Part No. 94819SL, Rev. C

Service Manual

Reelmaster “5300-D

Preface

The purpose of this publication is to provide the service
technician with information for troubleshooting, testing,
and repair of major systems and components on the
Reelmaster 5300-D

REFER TO THE REELMASTER 5300-D TRACTION
UNIT AND CUTTING UNIT OPERATOR’S MANUALS
FOR OPERATING, MAINTENANCE AND ADJUST-
MENT INSTRUCTIONS. Space is provided in Chap-
ter 2 of this book to insert the Operator’s Manuals and
Parts Catalogs for your machine. Replacement Opera-
tor’'s Manuals are available by sending complete Model
and Serial Number of traction unit and cutting unit to:

The Toro Company
8111 Lyndale Avenue South
Bloomington, MN 55420

The Toro Company reserves the right to change product
specifications or this publication without notice.

i A

This safety symbol means DANGER, WARN-

ING, or CAUTION, PERSONAL SAFETY IN-
STRUCTION. When you see this symbol,

carefully read the instructions that follow.
Failure to obey the instructions may result in

personal injury.

J

NOTE: A NOTE will give general information about the
correct operation, maintenance, service, testing or re-
pair of the machine.

IMPORTANT: The IMPORTANT notice will give im-
portant instructions which must be followed to pre-
vent damage to systems or components on the
machine.

© The Toro Company - 1995 - 1997, 2004
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Chapter 1
Safety
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Safety Instructions

The Reelmaster 5300-D was tested and certified by
TORO for compliance with the B71.4-1990 specifica-
tions of the American National Standards Institute’s
safety standards for riding mowers when 65 Ibs. of
ballast is added to rear wheels and a rear weight kit, part
no. 75-6690 is installed. Although hazard control and
accident prevention partially are dependent upon the
design and configuration of the machine, these factors
are also dependent upon the awareness, concern, and
proper training of the personnel involved in the opera-
tion, transport, maintenance, and storage of the
machine.

While Doing Maintenance, Troubleshooting,

Testing, Adjustments or Repairs . ............ 3
4 )
A CAUTION
Improper operation, maintenance,

troubleshooting, testing, adjustments or
repairs of the machine can result in injury or
death.To reduce the potential for injury or
death, comply with the following safety in-

structions.

- J

Before Operating

1. Read and understand the Operator’s Manual before
starting, operating, maintaining or repairing the
machine. Become familiar with the controls and know
how to stop the machine and engine quickly. Replace-
ment Operator’s Manuals are available by sending com-
plete Model and Serial Number of traction unit and
cutting units to:

The Toro Company
8111 Lyndale Avenue South
Minneapolis, MN 55420-1196

Use the Model and Serial Number when referring to your
machine. If you have questions about this Service Infor-
mation, please contact:

The Toro Company

Commercial Service Department
8111 Lyndale Avenue South
Minneapolis, MN 55420

2. Never allow children to operate the machine. Do not
allow adults to operate the machine without proper
instruction. Only trained operators who have read the
Operator’s Manual should operate the machine.

Reelmaster® 5300-D
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3. Never operate the machine when under the influence
of drugs or alcohol.

4. Keep all shields, safety devices and decals in place.
If a shield, safety device or decal is defective or
damaged, repair or replace it before operating the
machine. Also tighten any loose nuts. bolts or screws to
ensure machine is in safe operating condition.

5. Always wear substantial shoes. Do not operate
machine while wearing sandals, tennis shoes, sneakers
.or when barefoot. Do not wear lose fitting clothing that
could get caught in moving parts and possibly cause
personal injury. Wearing safety glasses, safety shoes,
long pants and a helmet is advisable and required by
some local ordinances and insurance regulations.

6. Assure interlock switches are adjusted correctly so
engine cannot be started unless traction pedal is in
NEUTRAL and cutting units are DISENGAGED.

7. Remove all debris or other objects that might be
picked up and thrown by the reels or fast moving com-
ponents from other attached implements. Keep all by-
standers away from operating area.

Safety Instructions




8. Since diesel fuel is highly flammable, handle it
carefully:

A. Use an approved fuel container.

B. Do not remove fuel tank cap while engine is hot
or running.

C. Do not smoke while handling fuel.

D. Fill fuel tank outdoors and only to within an inch
of the top of the tank, not the filler neck. Do not
overfill.

E. Wipe up any spilled fuel.

While Operating

9. Sit on the seat when starting and operating the
machine.

10. Before starting the engine:
A. Engage the parking brake.

B. Make sure traction pedal is in NEUTRAL and the
ENABLE / DISABLE switch is in DISABLE.

C. After engine is started, release parking brake and
keep foot off traction pedal. Machine must not move.
If movement is evident, the neutral return
mechanism is adjusted incorrectly; therefor, shut
engine off and adjust until machine does not move
when traction pedal is released.

11. Seating capacity is one person. Therefore, never
carry passengers.

12. Do not run engine in a confined area without ade-
quate ventilation. Exhaust fumes are hazardous and
could possibly be deadly.

13. Check interlock switches daily for proper operation.
If a switch fails, replace it before operation the machine.
The interlock system is for your protection, so do not
bypass it. Replace all interlock switches every two
years.

14. Using the machine demands attention. To prevent
loss of control:

A. Operate only in daylight or when there is good
artificial light.

B. Drive slowly.
C. Watch for holes or other hidden hazards.
D. Look behind machine before backing up.

E. Do not drive close to a sand trap, ditch, creek or
other hazard.

F. Reduce speed when making sharp turns and
turning on a hillside.

Safety Instructions
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G. Avoid sudden stops and starts.

15. Traverse slopes carefully. Do not start or stop sud-
denly when traveling uphill.

16. Operator must be skilled and trained in how to drive
on hillsides. Failure to use caution on slopes or hills may
cause loss of control and vehicle to tip or roll possibly
resulting in personal injury or death. On 4 wheel drive
models, always use the seat belt and ROPS together.

17. If engine stalls or looses headway and cannot make
it to the top of a slope, do not turn machine around.
Always back slowly straight down the slope.

18. DON'T TAKE AN INJURY RISK! When a person or pet
appears unexpectedly in or near the mowing area, STOP
MOWING. Careless operation, combined with terrain
angles, ricochets, or improperly positioned guards can
lead to thrown object injuries. Do not resume mowing
until area is cleared.

19. Do not touch engine, muffler or exhaust pipe while
engine is running or soon after is stopped. These areas
could be hot enough to cause burns.
20. If cutting unit strikes a solid object or vibrates abnor-
mally, stop immediately, turn engine off, set parking
brake and wait for all motion to stop. Inspect for damage.
If reel or bedknife is damaged, repair or replace it before
operating. Do not attempt to free blocked cutting unit by
reversing its reel direction. Damage to the reel may
result.
21. Before getting off the seat:

A. Move traction pedal to neutral.

B. Set parking brake.

C. Disengage cutting units and wait for reels to stop.

D. Stop engine and remove key from switch.

E. Do not park on slopes unless wheels are chocked
or blocked.

Reelmaster® 5300-D



While Doing Maintenance, Troubleshooting, Testing, Adjustments or Repairs

22. Before servicing or making adjustments, stop the
engine and remove the key from the ignition switch.

23. Make sure machine is in safe operating condition by
keeping all nuts, bolts and screws tight.

24. Frequently inspect all hydraulic line connectors and
fittings. Make sure all hydraulic hoses and lines are in
good condition before applying pressure to the system.

25. Keep body and hands away from pin hole leaks or
nozzles that eject high pressure hydraulic fluid. Use
cardboard or paper to find hydraulic leaks. Hydraulic
fluid escaping under pressure can penetrate the skin
and cause injury. Fluid accidentally injected into the skin
must be surgically removed within a few hours by a
doctor or gangrene may occur.

26. Before disconnecting, or performing any work on the
hydraulic system, lower the cutting units to the ground
and stop the engine so all pressure is relieved.

27. Be sure you understand a service procedure before
working on the machine. Unauthorized modifications to
the machine may impair the function, safety and life of
the machine. If major repairs are ever needed, or assis-
tance is desired, contact your TORO Distributor.

28. To reduce potential fire hazard, keep engine area
free of excessive grease, grass, leaves and dirt. Clean
protective screen on front of engine frequently. Do not
use flammable solvents for cleaning parts. Do not use
diesel fuel, kerosene or gasoline.

29. If the engine must be running to perform an inspec-
tion or procedure, use extreme caution. Always use two
people, with the operator at the controls able to see the
person doing the inspection or procedure. Keep hands,
feet, clothing, and body away from cutting units and
other moving parts.

30. Do not overspeed the engine by changing governor
setting.

31. Shut engine off before checking or adding oil to the
engine crankcase.

Reelmaster® 5300-D
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32. Disconnect the cables from the battery before ser-
vicing the machine. If battery voltage is required for
troubleshooting or test procedures, temporarily connect
the battery.

33. Do not charge a frozen battery because it can
explode and cause injury. Let the battery warm to 60° F
(15.5° C) before connecting to a charger. Charge the
battery in a well-ventilated place so that gases produced
while charging can dissipate. Since the gases are ex-
plosive, keep open flame and electrical spark away from
the battery; do not smoke. Nausea may result if the
gases are inhaled. Unplug the charger from the electri-
cal outlet before connecting or disconnecting the
charger leads from the battery posts.

34. Wear safety glasses, goggles or a face shield to
prevent possible eye injury when using compressed air
for cleaning or drying components.

35. Failure to follow proper procedures when mounting
a tire on a wheel or rim can produce an explosion which
may result in serious injury. Do not attempt to mount a
tire unless you have the proper equipment and ex-
perience to perform the job. Have it done by your Toro
Distributor or a qualified tire service.

36. When changing attachments or performing other
service, use the correct blocks and hoists. Always use
jackstands to safely support the machine when it is
raised by a jack or hoist.

37. Do not use your hand to prevent cutting unit reel
from turning while servicing; this can result in personal
injury. Use a 1-1/2 in. thick x 4 in. wide x 8 in. long piece
of hardwood inserted into front of cutting unit between
reel blades.

38. For optimum performance and safety, use genuine
Toro replacement parts and accessories. Replacement
parts and accessories made by other manufacturers
may result in non-conformance with the safety stand-
ards, and the warranty may be voided.

Safety Instructions
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Product Records

Record information about your Reelmaster 5300-D on Insert Operator’s Manuals and Parts Manuals for your
the OPERATION AND SERVICE HISTORY REPORT Reelmaster 5300-D at the end of this section.

form. Use this information when referring to your

machine.
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Equivalents and Conversions

Decimal and Millimeter Equivalents

Fractions Decimals mm Fractions Decimals mm

1/64 0.015625 —0.397 33/64 0.515625 — 13.097

1/32 —— 0.03125 —0.794 17/32 —— 0.53125 — 13.494

3/64 0.046875 —1.191 35/64 0.546875 — 13.891

1/16——— 0.0625 —1588 9/16————— 0.5625 — 14.288

5/64 0.078125 —1.984 37/64 0.578125 — 14.684

3/32 —— 0.9375 —2.381 19/32 —— 0.59375 —15.081

7/64 0.109275 —2.778 39/64 0.609375 — 15.478

1/8——  0.1250 —3.175 58— 0.6250 — 15.875

9/64 0.140625 —3.572 41/64 0.640625 — 16.272

5/32 ——  0.15625 — 3.969 21/32 —— 0.65625 — 16.669

11/64 0.171875 — 4.366 43/64 0.671875 — 17.066

3/16——— 0.1875 —4.762 11/16——— 0.6875 — 17.462

13/64 0.203125 —5.159 45/64 0.703125 — 17.859

7132 ——  0.21875 — 5.556 23/32 —— 0.71875 — 18.256

15/64 0.234375 —5.953 47/64 0.734375 — 18.653

1/4————  0.2500 —6.350 34— 0.7500 — 19.050

17/64 0.265625 — 6.747 49/64 0.765625 — 19.447

9/32 —— 0.28125 —7.144 25/32 —— 0.78125 —19.844

19/64 0.296875 —7.541 51/64 0.796875 — 20.241

5/16——— 0.3125 —7.938 13/16———— 0.8125 — 20.638

21/64 0.328125 —8.334 53/64 0.828125 — 21.034

11/32 ——  0.34375 —8.731 27/32 —— 0.84375 —21.431

23/64 0.359375 —9.128 55/64 0.859375 — 21.828

3/8———  0.3750 —9525 7/8——  0.8750 — 22.225

25/64 0.390625 —9.922 57/64 0.890625 — 22.622

13/32 —— 0.40625 — 10.319 29/32 —— 0.90625 — 23.019

27/64 0.421875 — 10.716 59/64 0.921875 — 23.416

7/16———  0.4375 —11.112 15/16———— 0.9375 — 23.812

29/64 0.453125 — 11.509 61/64 0.953125 — 24.209

15/32 —— 0.46875 — 11.906 31/32 —— 0.96875 — 24.606

31/64 0.484375 — 12.303 63/64 0.984375 — 25.003

12— 0.5000 —12700 1 ————— 1.000 — 25.400
1 mm =0.03937 in. 0.001 in. = 0.0254 mm

U.S to Metric Conversions

To Convert Into Multiply By
Linear Miles Kilometers 1.609
Measurement Yards Meters 0.9144
Feet Meters 0.3048
Feet Centimeters 30.48
Inches Meters 0.0254
Inches Centimeters 2.54
Inches Millimeters 254
Area Square Miles Square Kilometers 2.59
Square Feet Square Meters 0.0929
Square Inches Square Centimeters 6.452
Acre Hectare 0.4047
Volume Cubic Yards Cubic Meters 0.7646
Cubic Feet Cubic Meters 0.02832
Cubic Inches Cubic Centimeters 16.39
Weight Tons (Short) Metric Tons 0.9078
Pounds Kilograms 0.4536
Ounces (Avdp.) Grams 28.3495
Pressure Pounds/Sq. In. Kilopascal 6.895
Pounds/Sq. In. Bar 0.069
Work Foot-pounds Newton-Meters 1.356
Foot-pounds Kilogram-Meters 0.1383
Inch-pounds Kilogram-Centimeters 1.152144
Liquid Volume Quarts Liters 0.9463
Gallons Liters 3.785
Liquid Flow Gallons/Minute Liters/Minute 3.785
Temperature Fahrenheit Celsius 1. Subract 32°

2. Multiply by 5/9

Equivalents and Conversions Page 2 -2 Reelmaster® 5300-D



Torque Specifications

Use these torque values when specific torque values specified values. Torque values listed are for lubricated
are not given. DO NOT use these values in place of threads. Plated threads are considered to be lubricated.

Capscrew Markings and Torque Values - U.S. Customary

SAE Grade Number 5 8
Capscrew Head Markings
C 3 E” 3 (0]
N/} Po
- ok
8 2
Capscrew Torque - Grade 5 Capscrew Torque - Grade 8 % ©
Capscrew Body Size Cast Iron Aluminum Cast Iron Aluminum =
ft-Ib Nm ft-Ib Nm ft-Ib Nm ft-Ib Nm _g '8
1/4-20 7 9 6 8 11 15 9 12 De. ©
-28 9 12 7 9 13 18 10 14
5/16-18 15 20 12 16 22 30 18 24
-24 17 23 14 19 24 33 19 25
3/8-16 30 40 20 25 40 55 30 40
-24 30 40 25 35 45 60 35 45
7/16-14 45 60 35 45 65 90 50 65
-20 50 65 40 55 70 95 55 75
1/2-13 70 95 55 75 95 130 75 100
-20 75 100 60 80 110 150 90 120
9/16-12 100 135 80 110 140 190 110 150
-18 110 150 85 115 155 210 125 170
5/8-11 135 180 110 150 190 255 150 205
-18 155 210 120 160 215 290 170 230
3/4-10 240 325 190 255 340 460 270 365
-16 270 365 210 285 380 515 300 410
7/8-9 360 490 280 380 550 745 440 600
-14 390 530 310 420 610 825 490 660
1-8 530 720 420 570 820 1100 660 890
-14 590 800 480 650 890 1200 710 960

Capscrew Markings and Torque Values — Metric

Commercial Steel Class 8.8 10.9 12.9
Capscrew Head Markings
& <
Thread Capscrew Torque - Class 8.8 Capscrew Torque - Class 10.9 Capscrew Torque - Class 12.9
Diameter Cast Iron Aluminum Cast Iron Aluminum Cast Iron Aluminum
mm ft-lb Nm ft-lb Nm ft-lb Nm ft-lb Nm ft-lb Nm ft-lb Nm
6 5 9 4 7 9 14 7 11 9 14 7 11
7 9 14 7 11 14 18 11 14 18 23 14 18
8 18 25 14 18 23 32 18 25 27 36 21 28
10 30 40 25 30 45 60 35 45 50 70 40 55
12 55 70 40 55 75 105 60 80 95 125 75 100
14 85 115 65 90 120 160 95 125 145 195 110 150
16 130 180 100 140 175 240 135 190 210 290 165 220
18 170 230 135 180 240 320 185 250 290 400 230 310

Reelmaster® 5300-D Page 2-3 Torque Specifications



Maintenance Interval Chart

| REELMASTER 5100-D/5300-D
QUICK REFERENCE AID

N

CHECK/SERVICE (daily)

1. OIL LEVEL, ENGINE

2. OIL LEVEL, TRANSMISSION
3. OIL LEVEL, HYDRAULIC TANK 9. TIRE PRESSURE
4. COOLANT LEVEL, RADIATOR
5. FUEL /WATER SEPARATOR
6. PRECLEANER — AIR CLEANER GREASING ~ SEE OPERATOR’S MANUAL
2 FLUID SPECIFICATIONS/CHANGE INTERVALS

7. RADIATOR SCREEN
8. BRAKE FUNCTION

10. BATTERY
11. BELTS (FAN, ALT.)

SEE OPERATOR'S MANUAL FLUID CAPACITY | CHANGE INTERVAL | FILTER

FOR INITIAL CHANGES. TYPE : FILTER |PART NC:.
390TS. 67-4330

A. ENGINE OIL SAE 10w-30cD | 39 A1S- | .| 100 HRs. [ 74338 11|

B. TRANSMISSION OIL | MOBIL 424 | 5 QTS.* .| 800 HRS. | 75-1330

C. HYD. CIRCUIT OIL

. | sEE mDicATOR | 75-1310

MOBIL 424 8.5 GALS

D. AIR CLEANER 400 HRS. | 27-7110
E. FUEL PUMP 400 HRS. | 43-2550
F. WATER SEPARATOR 400 HRS. | 63-8300
G. FUEL TANK NO. 2-Diesel |10 GALS.| Drain and fiush, 2 yrs.
H. COOLANT 50/50 Ethylene| 7 QTS. t | Drain and flush, 2 yrs.
glycol/water [9,6 QTS, t
* INCLUDING FILTER 1 REELMASTER 5100-D 33601
__ tt REELMASTER 5300-D .

Maintenance Interval Chart

Page 2 -4
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EQUIPMENT OPERATION AND SERVICE HISTORY REPORT
for
REELMASTER® 223-D, 5100-D, AND 5300-D

TORO Model and Serial Number: -

Engine Numbers:

Transmission Numbers:

Drive Axle(s) Numbers:

Date Purchased: Warranty Expires

Purchased From:

Contacts: Parts Phone
Service Phone
Sales Phone

See your TORO Distributor/Dealer for other Publications, Manuals, and Videos from The TORO Company.



REELMASTER® 223-D, 5100-D, and 5300-D Maintenance Schedule

Minimum Recommended Maintenance Intervals:

Maintenance Procedure

Maintenance Interval & Service

Every

Every

Check Battery Fluid Level

Check Battery Cable Connections
Lubricate All Grease Fittings

Change Engine Oll

Inspect Air Filter, Dust Cup, and Baffle

Every

Ever
4 200hrs

400hrs
100hrs

Every
50hrs

A Level
Service

T Check Fan and Altenator Belt Tension
1 Replace Engine Oil Filter

Inspect Cooling System Hoses

B Level
Service

—

Drain Moisture-Hyd. Tank

Drain Moisture-Fuel Tank

Check Reel Bearing Preload Adjustment
Torque Wheel Lug Nuts

Level

+H +H

Service Air Filter

Replace Electric Fuel Pump Filter
Replace Fuel/WaterSeparator Filter
Inspect Traction Linkage Movement
Torque Head and Adjust Valves

Check Engine RPM (idle and full throttle)

Level

Change Hydraulic Fluid
Change Transmission Fluid
Replace Transmission Filter
Check Rear Wheel Toe-in

Rear Axle Service
- pack Rear Wheel Bearings (2WD)
- change Rear Axle Lubricant (4WD)

E Level
Service

T Initial break in at 10 hours
T Initial break in at 50 hours

Replace Moving Hoses
Replace Safety Switches
Coolant System - Flush/Replace Fluid
Fuel Tank - Drain/Flush
Hydraulic Tank - Drain/Flush

Annual R mmendations:
Items listed are recommended every 1600
hours or 2 years whichever occurs first.

(See Operator's and Service Manual for specifications and procedures)

800hrs




REELMASTER® 223-D, 5100-D and 5300-D Daily Maintenance Check List

Daily Maintenance:(duplicate this page for routine use)

Unit Designation:
TORO ID#:

Maintenance Check Item

Daily Maintenance Check For Week Of

MON

HRS

TUES

HRS

WED

HRS

THURS

HRS

FRI

HRS

SAT

HRS

SUN

HRS

v’ Safety Interlock Operation

v’ Brake Operation

v Engine Oil & Fuel Level

v Cooling System Fluid Level

Drain Water/Fuel Separator

v Air Filter/Pre-Cleaner Condition

v' Radiator & Screen for Debris

v Unusual Engine Noises"

v Unusual Operating Noises

v" Transmission Oil Level

v Hydraulic System Oil Level

v’ Hydraulic Filter Indicatof

v Hydraulic Hoses for Damage

v Fluid Leaks

v Tire Pressure

v Instrument Operation

v Reel-to-Bedknife Adjustment

v’ Height-of-Cut Adjustment

v’ Cutting Units Shear Pin

Lubricate All Grease Fittings

Touch-up damaged paint

! = Check glow plugs and injector nozzles, if hard starting, excess smoke, or rough running is noted.

2 = Check with engine running and oil at operating temperature.

= Immediately after every washing, regardless of the interval listed.

Notation for areas of concern:

Inspection performed by:

Item Date Information

1

OO | |W|N

7

(See Operator's and Service Manual for specifications and procedures)
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Chapter 3

Engine
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Introduction

This chapter gives information about specifications,
maintenance, troubleshooting, testing and repair of the
diesel engine used in the Reelmaster® 5300-D mower.

Most repairs and adjustments require tools which are
commonly available in many service shops. Special
tools are described in the Special Tools section. The use
of some specialized test equipment is explained, how-
ever, the cost of the test equipment and the specialized
nature of some repairs may dictate that the work be
done at a qualified diesel engine repair facility.

Introduction
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The engine used in the Reelmaster® 5300-D mower is
manufactured by Mitsubishi Heavy Industries Limited.
Service and repair parts for Mitsubishi engines are
supplied through TORO Distributors. Repair parts may
be ordered by TORO Part Number. If no parts list is
available be sure to provide your dealer or distributor
with the TORO Model Number and Serial Number.

Reelmaster® 5300-D



Specifications

Item

Specification

Make/Designation

Mitsubishi S3L2, 4 cycle, liquid cooled,
vertical overhead valve diesel

Combustion Chamber

Swirl chamber type

Number of Cylinders 3
Bore x Stroke 78 x92 mm
Total Displacement 1.318 Liter
Compression Ratio 3:1
Firing Order 1-3-2
Dry Weight (approximate) 125 kg (276 1b.)
Fuel Diesel

Fuel Injection Pump

Bosch type ND-PFR-NC

Governor

Mechanical centrifugal weight type

Fuel Injector Nozzle

Nippon Denso throttle type

Fuel Injection Pressure

(240 kg/cmz) 1990 psi

Lubrication System

Forced lubrication

QOil Pump

Gear type

Qll Filter

Paper element filter (full flow type)

Crankcase Oil Capacity:

including filter of 0.5 liter (0.6 gt.) capacity

4.1 Liter (3.9 qt.)

Cooling System

Forced circulation, water cooling

Water Pump

Centrifugal type

Cooling System Capacity
Total System (approximate)

10.1 Lliter (9.6 qt.)

Starter Solenoid shift type

1.6 kW (12 volt)
Alternator AC type 12 volt 50A
Glow Plug Quick heat sheathed type

Reelmaster® 5300-D
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Special Tools

Order special tools from TORO SPECIAL TOOLS AND
APPLICATIONS GUIDE (Commercial Products). Some
tools may be available from a local supplier.

