIMER CIRCUIT
1]2 3 LOCATION
PZJ, HZJ75 Under the instrument panel on the passenger
a(sinlelpl? side
HZB, HDB  Under the instrument panel center
a7 Disconnect the connector from the pre-heating timer, and
check the connector on the wire hamess side as shown In
the following chart
Check for Tester connection Condition Specified value
Continuity 2 — Ground — Continuity
Turn starter switch OFF No voltage
Voltage 5 - Ground
Turn starter switch G Battery voltage
Turn starter switch OFF No voltage
Vaoltage 6 — Ground )
Turn starter switch G Battery voltage

Glow Plug Relay (PZJ and HZJ75)
‘(SSee No.2 Glow Plug Relay {PZJ, HZJ and HDJ) on page
T-6)

LOCATION: In the engine compartment on the left side

Glow Plug Relay (HZB and HDB)
(See No.2 Glow Plug Relay (HZB and HDB) on page ST-6)

LOCATION: Inside wall adjacent to center door

Glow Plug
(See page ST-7)
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STARTING SYSTEM — Troubleshooting, Starting System Circurt

ST-13

TROUBLESHOOTING

Problem Possible cause Remedy Page
Engine will not crank Battery charge low Chack battery specific gravity | CH-5
Charge or replace battary
Battery cables loose, corroded or worn Repair or replace cables
Neutral start switch faulty (A/T only) Replace switch
Fusible link blown Replace fusible link
Starter relay faulty Check relay ST-25, 26
Starter faulty Repair starter ST-16
Starter swrch faulty Replace starter switch
Engme cranks slowly Battery charge low Check battery specific gravity | CH-b
Charge or replace battery
Batiery cables loose, corroded or wom Repair or replace cables
Starter fauity Repair starter S5T-1&
Starter keeps running Starter faulty Repair starter 8T 16
Starter switch faulty Rapalce starfer switch
Short in wiring Repair wiring
Starter spins but engine | Pinion gear teach broken or faulty starter Repair starter 5T-15
will not crank Flywheel teeth broken Replace flywheel 8T-15

STARTING SYSTEM CIRCUIT

w/o Valtage Gonverter Timer

AM1 HZJ 80 and HDJ BO

(12 V Type)}

L e LIRS

AM1T BO A (HZJ B0 and HDJ 80)
AM1 1.0Y¥ (HZB 30 and HDS 30)

AM Others
ST1 HZJ 80 and HDJ 80
Starter Switch ST  Others
AM or AM1
ST or ST1
—_ (A/T)
= Neutral
2 Start
FL ~ Switch
MAIN 20 L (HZJ 80. HDJ B0, HZB 30 and HDB 30)
AM1 1.25 B (Others)
B ST
Starter
Battery Relay
MG £
Terminal 30 i | Terminal 50
Battery '—E
(24 V Type) ]
Starter =
FL “A”

ET0874
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ST-14 STARTING SYSTEM - Starting System Circurt

STARTING SYSTEM CIRCUIT (Cont'd)

w/ Voltage Converter Timer
Starter Switch
1G1
AM1
5T1
'(“AIT)
eutral
(M/T) Start
Switch
FL
AN
50A B ST
g.lf. Starter
Voltage 05 G Relay
FL Converter
AM1 Timer MG E
125 B
24 -Hold *
Warning To Alternator
Relay
Termian| L
Voltage
Converter
Relay
Termmal 30 | Terminal 50
T 03P - n
_L Battery Battery _L =
T 7 Starter
= — = _— =
$TOA0Z
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STARTING SYSTEM - Starter ST-15

STARTER
COMPONENTS

Snap Ring
Pinion Gear
Starter Hoasing

Starter Clutch Retainer

Compression Spring

Clutch Shaft
Eeturn Spring

Magnetic
Switch 5, ) . < M
S o Stop Collar
S ™ S

® @ ﬁ " Compression Spring
]
Stee| Ball Tl

Bearing ——
der Gear ’,rf* ~~

- s
. . -~
e Plate Washer __ . —- S
- et
-‘.H._
-

— ™~

Felt Washer
Rear Bearing

Armature

Front Bearing

Through Bolt
Field Frame
Brush  (Field Cail)

@‘@Dl
o
i
Brush Holder

# Non-reusable part End Cover

ST0877

DISASSEMBLY OF STARTER

1. REMOVE FIELD FRAME AND ARMATURE

(a) Remove the nut and spning washer, and disconnect
the lead wire from the magnetic switch terminal

(b) Remove the two through bolts, spring washers, plate
washers and O-rings

{c) Pull out the field frame together with the armature
(d) Remove the felt washer and lock plate

3T0R35 ST(828

2. REMOVE STARTER HOUSING, CLUTCH ASSEMBLY
AND GEARS

(a) Remove the three screws

STOEN
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ST-16 STARTING SYSTEM - Starter

(b) Remove the following parts from the magnetic switch
(1} Starter housing and clutch assembly
(2} Retum spring

(1) (3} Plate washer
(
(

3
4} lIdler gear
5

(3) } Bearing

5T0815

3. REMOVE STEEL BALL

Using a magnetic finger, remove the steel ball from the
clutch shaft hole

4. REMOVE BRUSH HOLDER

(a) Remove the two screws and end cover from the field
frame

STOA30

(b) Using a screwdnver, hold the spring back and discon-
nect the brush from the brush holder Disconnect the
four brushes, and remove the brush holder

5. REMOVE ARMATURE FROM FIELD FRAME
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STARTING SYSTEM - Starter ST-17

STOG11

ST0829

STOHGT

INSPECTION AND REPAIR OF STARTER
Armature Coil

1.

INSPECT COMMUTATOR FOR OPEN CIRCUIT
Using an ohmmeter, check that there 1s continuity between

the segments of the commutator

If there 1s no continurty, replace the armature

INSPECT COMMUTATOR FOR GROUND

Using an ohmmeter, check that there 1s no continuity
between the commutator and armature coil core

If there 1s continuity, replace the armature

Commutator

1.

INSPECT COMMUTATOR FOR DIRTY AND BURNT
SURFACE

If the surface 1s dirty or bumt, correct with sandpaper
(No 400) or on a lathe

INSPECT COMMUTATOR FOR RUNOUT

(@) Place the commutator on V-blocks

(b) Using a dial indicator, measure the circle runout
Maximum circle runout: 0.05 mm (0.0020 in.)

If the circle runout 1s greater than maximum, correct 1t on a
lathe

INSPECT COMMUTATOR DIAMETER
Using calipers, measure the diameter
Standard diameter: 36.0 mm (1.417 in.)
Minimum diameter: 35.0 mm (1.378 in.}

If the diameter of the commutator 1s less than minimum,
replace the armature
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ST-18

STARTING SYSTEM - Starter

STO040

STOM &

No continuity

STI016

£THO19

4.

INSPECT UNDERCUT DEPTH

Check that the undercut depth 1s clean and free of foreign
material Smooth out the edge

Standard undercut depth: 0.7-0.9 mm
(0.028-0.035 in.}

Minimum undercut depth: 0.2 mm (0.008 in.)

If the undercut depth 1s less than mimimum, correct it with
a hacksaw blade

Field Coil (Field Frame)

1

INSPECT FIELD COIL FOR OPEN CIRCUIT

Using an ohmmeter, check that there 1s continuity between
the lead wire and field coil brush lead

If there 18 no continuity, replace the field frame

2. INSPECT FIELD COIL FOR GROUND
Using an ohmmeter, check that there 15 no continuity
between the field coll end and field frame
If there 1s continuity, replace the field frame

Brushes

INSPECT BRUSH LENGTH

Using calipers, measure the brush length
Standard length: 20.5-21.0 mm (0.807-0.827 in.}
Minimum length: 13.0 mm (0.512 in.)

If the length 1s less than mimimum, replace the brush holder
and field frame

Brush Springs
INSPECT BRUSH SPRING LOAD

Take the pull scale reading the instant the brush spnng
separates from the brush
Standard installed load: 3.2-4.0 kg
(7.1 -8.8 1b, 31-39 N)
If the installed load 15 not as specified, replace the brush
nngs ' 'Y

S
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STARTING SYSTEM - Starter ST-19

STRE1D

STO0A41

ST0848

STOB43

Brush Holder
INSPECT BRUSH HOLDER INSULATION

Using an ohmmeter, check that there 18 no continuity
between the positive ( +)} and negative (-) brush holders

If there 1s continuity, reparr or replace the brush holder

Clutch and Gears

1.

INSPECT GEAR TEETH

Check the gear teeth on the pinion gear, ler gear and the
clutch assembly for wear or damage

If damaged, replace the gear or clutch assembly

If damaged, also check the flywheel nng gear for wear or
damage

INSPECT CLUTCH PINION GEAR

Rotate the pinion gear clockwise and check that it turns
freely Try to rotate the pimon gear counterclockwise and
check that 1t locks

If necessary, replace the clutch assembly

IF NECESSARY, REPLACE CLUTCH ASSEMBLY

Disassembly starter housing and clutch assembly
(@) Push down the pinion gear and starter housing
(b) Using a plastic-faced hammer, tap in the stop collar

{c) Using a screwdriver, pry out the snap ring
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ST-20 STARTING SYSTEM - Starter

(d) Disassembly the following parts
(1} Stop collar
{2} Pmion gear
(3) Retainer
(4) Compression spring
5) Starter housing
6) Starter clutch
} Compression spring

(7) (6) §TOBBO

(
(
7

(8) Clutch shaft

B. Assemble starter housing and clutch assembly
(@) 1st, assemble the following parts
(1) Clutch shaft
(2) Compression spring
(3) Starter clutch

ST0906

(b) 2nd, assemble the following parts
(1) Clutch shaft and starter shaft assembly
(2) Starter housing

(3) Compression spring

(4) Retaner

{5) Pinion gear

(6) Stop collar

ST08E6

{¢) Push down the pinion gear and starter housing
(d) Using snap nng pliers, install the snap ring

STOR42

(&) Using pliers, compress the snap ring
(f) Check that the snap rning fits correctly

5T0849
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STARTING SYSTEM - Starter ST-21

STOBE3

570043

55T

570608

(@) Using a plastic-faced hammer, tap the clutch shaft
and install the stop collar onto the snap ring

Bearings

1.

INSPECT BEARINGS
Tum each beanng by hand while applying inward force

If resistance s felt or If the beanng sticks, replace the
bearing

IF NECESSARY, REPLACE BEARINGS

Remove bearings
Using SST, remove the bearing
SST09286-46011

Install bearings
(Front)

Using a press, press In a new bearnng

{Rear)
Using SST and a press, press In a new bearing
SST 09285-76010
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ST-22 STARTING SYSTEM - Starter

Magnetic Switch

1 PERFORM PULL-IN COIL OPEN CIRCUIT TEST

Using an ochmmeter, check that there 1s continuity between
terminals 50 and C

If there 18 no continuity, replace the magnetic swiich

Terminal 50
Continuity

2. PERFORM HOLD-IN COIL OPEN CIRCUIT TEST

Using an ohmmeter, check that there 1s continuity between
terminal 50 and the switch body

If there 1s no continuity, replace the magnetic switch

Continuity Terminal 50

ASSEMBLY OF STARTER
(See pageST-15)

HINT  Use high-temperature grease to lubncate the bear-
Ings and gears when assembling the starter

1. PLACE ARMATURE INTO FIELD FRAME

Apply grease to the armature beanngs, and insert the
armature into the field frame

5170237

2. INSTALL BRUSH HOLDER
(a} Place the brush holder on the armature

{v) Using a screwdnver, hold the brush spring back, and
connect the brush nto the brush holder Connect the
four brushes

HINT Check that positive (+) lead wires are not
grounded
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STARTING SYSTEM - Starter ST-23

STOE30

ST0827

STOBGS

(n 57536

STHEI

(c)

Install the end cover with the two screws

3. INSERT STEEL BALL INTO CLUTCH SHAFT HOLE

(@)
(b)

Apply grease to the steel ball
Insert the steel ball into the clutch shaft hole

4. INSTALL GEAR, CLUTCH ASSEMBLY AND STARTER
HOUSING

(@)
(0)
(©

Apply grease to the retumn spring
Insert the return spring Into the magnetic switch hole
Install the plate washer to the magnetic swiich

Install the following parts to the starter housing
(1} Idler gear
(2) Beanng

Assemble the starter housing and magnetic switch
with the three screws
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ST-24 STARTING SYSTEM - Starter

5. INSTALL FIELD FRAME AND ARMATURE ASSEMBLY
(@) Install a new felt washer to the amature

(b) Install the lock plate to the cutout portion of the
magnetic switch

{c) Align the lock plate with the cutout portion of the field
frame

QD L‘ :

“‘:\ Lock Plat7/ﬁ

S5
@

STO045

(d) Install the field frame and armature assembly with twao
new O-rnngs, the two plate washers, spring washers
and two through bolts

(e} Connect the lead wire to terminal C, and nstall the
spring washer and nut

STOE26 ST0835
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STARTING SYSTEM - Starter ST-25

PERFORMANCE TEST OF STARTER

NOTICE: These tests must be performed within 3to 5
seconds to avoid burning out the coil.

1. PERFORM PULL-IN TEST
(@) Disconnect the field coll lead wire from terminal C

(b} Connect the battery to the magnetic switch as shown
Check that the clutch pinion gear moves outward

If the clutch pinicn gear does not move, replace the

magnetic switch assembly

2. PERFORM HOLD-IN TEST

While connected as above with the clutch pinion gear out,
disconnect the negative (-} lead from terminal C Check
that the pinion gear remamns out

If the clutch pinion gear retums inward, replace the mag-
netic switch assembly

3. INSPECT CLUTCH PINION GEAR RETURN

Disconnect the negative (-) lead from the switch body
Check that the clutch pimon gear returns inward

If the clutch pimon gear does not return, replace the
magnetic switch assembly

4. PERFORM NO-LOAD PERFORMANCE TEST

(@) Connect the battery and ammeter to the starter as
shown

(b} Check that the starter rotates smoothly and steadily
with the pimion gear moving out Check that the
ammeter shows the specified current

Specified current:
12Viype 180 Aorlessati11 V
Battery 24Viype 90Aorlessat23V

570845
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ST-26

STARTING SYSTEM - Starter Relay (PZJ, HZJ and HDJ)

w/ 12V Starter

B

MG

sT

E
|

ST0R13

w/ 24V Starter

B

MG

ST

ST0814

1

No continuity

J

STO811

Continuity

Battery

STOB12

STARTER RELAY (PZJ, HZJ and HDJ)

LOCATION  In the engine compartment on the left side

INSPECTION OF STARTER RELAY

1.

INSPECT RELAY CONTINUITY

(@) Using an ohmmeter, check that there 18 continurty
between terminals E and ST

{b) Check that there 1s no continurty between terminals B
and MG

If continuity 1s not as specified, replace the relay

INSPECT RELAY OPERATION
(a) Apply battery voltage across terminals E and ST

NOTICE: If the vehicle has a voltage coverter, per-
form the check using a 12 V battery.

{b) Using an ohmmeter, check that there 1s continuity
between terminals B and MG

If operation 1s not as specified, replace the relay
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STARTING SYSTEM - Starter Relay (HZB and HDB) ST-27

B MG

EQ

S5TO108

No continuity

Continuity

STO218

Continuity Battery

ST02719

STARTER RELAY (HZB and HDB)

LOCATION: Inside wall adjacent to center door

INSPECTION OF STARTER RELAY

1

INSPECT RELAY CONTINUITY

(@) Using an ohmmeter, check that there 1s continuity
between terminals E and ST

{b) Check that there I1s no continuity between terminals B
and MG

If continuity 1s not as specified, replace the relay

INSPECT RELAY QPERATION
(a) Apply battery voltage across terminals E and ST

(b) Using an chmmeter, check that there 1s continuity
between terminals B and MG

If operation I1s not as specified, replace the relay

Donated by Andrew Schauer. cruisercult.com



ST-28

STARTING SYSTEM - Voltage Converter Timer

Wire Harness Sida

VOLTAGE CONVERTER TIMER
(HZJ80 and HDJ80) (w/ 24 V Starter)

LOCATION: In the cowl on the passenger's side

INSPECTION OF VOLTAGE CONVERTER TIMER

INSPECT VOLTAGE CONVERTER TIMER

Disconnect the connector from the voltage converter timer,
and check the connector on the wire hamess side as shown

in the following chart

Check for Tester connection Condition Specified valus

Turn starter switch OFF No voltage
Voitage % - Ground

Turn starter switch START Battery voltage

Turn starter switch OFF No voltage
Voltage 2 - Ground

Turn starter switch ON Battery voltage

Turn starter switch OFF No voltage
Voltage 3 — Ground

Turn starter switch START Battery voltage
Continuity 4 — Ground - Continuity
Continuity 5-6 - Continuity
Continuity 7 —Ground - Continuity
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STARTING SYSTEM - Voltage Converter Relay ST-29

Continuity  No continuity

Continuity

STOB3T

No continuity  Cantinuity

O
N RN

No continuity
0

Battery O

510870

VOLTAGE CONVERTER RELAY
(HZJ80and HDJ80) (w/24 V Starter)

LOCATION In the engine compartment on the left side

INSPECTION OF VOLTAGE CONVERTER RELAY

1

INSPECT RELAY CONTINUITY

(a)

Using an ohmmeter, check that there 1s continuity
between terminals e and g

Check that there 1s continuity between terminals 1 -
and E
Check that there 1s continuity between terminals 1 +
and 2+

Check that there 1s no continuity between terminals
1-and 2+

If continuity 1s not as specified, replace the relay

INSPECT RELAY OPERATION

(@)
(o)

()
(d)

Apply battery voltage across terminals e and g

Using an ohmmeter, check that there 15 continuity
between terminals 1 - and 2+

Check that there 1s no continuity between terminals
1+ and 2 +

Check that there 1s no continuity between terminals
1-and E

If operation I1s not as specified, replace the relay
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ST-30

STARTING SYSTEM - 24 V Hold Warning Relay

==

S
.

2 1 24 V HOLD WARNING RELAY
e (HZJ80and HDJ80)

— O (w/ 24 V Starter)

I] f . ” LOCATION  In the driver's cowl side
el
"
4 3 oo

No continuity Continuity INSPECTION OF 24 V HOLD WARNING RELAY

1. INSPECT RELAY CONTINUITY

(@) Using an ohmmeter, check that there 1s continuity
between terminals 1 and 3

{b) Check that there 1s no continuity 1s not as specified,
replace the terminals 2 and 4

If continuity 1s not as specified, replace the relay

DEDODS

2. INSPECT RELAY OPERATION
(@) Apply battery voltage across terminals 1 and 3

(b} Using an ohmmeter, check that there 15 continuity
between terminals 2 and 4

If operation 1s not as specified, replace the relay

BEOD1Q
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CH-1

CHARGING SYSTEM

Page
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ALTERNATOR. ... ... .ot CH-38
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CH-2

CHARGING SYSTEM - Precautions, Troubleshooting

PRECAUTIONS

1 Check that the battery cables are connected to the

correct terminals

2 Disconnect the battery cables when the battery 1s

given a quick charge

3 Do not perform tests with a high voltage nsulation

resistance tester

4 Never disconnect the battery while the engine 1s run-

ning

TROUBLESHOOTING

Wirnng faulty

Repar wiring

Problem Possible cause Remedy Page
Discharge warning ight | Fuse blown Check fuses
does not light with
Ligh Replace ight
starter switch at "ON" 'ght burned out P g
and engine not running | YVInng connection loose Tighten locse connection
IC regulator faulty Replace IC regulator CH-8
Discharge warning light | Dnive belt loose or worn Adjust or replace drive belt CH-5
does rot go out with Battery cables loose, corroded or | Reparr or replce cables
engine running worn
(battery requires
frequent recharging) Fuse blown Check fuse
Fusible link blown Replace fusible link
IC regulator or alternator faulty Check charging system CH-5
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CHARGING SYSTEM - Charging System Circurt CH-3

CHARGING SYSTEM CIRCUIT

PZJ70,73,75andHZJ70,73,75
Starter Switch
IG |
FL Fuse
AMA 2 ENGINE
1258 15A H L
— b W S 1 i !
— 5 .
(w/ Tachometer) (w/0 Tachameter) i = 1
o
| €
Batte —(Pdt}— © &
= v P Stator Coll
E |_ 2 KA X F 4
ey Battery Discharge Elﬁs(g -
= (24 V Type) Warning
™ Light 7 5A O O |
=~ i Rotor Coll
- Alternator L )
HZJ80andHDJS80
Starter Switch l
AM2 p
1 S - B——-
1G2 ! l|
FL Fuse
AMA IGN
B0A 7 5A
FL FL S I
MAIN ¢ AMA f F O N 3 F Y
20L 1258 5 5 )
| | ._E
for
B
G Q E
y 1
- i i1 Stator Coll
Dischargel Fuse 1 T I
Warning SCHG i PHE)
Light 7 5A 0W0—|
Rotor Call
Alternator - B
ST0B24
ST0223
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CHARGING SYSTEM - Charging System Circurt

CH-4
CHARGING SYSTEM CIRCUIT
(Cont'd)
HZB 30 and HDB 30
Starter Switch
—A@H {&B_- CB} N
oo
FL IG Fuse
% AM ENGINE
10v 10A
Fuse
p FL Z ?’QLJGE ' @ ! E X X x|
MAIN 5
20L E
= é i
=]
Battery QO
T ! Stator Gaul ]
o Fuse F S P 1
oy Battery CHG
> (24 V Type) 7 5A
o
el Rotor Coll |

Alternator

sT0882
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CHARGING SYSTEM - On-Vehicle Inspection

CH-5

Upper
Leve

Lower
Level

CHO0B864

CHO0865

CORRECT

x-—a
T

Clearance

WRONG

CHO872

CHO866

ON-VEHICLE INSPECTION

1

INSPECT BATTERY SPECIFIC GRAVITY AND
ELECTROLYTE LEVEL

(a) Check the specific gravity of each cell

Standard specific gravity:
When fully charged at 20°C (68°F)
1.25-1.27 (ex. (95D31 R and 95D31L))
1.27-1.29 (95D31R and 95D31L)

If not as specified, charge the battery
(b} Check the electrolyte quantity of each cell
If insufficient, refill with distilled (or punfied) water

CHECK BATTERY TERMINALS, FUSIBLE LINKS AND
FUSES

(a) Check that the battery terminals are not loose or
corroded

{b) Check the fusible links and fuses for continuity

INSPECT DRIVE BELTS

(@) WVisually check each belt for cracks, oliness or wear
Check that the belt does not touch the bottom of the
pulley groove

If one belt has any of the above defects, replace both belts

(b} Check the drive belt deflection by pressing on the belt
at the points indicated in the illustration with 10 kg
(22 0 Ib, 98 N) of pressure

Drive belt deflection:
New belt 6-7 mm (0.24-0.28 in.)
Used belt 8-11 mm {0.31 -0.43 in.)