Filter Cleaner

Filter cleaner (Fig. 1). Mix with water and use solution
to wash the Donaldson air cleaner element.

Figure 1

Diesel Engine Compression Test Kit

Diesel engine compression test kit (Fig. 2). 0-1000 PSI
Gauge allows testing of diesel engines to check general
operating condition of engine. Includes case, gauge
with hose, glow plug hole adapters and instructions.

Piston Pin Tool

Piston pin tool (Fig. 3) is used to remove and install the
wrist pin without distorting the piston. Includes an adapt-
er for use with Mitsubishi and most other engines.

Special Tools Page 3-4

Figure 3
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Nozzle Tester

Nozzle tester (Fig. 4). Tests condition and opening
pressure of fuel injector nozzles.

Figure 4
Nozzle Tester Adapter
Nozzle tester adapter (Fig.5) is required to test the fuel
injection nozzles.

Figure 5

Reelmaster® 5300-D Page 3-5
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Adjustments

Engine Speed Adjustments

Adjustments to the engine speed settings are not nor-
mally necessary unless the throttle linkage, injection
pump, or governor mechanism have been repaired,
rebuilt, replaced or are not operating correctly.

The high speed set bolt has been set properly and
sealed at the factory. Never tamper with the seal unless
necessary.

1700 **°_ g rpm

Idle Speed (no load):
3200 *%°_¢ rpm

Maximum engine speed (no load):

See Engine Service Manual for Engine Speed Adjust-
ment procedure.

Throttle Linkage Adjustment

1. Push the throttle lever forward until it stops against
the slot in the seat base (Fig. 6).

2. Loosen the throttle cable connector on the lever arm
at the injection pump (Fig. 7).

3. Hold the injection pump lever arm against the high
idle stop and tighten the cable connector.

NOTE: When tightened, the cable connector must be
free to swivel.

4. Make sure the throttle cable conduit does notinterfere
with the full range of motion of the throttle lever or
governor lever.

5. Tighten locknut on throttle lever pivot to 40 - 55 in-lb

(Fig. 6). The maximum force required to operate the
throttle lever should be 20 Ib.

Adjustments
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Figure 6

1. Throttle lever

2. Locknut

Figure 7

1. Injection pump lever arm

Reelmaster® 5300-D



Repairs

Fan Belt and Alternator Belt Replacement

1. Put machine on a level surface, engage parking
brake, stop engine and remove key from ignition switch.
Open hood.

2. Loosen locknut on belt tensioner lever (Fig. 8). If
replacing alternator belt, loosen bolt securing alternator
brace to engine and bolt securing alternator to brace

(Fig. 9).

3. Remove three capscrews securing transmission
drive shaft coupler to engine crankshaft pulley (Fig. 10).
Do not disconnect drive shaft from transmission.

4. Move drive shaft out of the way so the belt(s) can be
removed.

5. Install new belt(s).

6. Connect drive shaft coupler to engine crankshaft
pulley with two capscrews and lockwashers.

7. Adjust belt tension:

Alternator belt: Insert pry bar between alternator
and engine and carefully pry alternator out until
proper tension is achieved. Belt should deflect 3/8 to
1/2 in. when 22 Ib. of force is applied to belt midway
between crankshaft pulley and alternator pulley.
Tighten alternator and brace bolts to secure adjust-
ment.

Cooling fan belt: Apply 5 - 10 Ib. of force at end of
lever. Tighten lock nut to secure adjustment.

Reelmaster® 5300-D

Figure 8

1. Fan belt 2. Tensioner lever

Figure 9

1. Alternator belt

30 - 35 ft-Ib

Figure 10

1. Drive shaft coupling 2. Capscrew & lockwasher (3)
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Bleeding the Fuel System

1. Stop the engine and engage the parking brake. Open
the hood.

2. Loosen the air bleed screw on the fuel filter / water
separator (Fig. 11).

3. Turn the ignition key switch to the ON position. The
electric fuel pump will begin to operate and force fuel
out around the screw loosened in step 2. Fuel will fill the
filter bowl and then flow out around the screw. When a
solid stream of fuel flows out around the screw, tighten
the screw and turn the key switch OFF.

4. Open the air vent screw on the fuel injection pump
(Fig. 12).

5. Turn the ignition key switch to the ON position. The
electric fuel pump will begin to operate and force fuel
out around the injection pump air vent screw. When a
solid stream of fuel flows out around the screw, tighten
the screw and turn the key switch OFF.

NOTE: Normally the engine should start after this pro-
cedure. If the engine does not start, air may be trapped
between the injection pump and injectors (See Bleeding
Air From the Injectors).

Repairs Page 3-8

Figure 11

1. Bleed screw

Figure 12

1. Fuel injection pump air vent screw
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Bleeding Air From the Injectors

This procedure should only be used if the fuel system
has been purged of air. (See Bleeding the Fuel System
in this section of the book.)

1. Loosen the pipe connection at the number one nozzle
and holder assembly on the cylinder head (Fig. 13).

2. Move the throttle control to the FAST position.

3. Turn the ignition key to the START position to crank
the engine and pump fuel to the nozzles. Turn the
ignition key to the OFF position when a steady stream
of fuel flows out of the loose pipe connection.

4. Tighten the pipe connector. Figure 13

5. Repeat steps 1 - 4 for the No. 2 and No. 3 injector 1. Fuel injector nozzle and holder (3)
nozzle and holder.

Reelmaster® 5300-D Page 3-9 Repairs



Removing and Installing the Fuel Tank

1. Put machine on a level surface, lower the cutting
units, stop the engine, engage the parking brakes and
remove the key from the ignition switch.

2. Open drain fitting on bottom of fuel tank and drain fuel
into a suitable container (Fig. 14).

3. Remove six capscrews securing the fender to the
frame and remove the fender.

4. Disconnect fuel lines from fittings on top of fuel tank.
5. Disconnect electrical wire from fuel gauge sender.

6. Remove three capscrews, flat washers and lock-
washers securing fuel tank to frame and remove fuel
tank.

7. Reverse steps 2 - 6 to install the fuel tank and tank
base. When installing the tank to the frame, tighten the
screws to a torque of 30 - 60 in-lb (Fig. 15). Do not
overtighten.

Figure 14

1. Fuel tank drain fitting

30-60in-lb

Repairs Page 3-10

Figure 15
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Replacing and/or Adjusting Engine Stop (ETR) Solenoid

See Chapter 5 - Electrical System for information about
testing the engine stop solenoid.

An improperly adjusted stop solenoid can result in
failure of the engine to stop when the key switch is
turned off or could cause injection pump damage or
malfunction.

Removing the Stop Solenoid

1. Stop the engine. If the engine will not stop when the
ignition key switch is turned off, manually push the stop
lever toward the rear of the machine until the engine
stops.

] ] ] Figure 16
2. Disconnect the solenoid electrical connector.

1. Fuel stop (ETR) solenoid
3. Loosen the nut securing the solenoid to the engine 2. Governor tie rod cover
and unscrew the solenoid.

4. If you will be installing a new solenoid, remove the
gasket and nut from the old solenoid and install them on
the new solenoid. Thread the nut completely on the new
solenoid.

Installing and/or Adjusting the Stop Solenoid

1. Remove the governor tie rod cover (Fig. 16).

2. Apply thread sealant to the solenoid threads.

3. Thread the solenoid into the engine.

Figure 17
4. Thread the solenoid into the engine while moving the
tie rod back and forth (Fig. 17). Stop screwing the 1. Solenoid plunger
solenoid into the engine when there is no free play in 2. Tie rod

the tie rod.

5. Turn the solenoid outward (counterclockwise) 1/4 to
1/2 turn. There should be a small amount of free play in
the injector pump control rack 0.01 - 0.03 in. (0.3 -
0.7 mm).

IMPORTANT: No free play in the control rack with
the solenoid de-energized (plunger out) may cause
injection pump damage or malfuntion. Excess free
play 0.04 in. (1 mm) or more will prevent the engine
from stopping when the solenoid is de-energized.

6. Hold the solenoid body to prevent it from turning and
tighten the nut against the engine to secure the adjust-
ment. Do not over tighten the nut. If the nut is over
tightened, the solenoid may become distorted and will
not operate correctly.

7. Connect the solenoid electrical connector.

8. Install the governor tie rod cover.
Reelmaster® 5300-D Page 3-11 Repairs



Removing and Installing the Engine

Removing the Engine

Figure 18

1. Put machine on a level surface, lower the cutting
units, stop the engine, engage the parking brakes and
remove key from ignition switch. Allow engine and
radiator to cool.

2. Open hood. Disconnect hood stop cable from frame.
Lower hood. Remove left and right hinge plates. Lift
hood off chassis.

3. Disconnect positive (+) and negative (-) battery
cables from battery. Loosen battery securing bolt and
remove battery.

4. Remove rear lift arm down pressure springs (see
Chapter 8 - Cutting Units).

5. Open radiator cap. Put a drain pan under left side of

radiator. Open radiator drain valve and allow coolant to
drain into drain pan.

Removing and Installing the Engine

(
A CAUTION

DO NOT open radiator cap or drain coolant if
engine or radiator is hot. Pressurized, hot
coolant can escape and cause burns.

Ethylene-glycol antifreeze is poisonous. Dis-
pose of it properly or store in a properly

Page 3-12

labeled container away from children or pets.

N\

6. Loosen hose clamps and disconnect upper and lower
radiator hoses from engine and radiator. Lift coolant
expansion tank off of bracket.

7. Remove plug from right side cylinder block to drain
coolant from engine.

8. Loosen hose clamps and disconnect air intake hose
from engine and air cleaner.

Reelmaster® 5300-D



9. Remove muffler. Keep muffler bracket on engine.

10. Loosen hose clamp and remove fuel hose from
injector pump. Plug end of fuel line to prevent fuel
leakage. Loosen hose clamp and remove fuel return
hose from rear fuel injector on engine.

11. Disconnect and tag wires that attach to engine or
engine components:

Alternator

Starter motor and solenoid
Ground cables

Oil pressure switch
Temperature gauge sender
Thermoswitch

Engine stop solenoid

Glow indicator

12. Remove two (2) capscrews and lockwashers to
disconnect drive shaft coupler from engine crankshaft

pulley.

13. Remove four (4) capscrews, washers and locknuts
to remove fan shroud from radiator.

14. Loosen cap screw and nut to disconnect throttle
cable from governor lever on engine. Loosen clamp and
remove throttle cable and from fan bracket.

15. Remove locknut, flat washer, bolt and rebound
washer securing engine to each of four (4) rubber
engine mounts.

16. Attach a short section of chain between lifting holes
in fan bracket and muffler bracket. Connect hoist or
block and tackle chain at center of short section of chain.
One person should operate hoist or block and tackle and
the other person should help guide engine out of chas-
sis. Remove engine from chassis. Be careful when
removing engine to prevent damage to engine, radiator,
fan or other parts. Mount engine in an engine rebuilding
stand.

17. Remove fan, brackets and accessories from engine
as necessary. Drain oil from engine and remove engine
oil filter.

Installing the Engine

1. To install the engine, perform steps 2 - 17 of Remov-
ing the Engine in reverse order.

2. Install a new engine oil filter. Fill engine with the
correct oil. Fill the cooling system with a 50/50 solution

Reelmaster® 5300-D
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of ethylene glycol antifreeze and clean, soft water.
Check for oil and coolant leaks and repair as necessary.

3. Adjust throttle linkage (See Throttle Linkage Adjust-
ment in the Adjustments section of this chapter).

Removing and Installing the Engine
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INTRODUCTION

This service manual has instructions and procedures for the subject on the front cover.

The information, specifications and illustrations in this manual are on the basis of the
information that was current at the time this issue was written.

Correct servicing, test and repair procedures will give the engine a long service life.
Before starting a test, repair or rebuild job, the serviceman must read the respective
sections of this manual to know all the components he will work on.

Continuing improvement of product design may have caused changes to your engine
which are not included in this manual.

Whenever a question arises regarding your engine, or this manual, consult your
Mitsubishi dealer for the latest available information.



HOW TO USE THIS MANUAL
1. Exploded views

In the exploded views, the component parts are separated but so arranged to show
their relationship to the whole. Index numbering is used to identify the parts and to
indicate a sequence in which the parts are to be removed for disassembly, or they
are to be installed for assembly. '

2. Symbols

"The following symbols are used in this manual to emphasize important and critical
instructions:

NOTE] - -cccvvvennn Indicates a condition that is essential to highlight.

| &CAUTION I ...... Indicates a condition that can cause engine damage.

A WarNING R Indicates a condition that can cause personal injury or

death.

3. Definition of locational terms

The fan end is “front” and the flywheel end is “rear.” The words “left” and “right”
are as these directions would appear from the flywheel end.

4. Dimensional or specification terms

Nominal size ....... Is the named size which has no specified limits of
accuracy.
Standard ........... Is the dimension of a part to be attained at the time of

assembly, or the standard performance.

Limit .............. Is the maximum or minimum permissible limit beyond
which a part must be repaired or replaced.

5. Tightening torques

Tighten bolts, nuts, etc. in a wet condition (apply oil to threads) when specified as
[WET]. Tighten them in a dry condition unless so specified. Use the general
torques unless otherwise specified.
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GENERAL INFORMATION

MODEL IDENTIFICATION AND SERIAL NUMBER LOCATION

1. Model identification location

(a) The model identification is embossed on
the right side of the cylinder block, near
the fuel injection pump mount.

(b) The model identifications and dis-
placements of the engines in current
production are as listed below:

|t

Displacement ;
S3L-61A 1.125 liters (68.7 cu in.) 406543
S3L2-61A 1.318 liters (80.4 cu in.) Model identification location

S4L-61A 1.500 liters (91.5 cu in.)
S4L2-61A 1.758 liters (107.3 cu in.)

(c) A scheme of coding used for identify-
ing the engines in current production is
as follows:

Example: Coded designation
S4L (2)-61 A
2rE

’ L Specification code
Export code

Stroke code (No code: 78.5 mm (3.09 in.), 2: 92 mm (3.62 in.)

Series code
[Bore: 78 mm (3.07 in.)]

Number-of-cylinders code [“4” stands for four cylinders]

Identification of “Sagamihara Machinery Works”

2. Serial Number Location

The serial number is punched on the cylinder
block, near the fuel injection pump mount.

Serial number 0 406544
Serial number location




GENERAL INFORMATION

COMPONENT LOCATION
S3L/S3L2

Thermostat ___

| —]
@) Exhaust manifold
Hanger N
Starter
Altemator —
-
i @
o — Rear |
Fan L [=
| __— Oil pan
V-belt
Left side 303254
Fuel injection nozzle Oil filler
Air inlet cover B Fuel injection pump
1 Water pump
Coolant drain plug 4 | H
\ ' : Oil filler
i, == il

LT ‘ ,‘_I,_,/‘ Crankshaft pulley
- U

Oil filter
| y,

]

\ &

Flywheel ——

U

Dipstick

Oil drain plug
Right side 303255



GENERAL INFORMATION

S4L/S4L2

Th
ermostal —___|

Exhaust manifold
Hanger

o 11O

Alternator — |

Starter
"

I ol 1©
J;
Fan {_

X
V-belt / l

Rear

=

Left side

303197
Fuel injection nozzle

Oil filler

Water pump
Air inlet cover

Coolant drain plug

Rear

Fuel injection pump

Qil filler

Oil filter =

Crankshaft pulley

7
Flywheel
e \_d— Dipsuck
k/lé);lﬁ
Oil drain plug

Right side

303198



GENERAL INFORMATION

SPECIFICATIONS
Model S3L-61A S3L2-61A S4L-61A S4L2-61A

Type Water-cooled, 4-stroke cycle, in-line diesel engine
Firing order (injection sequence) 1-3-2 1-3-4-2
Compression ratio 22
Combustion chamber, type Swirl
Weight, kg (Ib) 125 (276) 150 (331)
No. of cylinders 3 4
Bore x Stroke, mm (in.) (3?(2);7)()(7:?.'89) (3.8§/ : 3.262) (3?g7xx7§.€9) (3.827; : 3.262)
Displacement, liter (cu in.) 1.125 (68.7) 1.318 (80.4) 1.500 (91.5) 1.758 (107.3)

£ Injection pump, type Bosch M

L

2 | Injection nozzle, type Throttle

el Governor, type Centrifugal flyweight

= 1 Fuel ASTM No. 2-D

S Type Force feed (by trochoid pump)

2. | Engine oil API Service Classification CC

§ Oil filter Paper-element (full-flow)

%3 E;F;a(cg_‘ly:;('[‘}%‘" ‘;';’l‘;‘oef"gi'i 95 1 5.7 (1.5) (with deep oil pan) 7.7 (2.0) (with deep oil pan)

3 | oil filter), liter (U.S. gal) 3.7 (1.0) (with standard oil pan) 5.4 (1.4) (with standard oil pan)

Eo £ Type Forced cooling
88| fapsciy (approximate), 1805 250

Starter, V - kW 12-1.6 12-2.0

Alternator, V- A

12 - 50




GENERAL INFORMATION

PERFORMANCE CURVES (ONE-HOUR RATING, WITH FAN)

S41.2
S4L 1% 2
— 18 |
S3L2 3
40 [ — {7 T
S3L [2
—— 46
w2
A,
I
3
=3
3
)
2
2
a
10t
1500 2 000 2 500
Engine speed — rpm
PRIME POWER OUTPUT CHART
Unit: PS
Engine model S3L S3L2 S4L S41.2
Rating RPM With fan With fan With fan With fan
1500 12.0 14.5 17.0 20.5
1 800 15.0 18.0 21.0 25.0
One-hour
(no overload) 2 000 17.0 20.0 23.5 27.5
2200 19.0 220 26.0 30.0
2 500 21.5 24.5 29.0 335
1 500 114 13.8 16.2 19.5
1 800 14.3 17.1 20.0 23.8
Continuous 2 000 16.2 19.0 223 26.1
2200 18.1 20.9 24.7 28.5
2 500 20.4 233 27.6 31.8
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OVERHAUL INSTRUCTIONS

DETERMINING WHEN TO OVERHAUL THE ENGINE

Generally, when to overhaul the engine is to
be determined by taking into account a drop
in compression pressure as well as an increase
in lube oil consumption and excessive blowby
gases.

Lower power or loss of power, an increase in
fuel consumption, a drop in lube oil pressure,
hard starting and excessive abnormal noise are
also troubles. These troubles, however, are not
always the result of low compression pressure
and give no valid reason for overhauling the
engine.

The engine develops troubles of widely dif-
ferent varieties when the compression pressure
drops in it. Following are the typical troubles
caused by the compression pressure failure:

(1) Low power or loss of power
(2) Increase in fuel consumption
(3) Increase in lube oil consumption

(4) Excessive blowby through breather due to
worn cylinders, pistons, etc.

(5) Excessive blowby due to poor seating of
worn inlet and-exhaust valves

(6) Hard starting or failure to start
(7) Excessive engine noise

In most cases, these troubles occur concur-
rently. Some of them are directly caused by
low compression pressure, but others are not.
Among the troubles listed above, (2) and (6)
are caused by a fuel injection pump improp-
erly adjusted with respect to injection quantity
or injection timing, worn injection pump
plungers, faulty injection nozzles, or poor care
of the battery, starter and alternator.

The trouble to be taken into account as the
most valid reason for overhauling the engine
is (4): in actually determining when to overhaul
the engine, it is reasonable to take this trouble
into account in conjunction with the other ones.



OVERHAUL INSTRUCTIONS

COMPRESSION PRESSURE MEASUREMENT

1. Inspection
Check to make sure —

(1) The crankcase oil level is correct, and the
air cleaner, starter and battery are all in
normal condition.

(2) The engine is at the normal operating
temperature.

2. Measurement

(1) Move the control lever to a position for
shutting off fuel supply.

(2) Remove all glow plugs from the engine.
Install the compression gauge and adaptor
(ST332270) combination to a cylinder on
which the compression pressure is to be
measured.

(3) Turn the engine with the starter and read
the gauge pressure at the instant the gauge
pointer comes to stop.

(4) If the gauge reading is below the limit,
overhaul the engine.

(“—Mﬁ

a) Be sure to measure the compression
pressure on all cylinders.

b) The compression pressure varies with
change of engine rpm. This makes it
necessary to check engine rpm at the
time of measuring the compression
pressure.

o /
Item Standard Limit
Engine speed, rpm 290 —
SL 30 23
. 427) (327)
Compression (2 942] [2 256]
pressure, 2 55
kgf/cm? (psi) [kP:
gifem® (s kPal | 10| @ss) | (356)
(3 138] (2 452}
Maximum permissible
difference between average 3
compression pressure of all 42.7) —
cylinders in one engine, [294]
kgf/cm? (psi) [kPa]

© 404701

Compression gauge and adaptor

(/A cauioN———

a) It is important to measure the com-
pression pressure at regular intervals
to obtain the data on the gradual
change of the compression pressure.

b) The compression pressure would be
slightly higher than the standard in a
new or overhauled engine owing to
breaking-in of the piston rings, valve
seats, etc. It drops as the engine

components wear down. J




OVERHAUL INSTRUCTIONS

TROUBLESHOOTING

1. General

The diagnosis of troubles, especially those
caused by a faulty fuel injection pump or
injection nozzles, or low compression pressure,
can be difficult. It requires a careful inspec-
tion to determine not which item is the cause,
but how may causes are contributing to the
trouble, someone of which is the primary
cause. Several causes may be contributing to
a single trouble.

On the following pages, there are trouble-
shooting charts on which engine troubles can
be traced to their causes. Each chart has items
to be verified ahead and suggested inspection
procedure.

Diesel engines exhibit some marked charac-
teristics during operation. Knowing these
characteristics will help minimize time lost in
tracing engine troubles to their source.
Following are the characteristics of diesel
engines you should know about for diagnosis:

» Combustion knock (diesel knock)

* Some black exhaust smoke (when the
engine picks up load)

* Vibration (due to high compression nressure
and high torque)

* Hunting (when the engine speed is quickly
decreased)

* Some white exhaust smoke (when the
engine is cold, or shortly after the engine
has been started)

10



OVERHAUL INSTRUCTIONS

2. Engine troubleshooting

Problem 1: Hard starting

(1) Items to be checked for ahead
* Clogged air cleaner
* Wrong oil grade for weather conditions
* Poor quality fuel

* Low cranking speed

(2) Inspection procedure

Is heating system No Glow plugs are energized shortly after | No . .
normal? = starter switch is turned to ON. D Check control timer unit.
& Yes
Are fuel lines free of restriction? (Is fuel pump operating properly No Check fuel filter, fuel lines
when starter switch in ON position?) =y and fuel tank.
$ Yes
Are fuel injection timing and valve No Make adjustment to the timing
clearance correct? = and clearance.
& Yes
Is fuel injection nozzle discharge No ]
pattern normal? Is injection pressure 2N Make adjustment to the nozzles.
correct?
¢ Yes
Is compression No Check valves, piston rings and
pressure correct? = cylinder head gasket.
& Yes

Fuel injection pump
is faulty.

11
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Problem 2: Fuel knock

More or less fuel knock occurs in diesel engines. This may be caused either by an excessively
large delay period or by a too fast rate of fuel injection.

(1) Items to be checked for ahead

Clogged air cleaner

Poor quality fuel

(2) Inspection procedure

Ii Is injection timing correct (not too advanced)? 1 Ijoo , Make adjustment to the timing.
$ Yes

[ Is soienoid switch normal? J I\EJ;) ‘ Check the switch.
& Yes
Is injection pressure (injection nozzle valve T:;) Make adjustment to the pressure. J
opening pressure) correct (not too low)?
¢ Yes

’7 Is compression pressure correct? } 1:];) l Check valves, piston rings, and cylinder head gasket. J
& Yes

-

Fuel injection pump is faulty. ]

12
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Problem 3: Overheating
(1) Items to be checked for ahead

Overheating might also be caused by abnormal operating conditions. If the engine is overheating
but its cooling system is not contributing to this trouble, it is necessary to check the difference
between the ambient temperature and coolant temperature when the engine is in normal operation
(with the thermostat fully open). If the ambient temperature is higher than the normal coolant
temperature by more than 60°C (108°C), investigate other items than those related to the engine
cooling system.

« Insufficient coolant and exterior coolant leaks
» Loose fan belt

 Radiator core openings plugged with dirt

(2) Inspection procedure

Are cooling system components (water pump, water hoses, No
radiator, thermostat and cylinder hcad gasket) normal? D l Check the components. J
& Yes
Is injection timing correct? l 12;’ I Make adjustment to the timing. J
& Yes
Are lubrication system components (oil filter, oil No .
pump and oil screen) normal and oil level correct? 2 FC“““ the components and oil level.

& Yes

Is governor adjustment correct? l l\é;) [ Make adjustment to the governor.

& Yes

Engine is in continuous full-
load operation.

13
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Problem 4: Black exhaust smoke
(1) Items to be checked for ahead
* Clogged air cleaner

» Poor quality fuel

(2) Inspection procedure

r Are valve clearance and injection timing correct? I r‘j;’ ! Make adjustment to the clearance and timing.
¢ Yes
}s injection nozzle discharge pattern normal? Iio I Make adjustment to the nozzles. }
s injection pressure correct (not too high)?
& Yes
I Is compression pressure correct? l Iio l Check valves, piston rings and cylinder head gasket. l
& Yes

l Fuel injection pump is faulty. ’

Problem 5: Erratic idle speeds
(1) Items to be checked for ahead
« Maladjusted engine control
« Wrong oil grade for weather conditions

* Poor quality fuel

(2) Inspection procedure

[ Are valve clearance and injection timing correct? J I;J>o | Make adjustment to the clearance and timing. J

& Yes
f: jggggogr:s%ﬁ?égﬁggfge pattern normal? Is I:J;) l Make adjustment to the nozzles.
& Yes
Is compression pressure correct (no difference No Check valves, piston rings and
in compression pressure between cylinders)? = cylinder head gasket.
4 Yes

Fuel injection pump is faullyJ

14



Problem 6: Low power or loss of power
(1) Items to be checked for ahead
 Stuck running parts
« Wrong oil grade for weather conditions
» Poor quality fuel
» Clogged air cleaner
« Restricted exhaust line
+ Faulty power take-off

(2) Inspection procedure

OVERHAUL INSTRUCTIONS

[ Are valve clearance and injection timing correct? } Ijoo [ Make adjustment to the clearance and timing. l

& Yes

Are fuel lines free from restriction? (Is fuel pump operat-
ing properly when starter switch is in ON position?)

1;‘3 [ Check fuel tank, fuel filter and fuel lines. ]

¢ Yes
Is governor adjustment correct? i Ijg ‘ Make adjustment to the governor. J
& Yes
Is injection nozzle discharge pattern normal? Ijoo Wake adjustment to the nozzles. I
Is injection pressure correct?

& Yes

I Is compression pressure correct? J 1:‘;) [ Check valves, piston rings and cylinder head gaskets. J

& Yes

[ Fuel injection pump is faulty. l

15
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3. Starting sy

RUCTIONS

stem troubleshooting

Overruns at low speed — Make reference to “Overrun.”
I‘ — Burned contact points in switch
I— Layer shorted or grounded field coil
— Faulty ——— Layer shorted or grounded armature coil —————
starter I— Mechanical problems Misaligned armature
motor T Machining fault of parts *-
Worn bearings
g L_ Pinion gap too large.
Z]
3 — Hard starting at Wrong starting system
E low temperatures High resistance in main circuit
& | — Prolonged Poor quality fuel
cranking Mechanical problems in engine
Very low ambient temperature
— Troubles in engine
No fuel -
L — Engine directly coupled to load
Excessive — Reverse torque due to incorrect injection iming
load — Mechanical problems in engine
L Starter abused (for moving equipment)
— Battery run-down
Loose battery terminals
Defective key switch
— Pinion fails to Poor S connector contact
shift S connector missing
Open circuit in engine switch coil
Worn starter brushes
Defective contact points in auxiliary switch
e Open circuit in auxiliary switch coil
| High resistance in S circuit
E r Pinion shifts Voltage applied 1o starter too high
e but will not Contact points defective in starter switch
Z, spin

ring gear
instead of
meshing

16

Pinion butts

Pinion and ring gear improperly chamfered
Battery rating too high

Pinion chamfered insufficiently or wrong
Ring gear chamfered insufficiently or wrong

Ring gear end face badly worn (ring gear not
hardened properly)

foreign matter
— I— Shift lever jammed

~— Shift lever broken
Contact points close —— Shift lever spring weak
too early — Pinion gap too large

L Pinion shifted excessively

coasting

Pinion will not shift —-~ Pinion metal jammed with dirt
— Overrunning clutch jammed with

— Solenoid switch plunger jammed

Pinion is forced into mesh with ring gear again when starter is

Burned motor coil or switch coil
Burned field coil
Burned coil in armature

Burned motor coil (evidence of rubbing)

Switch will not turn off only when engine fails
to fire, resulting in damage to motor.

Bumed motor coil

This trouble is likely to occur during heating

+— Pinion tooth wornround ~ Wecas
Ring gear locally .7~

chipped

Four or five teeth

chipped

Overrunning clutch shell peeled

Starter is turned on while engine is running

Pinion is chipped P



Overrun

— Key switch faulty —

— Starter faulty

L— Incorrect wiring —[

Key not returning —{ Sticking

completely — Machining fault of parts
Key not finished to close

T

tolerances
— External obstacle

Defective contact points

Problems in switch —— Pull-in and hold-in coils
unbalance in number of

windings

shorted

— Plunger jammed

Machining fault

Sliding part jammed
Overrunning clutch ~E Sliding surface dirty
Machining fault of lead

jammed

Subswitch faulty -T Burned contact points
— Assembly fault resulting

in failure to return

External load connected to S circuit

— Broken retum spring

'— Rust due to moisture

r— Pull-in or hold-in coil lay

— Contact points defective

‘— Machining fault of parts

Lever pivot jammed
Shift lever faulty —{:

J

-

S and B circuits shorted

OVERHAUL INSTRUCTIONS

Starter is energized for hours, resulting in —
(1) Burned hold-in coil

(2) Bumed armature and field coils

(3) Bumed subswitch (if so equipped)

(1) Bumed motor coil
(2) Burned pull-in and hold-in coils (minor
defect)

(3) Plunger fails to return when voltage is
applied to circuit between M and (-)
terminals and plunger is pushed in with
switch off starter

Switch will not turn off only when engine
fails to fire, resulting in burning of motor
coil

(1) Burned motor coil

(2) Burned pull-in and hold-in coils

Dotted lines indicate failure of contact
points to close

Sticking pinion metal

Bumed hold-in coil and motor coil

Make reference to “Pull-in and hold-in coil
unbalance”

Make reference to “Key not returning
completely”

[Other possibility is sticking pinion metal in case of overrun trouble.]

17



OVERHAUL INSTRUCTIONS

This
reco

BASIC PRECAUTIONS FOR DISASSEMBLY AND ASSEMBLY

section outlines basic precautions
mmended by Mitsubishi that should

always be observed.

1. Disassembly

0y

()

3)

4

®)

(6)

18

Always use tools that are in good condi-
tion and be sure you understand how to
use them before performing any job.

Use an overhaul stand or a work bench, if
necessary. Also, use bins to keep engine
parts in order of removal.

Parts must be restored to their respective
components from which they were re-
moved at disassembly. This means that
all parts must be set aside separately in
groups, each marked for its component, so
that the same combination or set can be
reproduced at assembly.

Pay attention to marks on assemblies,
components and parts for their positions
or directions. Put on marks, if necessary,
to aid assembly.

Carefully check each part or component
for any sign of faulty condition during
removal or cleaning. The part will tell you
how it acted or what was abnormal about
it more accurately during removal or
cleaning.

When lifting or carrying a part too heavy
or too awkward for one person to handle,
get another person’s help and, if neces-
sary, use a jack or a hoist.

2. Assembly

(1

)

(3)

4

(5)

Wash all parts, except for oil seals,
O-rings, rubber sheets, etc., with cleaning
solvent and dry them with pressure air.

Always use tools that are in good condi-
tion and be sure you understand how to
use them before performing any job.

Use only good-quality lubricants. Be sure
to apply a coat of oil, grease or sealant to
parts as specified.

Be sure to use a torque wrench to tighten
parts for which torques are specified.

Any time the engine is assembled, new
gaskets and O-rings must be installed.



DISASSEMBLY

PREPARATION FOR DISASSEMBLY

1. Engine oil draining  ............. 20
2. Coolant draining  ............... 20
ELECTRICAL SYSTEM
1.Starter ... ... ..o 21
2. Alternator . ....... . i 23
COOLING SYSTEM
1. Cooling fanremoval ............. 26
2. Thermostat case removal ......... 26
3. Water pump assembly removal ... .. 26
FUEL SYSTEM
1. Fuel injection pipe removal ....... 27
2. Fuel injection nozzle removal ... ... 27
3. Governor assembly removal ....... 27
4. Governor weight removal ........ 28
5. Fuel injection pump removal ...... 28
LUBRICATION SYSTEM
1. Oil filterremoval ............... 29
2. Pressure relief valve removal ...... 29
3. Oil pressure switch removal ....... 29
AIR INLET SYSTEM AND EXHAUST
SYSTEM
1. Exhaust manifold removal ........ 30
2. Air inlet coverremoval .......... 30
CYLINDER HEAD AND VALVE
MECHANISM ... ........ ... .. ... 31
1. Rocker shaft assembly removal .... 32
2. Rocker shaft disassembly ......... 32
3. Cylinder head bolt removal ....... 32
4. Cylinder head assembly removal ... 33
5. Valve and valve spring removal .... 33
6. Valve stem seal removal .......... 33

TIMING GEARS AND FLYWHEEL . .

. Flywheelremoval ...............

[y

.Rearplateremoval ..............
.Oilseal caseremoval ............
. Tappetremoval ................
. Speedometer driven gear removal . . .
. Crankshaft pulley removal ........
. Timing gear case removal . .. ......

. Timing gear backlash measurement. .

O 00 9 N i b W N

..............

. Idler gear removal

—
]

. Camshaft removal

--------------

[
Pt

. Fuel injection pump camshaft
removal

12. Gear removal (when required) .....
13. Oil pump removal ..............
14. Front plate removal
CYLINDER BLOCK, CRANKSHAFT,

PISTONS ANDOILPAN ...........

1. Oil pan removal

.............

...............

2. Oil screen removal

.............

3. Thrust clearance measurement for
connecting rod big end

..........

4. Connecting rod cap removal

......

5. Pistonremoval .................

6. End play measurement for
crankshaft

....................

7. Main bearing cap removal

........

8. Crankshaft removal

.............

9. Piston separation from connecting
rod ...




DISASSEMBLY

PREPARATION FOR DISASSEMBLY

1. Engine oil draining

Remove the drain plug from the bottom of the
oil pan and allow the oil to drain.

Refill capacities | S3L/S3L2: )

(high level excl. | 3.7 (1.5) (with deep oil pan)

0.5 liter (0.13 3.7 (1.0) (with standard oil pan)
US. gal) of oil | $41,/54L.2:

in oil filter, liter | 7.7 (2.0) (with deep oil pan)
(U.S. gal) 5.4 (1.4) (with standard oil pan)

Engine oil

drain plug
A\ WARNING —— v

Hot oil and components can cause per-
sonal injury. Do not allow hot oil or
\components to contact skin.

_/

2. Coolant draining

Loose the drain plug on the right side of the
cylinder block and allow the coolant to drain.

Refill capacities, | S3L/S3L2: 1.8 (0.5)
liter (U.S. gal) S4L/54L2:2.5(0.7)

406550

Draining coolant

20
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ELECTRICAL SYSTEM

1. Starter
1.1. Testing before disassembly

(1) Clearance between pinion and housing
(pinion clearance)

(a) Connect the starter to a 12 volt battery
as shown in the illustration to cause the
pinion to shift into cranking position and
remain there.

/N\CAUTION
Due to the amount of current being passed
through the solenoid series winding, this test
must be made within 10 seconds.

(b) Push the pinion toward the commutator
end by hand to measure its free move-
ment (pinion clearance).

(c) The pinion clearance must be 0.5 to 2.0
mm (0.020 to 0.079 in.). If the clearance
is out of this range, make an adjustment
to it by adding or removing the packings
on the magnetic switch. Adding the
packings will decrease the clearance.

(2) No-load characteristics

(a) Connect the starter to a 12 volt battery
with an ammeter capable of indicating
several hundred amperes as shown in the
illustration.

(b) Close the switch to make sure the pinion
shifts into cranking position properly
and the starter runs at speeds higher than
is specified. If the current draw and/or
operating speed is out of the standard,
disassemble the starter for inspection
and repairs.

Push in pinion jr—

-
L Battery

0.5 t0 2.0 mm 03engy  Strter

(0.020 t0 0.079 in.)

404512

Connections for measuring pinion clearance

Switch

Tachometer
u (12 volts)

404513

Connections for testing no-load characteristics

21



DISASSEMBLY

a) The size of wires used for this test must
be as large as possible. Tighten the
terminals securely.

b) This starter has a reduction gear. Do
not confuse gear noise with some
abnormal noise else.

¢) When measuring the starter speed at the
end of the pinion, be ready for acciden-

tal shifting of the pinion.
L al shifting o pin .

(3) Magnetic switch

(a) Disconnect the connector from the M
terminal of the magnetic switch.

(b) Connect the magnetic switch toa 12 volt
battery with a switch as shown in the
illustration to test the pull-in coil. Close
the switch to see if the pinion shifts. If
the piston fails to shift, the magnetic
switch is faulty.

/N\CAUTION

Due to the amount of current being passed

through the solenoid series winding, this test
must be made within 10 seconds.

(c) Connect the magnetic switch toa 12 volt
battery with a switch as shown in the
illustration to test the hold-in coil. Close
the switch and pull the pinion away from
the commutator end by hand. Release
the pinion to see if it remains there. If
the pinion returns, the magnetic switch
is faulty.

/N\CAUTION

Due to the amount of current being passed
through the solenoid series winding, this test
must be made within 10 seconds.

22

Item Standard
Model M2T56272 | M2T50381
Nominal output, V ~ kW 12-2.0 12-1.6
.é' Terminal voltage, V 11 11.5
"é g Current draw, A 130, maximum ; 100, maximum
24| Speed, pm minimum | minjahum

@
Battery

(12 volts)

Connector disconnected

404514

Connections for testing pull-in coil

Connector disconnected

®
Battery

©
(12 volts)

404515

Connections for testing hold-in coil




(d) Connect the magnetic switch to a 12 volt
battery with a switch as shown in the
illustration to make a pinion return test.
Close the switch and pull the pinion
away from the commutator end by hand.
Release the pinion to see if it returns
immediately when released. If the
pinion fails to so return, the magnetic
switch is faulty.

/\ CAUTION

Due to the amount of current being passed
through the solenoid series winding, this test
must be made within 10 seconds.

1.2. Removal

(1) Disconnect the battery wires. Disconnect
the negative (-) wire first.

(2) Disconnect wire (1) from the starter.

(3) Loosen bolts (2) (two) holding starter (3)
in position and remove the starter.

2. Alternator
2.1. Inspection before removal

The correct diagnosis of the charging system
requires a careful inspection with the alternator
on the engine to determine whether or not it is
necessary to remove the alternator from the
engine for further inspection. The following
chart, in which two troubles are listed with four
possible causes of each, will help locate the
cause of the trouble:

Voltage regulator setting too high

Ground return circuit defective

Wiring incorrect

charge too high

Series resistor or winding open-circuited

Alternator drive belt loose

Voltage regulator setting too low

Alternator output low

Alternator gives | Alternator

no charge

Brushes worn

DISASSEMBLY

Connector disconnected

@ O
Battery

(12 volts)

404516

Connections for pinion return test

404900

Alternator on engine
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2.2

Precautions for removal

Following is a list of basic precautions that
should always be observed for removal:

(1)

)
3

4

)

(6)

)

2.3.

(1)

2

(3)

4

24

When installing the battery, care must be
used to make sure the negative (-) termi-
nal is grounded.

Do not use a megger (an instrument for
high resistance of electrical materials).

Disconnect the battery cables before
charging the battery.

Do not attempt to disconnect the lead from
the B terminal of the alternator when the
engine is running.

Battery voltage is being applied to the B
terminal of the alternator. Do not ground
it.

Do not short or ground the L terminal of
the alternator with a built-in IC regulator.

Do not blow a spray from the steam
cleaner nozzle at the alternator.

Testing voltage setting

Connect the alternator to a 12 volt battery
with an ammeter, a voltmeter and a switch
as shown in the illustration.

The voltmeter reading must be zero (0)
when the starter switch is in OFF position.
It must be lower than the battery voltage
when the switch is in ON position (the
engine will not start).

With one ammeter lead short-circuited,
start the engine.

Read the voltmeter when the ammeter
reading is below five amperes and the
engine is running at 1800 rpm and also at
2500 rpm with all electrical loads turned
off. The voltage setting varies with
alternator temperature. Generally, the
higher the alternator temperature, the
lower the voltage setting.

404908

Battery
(12 volts)

404538

Connections for testing voltage setting

Item Standard
Voltage setting
(at 20°C (68°F)] 147+£03V




2.4.

(1)

@

3)
4
)
(6)

2.5.

(1
¢))

3)

C))

)

Testing output characteristics

Disconnect the battery ground (negative)
cable.

Connect one ammeter lead to the B
terminal of the alternator and the other
lead to the positive terminal of the battery.
Connect one voltmeter lead to the B
terminal and the other lead to the ground.

Connect the battery ground cable.
Start the engine.
Turn on all electrical loads.

Increase the engine speed. Measure the
maximum output current at the specified
alternator speed when the voltmeter read-
ing is 13.5 volts.

Removal
Disconnect the battery cables.

Disconnect the lead from the B terminal
of the alternator.

Disconnect the connector from the
alternator.

Loosen the brace and support bolts. Move
the alternator toward the engine and
remove the drive belt.

Remove the alternator.

DISASSEMBLY

Ammeter
(R

O/
Alternator
indicator

light

Switch

Battery

1}-4}

404912

Connections for testing output characteristics
(alternator with built-in regulator)

Standards
Item | Model [Terminal volta
ge/
current Speed

_gg 2 500 rpm,
g E 13.5V/33A maximum
£S5 | ATT02071

? < 5 000 rpma
§§ 13.5 VAT A maximum
K

Removing alternator
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COOLING SYSTEM

1. Cooling fan removal

Hold the fan by one hand and remove the four
bolts that hold the fan in position. Remove the
fan and spacers.

(NOTE)
| NOTE
Keep the spacers with the fan for installa-

tion.

2. Thermostat case removal

Remove the thermostat case assembly
containing thermostat.

3. Water pump assembly removal

Remove the water pump assembly.

26
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Removing water pump assembly



FUEL SYSTEM

1. Fuel injection pipe removal

Disconnect the fuel injection pipes and fuel
leak-off pipe from the fuel injection pump and
nozzles.

{NOTE)
Put plugs or caps on the openings of the

injection pump and nozzle connectors.

2. Fuel injection nozzle removal

Loosen the fuel injection nozzles with a
wrench. Remove the nozzles and gaskets from
the cylinder head.

(NOTE}-
Remove the gaskets from the cylinder head

with a screwdriver or the like. Discard de-
fective gaskets.

3. Governor assembly removal
(1) Remove the tie rod cover.

(2) Remove the spring from the tie rod with a
pliers to disconnect the tie rod from the
fuel injection pump.

(3) Remove the governor assembly.

DISASSEMBLY

Removing gover'n';)’r assembly
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4. Governor weight removal
(1) Remove the sliding sleeve.

(2) Remove the sliding sleeve shaft and
governor weights.

5. Fuel injection pump removal
(1) Remove the tie rod cover.

(2) Remove the spring from the tie rod with a
pliers to disconnect the tie rod from the
fuel injection pump.

(3) Remove the fuel injection pump.

(NOTE |
Keep a record of the thickness of shims for

installation.

28
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LUBRICATION SYSTEM

1. Oil filter removal

(1) Puta container under the oil filter to catch
the oil.

(2) Remove the oil filter from the cylinder
block with a filter wrench.

2. Pressure relief valve removal

Remove the pressure relief valve from the
cylinder block.

3. Oil pressure switch removal

Remove the oil pressure switch with Oil
Pressure Switch Socket Wrench (MD998054)
(special tool).

MBS 406562

Removing pressure relief valve

%} MD998054

VAP I /P

404483

Removing oil pressure switch
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AIR INLET SYSTEM AND EXHAUST SYSTEM

1. Exhaust manifold removal

Remove the exhaust manifold from the
cylinder head.

2. Air inlet cover removal

Remove the air inlet cover from the cylinder
head.

30

406563

Removing exhaust manifold

| 406564

Removing air inlet cover
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CYLINDER HEAD AND VALVE MECHANISM

406565

406566

(M Rocker cover ® Cylinder head (® Valve spring
@ Rocker shaft assembly ® Cylinder head gasket Valve

® Valve push rod @ Valve lock @ Valve stem seal
@ Cylinder head bolt Valve retainer @ Valve cap
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1. Rocker shaft assembly removal

(1) Remove the bolts that hold the rocker
stays in position and remove the rocker
shaft assembly.

(2) Remove the valve caps.

P R |-

Removing rocker shaft assemblies

|

2. Rocker shaft disassembly

Put identification on each rocker arm as to its
location on the rocker shaft.

404711
Disassembling rocker shaft assembly

3. Cylinder head bolt removal

Loosen the cylinder head bolts in two or three
steps in the sequence shown.

(NOTE )
{ NOTE |
If any parts on the cylinder head are faulty, < Front

check the cylinder head bolts for tightness
with a torque wrench before loosening them.

407105
Cylinder head bolt loosening sequence
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4. Cylinder head assembly removal

Lift the cylinder head straight up with a hoist.

(NOTE | —
{ NOTE}

If the gasket is seized and the cylinder head
cannot be separated from the cylinder block,
tap around the thick side portion of the
cylinder head with a plastic hammer.

S. Valve and valve spring removal

(1) Compress the valve spring with a valve

lifter and remove the valve lock.

(2) Remove the retainer, spring and valve.

{NOTE}-
The valves, retainers, springs and valve
locks must be set aside separately in groups,
each tagged for cylinder number, for correct
installation,

6. Valve stem seal removal

Remove the valve stem seals with a pliers.

{ NOTE }
Do not reuse the valve stem seals.

DISASSEMBLY

06568 |

Removing cylinder hcéd’ as;cmt;gl

s 406570

Removing valve springs

Removing valve stem seals
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TIMING GEARS AND FLYWHEEL

Measure the backlash before
removing the gears.

406572

406573
@® Flywheel @ Crankshaft pulley (Remove @ thru @ as an assembly.)
@ Rear plate Timing gear case @ Fuel injection pump camshaft gear
® Oil seal case; oil seal @ Idler gear @ Bearing
@ Tappet (Remove @ thru @ as an assembly.) (@ Fuel injection pump camshaft
(® Speedometer driven gear ({9 Camshaft gear Oil pump
® P.T.O. gear @ Thrust plate @ Front plate

34
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1. Flywheel removal

(1) Have someone hold the crankshaft pulley
with a wrench to prevent the flywheel
from rotating.

(2) Remove one of the bolts that hold the
flywheel in position.

A\ WARNING

Always signal each other to prevent
possible personal injury.

406574 |
Holding flywheel

(3) Install a safety bar (M12 x 1.25) into the
threaded hole in the flywheel from which
the bolt was removed in Step (2). Remove
the remaining bolts.

(4) Hold the flywheel by hands and withdraw
it from the crankshaft. Joggling the
flywheel back and forth will facilitate
removal.

A\ WARNING

When removing the flywheel, wear heavy
gloves to avoid hand injury.

. 406575 |

2. Rear plate removal ‘

The rear plate is doweled in position. Pull the
plate as straight as possible when removing it.

Removing rear plate
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3. Oil seal case removal

Remove the bolts that hold the oil seal case in
position. Remove the case from the cylinder
block with a screwdriver or the like.

/\CAUTION
Do not cause damage to the oil seal.

4. Tappet removal

Remove the tappets from the cylinder block
with a valve push rod.

(NOTE ‘,
The tappers will fall into the oil pan if the
camshaft is removed before the tappets are

removed.

5. Speedometer driven gear removal

Remove the lock plate and speedometer driven
gear in that order.

{ NOTE ',
Unless the speedometer driven gear is
removed, the camshaft cannot be removed.

36
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6. Crankshaft pulley removal

(1) Install two safety bars (M12 x 1.25) into
the threaded holes in the rear end of the
crankshaft. Put a bar between the safety
bars to hold the crankshaft to prevent it
from rotating.

(2) Remove the crankshaft pulley.

A\ WARNING
When removing the crankshaft pulley, be

prepared to stop the job in case the bar
slips off the crankshaft to prevent injury.

7. Timing gear case removal

Remove the bolts that hold the timing gear case
in position and remove the case.