If the deflection 1s not as specified, adjust 1t

HINT
= "New belt" refers to a belt which has been used 5
minutes or less on a running engine

+ "Used belt" refers to a belt which has been used on a
running engine for 5 minutes or more

= After installing a new belt, run the engine for about 5
minutes and recheck the deflection
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CH-6

CHARGING SYSTEM - On-Vehicle Inspection

ECQ003 ECO0004

Ammeter

Battery

Disconnect Wire
from Terminal B

Alternator

CHOB37

(c) (Reference)
Using SST, measure the drive belt tension

SST 09216-00020 and 09216-00030

Drive belt tension: New belt 45-55 kg
Used belt 20-35 kg

If the belt tension 18 not as specified, adjust it

VISUALLY CHECK ALTERNATOR WIRING AND
LISTEN FOR ABNORMAL NOISES

(@) Check that the wiring 1s in good condition

{b) Check that there 1s no abnormal noise from the
alternator while the engine 1s runnming

INSPECT DISCHARGE WARNING LIGHT CIRCUIT
(@) Warm up the engine and then turn it off
(b} Turn off all accessories

(¢} Turn the starter swiich to "ON" Check that the
discharge warning light 1s Iit

(d) Start the engine Check that the light goes out

If the hght does not operate as specified, troubleshoot the
discharge light circuit

INSPECT CHARGING CIRCUIT WITHOUT LOAD

HINT If a battery/alternator tester 1s available, connect
the tester to the charging circuit as per manufacturer's
Instructions

(@) If a tester 18 not avallable, connect a volimeter and
ammeter to the charging circuit as follows

= Disconnect the wire from terminal B of the alterna-
tor and connect it to the negative (-) lead of the
ammeter

« Connect the positive (+) lead of the ammeter to
termminal B of the alternator

« Connect the positive {+) lead of the voltmeter to
terminal B of the alternator

+ Ground the negative (-) lead of the volimeter

Donated by Andrew Schauer. cruisercult.com



CHARGING SYSTEM - On-Vehicle Inspection CH-7

260-287V
135-150V

Mo
/f@\/g\

CHO704

CHO894

CHOB38

CHOB38

{b) Check the charging circuit as follows
With the engine running from idiing to 2,000 rpm,
check the reading on the ammeter and volimeter

Standard amperage: 10 A or less

Standard voltage:
12 Viype 14.0-15.0 V at 25°C (77°F)
13.5-14.3 V at 135°C (275°F)
24 V type 27.7-28.7 V at 25°C (77°F)
26.0-28.7 V at 135°C (275°F)

If the voltmeter reading s more than standard voltage,
replace the IC regulator

If the voltmeter reading 1s less than standard voltage, check
the IC regulator and alternator as follows

» With terminal F grounded, start the engine and
check the volimeter reading of terminalB

« If the volimeter reading 1s greater than standard
voltage, replace the IC regulator

« If the voltmeter reading 1s less than standard volt-
age, check the altemator

INSPECT CHARGING CIRCUIT WITH LOAD

(a) With the engine running at 2,000 rpm, turn on the
high beam headlights and place the heater blower
switch at "HI"

(b} Check the reading on the ammeter

Standard amperage:
12V 45, 55, 60, 80 Atype 30 A or more

12 V100 A type 40 A or more
24V 30 A type 15 A or more
24V 55 A type 30 A or more

If the ammeter reading 1s less than standard amperage,
repar the alternator (See page CH-8)

HINT  With the battery fully charged, the mndication will
sometimes be less than standard amperage
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CH-8 CHARGING SYSTEM — Aliernator

COMPONENTS
Type A
Retainer
Drive End Frame (Stator)
Alternator Washer
Bearing cover
Rear Bearing
Rear End Cover
Front Bearing &
Terminal Insulator———%
Seal Plate
IC Regulator
ﬁ Rectifier Holder
Type B Rubber Insulator

Terminal Insulator é%

Rectifier End Frame

% Rectifier Holder

Rubber Insulator CHo857

CHo8s58
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CHARGING SYSTEM - Alternator CH-9

DISASSEMBLY OF ALTERNATOR
{See page CH-8)
1 REMOVE REAR END COVER

{a) (PZJ, HZJ and HDJ)
Remove the nut, condenser lead wire and terminal
Iinsulator

() (HZB and HDB)
Remove the nut and terminal insulator

CHO846

(c) Remove the three nuts and end cover

CHOB45

2. REMOVE BRUSH HOLDER AND IC REGULATOR

(@ (Type A)
Remove the brush holder cover from the brush holder

CHOg68

(b) Remove the five screws, brush holder, holder cover
and IC regulator

CHO0876

3. REMOVE RECTIFIER HOLDER
(a) Remove the four screws and rectifier holder

CHOBg2
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CH-10 CHARGING SYSTEM - Alternator

CHOoBs2

CHOB54

SST
(A)

CHoBs2

CHO855

4.

{(b) Remove the four rubber insulator

(©} (Type A)
Remove the seal plate

REMOVE PULLEY

(@) Hold SST (A) with a torque wrench, and tighten SST
(B) clockwise to the specified torque

SST 09820-63010
Torque: 400 kg-cm (29 ft-1b, 39 N-m)
{(b) Check that SST (A) 1s secured to the rotor shaft

{c) As shown Iin the illustration, mount SST (C) In a vise,
and nstall the alternator to SST (C)

(d) To loosen the pulley nut, turn SST (A) n the direction
shown n the illustration

NOTICE: To prevent damage to the rotor shaft, do
not loosen the pulley nut more that one-half of a turn.

(e} Remove the alternator from SST (C)
(fy Turn SST (B} and remove SST (A and B)
(9) Remove the pulley nut and pulley

REMOVE RECTIFIER END FRAME
(@ (PZJ, HZJ and HDJ)
Remove the four nuts and condenser

(b} (HZBandHDB)
Remove the four nuts
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CHARGING SYSTEM - Alternator CH-11

{¢) Using SST, remove the rectifier end frame
SST 09286-46011

CHOB70

(d} (Type A)
Remove the alternator washer

CHO879

6. REMOVE ROTOR FROM DRIVE END FRAME

CHO851
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CH-12 CHARGING SYSTEM - Alternator

INSPECTION AND REPAIR OF ALTERNATOR
Rotor

1. INSPECT ROTOR FOR OPEN CIRCUIT

Using an chmmeter, check that there 1s continuity between
the shp rings

Standard resistance (cold): 12VType 2.7-3.1 Q
24V Type 1.0-1.4Q

If there 1s no continuty, replace the rotor

CHo784

2. INSPECT ROTOR FOR GROUND

Using an ohmmeter, check that there 18 no continuity
between the slip nng and the rotor

If there 15 continuity, replace the rotor

CHO0783

3.  INSPECT SLIP RINGS
(a) Check that the slip rings are not rough or scored
If rough or scored, replace the rotor
(b) Using vernier calipers, measure the slhip nng diameters
Standard diameter: 14.2-14.4 mm
(0.559-0.567 in.)
Minimum diameter: 12.8 mm (0.504 in.)
If the diameter 18 less than mimmum, replace the rotor

CHOI 92

Ohmmeter Stator (Drive End Frame)

1 INSPECT STATOR FOR OPEN CIRCUIT

Using an ochmmeter, check that there 1s continuity between
the coll leads

If there 18 no continuity, replace the dnive end frame
assembly

CHOBO6

2. INSPECT STATOR FOR GROUND

Using an ohmmeter, check that there 15 no continurty
between the coll leads and drive end frame

If there 1s continuity, replace the drive end frame assembly

Ohmmeter

No continuity

J

CHO803
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CHARGING SYSTEM - Alternator CH-13

CHQ722

CH0247

CHO248

CHO414

Rectifier
Terminal

CHO465

Brushes

1.

INSPECT EXPOSED BRUSH LENGTH

Using vernier calipers or scale, measure the exposed brush
length

Standard exposed length:  10.5 mm (0.413 in )
Minimum exposed length 15 mm (0.059 in )

If the exposed length 1s less than minimum, replace the
brushes and brush holder assembly (Type A) or brushes
(Type B)

(Type B}
IF NECESSARY, REPLACE BRUSHES

F
(@) Unsolder and remove the brush and spring
(

b) Run the wire of the brush through the hole n the
brush holder, and insert the spring and brush into the
brush holder

{c) Solder the brush wire to the brush holder at the
exposed length

Exposed length: 10.5 mm (0.413 1n )

(d} Check that the brush moves smoothly in the brush
holder

(e} Cut off the excess wire
(f)y  Apply msulation paint to the soldered point

Rectifiers (Rectifier Holder)

1

INSPECT POSITIVE SIDE RECTIFIER

(@) Using an ohmmeter, connect one tester probe to the
positive (+) termmal and the other to each rectifier
terminal
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CH-14 CHARGING SYSTEM - Alternator

Ohmmeter

CHO0466

CHO467

CHO0468

CHO867

CHOB6B

(b} Reverse the polanty of the fester probes and repeat
step (a)

{c}) Check that one shows continuity and the other shows
no continuity

If continuity 1s not as specified, replace the rectifier holder

INSPECT NEGATIVE SIDE RECTIFIER

(a) Connect one tester probe to each rectifier terminal and
the other to each rectifier negative (—) terminal

(b) Reverse the polarty of the tester probes

{c) Check that one shows continuity and the other shows
no continuity

If continuity 1 not as specified, replace the rectifier holder

Bearings

INSPECT FRONT BEARING
Check that the beanng 1s not rough or worn

IF NECESSARY, REPLACE FRONT BEARING
(a) Remove the four screws, and beanng retamer
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CHARGING SYSTEM - Alternator

Socket Wrench

CHO856

CHOB80

CHOB68

CHO189

CHO200

3.

4,

(b) WUsing a press and socket wrench, press out the front

bearing

{¢) Using SST and a press, press In a new beanng
SST 09608-20012 (09608-00030)

(d) Install the beanng retainer with the four screws

INSPECT REAR BEARING
Check that the bearng 1s not rough or worn

IF NECESSARY, REPLACE REAR BEARING

(a) Using SST, remove the bearing cover and beanng
SST 09820-00021

NOTICE: Be careful not to damage the fan.
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CH-16 CHARGING SYSTEM - Alternator

(b) Using SST and a press, press In a new bearing and
bearing cover

88T SST 09285-76010

CHoz201

ASSEMBLY OF ALTERNATOR
(See page CH-8)

1 INSTALL ROTOR TO DRIVE END FRAME
(@) Place the rectifier end frame on the pulley
(b) Install the rotor to the rectifier end frame

CHOB50

2. INSTALL RECTIFIER END FRAME

(@ (Type A)
Place the alternator washer on the rotor

CHO0879

(b} Using a plastic-faced hammer, hightly tap in the end
frame

CHOB71

(c) (PZJ, HZJ and HDJ)
Install the codenser and four nuts

(d) (HZBandHDB)
Install the four nuts

CHOB55
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CHARGING SYSTEM - Alternator CH-17

3. INSTALL PULLEY
SST

(A) (@) Install the pulley to the rotor shaft by tightening the
pulley nut by hand

(b} Hold SST (A) with a torque wrench, and tighten SST
(B) clockwise to the specified torque

SST 09820-63010
Torque: 400 kg-cm {29 ft-1b, 39 Nm)
{c}) Check that SST (A) 1s secured to the pulley shaft

CHogs?2

{d) As shown n the illustration, mount SST (C) n a vise,
and install the alternator to SST (C)

(e) To torque the pulley nut, turn SST (A) In the direction
shown In the illustration

Torque: 1,125 kg-cm (81 fi-1b, 110 N-m)
(f) Remove the alterator from SST (C)
(@) Turn SST (B) and remove SST (A and B)

4. INSTALL RECTIFIER HOLDER

(@ (Type A)
Place the seal plate on the rectifier end frame

CHOB854

(b} Install the four rubber insulators on the lead wires

CHOB52

() Install the rectifier holder with the four screws

CHOB82
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CH-18 CHARGING SYSTEM - Aliernator
Type A 5. INSTALL IC REGULATOR AND BRUSH HOLDER
Upward (Type A)

CHO877

Type A

CHO869

CHOB78

CHOB81

CHOB75

(@) Place on the IC regulator and brush holder on the
rectifier end frame

NOTICE: Be careful about the holder installation di-
rection.