/N CAUTION

The front plate is bolted inside the timing
gear case. Do not attempt to remove this
plate along with the timing gear case by

tapping.

8. Timing gear backlash measurement

Measure the backlash of each gear and keep a
record of it for correct installation. Replace the
gears if the backlash exceeds the limit.

Unit: mm (in.)

Item Standard Limit

Crankshaft gear
and idler gear

Idler gear and

< | camshaft gear 0.04 10 0.12
S (0.001 6 10 0.004 7)
=< | Idler gear and
8| fuel injection
5 | pump camshaft 0.30
g, | gear (0.011 8)
,?50 Camshaft gear 0.08 t0 0.19
€ | and P.T.O. gear {(0.003 1 to 0.0075)
& I"Fuel injection
pump camshaft 0.07 t0 0.20
gear and oil (0.002 8 10 0.007 9)
pump gear

DISASSEMBLY

404751

Removing crankshaft pulley

406581
Measuring timing gear backlash
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9. Idler gear removal

To remove the idler gear, rotate the gear in a
direction of the helix of the teeth to pull it out
of mesh. '

10. Camshaft removal

(1) Remove the bolts that hold the thrust
plate.

(2) Pull the camshaft out of the cylinder
block.

/\ CAUTION

Do not cause damage to the lobes or bear-
ing journals when removing the camshaft.

11. Fuel injection pump camshaft
removal

(1) Remove the stopper bolt.

38
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(2) Tap the rear end of the camshaft with a
copper bar to push it out of the front side
of the cylinder block.

12. Gear removal (when required)

To remove the gears from the camshaft and
fuel injection pump camshaft, use an arbor
press.

13. Oil pump removal

Remove the bolts that hold the oil pump to the
cylinder block and remove the pump.

14. Front plate removal

Remove four bolts that hold the front plate in
position. Tap the plate lightly with a plastic
hammer to separate the gasket.

DISASSEMBLY

Removing fuel injection pump camshaft

IR 06556 |
Removing oil pump

i 406587
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CYLINDER BLOCK, CRANKSHAFT, PISTONS AND OIL PAN

406588
@® Oil pan ® Piston pin @ Connecting rod bearing (upper half)
® Oil screen @ No. 1ring @ Main bearing cap

® Connccting rod cap No. 2 ring @ Main bearing (lower half)

@ Connecting rod bearing (lower half) ® Oil ring @ Crankshaft

(Remove ® thru @ as an asscmbly.) Piston @ Main bearing (upper half)

® Connccting rod Cylinder block
40 NOTE: When the cylinder block is to be discarded, remove the components (pressure relief

valve, etc.) from the block for rcuse.




1. Oil pan removal
(1) Turn the engine upside down.

(2) Tap the bottom corners of the oil pan with
a plastic hammer to remove the oil pan.

/N\ CAUTION

Do not attempt to pry off the oil pan by
inserting a screwdriver or a chisel between
the oil pan and cylinder block. Damage to
the oil pan can be the result.

2. Oil screen removal

Loosen the nut that holds the oil screen in
position and remove the screen.

3. Thrust clearance measurement for
connecting rod big end

Install the connecting rod to its crankpin and
tighten the cap nuts to the specified torque.
Measure the thrust clearance with a feeler
gauge. If the clearance exceeds the limit,
replace the connecting rod.

Unit: mm (in.)

Item Standard Limit

Thrust clearance 0.10 to0 0.35 0.50

for connecting rod
big end (0.0039 to0 0.0138) | (0.0197)

DISASSEMBLY

406590

870429

Measuring thrust clearance for connecting
rod big end
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4. Connecting rod cap removal

(1
2

3)

Lay the cylinder block on its side.

Put identification on each connecting rod
and cap combination as to its location in
the engine.

Remove the caps.

5. Piston removal

)

2

Turn the crankshaft until the piston is at
top center.

Push the piston and connecting rod away
from the crankshaft with the handle of a
hammer or the like until the piston rings
are above the cylinder. Remove the piston
and connecting rod. Do Steps (1) and (2)
for the removal of the other pistons.

6. End play measurement for crankshaft

Set a dial indicator so that it will touch the end
of the crankshaft and measure the end play. If
the end play exceeds the limit, replace No. 3

flanged bearing.
Unit: mm (in.)
Item Standard Limit
End play for 0.050 t0 0.175 0.500
Clankshaftend | 0,001 97 10 0.006 89) | (0.019 69)
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Removing connecting rod caps

3= AN

“3375

401769

Removing piston

404829

Measuring end play for crankshaft



7. Main bearing cap removal

(1) Lay the cylinder block with its bottom (oil
pan) side up.

(2) Remove the bolts that hold the main
bearing caps in position. Remove the
caps.

(3) Remove the front and rear bearing caps
with a sliding hammer.

8. Crankshaft removal

Remove the crankshaft.

—————{ /A\CAuUTION

Do not cause damage to the bearings.

- (NOTE}
Put identification on each main bearing as

\to its location in the engine.

9. Piston separation from connecting rod

(1) Use Piston Pin Setting Tool (31A91-
00100) (special tool) to separate the
piston from the connecting rod.

DISASSEMBLY

Removing main bearing caps

~ Removin g crankshaft

—

406808

Piston pin setting tool
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(2) Insert the push rod of the tool into the bore
in the piston for the piston pin and, using L4 —
an arbor press, remove the piston pin. — Push rod (tool)

(3) Use this Piston Pin Setting Tool to install Piston pin
the connecting rod to the piston.

Connecting rod

Identification mark

Arrow mark

77
<4

Iol ';l’.r
AANCUANNNNRNY

Piston

o

A Tool body

i

404810

/N\ CAUTION

Do not attempt to remove the piston pin by
tapping. Replace a piston pin which needs
a greater force for removal. ‘

Removing piston pin (2)
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INSPECTION

CYLINDER HEAD AND VALVE MECHANISM

Check threads ; ;
for swipping. Check oil hole for clogging. J

Check end Check bore
for wear. for wear.

[ Check for wear or clogged oil holes.J

406594

Check valve seats

Check for damage for improper Check valve guides for

and test. contact or wear. wear or damage.
Check for

b warpage.
Check for galling
g or wear.
Check for ridges
or damage.
Check for
wear or
improper
[ contact.
Check ends for |
wear or damage.

Check for cracks, oil or coolant leaks. Remove

Check for bend gasket, scale and carbon deposits.

406595

Inspection points
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1. Cylinder head

Using a heavy accurate straight edge and a
feeler gauge, check the bottom face for
warpage in three positions lengthwise, two
crosswise and two widthwise as shown in the
illustration. If warpage exceeds the limit,
reface the bottom face with a surface grinder.

Unit: mm (in.)

Item ] Standard Limit
Warpage of cylinder | 0.05 (0.002 0) 0.10
head bottom face maximum (0.003 9)

2. Rocker arms and rocker shaft

Measure the bore in the rocker arm for the
rocker shaft and the diameter of the rocker
shaft to find the clearance between the arm and
shaft. If the clearance has reached the limit,
replace the rocker arm. If it exceeds the limit,

replace both arm and shaft.
Unit: mm (in.)

Item Nominal | ¢\ 0 iard Limit
size
18.910 to
Bore in rocker 18.9 18.930 _
arm for shaft (0.744) | (0.74449 10
0.74527)
18.880 to
Diameter of 18.9 18.898
shaft for arm (0.744) | (0.74331 10 -
0.744 01)
0.01210
g‘:f‘ireaer:‘cf“ke' - (()(')Og(())o 4710 |(0 %39 %7)
arm and shaft 0.001 97)

3. Valve springs

Check the squareness and free length. If the
squareness and/or free length exceeds the limit,

replace the spring. Unit: mm (in.)

INSPECTION

406596

Checking cylinder head bottom face for

warpage

401331

Measuring rocker arm and rocker shaft

Free length

Squareness

401335

Item Standard Limit
Free length 47 (1.85) 46 (1.81)
Squareness 1.5° maximum
Length under 13.9+£0.7

.Z | test force: (30.6+1.5)
8l 39.1(154) 136+ 7] -15%
C o
=< | Length under 29+2

S| test force: 64+ 4.4)
=1 30.5 (1.20) [284 +20)

Testing valve spring
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4. Valve push rods

Using V-blocks and a dial indicator, check for
bend. If the bend exceeds the limit, replace the
push rod.

Unit: mm (in.)

Item Limit
Bend (dial indicator reading) 0.3 (0.012)
of valve push rod maximum

5. Valves, valve guides and valve seats
(1) Diameter of valve stem

Measure the diameter of the valve stem as
shown in the illustration. If the stem is worn
beyond the limit, or if it is abnormally worn,

replace the valve.
Unit: mm (in.)

]

400069

Checking bend of valve push rod

Measuring
diagram

Nominal ..
Item size Standard Limit
6.565 to
Inlet 6.6 16.580
. valve | (0.260) |(0.258 46 to
Dfxamleter 0.259 05) 6.500
of valve
stem 653010 |(0-23390)
Exhaust{ 6.6 [6.550
valve |(0.260) |(0.257 09 to0
0.25787)

(2) Clearance between valve stem and valve
guide

The valve guide wears more rapidly at its both
ends than at any other parts. Measure the bore
in the guide for the stem at its ends with an
inside micrometer caliper to find the clearance
between the stem and guide. If the clearance
exceeds the limit, replace the guide or valve
whichever is badly worn.

48

Measuring valve stem

Inside micrometer
caliper

406597

Measuring valve guide




Unit: mm (in.)

Item Nosrir;ié\al Standard Limit
0.02t0
Clear- Inlet 1005 0.10
ance valve (0.000 8 to| (0.003 9)
between 0.002 0)
valve
stem and 0.05t0
valve Exhaust| __ 0.085 0.15
guide valve (0.002 0 to| (0.005 9)
0.003 35)
Height to top of (01 :(‘)9) ?(-)5317(2 1‘(3.5 _
valve guide . y
& 1 0.413)
(NOTE )
{NOTE}

Before measuring the valve guides, clear the
guides of lacquer and carbon.

(3)
(a)

(b)

©

(d)

4)
(a)

Valve guide replacement

Remove the guide from the cylinder
head by pushing it with a tool and an
arbor press from the bottom side of the
head. '

Install a new guide into the cylinder
head by pushing it with an arbor press
from the upper side of the head until the
specified height to the top of the guide
is obtained.

Insert a new valve into the guide and
make sure the valve slides in the guide
freely.

After the valve guide has been replaced,
check the valve contact with its seat.

Valves

Put a small amount of Prussian blue or
read lead on the valve face. Hold the
valve with a valve lapping tool (com-
mercially available) and press it against
the seat to check its contact.

INSPECTION

Valve guide

Cylinder head

10 £ 0.5 mm
(0.39 +
0.020 in.)

\
hY

|

15 mm
(0.59 in.)

R

406598

Height to top of valve guide

Valve lapping
tool

406599

Checking valve contact with seat
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(b) The width of contact must be uniform all
the way around both seat and valve. If
the contact is bad, reface the valve and
seat.

Bad

Contact must be uniform
around the complete

circumference.
_ 404726
Valve and valve seat contact
(c) If the valve margin (valve lip thickness)
exceeds the limit, replace the valve. Valve sinkage Valve margin
Unit: mm (in.)
Item Standard Limit X T I
Valve margin (lip
thickness) 1.0 (0.039) | 0.5 (0.020)
(d) If the valve sinkage (the dimension from
the top of a closed valve to the face of
cylinder head) exceeds the limit, recon- 404727

dition the valve seat or replace the

cylinder head assembly. Valve margin and sinkage

Unit: mm (in.)

Item Standard Limit

Valve sinkage
(dimension from 0.5+0.25 1.5

top of closed valve | (0.020 £ 0.009 8) | (0.059)
to face of head)

(5) Valve refacing

(a) Set the valve refacer at an angle of 45°
and grind the valve.

(b) The valve margin must be not less than
the limit. If the margin seems to be less
than the limit when the valve is refaced,
replace the valve.

Refacing valve face
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(6) Valve seat refacing

(a) Before refacing the valve seat, check the
clearance between the valve and guide,
and replace the guide if necessary.

(b) Cut the valve seat with a valve seat
cutter (commercially available), or grind
it with a valve seat grinder, and finish
the width of valve seat and the angle of
seat face to the correct values.

Unit: mm (in.)
Item Standard Limit
Angle of seat °
face 45 -
Width of valve 13t01.8 2.5
seat (0.051 10 0.071) (0.098)

(c) Afterrefacing the valve seat, put lapping
compound on the valve face and lap the
valve in the valve seat.

(7) Valve lapping

Be sure to lap the valves in the seats after
refacing or replacing the valves or valve seats.

(a) Put a small amount of lapping com-
pound on the valve face.

e ===
a) Do not put lapping compound on the
valve stem.

b) Use a lapping compound of 120 to 150
mesh for initial lapping and a compound
of finer than 200 mesh for finish
lapping.

¢) Mixing the compound with a small
amount of engine oil will help put the
compound on the valve face uniformly./

\_

(b) Using a lapping tool, hold the valve
against the seat and rotate it only a part
of a turn, then raise the valve off its seal,

INSPECTION

406600

Refacing valve seat

Width of valve seat
1310 1.8 mm
(0.051 10 0.071 in.)

/i<
2 \\
30° NN

N

404432

Valve seat width and valve face angle

406601 |

Lapping valve in seat
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rotating it to a new position. Press the
valve against the seal for another part of
a turn. Repeat this operation until the
compound wears and loses its cutting

property.
(c) Wash the valve and valve seat with dry
cleaning solvent.

(d) Apply engine oil to the valve and lap it
in the seat.

(e) Check the valve face for contact.

6. Combustion jet replacement

Replace the combustion jets only when they
are cracked or defective.

(1) Toremove the jet, insert a 6 mm (0.24 in.)
diameter round bar through the bore in the
cylinder head for the glow plug and tap
around the jet.

(2) Toinstall a new jet, put the jet in position
in the head with its tangential orifice in
alignment with the center of the main
chamber and tap it with a plastic hammer.

52

‘ Round bar

Combustion jet

406602

Removing combustion jet

14°_ 3¢’

Combustion jet /T‘—\
J o
©) > O 00O <

O

&,

406603

Installing combustion jet




INSPECTION

TIMING GEARS AND FLYWHEEL

Check for wear. g E/

Check for damage to lobes
and bearing journals.

Check for wear or abnormal
noise (when spun).

Check teeth for wear, nicks,
burrs or chips.

406572

Check clutch contact face for scores
or ridges. Check ring gears for
damage or wear.

[7Chccl( for wear, damage or agingJ

406573

Inspection points
53
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1. Camshaft
(1) Clearance between journal and bushing

Measure the diameter of the journal and the
bore in the bushing for the shaft to find the
clearance as shown in the illustration. If the
clearance exceeds the limit, replace the
bushing.

Unit: mm (in.)

Item Standard

Clearance between camshaft 0.15 (0.005 9)

404767

journal and bushing

(2) Bushing replacement

Use Camshaft Bushing Installer (ST332340)
(special tool) for camshaft bushing replace-
ment.

(a) Removal

Remove the oil pan. Using a “remover”
end of the Installer, push out the bush-
ing into the cylinder block. Crush and
take out the bushing from the block.

54

Measuring camshaft journal

Front of cylind Camshaft
block \% bushing

>

Camshaft Bushing

Installer
406605

Removing camshaft bushing



(b) Installation

Install a new bushing in position with its
oil holes in alignment with those of the
oil gallery.

(3) Lobe lift

Measure the lobe height and base circle as
shown in the illustration. Subtract the base
circle from the lobe height to find the lobe life.
If the lobe lift exceeds the limit, replace the
camshaft.

Unit: mm (in.)

Item Standard Limit
Lobe height of 35.72 34.72
camshaft (1.406 3) (1.366 9)

2. Fuel injection pump camshaft

Measure the lobe height and base circle as
shown in the illustration. Subtract the base
circle from the lobe height to find the lobe life.
If the lobe lift exceeds the limit, replace the

camshaft.
Unit: mm (in.)

Item Standard Limit
Lobe height of fuel 44 43
injection pump
camshaft (1.73) (1.69)

INSPECTION

1 mm (0.04 in.)

Notch in

. o’ bushing
:Auzl

Ends of
" bushing

406606
Installing camshaft bushing

404763

Measuring lobe height of camshaft

404764

Measuring lobe height of fuel injection
pump camshaft
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3. Tappets
(1) Cam contact face

Check the cam contact face of each tappet for
abnormal wear. Replace the tappet if the face
is defective.

(2) Clearance between tappet and cylinder
block

Measure the diameter of the tappet and the bore
in the cylinder block for the tappet to find the
clearance. If the clearance exceeds the limit,
replace the tappet.

Unit: mm (in,)
Item Standard
Clearance between tappet
and cylinder block 0.15 (0.005 9)

4. Idler gear
(1) Clearance between idler gear and shaft

Measure the bore in the idler gear for the shaft
and the diameter of the shaft to find the
clearance. If the clearance exceeds the limit,
replace the gear or shaft whichever is badly
worn.

Unit: mm (in.)

Item Standard Limit

Clearance between 0.03 10 0.07 0.20
idler gear and shaft {(0.001 2 to 0.002 8)| (0.007 9)
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Good Bad Bad

400068

Cam contact face of tappet

404766

Meaéuring tabpet and bore in cylinder

404453

Measuring idler gear and shaft



(2) Idler shaft replacement

Install a new idler shaft to the cylinder block
so that its dimension from the face of the block
is 26.5£0.5 mm (1.04320.020 in.).

5. Flywheel and ring gear

(1) Flatness (difference‘betwe‘en lower and
higher measurements) of flywheel

Put the flywheel on the surface plate. Set a dial
indicator at one side of the friction (clutch
contact) face and move it over to the opposite
side of the face as shown in the illustration to
find the flatness. If the flatness exceeds the
limit, grind the face.

Unit: mm (in.)

Item Standard Limit
Flatness of 0.15 (0.005 9) 0.50
flywheel maximum - (0.0197)

(2) Ring gear replacement

Check the ring gear and replace it if its teeth
are abnormally worn or chipped.

(a) Removal
Heat the ring gear evenly with an
acetylene torch. Tap the ring gear all the
way around with a bar and a hammer as
shown in the illustration to remove it
from the flywheel.

(b) Installation
Heat a new ring gear up to a temperature
of 150°C (302°F) with a piston heater
and install it to the flywheel with its
unchamfered side foremost.

INSPECTION

26.510.5 mm
(1.04310.020 in.)

404771

Idler shaft dimension

401758

Measuring flywheel flatness

400070

Removing ring gear
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CYLINDER BLOCK, CRANKSHAFT, PISTONS AND OIL PAN

Check for cracks, scores or
ridges at top of ring travel.

Check top face for
warpage.

Check for damage
1o plugs or dowels.

Check for plugged
oil holes.

Check for damage
to gear teeth.

-

Check for wear or damage.
Check clearance between
ends.

Check for wear, scores,
cracks, overheating or
excessive widened ring
grooves.

406594

Check for bend or twist.
Check big end thrust
clearance.

Check journals and crankpins
for abnormal wear, cracks, bend
or plugged oil holes.

—— A\ cAuTiON

Do not reuse crankshaft if it shows
evidence of overheating.

Scratches \
e \\‘“
Defect due
to poor
installati
instetaton 400112
406588

58

Inspection points




1. Pistons, Piston Rings and Piston Pins
(1) Diameter of piston

Measure the diameter of the piston at its skirt
in a direction transverse to the piston pin with
a micrometer as shown in the illustration. If
the diameter exceeds the limit, replace the
piston. Select a new piston so that the differ-
ence between average weight of all pistons in
one engine does not exceed the standard.

Unit: mm (in.)

Ttem Nominal | g.ndard | Limit
size
7793 10
78.00 | 77.95 77.80
Standard | 30709y | (3.068 1 to | (3.063 0)
3.0689)
0.25 78.18 to
Diameter (0.009 8) 78.25 78.20 78.05
of piston | juarsize | (3-0807)1 (3.0779 1o} (3.072 8)
3.0787)
78.43 to
?()5(())19 7y | 7850 | 78.45 78.30
vers; (3.0905) | (3.0878 10| (3.0827)
oversize 3.088 6)
Maximum permissible differ-
ence between average weight of 5(0.18) —
all pistons in one engine, g (oz)

(2) Clearance between piston ring and groove

(a) Measure the clearance between the
groove and piston with a straight edge
and a feeler gauge as shown in the
illustration. If the clearance exceeds the
limit, replace the ring.

Unit: mm (in.)

Item Standard Limit

No. 1 compres- 0.06 t0 0.10 0.30
sion ring (0.0024 10 0.0039) | (0.0118)

No. 2 compres- 0.05 10 0.09 0.20
sion ring (0.00201t0 0.0035)| (0.0079)

Oil i 0.03 to 0.07 0.20
i rng (0.001 2 10 0.002 8) | (0.007 9)

(b) If the clearance still exceeds the limit
after new piston rings have been
installed, replace the piston.

INSPECTION

Direction transverse 10
piston pin

406607

Measuring diameter of piston

No. 1 compression ring clearance

No. 2 compression

ring clearance

/

=
W

//\

A
N

407141

Measuring clearance between piston ring

and groove
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(3) Clearance between ends of piston ring

Put the piston ring in a gauge or in the bore in
a new cylinder block and measure the clear-
ance between the ends of the ring with a feeler
gauge as shown in the illustration. If the
clearance exceeds the limit, replace all the
rings.
Inside diameter of gauge
Standard: 78*0% mm (3.0773%12 in.)
0.25 mm (0.0098 in.) oversize:

Measuring clearance between ends of

78.2570% mm (3.08*3%12 in) . i
piston ring

0.50 mm (0.0197 in.) oversize:
78.50%09 mm (3.0970% 2 in)

(NOTE}

Put the piston ring in the gauge or cylinder
squarely with the piston.

Unit: mm (in.)

Item Standard Limit
No. 1
: 0.15 10 0.30
Clearance | sing: " |(0.0059 0 0.011 8)
between No 2 5o
ends of | oressi 01510 0.35 '

i : : 059 1
piston | " (00059 100,013 8) 009D
Oil 1 0.20 10 0.40

hnng 10,0079 10 0.0157)

(4) Clearance between piston pin and piston

Measure the diameter of the piston pin and the
bore in the piston for the pin as shown in the
illustration to find the clearance. If the clear-
ance exceeds the limit, replace the piston or pin
whichever is badly worn.

Unit: mm (in.)

Item Nominal Standard Limit
S1ze
22.994 10
Diameter of 23 | 23.000 404153
piston pin 091) | (0.905 27 10 Measuring piston pin and bore in piston
0.905 51) for pin
Clearance 0.006 10
between o 0.018 0.050
piston pin and (0.000 24 to | (0.001 97)
piston 0.000 71)
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2. Connecting rods

Check the connecting rod for bend or twist as
follows:

(a) Measure “C” and “L.” If “C” exceeds
0.05 mm (0.0020 in.) per 100 mm (3.94
in.) of “4,” straighten the connecting rod
with a press.

Unit: mm (in.)

Item Standard Limit
: 0.05/100 0.15/100
e oranoa | (000203.94) | (0.0059/
maximum 3.94)

(b) Generally, a connecting rod aligner is
used to check the connecting rod for
bend or twist.

To check the rod for bend, install the cap to
the connecting rod and tighten the cap nuts
to the specified torque.

(c) To check the connecting rod fitted to the
piston for bend, put the connecting rod
and piston on the surface plate as shown
in the illustration, insert a round bar
having a diameter equal to that of the
crankpin into the bore in the big end of
the rod and measure “A” and “B” with
a dial indicator. Subtract “A” from “B”
to find the bend (“C”).

INSPECTION

Unit: mm (in.)

C 005 (0.0020)
"L 100(3.94)
¢
0.05 (0.0020) -
100394) C :
Twist
400110

Checking connecting rod for bend or twist

401780

Check connecting rod on a connecting
rod aligner

0
=

i

TITILIIIL L 4 401781

Checking connecting rod for bend
with a dial indicator
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3. Crankshaft

(1) Clearance between crankpin and connect-
ing rod bearing

(a) Install the bearing (upper and lower
halves) and cap to the big end of the
connecting rod and tighten the cap nuts
to the specified torque. Measure the
bore in the bearing for crankpin as
shown in the illustration.

3.55+0.25 kgf-m
Tightening torque (25.7 + 1.8 Ibf-fr)
{34.8+2.5N-m]

(b) Measure the diameter of the crankpin as
shown in the illustration to find the
clearance between the crankpin and
connecting rod bearing.

Unit: mm (in.)

Item Nosrir;i;al Standard Limit
Diameter of 48 2;32(5) 10
b (189) | (18877910|
(standard) 1.888 38)
Clearance

0.025 to

EgnwkCSirrl] and — 0.072 0.150
connecting rod 600%0208935; to | (0.00591)
bearing -

(c) If the clearance exceeds the limit, install
a new bearing and check the clearance
again.

(d) If the clearance still exceeds the limit,
grind the crankpin to 0.25 mm (0.0098
in.), 0.50 mm (0.0197 in.) or 0.75 mm
(0.0295 in.) undersize and use undersize
connecting rod bearing.

Crankpin undersizes
Unit: mm (in.)

Item Undersize Finish

0.25 -0.035 -0.001 38
(0.009 8) | 47750050 (1.879 9 000197)

. 0.50 -0.035 -0.001 38
Crankpin 0.0197) | 47-50-0050 (1.870 10001 7)

0.75 -0.035 -0.001 3
(0029 5) | 47250050 (1.860 2 5001 07)
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3.55+0.25 kgf-m
(25.741.8 Ibf-f1)
[34.842.5 N-m)

Measuring diagram

401778

Measuring bore in connecting rod bearing

Measuring diagram

670113

Measuring diameter of crankpin




/N\CAUTION

a) Grind all the crankpins of one crank-
shaft to the same undersize.

b) Finish the crankpin fillets to a radius of
2.5 mm (0.098 in.).

(2) Clearance between journal and main
bearing

(a) Install the main bearing (upper and
lower halves) and cap to the cylinder
block and tighten the cap bolts to the
specified torque. Measure the bore in
the bearing for the journal as shown in
the illustration.

5.25 £ 0.25 kgf-m
Tightening torque (38 £ 1.8 Ibfft)
[51.5+£ 2.5 N-m]

(b) Measure the diameter of the journal as
shown in the illustration to find the
clearance between the journal and main

INSPECTION

2.5 mm
(0.098 in.)

404814

Crankpin fillet radius

Measuring bore in main bearing

Measuring diagram

| 4

E}Tl
1

!

670112

bearing.
Unit: mm (in.)

Item Nosrir;?al Standard Limit
Diameter of 52 géggg 0
journal 2.05) | (2.046 65 t -
(standard) @09 5.047 24) °
Clearance 0.030 10
between . 0.077 0.100
journal and (0.001 18 to ((0.003 94)
main bearing 0.003 03)

(c) If the clearance exceeds the limit, install
a new bearing and check the clearance

again,

Measuring diameter of journal
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(d) If the clearance still exceeds the limit,
grind the journal to 0.25 mm (0.009 8
in.), 0.50 mm (0.019 7 in.) or 0.75 mm
(0.029 5 in.) undersize and use undersize
main bearing.

Journal undersizes
Unit: mm (in.)

Item Undcrsize Finish
?(')?309 8) | 51750015 (2.0374 Jo00s9)
Journal ?6?(())19 7y | 51508015 (2:027 6 So0055)
?(-)7329 5) | S1:25-8015 (2017 7-8ovoso)

QAo —

a) Grind all the journals of one crankshaft
to the same undersize.

b) Finish the journal fillets to a radius of 2

2 mm (0.08 in.)—/ <
N

I

)

2 mm (0.08 in.)

404814

L mm (0.08 in.). y

(3) Runout

Support the crankshaft on its front and rear
journals in V-blocks or in a lathe and check
runout at the center journal with a dial indica-
tor as shown in the illustration. Depending on
the amount of runout, repair the crankshaft by
grinding or by straightening with a press. If
runout exceeds the limit, replace the crank-
shaft.

Unit: mm (in.)
Itcm Standard Limit
0.025 0.05
Crankshaft runout (0.000 98) (0.002 0)

(4) Crankshaft gear removal

Use a gear puller to remove the gear from the
crankshaft.

{NOTE

Sy
Do not remove the gear unless the gear or
crankshaft is defective. )
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Journal fillet radius

670111

Checking crankshaft runout

404813

Removing crankshaft gear




(5) Crankshaft gear installation

(a) Install the key in position on the crank-
shaft.

(b) Install the gear in position with its
keyway in alignment with the key as
shown in the illustration.

4. Cylinder block
(1) Bore

Measure the bore at the top, middle and bot-
tom points on axes A and B with a cylinder
bore gauge as shown in the illustration. If any
one of the cylinders exceeds the limit, hone out
all the bores for oversize pistons.

Unit: mm (in.)

Piston and piston ring Bore
Size Size Standard Limit
code
+0.03
Standard STD 78 0 0012
(3.07% %)
+0. Standard:
025(0.0098)| 25 | 782507 1TGa%"
oversize (3.080 7*8%' 2 | (+0.008)
0.50 (0.0197)| 4 78.50"9%
oversize (3.090 50 2)
Taper and out-of- 0.01 (0.000 4) _
round maximum

(2) Warpage of top face

Using a heavy accurate straight edge and a
feeler gauge, check the top face for warpage
in two positions lengthwise, two crosswise and
two widthwise as shown in the illustration. If
warpage exceeds the limit, reface the top face
with a surface grinder.

/N\ CAUTION

The maximum permissible amount of stock
to be removed from the cylinder head and
block by grinding is 0.2 mm (0.008 in.) in
total.

INSPECTION

407246

Installing crankshaft gear

g 406610

Measuring bore in C);ii/nder block

Checking cylinder block top face for warpage

Unit: mm (in.)

Ttem Standard Limit
Warpage of
gylinder block top ?ngilg?uon?z 0 © %8? 9)
ace '
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CYLINDER BLOCK, CRANKSHAFT, PISTONS AND OIL PAN

Lubricate the entire surface \&/;;
with engine oil. Q

——

s'

Lubricate the bearing (inside)
surface with engine oil.

Coat the front and rear bearing cap
contact surfaces with Three Bond
1212.

Lubricate the bearing (inside)
surface with engine oil.

Coat with Three
% Bond 1212.
Tightening torque: % S
3.55+0.25 kgf-m
(25.7 + 1.8 Ibf-ft)
[34.8 £ 2.5 N-m]

@ Tightening torque:
5.2510.25 }(tgt;m
Coat the entire surface with (38 + 1.8 1bf-ft
Three Bond 1207C. [51.5+ 2.5 N-m]
/e \ \/\/ I!
Tightening torque S p\ I\\ !
Cast oil pan: |
2.8 £ 0.3 kgf-m (20.3 £ 2.2 1bf-ft) b
[27.5+3 N-m] |
Plate oil pan:
1.15 £ 0.15 kgf-m (8.3 + 1.1 1bf-ft)
[11.3+ 1.5 N-m]

406588

Inspection points
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1. Main bearing installation

¢

)

3

Install the upper halves of the main
bearings in the cylinder block and the
lower halves in the main bearing caps so
their tabs fit into the notches in the
cylinder block and the main bearing caps.

Install the flanged bearing in the No. 3
journal.

Lightly lubricate the inside surfaces of the
bearings with engine oil.

2. Crankshaft installation

)]

)

3

Clean the crankshaft with cleaning solvent
and blow dry with compressed air.

Fasten a hoist to the crankshaft and hold
it in horizontal position. Carefully put the
crankshaft in position in the cylinder
block.

Lightly lubricate the crankshaft journals
with engine oil.

3. Main bearing cap installation

(D

2

3

Coat the mating surfaces of the rear bear-
ing cap and cylinder block with Three
Bond 1212.

Install the main bearing caps in position.
Make sure the number (arrow head) on the
main bearing cap is toward the front of the
engine.

Tighten the main bearing cap bolts finger
tight only.

ASSEMBLY

P

Installiﬂnmg main bearings

Main bearing caps installed
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/N\CAUTION

Install the front and rear bearing caps in
position so their end faces are even with the
end faces of the cylinder block.

(4) Tighten the bolts holding the main
bearing caps in steps to the specified

torque.
5.25+0.25 kgf-m
Tightening torque (38 £ 2 Ibf-f1)
[51.5£2.5]

(5) Make sure the crankshaft rotates freely
without binding or catching.

(6) Measure the end play for the crankshaft.
Make reference to “End play measurement
for crankshaft” (page 42). If the end play
is incorrect, loosen the bolts holding the
main bearing caps once and tighten them
again.

70

- 406614

Installing front and rear bearing caps

Tightening bolt;holding main bearing caps

‘ N 406616

Checking crankshaft for rotation



ASSEMBLY

4. Side seal installation
(1) Coat the side seals with Three Bond 1212.

(2) Insert the side seals between the cylinder
block and the front and rear caps and push
in them by hand as far as possible, with Rounded side / N\ Rounded side

their rounded side toward the outside of
the cylinder block.

406617

Snde seals

Side seals

(3) Using a flat plate, push the seals into
position, taking care not to bend them.

5. Piston assembling to connecting rod

(1) Set Piston Setting Tool (31A91-00100)
(special tool) in a hydraulic press.

(2) Put the connecting rod on the Tool and
lubricate the bore in the rod for the piston
pin with engine oil.

Connecting rod on PlStOﬂ Setting Tool
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(3) Put the piston in position on the connect-
ing rod, making sure the model identifi-
cation on the rod is on the same side as
the arrow head on the top of the piston.
Put the piston pin in position.

(4) Insert the push rod of the Tool into the
bore in the piston for the piston pin and
press the pin with the press.

——{ A\ CcAUTION}————

Observe the indicator of the press when
pressing the piston pin. If the force of the
press is ready to exceed 50 kgf (110 1bf)
[490 N], stop pressing the pin and check the
bores in the piston and connecting rod for
kalignment.

/

(5) After assembling the piston and connect-
ing rod, make sure the connecting rod
moves freely.

72
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406621

406622

Checking pirstroﬁr and connecting rod



6. Piston ring installation

Using a piston ring pliers, install the piston
rings on the piston.

f _ \ J N
a) The piston rings must be installed with
the side that has the mark “T” toward

the top of the piston.

b) The oil ring must be installed with the
ring end gap 180° apart from the coil

ASSEMBLY

o

Mark to be up

7
No. 1 compres-
" sion ring

=] No. 2 compres-
__Jsionring

\on ring

406623

spring joint.
pring ] )

7. Piston and connecting rod installation

(1) Lubricate the piston and piston rings with
engine oil.

(2) Move the piston rings on the piston so that
the end gaps are apart from a direction
parallel to, or transverse to, the piston pin.

(3) Install the connecting rod bearing (upper
half) to the rod, making sure the tab in
the back of the bearing is in the notch of
the connecting rod.

(4) Turn the crankshaft until the crankpin for
the piston and connecting rod to be
installed is at the top center.

(5) Hold the piston and connecting rod with
“FRONT” mark (arrow head) on the top
of the piston toward the front (timing gear
case side) of the engine.

Piston rings

Coil spring joint

404805

Oil ring é

Front of l
engine

No. 1 compres—% 9No. 2 compression

sion ring ring and oil ring
coil spring joint
406624

Relative location of piston ring end gaps
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(6) Using a piston guide (commercially
available), put the piston and connecting
rod into the cylinder from the top of the
cylinder block.

A\ cAauTioN}———

Do not hit the piston with a hammer to
install the piston and connecting rod. This
will put force on the piston and connecting
rod and cause damage to the piston rings and

kpin.
_crankpin Py

8. Connecting rod cap installation

(1) Push the piston into position until the big
end of the connecting rod is put into
position over the crankpin. Then turn the
crankshaft 180° while pushing on the top
of the piston.

(2) Install the lower half of the connecting rod
bearing in the connecting rod cap, making
sure the tab in the back of the bearing is
in the notch of the cap.

(3) Install the bearing cap to the connecting
rod.

{NOTE} —~
a) Make sure the number on the cap is the

same as the number on the connecting
rod.

b) In case of a new connecting rod having
no cylinder number, install the cap to
the rod with the notches on the same
side. J

-

(4) Tighten the connecting rod cap nuts in
steps to the specified torque.

i 3.55+0.25 kgf-m
Tightening torque (25.7 £ 2 Ibff)
[34.8+2.5 N-m]

(5) Check the thrust clearance for the
connecting rod big end.
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Piston guide
e

Installing piston and connecting rod

Notches

Cylinder number

404465

Installing connecting rod cap

Tightening connecting rod cap nuts




9, OQil screen installation

(1) Lay the cylinder block with the bottom
(oil pan side) up.

(2) Install the oil screen in position.

The 0il screen must be installed in position
so that it is below the oil level line and away
from the oil pan.

10. Oil pan installation

(1) Clean the mating surfaces of the oil pan
and cylinder block and coat them with
Three Bond 1207C.

Squeeze out a 4 mm (0.2 in.) thick bar of
sealing compound (Three Bond) from the
tube and put it on the flange of the oil pan
as shown.

ASSEMBLY

N

O)

407247

Oil pan for S4L and S4L2 engines
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To squeeze out a 4 mm (0.2 in.) thick bar,
cut the nozzle of the tube as shown.

(2) Tighten the bolts that hold the oil pan to
the cylinder block in a crisscross pattern
to the specified torque.

Cast oil pan:
2.8+0.3 kgf-m
(20.3 £ 2.2 Ibf-f1)
[27.5+ 3 N-m]

Plate oil pan:
1.15+0.15 kgf-m
(8.3 £ 1.1 Ibf-fv)
[11.3+ 1.5 N-m]

Tightening torque
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407248

Oil pan for S3L and S3L2 engines

Cut nozzle here.

S

407107

Cutting sealing compound tube nozzle

87 406589

Tightening oil pan bolts




TIMING GEARS AND FLYWHEEL

ASSEMBLY

Use a new gasket, I

Tightening torque:
1.1£0.1 kgf-m

(8 £ 0.7 Ibf-ft)
[10.8+1 N-m]

Tightening torque:
17.5 £ 2.5 kgf-m

(127 £ 18 Ibf-ft)
[172+£25 N-m]

Use a new gasket.J

Lubricate with
engine oil.

Lubricate journals and

lobes with engine oil.

l Use a new gasket.J

Lubricate lip with
engine oil.

I Use a new gasket,

6.5+ 1 kgf-m
(47 + 7 1bE-ft)
[64 £ 10 N-m]

Tightening torque:

engine oil.

Lubricate lip with

406572

Tightening torque:
13.5+ 0.5 kgf-m
(98 + 4 Ibf-ft)
[132+5 N-m]

406573

Inspection points

77



ASSEMBLY

1. Front plate installation

(1) Scrape the gasket from the cylinder block
and front plate.

(2) Coat the gasket contact surface of
cylinder block with adhesive and put a
new gasket in position, making sure the
holes in the gasket are all in alignment
with the holes in the cylinder block.

(3) Put the front plate in position. Install four
bolts and tighten them.

2. Oil pump installation

(1) Make sure the packing has been put in
position on the oil pump.

(2) Put the oil pump in position on the
cylinder block. Install three bolts and
tighten them evenly.

(3) Make sure the oil pump gear rotates
freely.

3. Engine turning

(1) Install two bolts (M12 x 1.25) in the
flywheel bolt holes in the crankshaft.

(2) Put a bar between the bolts and turn the
crankshaft to bring No. 1 piston to the top
center as shown in the illustration.
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Turning engine



4. Fuel injection pump camshaft
installation

(1) Put the camshaft (with bearing and gear)
in position in the cylinder block.

(2) Hit the gear with a plastic hammer to fit
the bearing in position.

(3) Make sure the camshaft rotates freely.

(4) Tighten the stopper bolt.

5. Camshaft installation

(1) Lubricate the lobes and journals with
engine oil.

(2) Put the camshaft (with gear) in position in
the cylinder block.

/N\CAUTION

Do not cause damage to the lobes and jour-
nals when the camshaft is installed.

(3) Tighten the bolts that hold the thrust plate
to the specified torque.

1.1+0.1 kg
Tightening torque (8 £ 0.7 Ibf-ft)

(4) Make sure the camshaft rotates freely.
Check the end play for the camshaft.

ASSEMBLY

Installing thrust plate
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6. Idler gear installation

(1) Lubricate the idler gear with engine oil.

(2) Install the idler gear in position with its
“3,” “2” and “11” marks in alignment with
the “33” mark on the fuel injection pump
camshaft gear, the “22” mark on the

camshaft gear and the “1” mark on the
crankshaft gear respectively.

(3) Check the backlash of the gears. Make
reference to “Timing gear backlash
measurement” (page 37).

7. Timing gear case installation

(1) Coat the gasket with adhesive and put it
in position on the front plate.

(2) Lubricate the oil seal lip with engine oil.

(3) Tighten the bolts that hold the timing gear
case.

8. Crankshaft pulley nut tightening

(1) Install two bolts (M12 x 1.25) in the
flywheel bolt holes in the crankshaft and
hold the crankshaft.

(2) Tighten the crankshaft pulley nut to the
specified torque.

7.5+25 kgf-m
Tightening torque (12 + 18 Ibf-ft)
(172 £ 25 N-m]

A WARNING

Check the strength of the bolts and bar
used for holding the crankshaft.
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9. P.T.O. gear installation

Install the P.T.O. gear in position in the
timing gear case with the side that has no oil
hole toward the rear of the engine.

10. Speedometer driven gear installation

(1) Install the O-ring in the groove in the
driven gear sleeve.

(2) Install the speedometer driven gear in
position in the cylinder block while rotat-
ing it or the camshaft.

11. Tappet installation

Lubricate the tappets with engine oil and put
them in position in the cylinder block.

ASSEMBLY
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406579

Installing speedometer driven gear

Lubricate with engine oil. |
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12. Oil seal case installation

(1) Put anew gasket in position on the oil seal
case.

(2) Lubricate the oil seal lip with engine oil
and install the oil seal in position in the
cylinder block.

13. Rear plate installation

(1) Put a new gasket in position on the rear
g
plate.

(2) Put the rear plate in position on the
cylinder block with its dowel holes in
alignment with the dowels. Tighten the
bolts that hold the rear plate to the
specified torque.

Tightening torque 4

Install the starter to the rear plate before
installing the plate to the cylinder block for
convenience of rear plate installation.

14. Flywheel installation

(1) Install a safety bar (M12 x 1.25) in the rear
end of the crankshaft.

(2) Put the flywheel in position in alignment
with the safety bar.

(3) Install three of four bolts in the flywheel
and tighten them finger tight only.

(4) Remove the safety bar. Install the last bolt
in the flywheel and tighten it finger tight
only.
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(5) Have someone hold the crankshaft pulley
with a wrench to prevent the flywheel
from rotating.

(6) Tighten the four bolts that hold the
flywheel to the specified torque.

13.5 £ 0.5 kgf-m
Tightening torque (98 £ 4 Ibf-ft)
{132+ 5 N-m]

A\ WARNING

Always signal each other to prevent
possible personal injury.

ASSEMBLY
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CYLINDER HEAD AND VALVE MECHANISM

406565

Lubricate stem with
engine oil.

Tightening torque:
1.15 £ 0.15 kgf-m
(8.3 + 1.1 Ibf-ft)
[11.3+ 1.5 N-m]

Tightening torque:
1.5£0.5 kgf-m
(11 £ 4 1bf-ft)
[14.7+£5 N-m]

Tightening torque:
9+ 0.5 kgf-m
(65 + 4 Ibf-ft)
[88 + 5 N-m]

Use a new gasket.
| -]

406566
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1. Cylinder head bottom face cleaning

Scrape the gasket from the bottom face of the
cylinder head.

(NOTE)
{ NOTE|
After scraping the gasket, rub off gasket

remnants from the face with an oilstone
smeared with engine oil and thoroughly
clean the face.

2. Valve stem seal installation

Using Box 12, install the valve stem seal in
position in the valve guide. After installation,
make sure the seal is in its correct position.

(NOTE)
{ NOTE}
Improper stem seal installation can cause a

failure to seal against downward flow of oil
along the stem.

3. Valve spring installation

Install the valve spring with the white
enameled end up.

ASSEMBLY

406635

Removing cylinder head gasket

Installing valve stem seal

White enameled
end \

404734

Installing valve spring
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4. Valve block installation

Put compression on the valve spring with a
valve lifter and install the block in position on
the valve top.

/N CAUTION

Do not put excessive compression on the
valve spring. This can cause the retainer to
hit and damage the stem seal.

5. Cylinder head gasket installation

(1) Thoroughly clean the top faces of the
cylinder block and pistons.

(2) Install two guide bolts (M10 x 1.25) in the
bolt holes in the cylinder block.

(3) Putanew cylinder head gasket in position
on the cylinder block, making sure the
guide bolts are all in alignment with their
respective holes in the gasket.

/\ CAUTION
Do not use any gasket adhesive or other

substances on the top face of the cylinder
block.

6. Cylinder head installation

Put the cylinder head in position on the
cylinder block, making sure the guide bolts are
all in alignment with their respective bolt holes
in the head.
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Putting cylinder head gasket

g 406538

Installing cylinder head




7. Cylinder head bolt tightening

(1) Remove the guide bolts and install the
bolts that hold the cylinder head to the
cylinder block.

(2) Tighten the bolts in number sequence in
two or three steps to the specified torque.

9+0.5 kgf-m

Tightening torque (65 £ 4 1bf-f1)

8. Valve push rod installation

(1) Put the valve push rod into position
through the bore in the cylinder head.

(2) Make sure the ball end of the push rod has
been put into position over the top of the
tappet.

9. Rocker shaft assembling

(1) Install the rocker arms, brackets and
springs on the rocker shaft. Secure the
brackets to the shaft by tightening the
bolts.

(2) Make sure the rocker arms move freely.

ASSEMBLY

ol o4 o2 05 710

o8 o6 ol 03 Yo
014 012 oll o13

< Front

407105

Tightening sequence

Installing valve push rods

Assembling rocker arms
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ASSEMBLY

10. Rocker shaft assembly installation

(1) Install the valve caps in position on the top
of the valves.

(2) Put the rocker shaft assembly in position
on the cylinder head. Tighten the bolts
that hold the rocker shaft assembly to the
specified torque.

1.5+0.5 kgf-m
Tightening torque (11+4 lbf -ft)
{147+ 5 N-m]

11. Valve clearance adjustment

Make reference to “VALVE CLEARANCE”
(page 159).

12, Rocker cover installation

(1) Make sure the gasket is put on the rocker
cover.

(2) Tighten the bolts that hold the rocker
cover to the specified torque.

5+0.15 kgf-m
3i-lllbfft)

1.1
Tightening torque 8.
[11.3+1.5 N-m]

Installing rocker cover
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AIR INLET SYSTEM AND EXHAUST SYSTEM

ASSEMBLY

Tightening torque:
1.85 £ 0.35 kgf-m
(13.4 + 2.5 Ibf-ft)
[18 + 3.4 N-m]

[ Use a new gasket. J

[ac a new gasketJ

Tightening torque:
1.85 £ 0.35 kgf-m
(13.4 £ 2.5 Ibf-f1)
[18+£3.4 Nm]

406644

1. Air inlet cover installation

Tighten the bolts that hold the air inlet cover
~ to the specified torque.

Tightening torque

1.85 + 0.35 kgf-m
(13.4 £2.5 Ibf-fr)
(18 + 3.4 N-m]

2. Exhaust manifold installation

Tighten the bolts that hold the exhaust

manifold to the specified torque.

Tightening torque

1.85 + 0.35 kgf-m
(13.4 £ 2.5 Ibf-fr)
[18+ 3.4 N-m)
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FUEL SYSTEM

1. Fuel injection nozzle installation
(1) Put the gasket on the nozzle.

(2) Put the nozzle assembly in position in the
cylinder head and tighten it to the speci-
fied torque.

5.5+ 0.5 kgf-m
Tightening torque (40 = 4 Ibff1)
| [54 £ 5 N-m]

2. Fuel injection pump installation

Put the pump in position on the cylinder block
and tighten the bolts that hold the pump to the
specified torque.

3. Flyweight assembly installation

Put the flyweight assembly in position on the
rear end of the fuel injection pump camshaft
and tighten the sliding sleeve shaft to the
specified torque.

+
Tightening torque (26
(35

| 406646

Installing ﬂywéight assembly
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4. Sliding sleeve installation

— Install the sliding sleeve on the sliding sleeve
shaft and make sure the sleeve moves freely.

5. Governor assembly installation

(1) Install the governor assembly in position
while putting the tie rod and spring into
position in the injection pump.

(2) Install the tie rod to the pin of the control
rack and secure it with the tie rod spring.

(3) Install the tie rod cover in position.

6. Fuel injection line installation

(1) Put the fuel leak-off line in position and
connect it to the fuel injection nozzles.

(2) Put the fuel injection lines in position and
connect them to the fuel injection pump.
Install the clamps.