(b) Install the five screws until there 1s a clearance of
approx 11 mm (0 043 in } between the brush holder
and connector

{c) Place the brush holder cover on the brush holder

(Type B)
(@ Install the brush holder cover to the brush holder

NOTICE: Be careful about the holder installation di-
rection.

{(b) Place the IC regulator together with the brush holder
horzontally on the rectifier end frame

(c) Install the five screws until there 1s a clearance of
approx 11 mm (0 043 in ) between the brush holder
and connector

(d} Fit the brush holder cover
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CHARGING SYSTEM - Alternator

CH-19

6. INSTALL REAR END COVER
(@) Install the rear end cover with the three nuts

CHOB46

(b) (PZJ, HZJ and HDJ)

Install the terminal insulator, condenser lead wire with
nut

{¢) (HZB and HDB)
Install the terminal nsulator with the nut

CHOB46

7. CHECK THAT ROTOR ROTATES SMOOTHLY

CHOB36
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A-2

SERVICE SPECIFICATIONS — Engine Mechanical

ENGINE MECHANICAL

Specifications

Engine tune-up

Coolant capaciy
w/0 Heater
PZJ70, 73, 75
HZJ70, 73, 75
M/T
AT
HZJ80and HDJB0
M/T
AT
HZB30and HDB30
w/ Heater
PZJ70, 73, 75
HZJ70, 73,75
M/T
AT
HZJ80and HDJ20
M/T
AT
HZB30and HDB30
w/ Front and rear heaters
PZJ70,73, 75
HZJ70, 73, 75
HZJ80and HDJ80
M/T (Europe)
A/T (Europe)
M/T (Othres)
A/T (Cthers)
Engine ol capacity (PZJ70, 73, 75)
Drain and refill w/ QIl filter change
w/o Qll filter change
Dry fill
Engine ol capacity (HZJ70, 73, 75)
Drain and refill w/ QIl filter change
w/o Qll filter change
Dry fill
Engine oll capacity (HZJ80 and HDJ8()
Drain and refill w/ Ol fiter change
w/o Qil filter change
Dry fill
Engine ol capacity (HZB30 and HDB30)
Drain and refill w/ Qil filter change
w/o Qi filter change

Dry fill
Engine oll API grade
Europe
Others
Alternator drive belt
Deflection New belt
Used belt
Tension (Reference) New belt
Used belt

Battery specific gravity
When fully charged at 20°C (68°F)
95D31R and 95031 L
ex (95D31R and 95D31 L)

96 Iiters 10 1USqts 84 Imp gts
99 Iters 105 US gts 87 Imp gts
97 Iters 103 US gts 85 Imp gts
104 lters 110 US gts 92 Imp gts
102 Iters 108 US qts 90 Imp gts
102 Iters 108 US qts 90 Imp qgts
10 3 Iters 109 US qgis 91 Imp qts
106 Iters 112 US gts 93 Imp qts
10 4 Iters 110 US ¢ts 92 Imp gts
111 Iters 116 US gts 98 Imp qts
109 Iters 115 US gts 96 Imp qts
146 Iters 154 US qgts 128 Imp qts
113 liters 119 US gts 99 Imp qts
116 Iters 122 US gts 102 Imp gts
12 0 Iters 127 US gts 106 Imp gts
118 Iters 125 US qgts 104 Imp qgts
119 Iters 126 US qts 105 Imp gts
117 Iiters 124 US gts 103 Imp gts
90 Iters 95 US qgts 79 Imp qts
77 Iters 21 US ¢ts 68 Imp gts
93 lters 98 US qgis 82 Imp qts
95 Iters 100 US gts 84 Imp qts
82 Iters 87 US gts 72 Imp qts
98 Iters 104 US qts 86 Imp dts
93 Iters 98 US gts 81 Imp qts
280 Iters 85 US qgts 70 Imp qts
96 Iters 101 US qgts 84 Imp qts
98 liters 104 US qts 86 Imp qts
85 Iters 90 US gts 75 Imp gts
101 Iters 107 US qts 89 Imp s
CD or better

CC, CD or better

6-7 mm 024-028 n

8-11 mm 031 -043n

45 - 55 kg

20 - 35 kg

127-129

125-127
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SERVICE SPECIFICATIONS - Engine Mechanical

A-3

Specification (Cont'd)

Engine tune-up Valve clearance Intake 015-025mm 0006 -00101n
(cont'd) Exhaust 035 - 045mm 0.014-0.018 In.
New valve adjusting shim thickness 235 mm 00925 In
240 mm 00945 in
245 mm 0 0965 In
250 mm 00984 1n
255 mm 01004 In
260 mm 01024 n
265 mm 01043 In
270 mm 01063 in
275 mm 01083 in
280 mm 01102 in
2 85 mm 01122 In
290 mm 01142 1n
295 mm 01161 n
300 mm 01181 n
305 mm 01201 n
310 mm 01220 In
315 mm 01240 n
320 mm 01260 In
325 mm 01280 In
330 mm 01299 In
Injection timing
Plunger stroke 1 PZ 082 - 088 mm 00323 - 00346 In
1HZ 1 03-1 09 mm 0 0406-0 0429 in
1HD-T 1 29-1 35 mm 0 0508-0 0531 In
Idle speed 1 PZ 650 rpm
1HZ {(M/T) 650 rpm
1 HZ (A/T) 710 rpm
1THD-T(M/T) 650 rpm
1HD-T (A/T) 800 mpm
Maximum speed 1 PZand 1 HZ 4,600 mm
1HD-T 4,400 rpm
A/C 1dle-up setting speed 950 rpm
Injection order 1 PZ 1-2-4-5-3
1HZand 1THD-T | 1_4_2-6-3-5
Compression Engine revolution at 250 rpm
pressure 1PZand1HZ STD 37 0 kg/cm?® (526 psi, 3,628 kPa) or more
Limit 27 0 kg/cm?® (384 psi, 2,648 kPa)
1HD-T STD 350 kg/cm2 (498 ps|, 3,432 kPa) or more
Limit 250 kg/cm® (356 psi, 2,452 kPa)
Difference of pressure between each cylinder 50 kg/cm2 (71 ps1, 490 kPa) or less
Idler pulley Free length 727 mm 2862 in
tension spring Installed load at901 mm (3 547 in) 23-28 kg (07 -617 Ib, 225 -275 N)

Timing gear

Idler gear inside diameter
Idler gear shaft diameter

Idler gear ol clearance STD
Limit
Gear backlash STD
Limit
Idler gear thrust clearance STD
Limit

45 000-45 025 mm
44 950 - 44 975 mm
0025 - 0075 mm
020 mm
005-015 mm
030 mm
005-015 mm
030 mm

17717 - 17726 1n
17679 - 17707 in
0 0010 - 0 0030 In
00079 1n

00020 - 0 0059 In
00118 In

00020 - 0059 In
00118 In
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A-4

SERVICE SPECIFICATIONS - Engine Mechanical

Specifications (Cont'd)

Cylinder head

Warpage Limit
Valve seat Refacing angle Intake
Exhaust

Contacting angle
Contacting width Intake

Exhaust

Cylinder head bolt outer diameter STD
Limit
New cylinder head gasket thickness
1PZ Hole number "1 "
Hole number "3"
Hole number "5
1HZand1HD-T Cutout number " 1"
Cutout number "3"
Cutout number "5”

020 mm

25%, 45°, 70"

25°, 45°, 60°

45°

15-19 mm
18-22 mm

10 800-11 000 mm
1055 mm

16-1 24 mm
26-1 34 mm
36-1 44 mm
15-1 25 mm
25-1 35 mm
35-1 45 mm

—_ - =

0 0079 In

0052-0075 In

0071 -0 087 in

0 4252-0 4331 1n
04154 1n

00457 - 00488 In
0 0496-0 0528 In
0 0535 - 0 0567 In
0 0453-0 0492 In
0 0492-0 0531 In
00531 -00571 In

Valve guide Inside diameter 8010 - 8030 mm 03154-03161 In
bushing Qutside diameter STD 13 004-13 025 mm 05112-05128 In
0/8 005 | 13 054-13 075 mm 05154-05148 In
Valve Valve overall length 3TD Intake 103.29-103.6% mm 4.0655 - 4.0823 1n.
Exhaust | 103.14-103.54 mm 4.0606-4.07¢4 in.
Limit Intake 102 79 mm 4 0468 In
Exhaust 102 64 mm 4 0409 In
Valve face angle 44 5°
Stem diameter Intake 7 975-7 990 mm 03140-03146 In
Exhaust | 7 960 - 7 975 mm 03134-03140 In
Stem oll clearance STD Intake 0 020- 0055 mm 0 0008-0 0022 In
Exhaust | 0035 - 0070 mm 00014 - 00028 In
Limt  Intake 008 mm 00031 In
Exhaust | 010 mm 00039 In
Margin thickness STD Intake 16 mm 0063 In
Exhaust 17 mm 0067 In
Limit  Intake 11 mm 0043 In
Exhaust 12 mm 0047 In
Valve spring Free length
Yellow panted mark 46 20 mm 18189 In
Blue painted mark 49 14 mm 19346 In
Installed tension at 37 0 mm (1 457 in} 30 7-33 9 kg
(67 7-74 7 b, 301 -332 N}
Sqguareness Limit 20 mm 0075 In
Valve lifter Lifter diameter 40 892-40 902 mm 16099 - 16103 In
Cyhnder head Ifter bore diameter 40 960-40 980 mm 16126 - 16134 1n
Qil clearance STD 0058 - 0083 mm 0 0023 - 00033 In
Limit 010 mm 00039 In
Marnifold Warpage Limit 040 mm 00157 In
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SERVICE SPECIFICATIONS - Engine Mechanical

A-5

Specifications (Cont'd)

Camshaft Thrust clearance STD 0 10-0 20 mm 0 0039-0 0072 In
Limit 030 mm 00118 In
Journal all clearance
No 1 journal STD 0022 - 0074 mm 0 0009 -0 0029 In
Limit 010 mm 00039 In
Others STD 0030 - 0066 mm 00012-00026 In
Lirmit 010 mm 00039 In
Journal diameter
No 1 journal STD 34 969 - 34 985 mm 13767 - 13774 In
Cthers 27 986-27 998 mm 11018 - 11023 In
Circle runout Limit 010 mm 00039 In
Cam lobe height
1PZand1HZ STD Intake 55 090-55 110 mm 21689-21697 in
Exhaust | 55 940-55 960 mm 2 2024-2 2031 n
Lmt Intake 54 59 mm 21419 1n
Exhaust | 55 44 mm 21827 In
1HD-T STD Intake 54 440-54 460 mm 21433-2 1441 In
Exhaust | 55940 - 55 960 mm 22024 - 22031 In
Limit  Intake 5394 mm 21236 In
Exhaust | 55 44 mm 21827 In
Combustion Protrusion Minus 0 04- Minus 0 0016-
chamber Plus 004 mm Plus 00016 In
(IPZand 1HZ) Shim thickness 003 mm 00012 In
Cylinder block Cylinder head surface warpage Limit 020 mm 00079 In
Cylinder bore diameter
STD Mark™”™ [ 94000 -94 010 mm  37008-37012 in
Mak"2" | 94010-94020 mm  37012-37016 in
Mark™3" | 94 020-94 030 mm 37016 -37020 In
Lmt STD 94 23 mm 37098 In
0/S050 [ 9473 mm 37295 In
Main journal bore diameter
(Reference) STD Mak™1" [ 71000 - 71 006 mm 27953 -27955 In
Mak"2" | 71 006-71 012 mm 27955 -27957 In
Mak"3" | 71 012-71 018 mm 27957 - 27960 In
Piston and Piston dameter STD Mark'T' | 9395 -9396 mm 36988 - 36992 In
piston ring Mak"2" | 9396 — 93 97 mm 36992 - 37000 In
Mark"3" | 93 97 - 93 98 mm 37000 -37000 1n
0/S 050 94 45 _ 94 48 mm 37185-37197 in
Piston o1l clearance STD 0 04-0 06 mm 0 0016-0 0024 n
Limit 014 mm 00055 In
Piston ring groove clearance No 1 0050 - 0095 mm 00020 - 0 0037 In
No 2 0 060-0 100 mm 0 0024-0 0039 1n
Qll 0030 - 0070 mm 00012 -00028 In
Piston ring end gap STD No 1 027-0 54 mm 00106-0 0213 1n
No 2 040-062 mm 00118-00244 in
Qil 020-052 mm 00079 - 00205 In
Limt Noi 134 mm 00591 In
No 2 142 mm 00551 In
Qll 132 mm 00520 In
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A-6