ASSEMBLY

Installing fuel injection lines
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LUBRICATION SYSTEM

1. Pressure relief valve installation

Put the relief valve in position on the cylinder
block and tighten it to the specified torque.

5+0.5 kgfm
Tightening torque (36 + 4 Ibf-ft)
[49 £ 5 N:m]

2. Oil filter installation

(1) Lightly lubricate the gasket with engine
oil.
(2) Install the new filter element by hand.

When the gasket contacts the base, tighten
one turn more.

3. Oil pressure switch installation

Coat the threads of the switch with thread
sealant (Three Bond 1102). Use Oil Pressure
Switch Socket Wrench (MD998054) (special
tool) to install the oil pressure switch.

/N\ CAUTION
a) Put the sealant on the threads only.

b) Do not over-tighten the oil pressure
switch when it is installed.
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" Installing pressure relief valve

406550 |

Installing oil filter

’/g KD998054
A

’///

ﬂu R "

7

)

To be coated with
thread sealant

404483

Installing oil pressure switch



COOLING SYSTEM

1. Water pump installation

Put a new gasket in position on the water pump
flange. Install the water pump in position on
the cylinder block.

2. Thermostat installation
(1) Put the thermostat in the thermostat case.

(2) Put a new gasket in position on the
thermostat case. Install the thermostat
assembly in position on the cylinder head.

3. Cooling fan installation

(1) Install the spacers in position in the fan as
shown.

(2) Install the pulley in position on the water
pump. Install the fan and spacer combi-
nation in position on the pulley.

ASSEMBLY

A A - AN e e

Installing cooli
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4. Thermoswitch and thermounit
combination installation

Coat the threads of the combination with Three
Bond 1104. Put the combination in position
and tighten it to the specified torque.

94
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To be coated with thread
Y, sealant (Three Bond 1104)

Tightening torque:
23104 kgf'm
(16.6 £ 3 Ibf-f1)
[22.6 £4 N-m}

404892

Installing thermoswitch and thermounit

combination
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ELECTRICAL SYSTEM

1. Glow plug installation

Install the glow plug in position in the
precombustion chamber and tighten it to the
specified torque.

1.
Tightening torque (12.

2. Alternator installation

()

2)

(3)
4

Put the alternator in position. Install the
adjusting plate bolt in position to hold the
alternator in position.

Put the belt in position on the pulley.
Move the alternator away from the engine
to make an adjustment to the belt.

Tighten the bolts.
Make sure the deflection (tension) of the
belt is correct.

Unit: mm (in.)
Deflection under 10 kgf 10to 12
(22 1bf) [98 N] force (0.4 10 0.5)

Installing alternator

Adjusting plate bolt

@ §) >
/7
Appllg' 10 kgf (22 Ibf)
[98 N] force midway
between crankshaft

pulley and alternator
pulley.

404890

Adjusting alternator and fan belt
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ELECTRICAL SYSTEM

GENERAL

1. Schematic
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Schematic

(1) Figure indicates a nominal size of
automotive low-tension line (JIS C 3406).

(2) This schematic shows the electrical
system of the standard engine equipped
with a key shut down solenoid and glow

plugs.

ELECTRICAL SYSTEM
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ELECTRICAL SYSTEM

2. Specifications (standard)

Engine model S3L/S3L2 S4L/S4L2
Modcl M2T50381 M2T56272
Starter Type DC solenoid shifted (with reduction gear)
Nominal output, V—kW 12-1.6 | 12-2.0
Model A7T02071
Alternator Regulator, type IC
Nominal output, V-A 12 -50
Model 008816-4C
Glow plug Type Sheathed
Rated voltage, V 10.5
Current draw, A 9.7 + 1.0 (30 seconds at rated voltage)
Modecl G71SP
Glow plug Rated voltage, V DC 12
relay Continuous rating 1 minute
Resistance in coil, Q 13
Model YM-1C
S:;:HOI timer Input voltage range, V DCO9to 15
Load Solenoid (resistance in coil: 1.7  minimum)
Model YMS-1
Key shut Type Solenoid
down Resistance in coil, Q 1.8 £ 10% at 20°C (68°F)
solenoid .
Stroke, mm (in.) 13.5 £ 0.5 (0.53+0.02)
Operating voltage, V DC 10to 15
Modcl QGS
Rated voltage, V DC 12
Opcrating voltage range, V 7to15
contoller | QpCrting temperature 13010470 (-22 10 158)

Storage tcmperature
range, °C (°F)

—40 to +80 (40 to 176)

Pre-glow time, sccond

6.2+0.7
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ELECTRICAL SYSTEM

STARTER
1. Disassembly

406652

Disassembly sequence

@® Magnetic switch ® Cover @ Stopper
@ Recar bracket @ Center bracket @ Pinion
® Brush holder assembly Gear @ Spring
@ Yoke ® Spring set @ Pinion shaft
® Amature @ Stopper ring @ Front bracket

101



ELECTRICAL SYSTEM

Disassembly procedure
(1) Magnetic switch

(a) Loosen the nut that holds the connector
to the M terminal of the magnetic switch
and disconnect the connector from the
magnetic switch.

(b) Remove the bolts (two) that hold the
magnetic switch in position and remove
the magnetic switch.

(2) Rear bracket removal

Remove the through bolts (two) and the bolts
(two) that hold the brush holder in position.
Remove the rear bracket.

NOTE}—

j’ Keep the rear bracket with washer for
kinstallation. J

(3) Brush holder removal

With the brushes (two) kept apart from the
commutator, remove the yoke and brush
holder assembly. Remove the armature.

102

Connector

404517

Removing magnetic switch

Rear bracket

S _ »
% Brush holder bolts

Through bolts
ous Washer
404518
Removing rear bracket
Brush holder
404519

Removing brush holder




(4) Cover removal

Remove the cover and remove the snap ring
and washer.

(5) Center bracket removal

Remove the bolt and remove the center
bracket. Remove the washer for adjusting the
end play for the pinion shaft.

(6) Pinion removal

(a) Put a pipe-shaped tooling on the pinion
stopper and hit the stopper with a
hammer to expose the stopper ring.

(b) Remove the stopper ring with a pliers
and remove the pinion.

Any time the pinion is removed, a new
stopper ring must be installed.

ELECTRICAL SYSTEM

Washer

Snap ring /éj@% g

Cover

404520

Removing cover

Center bracket

- A
N
Adjusting washer ~ M

404521

Removing center bracket

@i && E:Pipe-shaped

tooling

E/ Pinion
B a

Pinion stopper Stopper ring

404901

Removing pinion
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ELECTRICAL SYSTEM

(7) Pinion shaft removal

Remove the spring, lever, reduction gear and
pinion shaft from the front bracket.

—{ NOTE]

Do not mix the sequence of spring, lever and
reduction gear when the pinion shaft is
removed.

(8) Bearing removal

To remove the ball bearings from the ends of
the armature, use a bearing puller. The
bearing fitted in the front bracket is not re-
placeable. Replace the front bracket assembly
if this bearing is defective.

104

Front bracket

404523

Removing pinion shaft




2. Inspection

ELECTRICAL SYSTEM

Check magnetic switch for open
or short circuit.

Check pinion for worn,
chipped or broken teeth.

S
IR
R ’/—/\‘
\ -
A

Check bearing for wear,
rough running or noise.

Check reduction gear for
worn, chipped or broken

Check bearing for wear,
rough running or noise.

Test armature using the
procedure that follows.

teeth.

Test overrunning clutch using
the procedure that follows.

Test field coils using
the procedure that
follows.

Test brushes and brush
holder using the
procedure that follows.

406652

Inspection procedure

(1) Brushes
(a) Wear

Replace the brushes if they are worn
down to the wear limit line which is the
bottom of the border for Mitsubishi
mark. Replace the brush holder assem-
bly if the brushes are worn beyond the

wear limit line.

Inspection points

Wear limit line

404525

Checking brush
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ELECTRICAL SYSTEM

(b) Brush spring tension
Test the spring tension using a new
brush as shown in the illustration. Read
the load when the spring just moves off
the brush. If the tension is below the
limit, replace the spring.

Unit: kgf (1bf) [N}
Item { Standard E Limit

‘ [
3.0 (6.6) [29.4] | 1.8 4.0) {17.7]

Brush spring |
tension |

(c) Brush holders
Test for no continuity between the posi-
tive brush holder and brush holder base
as shown in the illustration. If there is
any continuity between them, replace
the brush holder. Also, check the brush
holder for loose staking.

(2) Armature

(a) Commutator runout
Support the armature in V-blocks and
measure the commutator runout with a
dial indicator. If runout exceeds the
limit, turn the commutator in a lathe.
The cut should be made within the limit
of the commutator diameter.

Unit: mm (in.)

Itcm Standard Limit
Runout of 0.03 0.10
commutator (0.001 2) (0.003 9)
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404700

Testing brush spring tension

404526

Testing brush holder for grounded circuit

—

Commutator

404527 |

Checking commutator runout



(b) Diameter of commutator

Measure the diameter of the commuta-
tor. If it exceeds the limit, replace the
armature.

Unit: mm (in.)
Item Standard Limit
Diameter of
commutator 32 (1.26) 31(1.22)

(c) Mica undercut

Measure the undercut of mica insulation
between the adjacent segments. If
undercut exceeds the limit, recondition
the mica, or replace the armature.

Unit: mm (in.)

Item Standard Limit
Undercut of 0.5 0.2
(0.020) (0.008)

(d) Testing for short circuit

Place the armature on a growler and
slowly rotate it with a hacksaw blade
held above the armature core. The
hacksaw blade vibrates against the core
when it is above a slot containing a
shorted winding. A shorted armature
should be replace.

ELECTRICAL SYSTEM

\ \ "\ '~

il

404528

Measuring commutator diameter

Undercut
Segment
Mica
404529
Undercut of mica
Growler

404530

Testing armature for short circuit
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ELECTRICAL SYSTEM

(e) Testing for grounded circuit

4y

Test the armature for grounded circuit as
shown in the illustration. If there is any
continuity between commutator segment
and coil, the armature is grounded and
should be replaced.

Testing for open circuit

Test the armature for open circuit as
shown in the illustration. If there is no
continuity between the segments, the
armature is open circuited and should be
replace.

(3) Field coils
Replace the yoke assembly if —

(a) There is any continuity between the

brush and yoke.

(b) There is no continuity between the

brushes.

(c) The pole piece or coil is loosen.

108

)

Z \\“rr«(«r«r(«r«r(r«r«««(«(«(« }

(| —— '\

404531

Testing armature for grounded circuit

404532

Testing armature for open circuit

‘%5 - 404902

Testing field coils




(4) Bearings

Replace the bearings if they are noisy or fail
to run freely.

(5) Overrunning clutch
Replace the overrunning clutch assembly if —

(a) The pinion is not locked when spun
counterclockwise, or if it does not rotate
freely when spun in the reverse direction
(clockwise).

(b) The pinion is worn or chipped.

/\ CAUTION

Do not wash the overrunning clutch with
cleaning solvent.

(6) Front bracket

Replace the front bracket assembly if the ball
bearing is noisy or fails to rotate freely.

(7) Reduction gears

Replace the reduction gears if they are worn
or damaged.

ELECTRICAL SYSTEM

404903

Testing overrunning clutch
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ELECTRICAL SYSTEM

3. Assembly

Follow the reverse of disassembly and use the
procedure that follows.

Assembly procedure

(1) Lubrication

Lubricate the following starter components
with grease after the starter has been assem-
bled:

(a) Armature shaft gear‘and reduction gear
(b) Bearings

(c) Washer and stopper ring of pinion shaft
(d) Pinion

(e) Sliding surfaces of lever

—

Do not put grease on the starter mounting
face, brushes, commutator and other elec-
trical parts.

(2) Stopper ring installation

Put the stopper ring on the pinion shaft.
Using a puller, pull the pinion stopper to fit the
ring in the groove.

(3) Pinion shaft end play adjustment

The maximum permissible limit of the end play
(thrust gap) for the pinion shaft is 0.5 mm
(0.020 in.).

(a) Put the pinion shaft, reduction gear
washer and snap ring in position in the
center bracket.

(b) Move the pinion shaft in the axial
direction to measure the end play. If the
end play exceeds 0.5 mm (0.020 in.),
make adjustment to it by adding adjust-
ing washer.

110

Apply grease to contact surfaces
of overrunning clutch and lever

406531
Lubrication points on starter
Pinion
\ \\\\\\\“\“’mi!““;-% stopper
' gt A g
_‘\-\*“\\\\T\\w
- ‘
-l
Pinion stopper
404905
Installing stopper ring
Reduction gear
Adjusting
washer
Washer \TT
Snap _ ’ ’ <::J
ring [ ; 'l
End play
0.5 mm (0.020 in.)
maximum 404533

Adjusting pinion shaft end play




(4) Lever installation

Install the lever in correct position.

(5) Pinion clearance adjustment

The pinion clearance must be 0.5 to 2.0 mm
(0.020 to 0.079 in.). With the pinion held in
cranking position, lightly push it toward com-
mutator end to measure free movement
(clearance). If the clearance is not correct,
make adjustment to it. Increase the amount of
packings if the clearance is too large; decrease

it if the clearance is too small.

ELECTRICAL SYSTEM

Front bracket

Lever
Lever spring

K
Packing
404534
Installing lever
Pinion |
=08

Pinion clearance: -

0.5102.0mm

(0.020 t0 0.079 in.) ~
404535

Adjusting pinion clearance
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ELECTRICAL SYSTEM

1. Disassembly

ALTERNATOR

406653

@® Through bolt
@ Pulley
® Rotor
@® Rear bearing

112

Disassembly sequence

® Becaring retainer
® Front bearing
@ Front bracket
Stator core

® Brush holder
Rectifier
@ Rear bracket




Disassembly procedure
(1) Stator core separation from front bracket

(a) Pry the stator core off the front bracket
with a screwdriver as shown in the
illustration.

/N\ CAUTION

Be careful not to insert the screwdriver too
deep. Damage to the stator core can be the
result.

(2) Pulley removal

(a) Hold the rotor assembly in a vise by
using thick cloth as shown in the illus-
tration. Remove the nut that holds the
pulley in position, and remove the
pulley and spacer.

(b) Remove the rotor assembly from the
front bracket.

(3) Stator core and rectifier removal

(a) Unsolder the leads from the rectifier and
remove the stator core from the rectifier.

/\ CAUTION

Unsolder the leads as quickly as possible to
prevent damage to the diodes in the rectifier.

(b) Remove the screws that hold the
rectifier in position and remove the
rectifier.

ELECTRICAL SYSTEM

404540

Disassembling alternator

404541

Removing pulley

Unsolder.

Unsolder.

404542

Removing stator core
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ELECTRICAL SYSTEM

2. Inspection

Test for open or short Test for n or short
circuit using the circuit u:i”;g the
procedure that follows. procedure that follows.

Check for cracks
or other defects.

Check for cracks
or other defects.

Check for wear.

Test for open or short
circuit using the
procedure that follows.

406653

Inspection points

Inspection procedure
(1) Diodes

(a) Test the resistance between the diode
and heat sink. First touch the positive
(+) prod of an ohmmeter to the diode,
then the negative (-) prod. If the
resistance is infinite in both cases, the
diode is open. Ifitis nearly zero in both
cases, the diode is shorted. Do the same
step for the remainder of the diodes. If
any diode is open or shorted, replace the
rectifier.
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(2) Field coil

(a) Test for continuity between the slip rings
as shown in the illustration. No conti-
nuity shows there is an open circuit in
the field coil. Replace the field coil.

(b) Test for no continuity between the slip
ring and shaft (or core) as shown in the
illustration. Any continuity shows there
is a grounded circuit in the field coil.
Replace the field coil.

(3) Stator core

(a) Test for continuity between the leads as
shown in the illustration. No continuity
shows there is an open circuit in the
stator core. Replace the stator core.

ELECTRICAL SYSTEM

404543

Testing field coil for open circuit

404544

Testing field coil for grounded circuit

404545

Testing stator core for open circuit
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ELECTRICAL SYSTEM

(b) Test for no continuity between each lead
and stator core as shown in the illustra-
tion. Any continuity shows there is a
grounded circuit in the stator core.
Replace the stator core.

(4) Brushes

(a) Make replacement of brushes that have

been worn down to, or beyond, the wear
limit line.

(b) To remove the brushes from the brush

116

holder for replacement, unsolder the
leads from the brushes. This will

permit removal of the brushes and
springs.

404546

Testing stator core for grounded circuit

[C

Wear limit line

404547

Checking brush for wear

Unsolder.

Brush holder

404548

Removing brushes for replacement



(c) To install the new brushes, put them in
position in the brush holder and solder
the leads to the brushes.

3. Assembly

Follow the reverse of disassembly and use the
procedure that follows.

(a) The rear bearing has a groove for the
snap ring. Install the snap ring in this
groove, making sure its tab is in the deep
portion of the groove.

(b) When installing the new rear bearing,
put it in position with the side that has a
groove toward the slip rings of the
rotor.

(c) To install the rear bearing in the rear
bracket, heat the rear bracket.

(d) Before installing the rotor in the rear
bracket, insert a wire-shaped tooling into
the hole in the rear bracket to lift the
brushes off the slip rings. Remove the
tooling after the rotor has been installed
in position.

ELECTRICAL SYSTEM

404549
Installing new brushes
Wire-shaped
tooling
Wire-shaped
tooling
404550

Assembling alternator
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ELECTRICAL SYSTEM

KEY SHUTOFF SYSTEM

1. General

This system, consisting of a switch, a control
timer and a solenoid, permits the operator to
shut off the engine by turning the starter switch
key to OFF position. Another function of this
system is to shut off the engine automatically
when the oil pressure is too low, or when
coolant temperature is too high.

2. Cord color (standard)

Solenoid

Oil pressure switch
404923

No. Cord color Connected to
1 Blue Solenoid
2 Blue Solenoid
Battery (starter switch B
3 Red terminal)
4 Green Starter switch ON terminal
. Starter (starter switch and
5 Red/white starter)
6 Yellow Oil pressure switch
7 Black Ground

y
S

404924

3. Shutoff solenoid installation
(a) Remove the tie rod cover.

(b) Coat the threads of the stop solenoid
with thread sealant (Three Bond 1212).

{NOTE} W
d

Coat the length of the threads to be turne
in the governor case.

(c) Temporarily install the shutoff solenoid
and nut in the governor case.

(d) Move the injection pump control rack all
the way to the non-injection (shutoff)
position.
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Control timer connection




(e) Turn the shutoff solenoid in the
governor case while pushing the plunger
toward the control rack until the shaft is
in touch with the tie rod. At this time,
clearance C must be 0 mm. (Under this
condition, the plunger will be rotated by
the shutoff solenoid being turned in.)

(f) Back off the shutoff solenoid 30° to 45°
turn (the clearance between the control
rack and plunger will be 0.15 to 0.20
mm (0.0059 to 0.0079 in.)) and tighten
the nut to the specified torque.

(g) Start the engine and make sure the
engine stops when the plunger is pushed
all the way.

(h) Install the rubber cap in position with the
arrow head toward up (with the side that
has a water drain hole down) as shown
in the illustration.

/\ CAUTION

Do not allow cleaning solvent to contact any
solenoid parts.

4. Inspection after assembly

(a) For the schematic of the key shutoff
system, see page 98.

(b) Start the engine and make sure the
engine stops when the starter switch key
is turned to OFF position.

(c) Start the engine and make sure the
engine stops when the oil pressure
switch terminal is shorted to the switch
body.

ELECTRICAL SYSTEM

Tightening torque: 4.510.5 kgf-m
(32.543.6 1bf-ft) [4415 N-m]

Threads: To be coated with
thread scalant

|

0.1510

0.20 mm
(0.0059t0 (A
0.0079 in.)

NOTE: Do not allow thread sealant to contact

(A).

the solenoid through (B).

. N5

Do not allow cleaning solvent to enter

406654

Installing shutoff solenoid

Rubber cap {
W
—
Water drain hole
404926

Installing rubber cap

(NOTE)

M=)
It will take about 5 minutes to restart

an

engine which was shut down by the key

shutoff device.

119



ELECTRICAL SYSTEM

AUTOMATIC GLOW PLUG SYSTEM

1. General
Turning the starter switch to ON position Starter switch
activates the glow plugs to heat the engine and A Fuse
causes the glow plug indicator to come on. - i " N\ —
!
A
Fuel
Heating time 6.2 + 0.7 seconds pump
(P —
Al ® Glow |Glow plug
q plug indicator
6
3
2 b
Glow relay
Battery switch @ Glow plugs
8 Ammeter
2 Starter
} 407250

Automatic glow plug system

2. Glow plug timer specifications (standard)

Model QGS

Type Quick hcating
Rated voltage DC12V
Operating voltage

range 7015V
Operating tempera- -30°C to +70°C
ture range (-22°F to +158°F)
Storage temperature —40°C to +80°C
range (—40°F 10 +176°F)
S'l'?gv plug activating 6.2 + 0.7 scconds
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3. Glow plug relay specifications (standard)

Model G71SP
Rated voltage DC12V
Continuous rating 1 minute
Coil resistance 13Q
Inductance 24 mH (at 1 kHz)
Operating temperature -40°C to +100°C
range (—40°F to +212°F)

3. Glow plug inspection

Test for continuity between the terminal and
body as shown in the illustration. No continu-

Item Standard
Resistance 0.55Q

ELECTRICAL SYSTEM

%

® ¢

i

)

0]

)

o

L7 |

L |
o

404929

Glow plug relay

404918

Testing glow plug
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COOLING SYSTEM

1. Schematic

GENERAL

Water bypass hose

Thermostat
—Z M=
= 2
/J:“—z’_:——_; - Water pump
Radiator
Cooling fan

404885

2. Specifications (standard)

Schematic

Engine model

S3L/S3L2 | S4L/S4L2

Fan belt (for farm or industrial engine)

LL or HM type (width = 10.7 mm (0.42 in.), V angle = 38°,
outer circumference = 980 mm (38.6 in.)

. . No. of blades = 5, No. of blades = 5,
Cooling fan | Suction type diameter = 320 mm (12.6in)) | diameter = 360 mm (14.2 in.)
Water pump Centrifugal type

Tempcralure at Wthh 82 + 1.5°C (180 + 270[:)
Thermostat ;alve starts opcm:g :
emperature at whic o o
valve lift is 8 mm (0.3 in.) 95°C (203°F)
Type Bimetal
. Tempcrature at which 111 +3.5°C (232 +6 30}'_7)
Thermoswitch | gwich is turned ON - -
Temperature difference for ° o
ON-OEF control 8 +£3.5°C (46.4 £ 6.3°F)

Resistance in thermounit

50°C (122°F): 80+ 10 Q
80°C (176°F): 29.5+ 2.5 Q
120°C (248°F): 10+ 0.3 Q
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COOLING SYSTEM

INSPECTION

¢ ‘ Test thermostat using the
- procedure that follows.

Test thermoswitch
and thermounit
using the proce-
dures that follow.

Check for aging
or damage.

406655

Check for cracks
or distortion.

Use new gaskets.

Check for cracks
or lcaks.

Check for elongation,
aging or wear.

406656

Inspection points
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COOLING SYSTEM

1. Water pump

Check the impeller and shaft for rotation. If
they do not rotate freely or have noise, replace
the water pump assembly.

2. Thermostat (standard)

Hang the thermostat in the pan of water as
shown in the illustration. The thermostat must
be below the surface of the water and its must
be away from the sides of the pan. Heat the
water uniformly in the pan and measure a
temperature at which the valve starts opening
and a temperature at which the valve lift
(distance) is 8 mm (0.3 in.). Replace the
thermostat if defective.

Temperature at which valve 85+ 1.5°C
starts opening (180 £ 2.7°F)

Temperature at which
valve lift is 8 mm (0.3 in.)

T ) v I

Water in the pan is hot. Any contact can
\cause severe burns,

95°C (203°F)

v

126

404888

Checking water pump

Stir up the water to keep the temperature uniform.

00066060

404506

Testing thermostat




3. Thermoswitch (standard)

Hang the thermoswitch in the pan of oil with
its temperature sensing end below the surface
of oil and measure the resistance while
heating the oil as shown in the illustration. If
the resistance is incorrect, replace the thermo-
switch.

Resistance at 120°C

(248°F) 30 mQ
Temperature at which 111 +3.5°C
switch is turned ON (232 £ 6.3°F)

Oil in the pan is hot. Any contact can
\cause severe burns.

3. Thermounit (standard)

Hang the thermounit in the pan of antifreeze
with its temperature sensing end below the
surface of antifreeze and measure the resist-
ance while heating the antifreeze as shown in
the illustration. If the resistance is incorrect,
replace the thermounit.