SERVICE SPECIFICATIONS - Engine Mechanical

Specification (Cont'd)
Connecting rod Thrust clearance STD 0 10-0 20 mm 0 0039-0 0079 In
Limit 0 30 mm 00118 In
Connecting rod oll clearance
STD STD 0036 - 0054 mm 00014 - 00021 In
Uso25us0s0 | 0037-0 077 mm 0 0015-0 0030 In
Limit 010 mm 00039 In
Connecting rod bearing center wall thickness
(Reference) STD Mark "2" | 1486 - 1489 mm 00585 - 00586 In
Mark"3" | 1 489-1 492 mm 0 0586 - 00587 In
Mark "4" | 1 492-1 495 mm 00587 - 00589 n
Mark"5" | 1 495-1 498 mm 00589 -0 0590 in
Mark"6" | 1 498-1 501 mm 0 0590-0 0591 n
Rod bending  Limit per 100 mm (3 94 1n} 003 mm 00012 1n
Twist Limit per 100 mm (3 94 in) 015 mm 00059 In
Connecting rod bolt outer diameter  STD 8300 - 8 400 mm 03268 - 0 3307 In
Limit 795 mm 03130 in
Bushing inside diameter
IPZand 1HZ 29 008-29 020 mm 11420-11425 1n
1HD-T 33 008-33 020mm 12995 - 1 3000 In
Piston pin diameter
IPZand 1HZ 29 000-29 012mm 11417 -1 1422 1n
1HD-T 33 000-33012mm 12992 - 12997 In
Piston pin ol clearance STD 0004-0012mm 0 0002 - 0 0005 In
Lirmut 003 mm 00012 1n
Big end inner diameter
(Reference) STD Mark 1" | 62014 - 62 020 mm 2441 5-2 4417 1n
Mark™2" | 62 020 - 62 026 mm 24417 - 24420 n
Mark "3" | 62 026 - 62 032 mm 24420 -2 4422 n
Crankshaft Thrust clearance STD 0 04-0 24 mm 0 0016-0 0094 In
Limit 030 mm 00118 1n
Thrust washer thickness STD 2 930-2 980 mm 01154-011731n
Main journal oil clearance
STD STD 0 036-0 054 mm 0 0014-0 0021 In
Uso25 UsS0os0 | 0 037-0 077 mm 0001 5-0 0030 n
Limit 0 10 mm 00039 In
Main journal dameter STD Mark'T' | 66 994 - 57 000 mm 27953 - 27955 In
Mark"2" | 66 988 - 66 994 mm 27955 - 27957 In
Mark "3" | 66 982 - 66 988 mm 27957 - 27960 In
U/S 025 66 745 - 66 755 mm 26278 -23132 In
U/S 050 66 495 - 66 505 mm 26179-23033 n
Main bearing center wall thickness
(Reference) STD Mark "2" | 1486 - 1489 mm 00585 - 00586 In
Mark "3" | 1489 - 1492 mm 00586 - 0 0587 In
Mark "4" | 1492 - 1495 mm 00587 - 0 0589 In
Mark "5" | 1495 - 1498 mm 00589 -00590 In
Mark"6" | 1 498-1 501 mm 0 0590-0 0591 In
Crank pin diameter STD Mark"1" | 58 994 - 59 000 mm 23226 -23228 In
Mark™2" | 58 988 - 58 994 mm 23224 -2 3226 In
Mark "3" | 58 982 - 58 988 mm 23221 -23224 1n
U/S025 58 745 - 58 755 mm 23128-23132 1n
LU/S0 50 58 495 - 58 505 mm 23029 - 23033 In
Circle runout Limit 006 mm 00024 1n
Main journal taper and out-of-round Limit 002 mm 0 0008 In
Crank pin taper and out-of-round Lirmuit 002 mm 0 0008 In
Main bearing Main bearng cap bolt outer diameter
STD 11 800-12 000 mm 0 4646-0 4724 n
Limit 11 50 mm 04528 1n
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SERVICE SPECIFICATIONS - Engine Mechanical

Torque Specifications

Part tightened kg-cm ft-1b Nm
Injection pump x Timing Qear case 185 13 18
Injection pump x Injection pump stay 700 51 69
Injection pump distributive head plug bolt
IPZand 1HZ 170 12 17
1HD-T 250 18 25
No 1 camshaft timing pulley x Camshaft 1,000 72 98
No 2 camshaft timing pulley x Injection pump dnve gear 315 23 31
Idler pulley bolt x Cylinder head 270 20 26
Spring bolt x Cylinder head 270 20 26
Injection pump drive gear x Injection pump 1,000 27 98
Idler gear (thrust plate) x Cylinder block 400 29 39
Timing gear cover X Timing gear case 200 14 20
Timing gear cover x Cylinder block 200 14 20
No 1 crankshaft pulley x Crankshaft 5,000 362 490
No 2 crankshaft pulley x No1 crankshaft pulley 250 18 25
Vacuum pump x Timing gear case 400 29 329
QI pipe * Vacuum pump 185 13 18
Qil pipe x Cylinder block 185 13 18
Cylinder head x Cylinder block 1st 700 51 69
2nd 90° turns
3rd 90° turns
Camshaft bearng cap x Cylinder head No1 journal 250 18 25
Others 185 13 18
Camshatt ol sea retainer x Cylinder head 200 14 20
Exhaust manifold x Cylinder head 400 29 39
(For additional tighteninig torque) 330 24 32
Glow plug x Cylinder head 130 9 13
Injection nozzle x Cylinder head 1 PZand 1 HZ 650 47 64
1HD-T 400 29 39
Nozzle leakage pipe x Injection nozzle 1PZand 1 HZ 300 22 29
1HD-T 125 9 12
Walter outlet x Cylinder head 200 14 20
Intake manifold * Cylinder head 200 14 20
Ol dipstick guide x Intake manifold 200 14 20
Qil dipstick guide x Qil cooler cover 200 14 20
Main bearing cap x Cylinder head 1,050 76 103
Connecting rod cap * Connecting rod 1st 375 27 37
2nd 90° turns
Main bearnng cap x Cylinder block 1st 1,050 76 103
2nd 90° turns
Qil nozzle x Cylinder block 275 20 27
Rear oil seal retaner x Cylinder block 65 56 In-lb 64
Rear end plate x Cylinder block 185 13 18
Flywheel (M/T) x Crankshaft 1,300 94 127
Flywheel (drive plate) (A/T) * Crankshaft 1,300 94 127
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A-8 SERVICE SPECIFICATIONS - Turbocharger System

TURBOCHARGER SYSTEM
Specifications

Turbacharger Turbocharging pressure

Impeller wheel axial play
Impeller wheel radial play

0 50-0 65 kg/cn®

(71 -9 2 psi, 49-64 kPa)
013 mm (00051 In) or less
018 mm (0.0071 1In.) or less

Torque Specifications

Part tightened kg-cm ft-lb N'm
Turbine outlet elbow * Turbocharger 530 38 52
No 1 turbo water pipe x Turbocharger 80 69 mn.-1b 7.8
No 2 turbo heat insulator x Turbocharger 80 69 mn.-1b 7.8
Turbocharger * Exhaust manifold 530 38 52
Exhaust manifold x Cylinder head 400 29 3¢
(For additional tighteninig torque) 330 24 32
Turbo ol pipe * Cylinder block (Union bolt) 185 13 18
Turbo ol pipe * Turbocharger 250 18 25
Turbocharger stay x Cylinder block 1,200 87 118
Turbocharger stay x Turbocharger 1,200 87 118
Turbocharger heat insulator * Turbocharger 185 13 8
Exhaust manifold heat insulator x Exhaust manifold 185 13 18
Intake pipe * Intake manifold 200 14 20
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SERVICE SPECIFICATIONS - Fuel System A-9
FUEL SYSTEM
Specifications
Fuel heater Resistance at 20°C (68°F) 0.5-2.00Q
Injection Nozzle type DN20PD32
nozzles 145-155 kg/cm?®

("IPZand 1HZ)

Nozzle opening pressure

Adjusting shim thickness

New nozzle

Reused nozzle

(2,062 - 2,205 psi, 14,220 - 15,200 kPxa)
135-155 kg/lcm®
{1,920 - 2,205 psl, 13,239 - 15,200 kP3)

0900 mm
0925 mm
0950 mm
0975 mm
1000 mm
1025 mm
1050 mm
1075 mm
1100 mm
1125 mm
1150 mm
1175 mm
1200 mm
1225 mm
1250 mm
1275 mm
1300 mm
1325 mm
1350 mm
1375 mm
1400 mm
1425 mm
1450 mm
1475 mm
1500 mm
1525 mm
1550 mm
1575 mm
1600 mm
1625 mm
1650 mm
1675 mm
1700 mm
1725 mm
1750 mm
1775 mm
1800 mm
1825 mm
1850 mm
1875 mm
1900 mm
1825 mm
1950 mm

00354 In
00364 In
00374 n
00384 n
003%4 n
00404 1n
0041 3 1n
00423 In
00433 In
00443 In
00453 In
00463 In
00472 In
00482 In
00492 1n
00502 In
00512 1n
00522 In
00531 In
00541 In
00551 In
00561 In
00571 In
00581 In
00591 In
00600 In
00610 In
00620 In
00630 In
00640 In
00650 In
00659 In
0 0669 In
00679 In
00689 In
00699 In
00709 In
00719 in
00728 in
00738 In
00748 n
00758 In
00768 n
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A-10

SERVICE SPECIFICATIONS - Fuel System

Specification (Cont'd}
Injection Nozzle type KBAL
nozzle Pre-lift dmension 008-010mm 00031 -00039 In
(1HD-T) Nozzle apening pressure

No 2 (Inspection pressure)
No 1

Pre-lift and nozzle opening pressure adjusting
shim thickness

132-138 kg/cm?
(1,877 - 1,963 psi, 12,945 - 13,533 kPa)
180-190 kg/cm?
(2,560-2,702 psi, 17,652-18,633 kPa)

0700 mm 00276 In
0750 mm 00295 In
0 800 mm 00315 1n
0850 mm 00335 In
0 900 mm 00354 1n
0950 mm 00374 1n
0975 mm 00384 In
1 000 mm 00394 n
1025 mm 00404 1n
1050 mm 00413 1n
1075 mm 00423 In
1100 mm 00433 In
1125 mm 00443 In
1150 mm 00453 In
1175 mm 00463 In
1200 mm 00472 In
1225 mm 00482 In
1250 mm 00492 In
1280 mm 00504 In
1290 mm 00508 In
1300 mm 00512 1n
1310 mm 00516 In
1320 mm 00520 In
1330 mm 00524 1n
1340 mm 00528 In
1 350 mm 00531 In
1360 mm 00535 In
1370 mm 00539 In
1380 mm 00543 In
1390 mm 00547 In
1400 mm 00551 In
1410 mm 00555 In
1420 mm 00559 In
1430 mm 00563 In
1440 mm 00567 In
1450 mm 00571 1In
1460 mm 00575 In
1470 mm 00579 In
1480 mm 00583 In
1490 mm 00587 In
1 500 mm 00591 In
1510 mm 00594 1n
1520 mm 00598 In
1530 mm 00602 In
1 540 mm 00606 1n
1550 mm 00610 1n
1560 mm 00614 1n
1570 mm 00618 In
1580 mm 00622 In
1580 mm 00626 In
1600 mm 00630 In
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SERVICE SPECIFICATIONS - Fuel System A-11

Specification (Cont'd)

Injection Pre-Iift and nozzle opening pressure 1610 mm 0 0634 In
nozzles adjusting shim thickness (cont'd) 1620 mm 00638 In
(1THD-T) 1630 mm 00641 In
(cont'd) 1640 mm 0 0646 In
1650 mm 0 0650 in
1660 mm 0 0654 In
1670 mm Q0657 1n
1680 mm 00661 In
1620 mm 00665 in
1700 mm 006692 In
1750 mm 0 0689 In
1800 mm 00702 In
Injection pump Direction of rotation Clockwise as seen from dnve side
Injection order 1 PZ 1 -2-4-5-3
(D-E-A-B-C)
1HZand 1HD-T |1 -4 -2 -6-3-5
(D-E-F-A-B-C)
Roller height vanation 002 mm 0 0008 In
Plunger spring sguareness 20 mm 0072 n
Spring free length
Delivery valve spring
IPZand 1HZ 244 mm 0.961 In.
1HD-T 191 mm 0752 1n
Plunger spring
IPZand 1HZ 300 mm 1.181 In.
1HD-T 312 mm 1.228 in.
Coupling sprng
IPZand 1HZ 16 6 mm 0654 n
1HD-T 155 mm 0.610 1n.
Pneumatic bellows spring
IPZand 1HZ {w/ HAQC) 350 mm 1.378 In.
Boost compensator spring
1HD-T (Europe) 197 mm 0776 In
1HD-T (Others w/o BACS) 196 mm 0772 1n
1HD-T (Others w/ BACS) 21 8 mm 0858 in
Pickup sensor resistance 600 - 800 Q
Timer adjusting screw protrusion pre-setting 75-80 mm 0295-03151n
Plunger spring shim thickness 05 mm 0020 In
08 mm 0.031 In.
10 mm 0032 In
12 mm Q047 1n
15 mm 0059 In
1.8mm 0.071 In.
20 mm 0079 In
Plunger adjusting shim thickness 19 mm 0075 In
1PZ 20 mm 0079 In
21 mm 0083 In
22 mm 0087 In
23 mm 0.091 In.
24 mm 0094 In
25 mm 0098 In
26 mm 0.102 In.
27 mm 0.106 n.
28 mm 0110 In.
29 mm 0.114.1n.
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A-12

SERVICE SPECIFICATIONS - Fuel System

Specification (Cont'd)

Injection pump
(cont'd)

FPlunger adjusting shim thickness
1HZ and 1HD-T {for pre-stroke)

Flyweight holder thrust clearance
Governor shaft protrusion
Governor gear adjusting washer thickness

Boost compensator adjusting shim thickness

190 mm
195 mm
200 mm
205 mm
210 mm
215 mm
220 mm
225 mm
230 mm
235 mm
240 mm
245 mm
250 mm
255 mm
260 mm
265 mm
270 mm
275 mm
2 80 mm
285 mm
290 mm
294 mm
299 mm

3 04 mm
309 mm
314 mm
319 mm
015-0 35 mm
0520 mm
105 mm
125 mm
145 mm
165 mm
185 mm
11 mm
1.3mm
15 mm
17 mm
19 mm
21 mm
23 mm
25 mm
27 mm
2.9mm
3.1mm
3.3mm

00748 In
00768 In
00787 n
0 0807 In
00827 In
00846 In
0 0866 In
0 0886 In
0 0906 In
00925 In
00945 In
0 0965 In
00984 In
01004 1n
01024 n
01043 In
01063 in
01083 in
01102 In
01122 In
01142 n
01157 In
01177 In

01197 In
01216 In
01236 n
01256 In
0 0059-0 0138 In
0020-0072 1n
00413 In
00492 n
00571 In
0 0650 In
00728 n
0039 In
0.051 In.
0059 In
0067 In
0075 In
0083 In
0090 In
0098 In
0.106 1n.
0.114.1n.
0.122 1n.
0.130 1n.
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SERVICE SPECIFICATIONS — Fuel System

Injection Pump Adjustment

Preparations of
pump tester

Test nozzle type
Test nozzle opening pressure

DN12SD12
145-155 kg/cm?
(2,062 - 2,205 psi, 14,220 - 15,200 kPa)

Injection pipe
Cuter dameter 60 mm 0236 In
Inner diameter 20 mm 0072 In
Length 840 mm 3307 In
Minimum bending radius 25 mm (0 98 in) or more
Fuel temperature 40-45°C
Fuel feeding pressure 02 kg/cm? (2 8 psi, 20 kPa)
Full load No of
Adjusting Injection volume
Injection volume ltem lever position Pump pm measuring cc (cu In)
pre-setting strokes
1PZ Maamum 1,200 200 11 78-12 18 (0 72-0 74)
speed side
1HZ Maximum 1,200 200 11 .80-12 20 (0 72-0 74)
speed side
1HD-T Maximum
(w/o BACS) speed side 1,800 200 13 58-14 18 (0 83-0 87)
1{HD-T (w/ BACS) | Maximum 1,800 200 13 14-13 74 (0 80-0 84)
speed side
Maximum speed No of
Adjusting Injection volume
pre-setting ltem Pump rpm measuring
lever position strokes cc {cu In)
1pZ Maximum 2,300 200 40-6 0 (024-0 37)
speed side
1HZ Maximum 2,300 200 30-50 (018-031)
speed side
Maximum
1HD-T speed side 2,200 200 30-50 (018-031)
Pump inner ltem Pump rpm Inner pressure kg/c:m2 (psl, kPa)
pressure 1Pz 500 245-3 05 (35-43, 240 -299)
2,000 64-7 0 (91 -100, 628-686)
. 500 25 -3.1 (36-44, 245-304)
2,000 71-77 (101-110, 696-755)
HD.T 400 22-31 (31 -44, 216-304)
(w/o BACS) 1,900 81 -84 (115-119, 794-824)
2,200 90 (128, 883) or kss
400 27-36 (38-51, 265-353)
1HD-T (w/ BACS
( ) 2,200 8 7-90 (124-128, 853-883)
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A-14 SERVICE SPECIFICATIONS - Fuel System

Injection Pump Adjustment (Cont'd)

Qverflow ltem Pump mpm Overflow volume cc/min_(cu In /min )
volume IPZand 1HZ 2,000 366-800 (22 3-48 8)
1HD-T 1,900 583-1,083 (35 6-66 1)
Automatic timer [tem Pump mpm Piston stroke  mm {in )
600 058 - 1358 (00228 - 00622)
1,200 302-402 (01189 - 01583)
1PZ 1,600 4 65-5 65 (0 1830-0 2224)
2,000 6 28-7 28 (0 2472-0 2866)
2500 6 88-7 88 (0 2709-0 3102)
’ {LST non-operational)
800 043-143 (0 0169-0 0563)
1,200 323-423 (0 1272-01665)
147 1,600 509 -609 (02004 - 02398)
2,000 6 88-7 88 (02709-03102)
5 500 6 88-7 88 (0 2709-0 3102)
’ (LST non-operational)
1,300 1 4-2 4 (0 055-0 094)
1HD-T (Europe) 1,440 3040 (0118-0157)
1,700 5.9-6.9 (0.232-0.272)
1,900 77-87 (0303-0 343)
800 105-205 (0 0413-0 0807)
{HD-T (Others) 1,440 4 9-59 (0193-0 232)
1,700 642 -742 (02528 - 02921)
1,900 7 7-87 (0303-0343)
Full load
Injection volume [tem Ié\\%tJ Ztr;g?e Pump rmpm meN:suc:ng lnjegl?gu\ﬂl;me
position strokes
1PZ Plus 21 -31° 1,200 200 11.78-12.18 {0.72-0.74)
1HZ Plus 21 -31° 1,200 200 11.80-12.20 {0.72-0.74)
g\:'/[c)):ll:’:ACS) Plus 21 -31° 1,100 200 13.58-14.18 {0.83-0.87)
1HD-T {w/ BACS) | Plus21 -31° 1,100 200 13.14-13.74 {0.80-0.84)
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SERVICE SPECIFICATIONS - Fuel System

A-15

Injection Pump Adjustment (Cont'd)

Maximum No of
Adjustin Injection volume
speed ftem Ievér anglge Pump rpm | measuning J cclcuin)
strokes
2,300 200 40-6 0 (024-0 37)
1Pz Plus 21 -31°
2,500 200 10 (006) or less
2,300 200 30-50 (0 18-0 31)
1HZ Plus 21 -31°
2,550 200 10 (006) or less
2,200 200 30-50 (018-031)
1HD-T Plus 21 -31°
2,350 200 10 (006) or less
Injection No of Injection Vanat
volume ltem Q\%ﬁjgr;n?e Pump mpm measuring volume m?::il%:n)
g strokes cc {cu In)
11 78-12 18 04
1,200 200 072-074) | (002
9.60-14.40 12
100 200 0.59-0.88) | (007)
1PZ Plus 21 -31° 1056-11 76 06
500 200 064-072) | (004
11 62-12 82 06
2,000 200 071-078) | (004)
11 80-12 20 04
1,200 200 072-074) | 002
9 60-14 40 12
100 200
; 007
1HZ Plus 21 -31° (059-088) | (007)
500 200 9 74-10 94 06
(059-067) | (004
10 96-12 16 06
2,000 200 067-074) | (004
13 52-14 72 06
1.100 200 083-090) | (004
11 60-16 40 12
1HD-T 100 200 071 -100) (007)
Plus 21-31°
{(Europe) 500 200 832912 06
(051-056) | (004)
13 58-14 18 12
1.800 200 (083-087) | (007)
11 70-12 90 06
1,100 200 ©71-079) | 004
11 60-16 40 12
HD-T e 21 310 100 200 071-100) | (007)
(Others w/o BACS) us =t - 8.68-9.48 06
500 200 0.53-0.58) | (004)
13 58-14 18 12
1,800 200 083-087) | (©07)
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A-16

SERVICE SPECIFICATIONS - Fuel System

Injection Pump Adjustment (Cont'd)

Injection Adjusting No of Injection volume | Venaton
volume ltem lever angle Pump mpm measuring ce{cun ) '('ETJ'T"?;
{cont'd} strokes
11 70-12 90 06
1,100 200 ©071-079) | (004)
11 60-16 40 12
1HD-T . 100 200 (@71 -100) (0 07)
(Others w/ BACS) | s 21-31 8 20-9 20 06
500 200 (0 50-0 56) (0 04)
13.14-14 74 12
1,800 200 (080 0.84) | (007)
Governor sleeve plug head thickness
IPZand 1HZ 30 mm 0118 Iin
31 mm 0122 In
32 mm 0126 In
33 mm 0130 n
34 mm 0134 1n
35 mm 0138 In
36 mm 0142 In
37 mm 0 146 In
38 mm 0150 In
39 mm 0154 In
40 mm 0158 In
41 mm 0161 In
42 mm 0165 1n
1HD-T 30 mm 0118 n
31 mm 0122 1n
32 mm 0126 1n
33 mm 0130 1n
34 mm 0134 1n
35 mm 0138 In
36 mm 0142 1n
37 mm 0146 In
38 mm 0150 In
39 mm 0154 1n
40 mm 0158 In
41 mm 0161 In
42 mm 0165 in
43 mm 0169 In
44 mm 0173 In
45 mm 0177 In
46 mm 0181 n
47 mm 0185 In
48 mm 0189 In
49 mm 0193 In
50 mm 0197 In
51 mm 0201 1n
52 mm 0205 In
53 mm 0209 1n
54 mm 0213 In
55 mm 0216 In
56 mm 0220 In
57 mm 0224 n
58 mm 0228 n
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SERVICE SPECIFICATIONS - Fuel System