50°C (122°F): 80 = 10
Standard 80°C (176°F): 29.5+ 2.5
120°C (248°F): 10 £ 0.3 Q

A\ WARNING

Antifreeze in the pan is hot. Any contact
can cause severe burns.

COOLING SYSTEM

404508

Testing thermoswitch

404507

Testing thermounit
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LUBRICATION SYSTEM

GENERAL
1. Schematic
-~ -
o
e
||
Oil pressure switch \_J

Mainoil gallery _{IF = y

Oitl filter

Pressure relief valve

Oil pump

Oil screen

Oil drain plug

406657
Schematic
2. Specifications
Engine model S3L/S3L2 S4L/S4L.2
Type Force feed
Oil API Service Classification CC or better

Capacity (high level excl. 0.5 liter (0.13 U.S. | 5.7 (1.5) (with dcep oil pan) 7.7 (2.0) (with deep oil pan)
gal) of oil in oil filter), liter (U.S. gal) 3.7 (1.0 (with standard oil pan) | 5.4 (1.4) (with standard oil pan)

i Type Trochoid
Oil pump -
| Driven by Camshaft gear
Relief valve opcning pressure 3.5 £ 0.5 kgf/fcm? (50 + 7 psi) [343 + 49 kPa]

Pressure difference at which oil pressure

switch is closed (indicator light comes on) 0.5 £0.1 kgffem? (7 + 1.4 psi) [49 + 10 kPa]

Oil filter Paper-element cartridge (full flow) type
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INSPECTION

1. Oil pump

Visually check the pump for rough rotation or
other defects. Replace the pump assembly if
defective.

2. Oil pressure switch

(1) Test for continuity between the terminal
and body with an ohmmeter as shown in the
illustration. No continuity is the cause for
replacing the switch.

(2) Insert a small diameter bar into the oil hole
in the switch and lightly push it in to test
for no continuity as shown in the illustra-
tion. Any continuity is the cause for
replacing the switch.

(3) Apply a pressure air of 0.5 kgf/cm? (7 psi)
[49 kPa] to the switch through the oil hole
to test for no continuity. Any continuity
is the cause for replacing the switch. Also,
check for air leaks. Any air leak is an
indication of a ruptured diaphragm. In
such a case, replace the switch.

LUBRICATION SYSTEM

404484

Testing oil pressure switch (1)

404485

Testing oil pressure switch (2)

131



LUBRICATION SYSTEM

3. Pressure relief valve

(1) Check the valve seat for contact. Check

the spring for damage.

(2) Measure the oil pressure at which the
relief valve opens (the oil pressure with
the engine running at the rated rpm). If
the pressure is not correct, remove the cap
nut and increase or decrease the amount
of shims. The engine oil pressure tap is
located on the right side of the engine.

Cap nut

Shims

406659

Relief valve opcning
pressure

3.5 £ 0.5 kgf/cm?
(50 £ 7 psi)
(343 + 49 kPa]

132

Checking pressure relief valve




FUEL SYSTEM

GENERAL
R 415 1V 16 o
2. Specifications (standard) ......... ... i i e

FUEL INJECTION NOZZLE
L InSpeCtion . ... i . e i e et e
2. Disassembly and assembly .......... .. .. .l

FUEL INJECTION PUMP

L TeStOn ENgZINE .. ..ottt ittt ittt it iisenaareneaeenateasanasanan
2. Disassembly . ... ... i e e i e
3. INSPECHON ..ot e et
4, Assembly ... i e i s

GOVERNOR

1. Disassembly and inspection ... ... ... i i i i e
2. ASsEmbly ... e e e
3. Torque spring setinstallation . ......... ... i uiiiiiiiniiiiiaeannn

FUEL PUMP
InSpeCtion .. ... i i i i ittt

FUEL FILTER ... ittt tit ittt ittt ienaaneenssansoneeencnnnoannsns
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FUEL SYSTEM

GENERAL
1. Schematic
Fucl leak-off pipe Fuel injection pipe Fuel injection pump
Fucl injection nozzle / / ~
SN /
To fuel tank —e—m T3 = 7
\vor \
> : N
Fuel filter =] ﬂlt o 1T v
overflow pipe ". g ™ __’.’_-—-E\/
P = ,_r-\_o—d
Fuel pump l'“l!ﬁ.
‘l-_-
T S
Fuel filter \L
From fuel tank
407224
2. Specifications (standard)
Engine model S3L/S3L2 | S4L/S4L2
E_ Type Bosch M
2 | Model ND-PFR3M | ND-PFR4M
é Plunger diameter 5.5 mm (0.217 in.)
.§ MS retard (crank angle), deg 8
é Delivery valve, type Silto or Bosch
- Air vent screw Yes
'§ Type Throttle
2. | Model DN15PD6
B~
= N | Injecti 1 i + .
3 g pﬁfscs‘;?s pressure (valve opening 140"3 kgffom? (1991°! psi) (13 729°6° kPa)
g
= g Type Paper element
R
LL A
o Type Electric (diaphragm)
29
% £ | Capacity (at terminal voltage of DC 300 cc (18.3 cu in.)/min minimum or
S E | 12V and 20°C (68°F)) 400 cc (24.4 cu in.)/min minimum
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FUEL SYSTEM

FUEL INJECTION NOZZLE

1. Inspection

(1) Injection pressure (valve opening
pressure) test

(a) Install the injection nozzle on the tester.
Slowly operate the tester handle to bleed
(remove) air from the tester.

(b) Operate the tester handle at a speed of
one stroke per second to make a slow
increase in pressure until the valve in the
injection nozzle starts to open. Read the
maximum gauge pressure at the instant
fluid flows from the tip.

(c) If the injection pressure is incorrect,
disassemble the nozzle and change the
thickness of the washer.

+5
Injection pressure (valve 140" kgf/cm’
opening pressure) (1991%3" psi)
Standard [13 729'¢° kPa]
/ 1 NOTE ] \

An increase or decrease of washer thickness
by 0.1 mm (0.004 in.) will vary the injec-
tion pressure by 10 kgf/cm? (142 psi) [981
kPa]. 10 kinds of washer are available in
thicknesses from 1.25 mm (0.049 2 in.) to
1.70 mm (0.066 9 in.) in increments of 0.05

@m (0.002 0 in.). y

Y A\ wannc B

When the injection nozzles are tested, be
sure to wear eye protection. Fuel comes
from the orifices in the nozzle tip with
high pressure. The fuel can pierce (go
through) the skin and cause serious
injury to the operator. Keep the tip of the
nozzle pointed away from the operator

end into the fuel collector. )

300542

Fuel injection nozzle ready for test

N
/TS

400221

Removing tip from injection nozzle
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FUEL SYSTEM

(2) Oirifice restriction test

(a) Look at the orifice discharge pattern
(shape of discharge) when fluid begins
to flow through the injection nozzle.
The discharge must be straight. Any
change is an indication of a bad nozzle.

(b) Operate the tester handle at a speed of
one stroke per second to make sure the
discharge is straight.

(3) Nozzle tip washing and replacement

(a) Loosen the retaining nut and remove the
tip from the injection nozzle. Wash the
needle valve and body in clean diesel
fuel. After washing, put the needle
valve in the body in clean diesel fuel.

/N\CAUTION

Do not hit the tip when removing it from the
injection nozzle.

Keep the need valves with their respective
bodies. Do not use needle valves or bodies
with other bodies or needle valves.

(b) After cleaning the tip, install it in the
nozzle and tighten the retaining nut to
the specified torque.

3.751£0.2
Tightening torque 27+18
[36.8+2.

Skgfm
1bf-ft)
5 N-m]

(c) If the injection nozzle is still bad after
the tip has been washed, replace the tip.

136

(= ]
T T T

oA ()

Discharge pattern for orifice with a
restriction (Recondition or replace.)

= T
T

Good nozzie
(Use again.)

401818

Qrifice restriction test

e

Needle valve Body

402912

Washing nozzle tip

(NOTE}

a)

b)

(i) ) ™
Do not touch the sliding surface of the
needle valve.

When installing the new nozzle tip,
remove synthetic resin film from the tip
and slide the needle valve in the body in
clean diesel fuel to wash off inhibitor
completely.

J




FUEL SYSTEM

2. Disassembly and assembly

Tightening torque:

5.520.5 kgf-m
@ (4014 1bf-ft)
@ [5415 N-m]

Check for wear.

Check test force
and squareness.

Tightening torque:
3.7510.25 kgf-m
(27+1.8 1bf-fr)
{36.8+2.5 N-m}

Check for wear
or damage.

® OO e

Check for too much
carbon on tip of nozzle
or in nozzle orifice.

©

405834

Disassembly sequence and inspection points

@® Rectaining nut @® Pin ® Washer
@ Nozzle tip assembly ® Spring @ Body
® Piece
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FUEL SYSTEM

FUEL INJECTION PUMP

1. Test on engine

Check the injection pump for items listed in the
chart below and replace it if defective. Do not
attempt to make repairs by disassembling.

Test item Test method Criteria
Low idle spced Use a tachometer. Standard farm engine:
980"3° rpm
Exhaust smoke 1) Check by quickly increasing engine speed under no-load No too much black or
condition. gray smoke

2) Check by starting load.

Orifice discharge Remove injection nozzle and reinstall it with orifice toward Good discharge pattern
patter outside of cngine. Look at discharge pattern by cranking the
engine with starter.

2. Disassembly

® Tappet guide pin

@ Lock plate

® Tappet

@ Tappet adjusting shim
® Lower spring seat

® Plunger

@ Plunger spring

Upper spring scat

@ Control sleeve
Control rack

@ Delivery valve holder
@ O-ring

@ Dclivery valve spring
@ Dclivery valve gasket
@ Dclivery valve
Plunger barrcl

@ Pump housing

407225

Disassembly sequence
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Disassembly procedure
(1) Tappet removal

(a) Hold the injection pump in a vise with
the side that has tappets up.

(b) Straighten the lock plate away from the
tappet guide pin with a screwdriver.

(c) Rotate the tappet guide pin 180° to
unlock it from the housing.

(d) Remove the tappet guide pin with a
needle-nose pliers while pushing down
on the tappet. Remove the tappet.

(e) Do Steps (b) through (d) again for
remainder of the tappets.

/N\CAUTION

The tappet can be thrown from the housing
when the tappet guide pin is removed. Hold
the tappet to prevent it from falling.

(2) Plunger removal
(a) Remove the tappet adjusting shim.

(b) Remove the lower spring seat and
plunger with a tweezers.

(c) Remove the plunger spring.

(d) Remove the upper spring seat and
control sleeve.

(e) Do Steps (a) through (d) again for
remainder of the plungers.

(f) Remove the control rack.

FUEL SYSTEM

404853

,::‘i

404854

Removing plungers
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FUEL SYSTEM

(3) Delivery valve removal

(a) Turn the injection pump upside down
and hold it in a vise.

(b) Remove the delivery valve holder.
(c) Remove the delivery valve spring.

(d) Remove the delivery valve gasket.

(e) Remove the delivery valve with a
tweezers.

(f) Do Steps (b) through (e) again for
remainder of delivery valves.

/N\ CAUTION

The delivery valves are finely finished parts.
Keep them as clean as possible.

(4) Barrel removal

(a) Remove the barrels from the housing.

———(fSeAuTioR)———

a) The plungers and barrels are finely
finished parts. Keep them as clean as
possible.

b) Keep the plungers with their respective
barrels for installation. Do not use
plungers or barrels with other barrels or
plungers.

J
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B 404856 |

Rem&in g delivery Qalve hoidcrs

Removing barrels
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FUEL SYSTEM

{NOTE]} ‘ TR
4 bl R ‘ , : Adjusting plates
a) When replacing the plungers and : s

barrels or delivery valves, do not loosen
the adjusting plates between the pump-
ing elements.

b) After these parts have been replaced,
the injection quantity must be measured.
Pump Tester Cam Box is needed for
measurement of injection quantity.

¢) Keep the disassembled injection pump
parts in clean diesel fuel. )

o

3. Inspection

Check delivery valve
for wear or damage.

Check plunger for wear,
rusting or scoring.

Check control rack
for movement,

[Check tappet for wwj\@

Inspection points

407225
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FUEL SYSTEM

4. Assembly

Tightening torque: 4.5+0.5 kgf-m
(32.514 1bf-fr) {4415 N-m])

@0 6 6800

@®
@
©)
406680
Assembly sequence
Follow the reverse of disassembly and use the procedure that follows.
Assembly procedure | o e
(1) Barrel installation
Put each barrel in position in the housing with - " Locating dowel
its slot in alignment with the dowel of the -
housing and put it straight down into the bore. “ ;
{ NOTE } :
If the slot in the barrel is not aligned with |
seat correctly (still visible) after the delivery 404862

valve holder has been installed.

the dowel of the housing, the O-ring will not
J Installing barrels
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(2) Delivery valve installation

Install the delivery valve, gasket, spring and
O-ring on the barrel and tighten the delivery
valve holder finger tight. Do this step for
remainder of the delivery valves.

—————{ A\ CAUTION}—————

a) Any time the injection pump is disas-
sembled, a new O-ring must be installed.

b) Make sure the threads of the delivery
valve holder do not cause damage to the

FUEL SYSTEM

O-rings.

(3) Control sleeve installation

(a) Install each control sleeve with the
center tooth in alignment with the line
mark of the control rack.

(b) Put the plungers in position in the
barrels.

/N\ CAUTION

Make sure the notch in the plunger is toward
the adjusting plate.

Installing delivery valves

LR AR . R R

Center tooth (visible when scen
__from the lower side

Line

406663

Installing control sleeves

404935

Installing plungers

143



FUEL SYSTEM

(4) Tappet installation

Move the control rack back and forth while
pushing down on each tappet to align the slot
in the tappet with the hole in the housing for
the tappet guide pin. Install the lock plates and
tappet guide pins in position.

/N\ CAUTION

Any time the injection pump is disassem-
bled, new lock plates must be used.

(5) Delivery valve holder installation

Put the delivery valve holders in position and
tighten them to the specified torque.

Do not over tighten the delivery valve
holders. This can put end force on the
barrels, resulting in a failure of the plungers
to move freely. If the holders are not tight-
ened to the specified torque, engine oil
Qvould leak in the injection pump. )

(6) Inspection after assembly

(a) After the injection pump has been
assembled, check to see if the control
rack moves freely without any binding
or catching.

(b) If the control rack fails to move freely,
the possible causes are:

1) Pumping element(s) sticking

2) Foreign particles lodged between
control rack and sleeves

3) Over-tightening of delivery valve
holder(s)

Disassemble and check the injection
pump to locate the cause of the trouble.

(c) After the injection pump has been finally
assembled, check the injection timing.

144

R Position tappet guide
[ Siguees . PinS in correct position.
Lock plate Tappet

guide
pin

W 404865 |

4.5+0.5 kgf-m
(32.5%4 1bf-fi)

[44%5 N-m]

Checking control rack movement



FUEL SYSTEM

GOVERNOR
1. Disassembly and inspection
m&: ;r:md;?vem | Check weights for wearJ

Check sliding sleeve for wear or damage.
Make sure it moves freely.

@

|

Il 2

= Check sliding sleeve

N < contact face for wear.

Check shaft

for defects.

©@
407226
Disassembly sequence and inspection points

@ Tie rod spring Governor shaft @ Governor spring
® Tierod (Remove @ thru @ as an assembly.) @ Govemor spring lever
® Speed control lever @ Govemor lever @ Governor case
@® Spring pin Start spring
® Grooved pin ® Tension lever
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FUEL SYSTEM

2. Assembly

)

()
3

“4)

&)

146

Install the levers in position.

Put O-ring on the governor shaft.

Put the governor shaft in position in the
governor case and put the levers on the
governor shaft.

Install the grooved pin and spring pin in
position with a hammer.

Install the tie rod and tie rod spring in
position.

Tie rod
spring




3. Torque spring set installation

The torque spring set is to be installed and
adjusted after an adjustment is made to the low
idle speed and high idle speed, with the engine
at a standstill.

1)
(2)

(3)

Remove the tie rod cover.

Move the speed control lever to the high
idle position and hold it there.

Pull the tie rod in the direction of arrow
head to the point where a slight resistance
is encountered.

(NOTE L
{ NOTE|

In this position, the tie rod does not pull on
the governor spring.

4)

)

(6)

Turn in the torque spring set while lightly
pulling the tie rod until the line mark on
the control rack is aligned with the line
mark on the pump body.

With these line marks aligned, lock the
torque spring set in position by tightening
the special nut.

Install the sealing cap over the torque
spring set and stake the cap in position.

FUEL SYSTEM

Speed control Ahr-hr-h

lever Line mark on pump body
G Torque spring
oycrnor set
spring
o
- O

O ) 4
Baf] Line mark on
control rack

406667
Installing torque spring set
Special nut
Sealing cap
Governor lever
406668

Sealing cap for torque spring set
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FUEL SYSTEM

FUEL PUMP

Inspection

Look outside the pump for defects and test its
performance. Do not attempt to disassemble
the pump.

404877

Fuel pump (plunger type)

404876

FUEL FILTER

(1) Normally, the fuel filter is not to be
disassembled. Only element removal for
cleaning or replacement is recommended.

(2) When installing the valve lever after
washing, coat the O-ring for the lever with
silicone oil and the washer with grease.

148

Fuel pump (diaphragm type)

Do not

remove.

) =
——é%) Wash in diesel fuel every 100

®

@
|® Coat with silicone oil. |

®[© Coat with grcail
®

‘9

service hours.

@ &) Replace every 500 service hours.
@
‘ Check for water and sediment.
404873
Fuel filter
@® Ring nut @ Valve lever
@ Cup O-ring
® O-ring ® Packing
® Element Valve seat
® Lever plate @ Filter body
® Washer




Do not attempt to disassemble the cartridge
type fuel filter. Check the filter for contami-
nation or damage and replace it as an assem-
bly if necessary.

FUEL SYSTEM

Do not remove.

&y
'qw: b
¥
~\)‘ o) o

@
® Wash in diesel fuel every 100
0]

Air vent screw

service hours.
Replace every 400 service hours.

@— Check for water and sediment
accumulation.

404874

Fuel filter

® Ring nut ® Valve lever
@ Cup @ O-ring
® O-ring Spring
@ Elcment ® Valve
® O-ring Filter body

Air vent screws

Priming sequence

= To pump

Replace every 400

/ service hours.
F fuel
Tom lue Check for water and

tank gy -
sediment accumula-
tion.

404871

Fuel filter (cartridge type)
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AIR INLET SYSTEM AND EXHAUST SYSTEM

GENERAL
Yol 1<) 1 U+ [~ 152
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AIR INLET SYSTEM AND EXHAUST SYSTEM

GENERAL

Schematic

Air breather pipe (for recirculation of blowby gases) Blowby gases

Air (from air cleaner) To exhaust muffler

H U H
—/

Exhaust manifold

Air inlet cover

406671
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AIR INLET SYSTEM AND EXHAUST SYSTEM

INSPECTION

Check for cracks.

l Use a new packing.

Use a new gasket.

Use a new gasket.

406644

Inspection points

Inspection procedure

Using a straight edge and a feeler gauge, check
the flange faces of the manifold for
warpage. If warpage exceeds the limit,
recondition or replace the manifold.

Unit: mm (in.)

Item Standard
Warpage of manifold 0.15 (0.005 9)

404882

Checking manifold for warpage
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MAINTENANCE

(1) Recommended

LUBRICATION AND MAINTENANCE CHART

service should be (2)

performed at the specified intervals.
Under extremely severe, dusty or wet
operating conditions, more frequent
lubrication than is specified in this chart
may be necessary.

Perform service on items at multiples of
the original requirement. For example, at
Every 500 Service Hours, also service
those items listed under Every 100
Service Hours, Every 50 Service Hours
and Every 10 Service Hours.

Service intervals

Item

Remarks (service data)

Every 10 service
hours

Walk-around inspection
Check engine oil level.
Check the amount of fuel.
Check coolant level.

Every 50 service
hours

Check battery electrolyte level and
specific gravity.

Drain water and sediment from fuel tank.

First 50 service
hours of a new or
reconditioned engine

Change engine oil.
Change oil filter.
Retighten bolts and nuts.

Capacity: See SPECIFICATIONS.

Every 100 service
hours

Change engine oil.
Change oil filter.
Wash fuel filter.

Clean radiator fins

Capacity: See SPECIFICATIONS.

After fuel filter has been washed, prime fuel
system (page 165)

Every 500 service
hours

Check and adjust valve clearance.

Change fuel filter elcment,

Check and adjust fuel injection nozzles.

Check fan belt.

Check glow plugs.

0.25 mm (0.009 8 in.) for inlet and exhaust
valves

Injection pressure: 140 kgf/cm? (1 991 psi)
[13 729 kPa]

Tension (deflection): 10 to 15 mm (0.4 to
0.6 in.)

Every 1 000 service
hours

Retighten bolts and nuts.
Check starter.
Chceck alternator.

Every 2 years

Change coolant.

Capacity: $See SPECIFICATIONS.

When required

Prime fuel system.
Clean air cleaner element,
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MAINTENANCE

ENGINE OIL AND OIL FILTER

1. Engine oil specifications

Use oils that meet the Engine Service
Classification CC.

2. Oil level check
(1) Check the crankcase oil level with a

dipstick with the engine kept level.

(2) If the oil level is at or below “L” (low

level) mark on the dipstick, add oil to “H”
(high level) mark on the dipstick.

-
a)

b)

{ NOTE} ~
After adding oil, leave the engine

standing for one minute and check the
oil level.

Avoid mixing different brands of oils.
In some cases, they are not compatible
with each other and deteriorate when
mixed. Use the same brand at succes-
sive intervals.

If the engine has been left standing for a
long period of time, check the oil for
level and contamination before starting
the engine. Start and run the engine for
a few minutes. Then stop the engine
and check the oil level again.

J

3. QOil change

(1) Change the oil after the first 50 service

2

3

hours of operation of a new or recondi-
tioned engine and every 100 service hours
thereafter.

Warm up the engine. Remove the drain
plug and allow the oil to drain in a
container. Install the drain plug, tighten-
ing it to the specified torque, and refill the
engine with the new oil.

Refill to the “H” mark on the dipstick.
Approximately 0.5 liter (0.5 qt) of oil is
required for the oil filter and oil lines.

Recommended engine oil viscosities

Temp., | -30 25-20-15-10-5 0 10 20 30 40
°C (°F) | (22X-13)(-4) (5) (14)(23) (32) (50) (68) (86) (104)
I N | ) I I | 1 i 1 | |

SAE20W
A————

SAEB30

Engine SAESW-20
Oll e

SAEB40
—n.

SAE10W-30

SAE15W-40

DipSliCk 0il
) fillers

“H"” mark

“L” mark
406672
Checking oil level
4 +£0.5 kgf-m
Tightening torque (29 + 4 1bf-ft)
[39+5N-m]
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MAINTENANCE

4. Oil filter change

(1) Change the oil filter every 100 service
hours. :

(2) Remove the used filter with a filter
wrench. Discard the filter.

(3) Remove all of the old filter gasket from
the filter base and apply a thin coat of
engine oil to the gasket on the new filter,
Install the filter by hand until its gasket
contacts the base. Tighten 3/4 turn more.

/N\CAUTION

Do not cause damage to the O-ring when
installing the filter.

(4) Add 0.5 liter (0.5 qt) of oil.

(5) Start the engine and check for leaks
around the filter.

(6) Stop the engine. Check the oil level and
add oil if necessary.

158

406550

Removing used oil filter

e

Apply oil.

i

404482

Installing new oil filter



MAINTENANCE

VALVE CLEARANCE

{NOTE}
Make an adjustment to the valve clearance

when the engine is cold.

(1) Slightly loosen the cylinder head bolts and
retighten them to the specified torque in
number sequence.

9 +0.5 kgf-m
Tightening torque (65 £ 4 1bf-f1)
[88 + 5 N-m]

(2) Find top dead center compression position
for No. 1 piston by using the procedure
that follows:

(a) Turn the crankshaft until TDC mark on
the crankshaft pulley is aligned with the
mark on the timing gear case.

(b) With No. 1 piston at top dead center on
the compression stroke, the rocker arms
will not be moved when the crankshaft
is turned approximately 20° in both
directions. '

(c) If the rocker arms move, No. 1 piston is

at top dead center on the intake or
exhaust stroke. In such a case, turn the
crankshaft 360° in the direction of
engine rotation again. No. 1 piston is
now at top dead center on the compres-
sion stroke.