Injection Pump Adjustment (Cont'd)

Injection Governor sleeve plug head thickness
VO|UI’T]e 1HD-T (cont'd) 59 mm 0232 In
{cont'd} 60 mm 0236 n
61 mm 0240 In
62 mm 0244 in
63 mm 0248 In
64 mm 0252 in
65 mm (0 256 in
66 mm 0260 In
Full-load ttem PUMD rom No of measunng Injection volume
MInImMum b stroke celouin )
Injection (Europe) 500 200 8.32-9.12 (051 -0.56)
volume oth
(1HD-Tonly) wafoer;i\CS} 500 200 8.68-9.48 (0.53-0.58)
535“3223) 500 200 7.54-8.34 (0.46-0.51)
Boost No of
compensator ltem Pump rpm Boost measurng ln]ec(c;:m():u\iz“)]me
charactenistic stroke
(1HD-T only} (Europe) 1,100 048(68,47) 200 12 44-13 44 (0 76-0 82)
E?VBZGFSLCS} 1,100 054(77,53) 200 10 86-11 86 (0 66-0 72)
E?vtfhgz)cs} 500 050 (7 1,49) 200 8 20-9 20 (0 50-0 56)
Boost tem Pump Pressure No of measuring | Injection volume | Hystenses
compensator rpm kg/em? (ps1, kPa) stroke cc (cu In} ce (cu in}
P
charactenstic
13 52-14 72
tendency 1,100 081 (115, 79) 200 (0 82-0 90) -
(THD-T only) 12 44-13 44
Europe) 1,100 048(68,47) 200 (0 76-0 82) -
10 50-11 70 03 (002)
1,100 027(3 8, 26) 200 (0 64-0 71) or less
970-11 10
11 70-12 990
1,100 081 (115,79) 200 (071 -0 79) -
10 86-11 86
1,100 054(77,53 200 -
(Others) ( ) (0 66-0 72}
(w/o BACS) 9 48-10 68 03 (002)
1,100 0.41(5.8,40) 200 (0 58-0 65) or less
8 62-10 02
1,100 0(0.0) 200 (0 453-0 61) -
1170-12 90
1,100 129 (183, 127) 200 (071 -0 79) -
9.80-11.00 03 (002)
(Others) 500 081 (115, 79) 200 (0.60-0.67) or less
(w/ BACS) 8.20-9.20
500 | 0.50(7.1,49) 200 (0.50-0.56) -
7 54-8 34
500 0(0,0) 200 (0 46-0 51) -
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A-18

SERVICE SPECIFICATIONS - Fuel System

Injection Pump Adjustment (Cont'd)

Load sensing No of
timer [tem Pr;nr;p measuring Injeocctlc(aguvl%lt;me Remark
{w/oHAC strokes
only) Measured value at step () minus
1Pz 1,600 2001 14 009) + 03 (002)
Measured value at step (f) minus
tHz 1,600 2001 14 009) +03 (002) Set to
Measured value at step (f) minus starting
- oint
1HD-T (Europe) 1,800 200 16 (010) + 06 (004) P
i Measured value at step (f) minus
1HD-T (Others) 1.800 200 12 (007) + 02 (0 01)
1PZ 1,600 200 9 08-9 88 (0 55-0 60) Check
ending
1HZ 1,600 200 82 (050) or more point
ltem Pump rpm Timer piston fluctuation  mm (in)
1PZ 1,600 219-319 (00862 -01 256)
1HZ 1,600 273-373 (01075 -01 469)
1HD-T (Europe) 1,440 070-170 (00276 - 0 0670)
1HD-T (Cthers) 1,440 196 - 296 (00772 - 0 1165)
Idle speed Ad No of
justing Injection volume varaton
ftem lever angle Pump rpm measuring cc (cu n) o (Icutln)
strokes
q=294-394 04
325 200 (018-024) | (002)
Minus More than g plus B
1PZ 12-p00 300 200 05 (003)
400 5 gmnus 12 -22 _
00 {0 07-0 13)
q=230-330| 04
375 200 (0 14-020) | (002)
More than g plus B
Vs 350 200 05 (003)
1HZ (M/T) {92-000 q minus
450 200 12-22 -
(0 07-0 13)
2 60-360 04
325 200 (0 16-0 22) (002)
q=230-330 04
375 200 (0 07-0 20) | (0 02)
More than g plus
350 200 -
Minus 05 (003)
1HZ(A/T) 12-p90
450 200 g minus 12 -22 _
(007-013)
1.64-2.64 04
375 200 (0 10-0 16) (0 02)

Donated by Andrew Schauer. cruisercult.com




SERVICE SPECIFICATIONS - Fuel System A-19
Injection Pump Adjustment (Cont'd)
Idle speed No of
- Adjusting Injection volume | varaton
{cont'd) [tem lever angle Pump pm measuring o (cu in) . :mtm)
strokes
Full position 400 200 ?0352_:(; _/?22) -
1HD-T q=370-470 0.4
2 2
(Europe M/T) Minus 928 00 (023-029) | (0.02)
12-22° More than q plus
300 200 05 (0 03) -
Full position 400 200 1(8‘22:527'77)0 -
1HD-T q=2.84-3.84 0.4
(Europe A,”T) Minus 325 200 (0.17-0.23) (0.02)
12-22° More than q plus
300 200 05 (0 03) -
9.20-11.60
Full positicn 400 200 (0.56-0.71) -
1HD-T g =3.70-4.70 0.4
(Cthers M/T) Minus 325 200 (0.23-0.29) | (0.02)
12-22° More than q plus
300 200 05 (003) -
10.18-12.58
Full position 400 200 (0.67-0.77) -
1HD-T q=2.84-3.84 04
{Others A/T) Minus 325 200 (0.17-0.23) | (002}
12-22° More than q plus
300 200 05 (003) -
Dash pot ltem Pump pm No of measunng stroke Injection volume | - gy
oc {cuin)
q= 05-09 Lever
700 200 (0 03-0 05) | set
e Plus 0 2-0 3
700 200 q “(f') 10 o2y | Adust
q=01-0 3 Lever
400 200 (001 -0 02) | set
1HD-T o >
400 200 d lzg 81 _'(? 5’2) Adjust
Fast idle IPZand 1HZ
(w/ ACSD) at fuel temperature 15°C (59°F) 13 mm 0051 In
at fuel temperature 30°C (86°F) 0 mm 0n
1HD-T
at fuel temperature 15°C (59°F) 16 mm 0063 in
at fuel temperature 40°C {104°F) 0 mm 01n
Adjusting lever Lever moving angle 38-48°
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A-20 SERVICE SPECIFICATIONS - Fuel System

Torque Specifications

Part tightened kg-cm ft-lb N-m

Nozzle holder body * Nozzle holder retaining nut

{IPZand 1HZ) 375 27 37
Injection nozzle x Cylinder head

{IPZand 1HZ) 650 47 64
Nozzle leakage pipe * Injection nozzle

{IPZand 1HZ) 300 22 29
Injection pipe * Injection nozzle

{IPZand 1HZ) 150 11 15
Injection pipe * Injection pump

(IPZand 1HZ) 150 11 15
Nozzle holder body * Nozzle holder retaining nut

{(1HD-T) 350 25 34
Injecticn nozzle x Cylnder head

(1HD-T) 400 29 39
Nozzle leakage pipe x Injection nozzle

{(1HD-T) 125 9 12
Injection pipe * Injection nozzle

(1HD-T) 250 18 25
Injection pipe x Injection pump

{(1HD-T) 250 18 25
Fuel inlet hollow screw x Injection pump body 375 o7 37
Regulator valve x Injection pump body 20 78 1n -lb 88
Feed pump cover x Injection pump body o5 25 1n -b 25
Distributive head * Injection pump body 120 o] 12
Governor IInk support bolt 140 10 14
Delivery valve holder * Distributive head

(IPZand 1HZ) 500 36 49

(1HD-T) 550 40 54
Distrbutive head plug * Distributive head

(IPZand 1HZ) 700 51 69

(1HD-T) 900 65 88
Governor cover x Injection pump body 85 74 1n -b 83
Fuel cut solenoid * Distnbutive head 225 16 22
Pickup sensor x Injection pump body 210 15 21
Fuel inlet ppe x Injection pump 230 17 23
Fuel outlet pipe * Injection pump 230 17 23
Injection pump x Timing gear case 185 13 18
Pump stay * Injection pump 700 51 69
Injection pump dnve gear * Injection pump 1,000 72 98
Distributive head plug bolt 170 12 17
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SERVICE SPECIFICATIONS - Cooling System, Lubncation System A-21

COOLING SYSTEM
Specifications

Engine coolant capacity See page A-2
Radiator cap Relief valve opening pressure  STD 0 75-1 05 kg/cm®
(107-14 9 ps, 74-103 kPa)
Limit 06 kg/cm? (8 5 psi, 59 kPa)
Thermostat Valve opening temperature 74-78°C  187-194T
Valve |ift at 90°C (194°F) 10 mm (039 1n) or more

Torque Specifications

Part tightened kg-cm fi-lb Nm
Cylinder block * Dran plug 250 18 25
Water pump x Cylinder blogk 200 14 20
Alternator adjusting bar (water pump) x Cylinder block 400 29 39
Water pump pulley x Pulley seat 200 14 20
Water nlet x Water inlet housing 200 14 20

LUBRICATION SYSTEM
Specifications

Engine oll capacit See page A-2
QIl pressure at 1diing 03 kg/ecm?® (4 3 psl, 29 kPa) or more
at 3,000 pm | 25 kg/cm® (36 psi, 245 kPa) or more
Qill pump Body clearance STD 010-017 mm 00039 - 00067 In
Limit 020 mm 00079 in
Side clearance STD 003-009 mm 00012 - 00035 In
Limit 015 mm 00059 in
Tip clearance STD 008-016 mm 00031 -000863 In
Limit 021 mm 00083 in

Torque specifications

Part tightened kg-cm ft-1b Nm
Engine oil drain plug 250 18 25
Relief valve plug * Timing gear case 425 3 42
Oll pump (tming gear case) * Cylinder block 200 14 20
Oll pump (timing gear case) * Injection pump 185 13 18
QI strainer * Cylinder Block 920 78 In-lb 88
Qil pan * Cylinder block
(tming gear case, rear oll seal retainer) 100 7 10
Engine drain cock * QIl cooler cover 200 14 20
Check valve * Ol cooler cover 275 20 27
Qil cooler cover * Cylinder block 200 14 20
Oll dipstick guide * Intake manifold 200 14 20
Ol dipstick guide * OIl cooler cover 200 14 20
Oll nozzle check valve * Cylinder block 275 20 27
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A-22

SERVICE SPECIFICATIONS - Starting System, Charging System

STARTING SYSTEM

Pre-heating Light lighting time
system Supper glow type See pages ST-3, 4
Fixed delay type
HZJ and HDJ ex (Europe and Australla) | Approx 5 seconds
PZJ, HZJ75, HZB and HDB
ex (Europe and Australa) 12 Vtype | Approx 6 seconds
24 Viype | Approx 5 seconds
Water temp, sensor resistance
at-20°C (-4°F) 10 - 20 kh
at 0°C (32°F) 4-7k0
at 20°C (68°F) 2-3 kil
at40°C (104°F) 09-13 KQ
at 60°C (140°F) 04-07 kfi
at 80°C (176°F) 02-0 4 kQ
Starter Rated voltage and output power 12 V25kW, 24 V45KkW

No-load charactenstic
Current 12 V type

24 V type
pm
Commutator Quter diameter STD
Limit
Undercut depth  STD
Limit
Circle runout Limit
Brush Length STD
Limit

Spring nstalled load

180 Aorlessat110V
9 Aocrlessat230V

3.500 rpm or more
36 0 mm

350 mm

07-09 mm

02 mm

005 mm

20 5-21 0 mm
130 mm

1417 1n

1378 In
0028-0035 In
0008 In

00020 In

0 807-0 827 In
0512 1n

32-40kg (71-881b,31-39N)

CHARGING SYSTEM

Drive belt deflection and tension See page A-2
Battery specific gravity when fully charge at 20°C (68°F)
95D31R and 95D31 L 125-127
ex (95D31R and 95D31 L) 127-129

Alternator Rated output 12V45A,12VE5A, 12VE0A 12V EOA,
12V100A 24V 30A, 24 V55A
Rotor coll resistance 12V type 27-31Q
24 V type 1,0-1,48l
Ship nng diameter STD 14 2-14 4 mm 0559 -0567 In
Limit 128 mm 0504 n
Brush exposed length STD 105 mm 0413 In
Limit 15 mm 0059 In
Alternator Regulating voltage
regulator 12 V type at 25°C (77°F) 14 0-150V
at115°C (239°F) | 13 5-143V
24 V type at 25°C (77°F) | 27 7-28 7V
at115°C (239°F) | 26 0-28 7V
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B-1

STANDARD BOLT
TORQUE SPECIFICATIONS

Page
STANDARD BOLT TORQUE SPECIFICATIONS. .......... B-2
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B-2

STANDARD BOLT TORQUE SPECIFICATIONS

STANDARD BOLT TORQUE SPECIFICATIONS

HOW TO DETERMINE BOLT STRENGTH

Mark Class Mark Class
Hexagon 4— 4T | stud bott
head bolt 5— 5T
Bolt 6— 6T
. head No 7_ 7T P No mark
8- 8T %
9— o1 __g‘; 4T
10— 10T =
— 11T \
11 \fg
A
© No mark 4T
Hexagon
flange bolt
w/ washer No mark at Grooved
hexagon bolt Q
= o1
Hexagon g
head bolt Two =
protruding 5T bt
lines :g
=
Hexagon
flange bolt Two
w/ washer protruding 6T Welded bolt
hexagon bolt nes
Hexagon
head bolt Three
protruding 7T
lines 4T
Hexagon
head bolt Four
protruding 8T
Iines
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STANDARD BOLT TORQUE SPECIFICATIONS B-3

SPECIFIED TORQUE FOR STANDARD BOLTS

Specaified torgque
Class Dlﬁter Pr::'nc}l Hexagon head bolt Hexagon flange bolt
kg-cm ft-1b N-m kg-cm ft-1b N-m
6 1 55 48 1n -Ib 3 60 52 m-Ib 6
8 1.25 130 9 12.5 145 10 14
AT 10 1.25 260 19 26 290 21 29
12 1.25 480 35 47 540 39 53
14 1. 760 55 74 850 61 84
16 1. 1,150 83 115 - - —
6 1 65 56 mn.-1Ib 6.5 75 65 1m.-1b 7.5
8 1.25 160 12 15.5 175 13 17.5
57 10 1.25 330 24 32 360 26 36
12 1.25 600 43 59 670 48 65
14 1. 930 67 91 1,050 76 100
16 1. 1,400 101 140 — — —
6 1 80 69 1n -1b g8 90 78 m.-1b 9
8 1.25 195 14 19 210 15 21
- 10 1.25 400 29 39 440 32 44
12 1.25 730 53 71 810 39 80
14 1. 1,100 80 110 1,250 90 125
16 1.5 1,750 127 170 - - —
6 1 110 8 10.5 120 9 12
8 1.25 260 19 25 290 21 28
77 10 1.25 330 38 32 380 43 38
12 1.25 970 70 95 1,050 76 105
14 1.5 1,300 108 145 1,700 123 165
16 1.5 2,300 166 230 — — -
8 1.25 300 22 29 330 24 33
8T 10 1.25 620 45 51 690 50 68
12 1.25 1,100 80 110 1,250 90 120
8 1.25 340 25 34 380 27 37
921 10 1.25 710 51 70 750 57 78
12 1.25 1,300 94 125 1,450 105 140
8 1.25 390 28 38 430 31 42
10T 10 1.25 800 58 78 830 64 88
12 1.25 1,450 105 140 1, 600 116 155
8 1.25 430 31 42 480 35 47
11T 10 1.25 890 64 87 290 72 97
12 1.25 1,600 116 155 1,800 130 175
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SSTAND SSM
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c-2

SST AND SSM - SST (Special Service Tools)

SST (SPECIAL SERVICE TOOLS)

Section
Part Name
EM|ITC|FUCO|LU|ST|CH Note
Part No
Hustration
12 mm Socket Wrench
@ 09011-38121 | 45, 1 2 Pointed Head @
09032-00100 g'L'mF:r” Seal ®
Valve Guide Bushing
09201-60011 | Rerover & Replacer .
Valve Spring
09202-43013 Compressor 9
09208-48010 g‘;mgﬁ'on Chamber | @ IPZand 1HZ
09213-36020 | Timing Gear Remover .
Crankshaft Pulley
09213-58011 Holding Tool .
Crankshaft Pulley
09213-60017 | & Gear Puller Set . .
| *
‘I M (09213-00020) | {Body with Bolt) & @ Injection pump
\
|——— e e e N U N I I O
\ *
} % (09213-00030) | (Handle) . $ Injection pump
\
m— e SN N SR AN EVRNN DR
= y
} w (09213-00060) | (Bolt Set) [ ] 9 Injection pump
|
i oanarny Crankshaft Pulley
m))n") 09214-60010 | ¢ ep Replacer L
Crankshaft Pulle
09214-76011 | pogiecer 4 9 Pump dnve gear oil seal
09216-00020 | Belt Tension Gauge ..
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SST AND SSM - SST (Special Service Tools) C-3

SST (SPECIAL SERVICE TOOLS) (Cont'd)

Section
Part Name
EM|TC | FUICO| LU|ST|CH Note
Part No
Hustration
09216-00030 Belt Tension Gauge .

Cable

Connecting Rod
09222 17010 | Bushing Remover & .

Replacer
(09222 05020) | (Remover & Replacer) | ) 1HD T
(09222 05030} | {Guide) ® 1HD T
{09222 05040) | {Base) & 1HD T

Connecting Rod
09222-66010 | Bushing Remover ® 1PZand 1HZ
& Replacer

09223-00010

Cover & Seal
. Timing gear

Replacer

09223-46011 | CronKshait Front $ Camshalft retamer o1l seal
- 0il Seal Replacer : :

Crankshaft Rear

09223-56010 | g, goa Replacet .

Crankshaft O1l Seal

09223-78010 Replacer .
09228-10001 Qil Filter Wrench .
09228-64010 | Fuel Filter Wrench .
09236-00101 Water Pump Overhaul .

Tool Set

|
: @ (09237-00070) | (Shaft C ) . Governor sleeve plug
I
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C-4 SST AND SSM - SST (Special Service Tools)

SST (SPECIAL SERVICE TOOLS) (Cont'd)

Section
Part Name
EM|TC|FU|CO|LU|ST|CH Note
Part No
Hlustration
“E, B,@ 09241-76022 g:,::?;ump ®

Injection Pump

\:-E)} 09245-54010 | o @

-~
° 09248 64011 Valve Clearance .
J Adjusting Tool

g;% 09260-54012 | Injection Pump Tool Set .

PaY el B, g
I —————————————————————————————— _— e e e e e L e e e —— e — — — — ]
: / Dustributor Head Plug l. .
| (09262-54010) | |\, ;
|
| ———————————— } — — — ——— F—_— - —— e — -t ---Fr--+--—-——-—"—-"—_——__— 1
|
Regulator Valve Y
| 09262-54020) | |
1 @ ( ) 1 Wrench J .
|
|
I [
|
| S R N R SR S I
=
|
: @
|
e e B e —-—— -t ———tr—t—————————————
: @ 09266-54040 { Governor Lever \
] ( ) ) \ Support Bolt Wrench / .
2 Spring Nozzle
09268 17010 | T, sot @ 1HD T
Injection Nozzle
09268-64010 | . o [ ® 1PZ and 1HZ
0927517010 | Pre siroke Mearing ) 1HZand1HD T
Adapter
|
: @ (09751 19004) | (O Ring) 9 1HZand 1HD T
|
Plunger Stroke
09275 54011 g ®

Measunng Tool

Donated by Andrew Schauer. cruisercult.com



SST AND SSM - SST (Special Service Tools)

C-5

SST (SPECIAL SERVICE TOOLS) (Cont'd)

Section
Part Name
EM[TC|FU|[CO| LU |ST |CH Note
Part No
llustration
Maximum Speed
09275-54020 | Adjusting Screw @ w/ HAC and 1HD-T
Lock Nut Wrench
Injection Pump *] | *2
*1 Starter front bearnng
09285-76010 | Camshaft Beanng ' . *2 Rotor rear beanng
Cone Replacer
Injecton Pump *1 |*2 | %1 Starter beanng
09286-46011 | gryng Shaft Puller @ | @ | *2 Rectifier end frame
09308-10010 | Ol Seal Puller ®
Companion Flange [*1*2 *3 = 1 Crankshaft pulley
09330-00021 | pig)ing Tool ® @ #2 Pump drive gear
#3 Injection pump
Front Hub &
09608-20012 | Drive Pinion Bearing .
Tool Set
[T ———————— | ———————=— B e e e O e e
|
| @ (09608-00030) | {Replacer) @ | Rotor front bearing
|
I
Brake Shoe Return
P T I
0971720010 Spring Remover ¢ iming belt tension spring
Brake Shoe Return
09718-20010 Spnng Replacer @ Timing belt tension spring
Alternator Rear
09820-00021 Bearing Puller .
Alternator Pulley
09820-63010 Set Nut Wrench Set .
H 8
09923-00020 | o~ 2% = T @
% s 09950-20017 | Universal Puller 9
@tﬁﬁ“ %
PR - e
- A Cylinder Compression
;ﬁ_ﬁ_) 09992-00024 | ook Gauge Set ® J

Donated by Andrew Schauer. cruisercult.com



C-6 SST AND SSM — SST (Special Service Tools), SSM (Special Service Materials)

SST (SPECIAL SERVICE TOOLS) (Cont'd)

Section
Part Name
EM|(TC FU|CO| LU|ST|CH Note
Part No.
Hustration
]
|
! ﬂ (09992-00160) | (No 5 Attachment) @
|
SR N R O O D

I < -
|
! y {09992-00211) | (Gauge Assy) ®
)
Il

%’ﬁ Turbocharger
@ @ 09992-00241 Pressure Gauge . .

SSM (SPECIAL SERVICE MATERIALS)

Part Name Part No. Sec. Use etc.

Harf circular plug
Camshaft oIl seal retainer
Cylinder head cover

EM Main bearnng cap

Seal packing or equivalent 08826-00080 Rear oll seal retaner
Timing belt cover

Timing gear cover

Ol pump (Timing gear case)

LU o Pan

Adhesive 1324,
Three bhond 1324 or equivalent

Engine drain cock

08833-00070 LU 1 serew plug (O1l pump)

Donated by Andrew Schauer. cruisercult.com