(3) Loosen the lock nut for the adjusting
screw. With a feeler gauge inserted
between the rocker arm and valve cap,
adjust the valve clearance by turning the
adjusting screw.

Unit: mm (in.)
Item Standard
Valve clearance (both inlet
and exhaust valves) 0.25 (0.0098)

407105

Cylinder head bolt tightening sequence

TDC (top dead center)
mark for No. 1 and
No. 4 pistons Mark on timing
gear case

IT (injection
timing) mark

TDC mark for No. 2
and No. 3 pitons

404678

Timing mark
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MAINTENANCE

(4) Hold the adjusting screw and tighten the
lock nut.

(5) After the valve clearance on the valves for
No. 1 cylinder has been adjusted, turn the
crankshaft 180° in the direction of engine
rotation and adjust the valve clearance on
the valves for the remainder of the
cylinders in firing order (injection

sequence)
— , "\ 406642
Ségggn‘c’g" (injection S:Z{'eksmn fomon Adjusting valve clearance
S3L 1-3-2 240°
SAL | 1-3-4-2 180°

/N\CAUTION
After the valve clearance on the valves for

all cylinders has been adjusted, turn the
crankshaft two or three times and make sure
the valve clearance is correct.
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MAINTENANCE

FUEL INJECTION TIMING

1. Preparation
(1) Close the fuel filter valve.

(2) Disconnect the No. 1 fuel injection pipe
from the cylinder head and injection
pump.

(3) Remove No. 1 delivery valve holder from
the injection pump. Remove the delivery
valve and spring from the holder. Restore
the delivery valve holder only to the
injection pump.

(4) Connect the fuel injection pipe to the
injection pump.

(5) Hold the speed control lever in the low
speed position.

2. Inspection

2.2 Fuel flow method

(1) Open the fuel filter valve. Turn the starter
switch key to ON position.

() N
Fuel will come from the injection pipe with
high pressure when the starter switch key is
turned to ON position if the engine is
equipped with an electric fuel pump. Direct

\fuel flow into the container.

J/

(2) Slowly turn the crankshaft clockwise,
looking at the free end of the injection
pipe. The instant fuel stops coming out is
the fuel injection timing.

(NOTE)
Turn the crankshaft in reverse direction just

a little and do Step (2) again to verify the
injection timing.

.

R 406673

Removing delivery valve and spring

< 4
4 >’}"/é 406674

Fuel coming from injection pipe

406675

Fuel stops coming from injection pipe
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MAINTENANCE

(3) The fuel injection timing is correct if IT
mark on the crankshaft pulley is aligned
with the mark on the timing gear case
when fuel stops from the injection pipe.

Fuel injection timing o
(BTDC) 17° (standard)

2.2 Alternate method

In the fuel flow method, the delivery valve has
to be removed. As a result, there is a good
chance for dirt particles to get inside the fuel
injection pump. In this alternate method,
however, it is not necessary to remove the
delivery valve.

(1) Disconnect No. 1 fuel injection pipe at the
fuel injection nozzle (cylinder head).

(2) Prime the fuel system.

(3) Slowly turn the crankshaft clockwise
until fuel just swells at the free end of the
injection pipe and, at that instant, check
the position of the IT mark with respect
to the mark on the gear case. This timing
is approximately 1° retarded. Take this
1° retardation into account when making
a shim adjustment.

162
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” Disconnecting No. 1 fuel injection pipe




3. Adjustment

(1) If the fuel injection timing is incorrect,
change the thickness of shims under the
fuel injection pump. An increase or
decrease of the shims by 0.1 mm (0.004
in.) will vary the timing by 1°.

(2) Increase the thickness of the shims to
retard the timing or decrease it to advance
the timing.

Adjustment range Standard +1.5°

Four kinds of shims are available in
thicknesses 0.2 mm (0.007 9 in.), 0.3 mm
(0.011 8in.), 0.4 mm (0.015 7 in.) and 0.8
mm (0.031 5 in.). These shims have no
identification; measure the thickness of
each shim with a calipers before using it.

/N\ CAUTION

Apply sealant to both faces of each shim to
prevent oil leaks.

(3) After the timing has been adjusted, make
sure it is correct.

(4) Close the fuel filter valve and restore the
delivery valve and injection pipe to the
original state.

MAINTE

NANCE

Angle by which fuel

injection timing i
advanced

'

/
| T

Mark on

Increase shim
thickness.

21°
23°

Angle by which fuel
injection timing is

retarded

timing gear 3‘
case

l

Decrease shim| .

f‘_‘j thickness.

|-

Wi
|

-

Retarded

Advanced

K

404872

Adjusting fuel injection timing
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FUEL FILTER

Fuel filter with [AIR] valve

Close the fuel filter valve. Loosen the ring nut
and take out the element for cleaning or

replacement. Valve lever

Element

Ring nut’
406677
Fuel filter with [AIR] valve
Cartridge (air vent screw) type fuel filter ,
Replace the filter as an assembly if water and o
sediment have been accumulated in it. @ @ lm
2 .
3
l
404873

Cartridge type fuel filter
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FUEL SYSTEM PRIMING

Engine with fuel filter with [AIR] valve

(1) Move the fuel filter valve lever to AIR
position.

(2) Move the lever to ON position when the
fuel flows free of bubbles from the over-
flow pipe.

(3) To prime the fuel pipe and fuel injection
pump, loosen the air vent screw of the
injection pump.

(4) The injection pipes and nozzles can be
primed by cranking the engine.

(NOTE])
The fuel system of the engine with an elec-
tric fuel pump can be primed by turning the
starter switch key to ON position.

Engine with cartridge (air vent screw) type
fuel filter

(1) Loosen air vent screw (1). Tighten screw
(1) when the fuel flows free of bubbles
from this vent.

(2) Loosen air vent screw (2). Tighten screw
(2) when the fuel flows free of bubbles
from this vent.

(3) The injection pipes and nozzles can be
primed by cranking engine engine.

s { NOTE | ~
Turn the valve lever to OPEN position (if
equipped) before loosening any air vent
screw.

The fuel system of the engine with an elec-
tric fuel pump can be primed by turning the
Kstartt:r switch key to ON position.

/

Overflow pipe

406678

Priming fuel filter with [AIR] valve

OPEN position

Valve lever

404874

Priming cartridge (air vent screw)

type fuel filter
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IDLE RPM SETTING

NATE
{NOTE}
Make sure that the valve clearance and

injection timing are correct and that the fuel
injection nozzles have no defect.

(1) Start and run the engine at low idle until
the coolant temperature is above 60°C
(140°F).

(2) To set the low idle rpm, loosen the lock
nut for the idling set bolt and turn the set
bolt to make the engine run at the
specified rpm. Tighten the lock nut.

(3) To set the high idle rpm, loosen the lock
nut for the high-idle set bolt and turn the
set bolt to make the engine run at the
specified rpm. Tighten the lock nut.

166

High idle position

Lock nuts

Low idle position

Idling sct bolt

High-idle set bolt

406679

Idle rpm setting
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FUEL INJECTION NOZZLES

1. Injection pressure (valve opening
pressure) test

Make reference to FUEL INJECTION
NOZZLE (page 135).

2. Orifice restriction test

Make reference to FUEL INJECTION
NOZZLE (page 136).

3. Nozzle tip washing and replacement
Make reference to FUEL INJECTION
NOZZLE (page 136).

4. Installation

(1) Put the gasket on the injection nozzle.

(2) Put the nozzle in position in the cylinder
head and tighten it to the specified torque.

Tightcning torque (40

Installing fuel injection nozzles
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FAN BELT

(1) Measure the deflection of the belt. Apply
10 kgf (22 1bf) [98 N] force midway
between the alternator pulley and the
crankshaft pulley.

Adjusting bolt

(2) Adjust the belt if the deflection is not
correct. Loosen the adjusting bolt and
move the alternator to obtain the required

belt deflection. Deflection: 10 to 12 mm

(0.4 10 0.5 in.) under
10 kgf (22 1bf) [98 N] force

404890

Unit: mm (in.)

Item Standard
10to 12 Adjusting fan belt

Deflection (0.4 10 0.5)
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SERVICE DATA

SPECIFICATIONS
1. Basic engine components Unit: mm (in.)
Item Standard Limit Correction-Remarks
Compression pressure 30 kgf/cm? 27 kgf/cm? Repair or replace.
(427 psi) (384 psi)
[2 942 kPa] [2 648 kPa]
Maximum permissible diffcrence 3 kgf/cm? Repair or replace.
bctween average compression pressure (42.7 psi) —
of all cylinders in one cngine [294 kPa]
Fuel injection timing (BTDC) 17°
Clearance between rocker arm and shaft 0.012 10 0.050 0.200 Replace rocker arm.
(oil clearance) (0.000 47 t0 0.001 97) (0.007 87)
Valve clearance 0.25 (0.009 8) Adjust.
~ 0.02100.05 0.10
Clearance between | Inlet valve (0.000 8 10 0.002 0) (0.003 9) Replace valve and
valve stem and - 0.05 1o 0.085 015 valve guide.
alve guide , , .05t 0. .
vave e | Brhaustvalve 1 0,0020100.00335) | (0.0059)
Valve margin (valve lip thickness) 1.0 (0.039) 0.5 (0.020) Replace valve.
. 0.5£0.25 1.5 Recondition valve seat or
Valve sinkage (0.020 £ 0.009 8) (0.059) replace cylinder head.
Angle 45° —
Valve seat Width 131018 25 Recondition.
(0.051 10 0.071) (0.098)
Frce length 47 (1.85) 46 (1.81)
Length under test 39.1 30.5 _
Valve spring force (1.54) (1.20) Replace.
13.9+ 0.7 29+2
E??l(lft%)cTN] (3061 15) | (64 +4.4) ~15%
g [136 +7] | [284 £ 20]
Warpage of cylindcr head botiom face 0.05 (0.0020) maximum| 0.10 (0.003 9) Repair.
Bend (dial indicator reading) of valve . 0.3 (0.012) Replace
push rod B _ R )
Crankshaft gear and
idler gear
Idler gear and camshaft 0.04 10 0.12
gear (0.001 6 10 0.004 7)
Timing gear | Idler gear and fuel injcc- Repl
backlash tion pump camshaft gear 0.30 (0.011 8) eprace.
Camshaft gear and 0.08 10 0.19
P.T.O. gear (0.003 110 0.007 5)
Fuel injection pump cam- 0.07 t0 0.20
shaft gear and oil pump gear | (0.002 8 to 0.007 9)
Lobe hcight of camshaft 35.72 (1.406 3) 34.72 (1.366 9) | Replace.
Lobe height of fuel injecti
arhare ¢ O THCT fnjection pump 44 (1.73) 43 (1.69) Replace.
Flatncess of flywheel 0.15 (0.005 9) maximum| 0.50 (0.019 7) Recondition.
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SERVICE DATA

Unit: mm (in.)

Item Standard Limit Correction-Remarks
" :
gl gcaliance between tappet and cylinder . 0.15 (0.005 9) Replgce tappet.
Clearance bet haft j 1 .
bushing e JOHA and — 0.15 (0.0059) | Replace bushing.
Clearance between idler gear and shaft (0.08'10 % tg 88(7)2 8) (0%3.(,) 9) ?hezf)fltace idler gear or
Warpage of cylinder block top face 0.05 (0.002 0) maximum{ 0.10 (0.003 9) Repair.
_ ) 003 00012 Hone out bore for oversize
Bore in cylinder block 7800 (3.070 ) 78.2 (3.079) piston or replace cylinder
block.
Taper and out-of-round of cylinder 0.01 (0.000 4) maximum —
77.93 10 77.95 77.80
Standard (3.068 1 10 3.068 9) (3.063 0)
. . 0.25 (0.0098) 78.18 t0 78.20 78.05
Diameter of piston | o size (3.0779103.078 7) (3.072 8)
0.50 (0.0197) 78.43 10 78.45 78.30
oversize (3.087 8 10 3.088 6) (3.0827)
Clcarance between piston pin and piston © 0860(2)2 :8 88(1)3 71) © %815 %7)
No. 1 compres- 0.06 10 0.10 0.30
sion ring (0.002 4 10 0.003 9) (0.011 8)
Clearance between No. 2 compres- 0.05 t0 0.09 0.20 . .
piston ring and groove | sion ring (0.002 0 to 0.003 5) (0.007 9) Replace piston ring.
_— 0.03 10 0.07 0.20
Oil ring (0.001 2 to 0.002 8) (0.007 9)
No. 1 compres- 0.15 10 0.30
sion ring (0.0059 10 0.011 8)
Clcarance between No. 2 compres- 0.15 10 0.35 1.50 . .
ends of piston ring sion ring (0.005 9 t0 0.013 8) (0.059) Replace piston ring.
- 0.20 to 0.40
Oil ring (0.0079 0 0.015 7)
) ) 0.035 10 0.086 0.300 Hone out bore for oversize
Clearance between piston and cylinder (0_00'1 38 t0 0.003 39) (0_0‘11 81) gistol? or replace cylinder
ock.
Clearance between crankpin and 0.025 10 0.072 0.150 Replace connecting rod
connecting rod bearing (0.000 98 to 0.002 83) (0.00591) bearing.
Thrust clcarance for connccting rod 0.10 t0 0.35 0.50 :
big end (0.003 9 10 0.0138) 0.0197) | Replace connecting rod.
Diameter of journal (2.(5)}169 o o 3.2(52(7)024) —
Diameter of crankpin a 357938 :g ‘1‘7&253 8) —
Runout 0.025 (0.000 98) 0.05 (0.002 0) Repair or replace.
Crankshaft | Cjcarance between journal 0.030 10 0.077 0.100 . .
and main bearing (0.001 18 to 0.003 03) (0.003 94) Replace main bearing.
Clearance between crankpin 0.025 10 0.072 0.150 Replace connecting rod
and connecting rod bearing (0.000 98 to 0.002 83) (0.005 91) bearing.
End pla 0.050 to0 0.175 0.500 Replace No. 3 flanged
play (0.001 97 10 0.006 89) (0.019 69) bearing.
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SERVICE DATA

2. Lubrication system

Unit: mm (in.)

Item Standard Limit Correction-Remarks
3.5+0.5 kgf/cm?
Pressure relief valve setting (50 £ 7 psi) — Replace.
[343 £ 49 kPa])
Pressure difference at which oil pressure 0.5 + 0.1 kgf/cm?
switch is closed (indicator light comes (7 £ 1.4 psi) — Replace.
on) (49 + 10 kPa]
3. Fuel system Unit: mm (in.)
Item Standard Limit Correction-Remarks
Iniecti (val . 140'3 kgf/cm®
njection pressure (valve opening TR . .
pressure) (1991 390PSI) — Adjust with washer.
(137297 kPa]
4. Air inlet system and exhaust system Unit: mm (in.)
Item Standard Limit Correction-Remarks
Clecan every 100 Change every 500

Paper-element type air cleaner element

service hours.

service hours.

Warpage of mounting faces of manifolds

0.15 (0.005 9)

Repair or replace.

5. Cooling system (standard)

Unit: mm (in.)

shaft pulley

Item Standard Limit Correction-Remarks
Tempcrature at which 82+ 1.5°C
valve starts opcning (180 £ 2.7°F) o
Thermostat Temperature at which Replace.
valve lift is more than 8 95°C (203°F) —
mm (0.3 in.)
Temperature at which 111 + 3.5°C
) switch is turned ON (232 £ 6.3°F) -
Thermoswitch Rosisa oLt Replace.
esistance at oil temper- .
ature of 120°C (284°F) | 30 m{2 maximum —
At 50°C (122°F) 80+10Q —
Resistance in o °
thermounit At 80°C (176°F) 295+25Q — Renl
place.
At 120°C (248°F) 10£03Q —
Deflection of fan belt under 10 kgf
(22 1bf) [98 N} force applicd midway 10to0 12 Repl
between alternator pulley and crank- (0.4 10 0.5) - eplace.
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6. Electrical system

SERVICE DATA

Unit: mm (in.)

Item Standard Limit Correction-Remarks
Pinion clearance © 3)2(5) :g 5‘879) — Adjust with packing.
S3L/S3L2 | S4L/S4L2
Terminal voltage | 115V 11V —
No-load charac- Test.
leristics Current draw rlnq& i?n um rlsg‘:n um —
. 3 000 3 850
g Rpm minimum minimum -
2 | Brush length — Wear limit line | Replace.
3.0 kgf 1.8 kgf
Brush spring tension (6.6 1bf) (4.0 Ibf) Replace.
[29.4 N] [17.7 N]
Runout of commutator 0.03 (0.001 2) 0.10 (0.003 9) Repair or replace.
Diameter of commutator 32 (1.26) 31 (1.22) Replace.
Undercut of mica 0.5 (0.020) 0.2 (0.008) Repair.
Regulated voltage at 20°C (68°F) 147203V —
Terminal
Output Below voltage 335V -
b o
g | characteris- 2500 rpm
g tlcs (a[ Currcn[ 33 A — Tes[_
2| opcraling Terminal 135V
< | tcmpcera- Below voltage : -
turc) 5000 rpm
Currcent 47 A —
Brush length — Wear limit line | Replace.
Resistance in glow plug 0.55Q —_ Replace.
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SERVICE DATA

1. Major bolts and nuts

TIGHTENING TORQUES

Thread, mm

Bolt or nut Diameter | Pitch | Widh lCel:lagl;\a Torque, kgf-m (Ibf-ft) [N-m]
Cylinder head bolt M10 1.25 14 87 9+0.5(65+4)[88+5]
Rocker cover bolt M8 1.25 12 40 1.15£0.15(83+1.1) [11.3 £ 1.5]
Rocker shaft bracket bolt M8 1.25 12 58 1.5£05(11+£4)[14715)
Thermoswitch Mi6 1.5 17 31.5 23104 (16.613)[22614]
Crankshaft pulley nut M18 1.5 27 — 17.5+£2.5 (127 £ 18) [172 £ 25]
Main bearing cap bolt M10 1.25 17 81 525+0.25(3812)[51.5+2.5]
Connecting rod cap nut M9 1.0 14 —_— 355+0.25(25.7+2)134.8£2.5)
ot bjate bolt (for tractor M12 1.25 17 28 9.5+ 1(69:+7) (93 10)
Rear plate bolt (standard) Mi12 1.25 17 28 65+1@47+7)[64+10]
Rear plate bolt (stamping) M8 1.25 12 16 1.15£0.158.321.1)[11.3+1.5]
Flywheel bolt M12 1.25 19 29 13.5+0.5(98+£4)[132£5)
gﬁé{,’g’; bolt (for tractor M8 1.25 12 25 | 28+0.3(20.3£22)[27.5+3)
Oil pan drain plug M14 1.5 22 10 41+0.5(29+4)[3915]
Pressure relief valve M22 1.5 22 33 5+£05(361+4)[4915]
Qil filter M20 1.5 — —_ 12+£01387207)[1211)
Qil pressure switch PT1/8 — 26 11 1£02((7.2+x14)[1012]
Fuel injection pipe nut Mi2 1.5 — — 3+£0522+4)(29+5]
Fuel leak-off pipe nut M12 1.5 18 — 2.75+0.25(20+2)[27£2.5]
Delivery valve holder —_ —_ 19 — 45+05(32524)[4415)
Fuel injection nozzle holder M20 1.5 21 — 55£0.5(@0+£4)[54£5]
e oy Jclivery M16 0.75 19 — | 375£025Q27+2)[37£25]
Sliding sleeve shaft M10 1.25 14 29.5 36+x06(126+4)[35+6)
Special nut for torque spring | pfy5 1.0 17 — 2+0.5 (14 £4) [20£ 5]
Glow plug M10 1.25 12 60 1.75+0.25(12.7£2) [17.2 £ 2.5)
Glow plug connection plate M4 0.7 8 — 0.125£0.025 (09 £0.2)[1.2+0.2]
Stop solenoid nut M30 1.5 36 —_ 45+05(325+t4)[4415]
Starter B terminal M8 1.25 12 — 1.1£0.1(8%20.7)[10.8 1]
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SERVICE DATA

2. Torques for bolts and nuts with standard threads
Unit: kgf-m (Ibf-ft) [N-m]

Thread Identification on head
diameter 4 7
04+0.1 0.9+0.1
M6 3+0.7) 6.5+0.7)
(3.9+1] [8.8+1]
1.1 0.1 1.85+0.35
M8 8+£0.7) (13.4125)
[10.8+1] [18 + 3]
2.15+0.35 36206
M10 (15.6+£2.5) (26£43)
[21+3] {35.3+6]
3606 65+1
M12 (26 £4.3) @7x7)
[35.3 £ 6] [63.7+10]
61 95+1.5
M14 43+7) 69+ 11)
[59+10] {93.2 + 15]

3. Torques for plugs with taperlock threads
Unit: kgf-m (Ibf-ft) [N-m]

Size For aluminum materials For ferrous materials
0.65+0.15 1+£0.2
NPTF1/16 @7+1) (12+1)
[6.4 +1] [10+2]
1+£02 1.85 £0.35
PT1/8 721 (13.4+2.5)
[10t 2] [18 £ 3]
25+05 4105
PT1/8, NPTF1/4 (18t 4) 29+ 4)
[251 5] [39 + 5]
6.5%1
PT3/8 — (CYE-N))
[64 £ 10]
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SERVICE DATA

SEALANTS
Componcnt Scalant Mating part Remarks

Stop solenoid Three Bond 1212 | Governor case
g Water drain joint
a.
2 Three Bond 1102 | Cylinder block Apply to effective thread part.
é’-’ Qil pressure switch

Torque spring sct Three Bond 1212 Governor case

Cylinder block

%] 1 .
é, Scaling cap Cylinder head Apply to holes in cylinder
= Three Bond 1102 Cylinder head and head and cylinder block.
3 cylinder block
i Expansion plug Cylinder block

Dipstick guide
9 Side seal S}’;ﬂ?gﬁ;ﬁk’gdéa%nsd Apply to external surface.
3

: . Three B 1 Apply to surfaces that come

§' Main bearing caps (front ree Bond 1212 inIt)c? cyonlacl; with cylinder
£ and rear) Cylinder block block.

Oil pan Three Bond 1207C Apply to sealing surface.
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SPECIAL TOOLS

SERVICE DATA

Tool No.

Tool Name

Style

Usage

31A91-00100

Piston Pin Setting Tool

&
=

Piston pin removal and
installation

406808
S$T332340 Camshaft Bushing Installer Camshaft front bushing
removal and installation
404704
ST332270 Compression Gauge Adaptor Compression pressure
measurement
404931
MD998054 Oil Pressure Switch Socket Oil pressure switch removal
Wrench (26) and installation
404840

Note: In addition these special tools, commercially available tools such as bearing puller, valve seat cutting
tool, valve guide installing tool, valve spring compressing tool, oil filter wrench, etc. are necessary.
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Specifications

Item

Description

Transmission
System relief pressure
2WD units
4WD units
Charge relief pressure
Cooler By-pass pressure
Filter By-pass pressure
Oil filter

Sauer-Sundstrand M25, U-type

3600 + 150 psi at 3250 RPM
3600 + 150 psi at 3250 RPM
150 * 30 psi at 3250 RPM
70 + 10 psi

70 +10 psi

Screw-on type

Auxiliary Pump
Steering relief pressure

3 section, external gear type
1250 psi (cracking)

Reel Motor (5)

External gear type

Valve Block
Front reel circuit relief pressure
Rear reel circuit relief pressure

Toro, cartridge logic, elec./hyd. solenoid actuated
3000 psi
2000 psi

Hydraulic Oil — Reel Drive & Steering (Fig. 2)
Group 1 (for ambient temp. consistently below 100° F)
Group 2 (for ambient temp. consistently above 70° F)

I1SO type 46/68 anti-wear hydraulic fluid (Mobil 424 or equiv.)
I1SO type 68 anti-wear hydraulic fluid (Mobil DTE 26 or equiv.)

Hydraulic Reservoir — Reel Drive & Steering (Fig. 2)

8 U.S. gal. approx. capacity (9.5 U.S. gal. approx. system capacity)

Oil filter — Reel Drive & Steering

Screw-on cartridge type, 50 psi bypass

Transmission Oil (Fig. 1)

I1SO type 46/68 anti-wear hydraulic fluid (Mobil 424 or equiv.)

Transmission Resevoir

5 U.S. gt. approx. system capacity

Specifications

Page 4-2 Rev. A

Figure 1
1. Transmission dipstick cap
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Hydraulic Oil

The hydraulic system was initially filled at the factory
with Mobil 424 oil.

Two groups of hydrauic oil are specified to allow optimal
operation of the machine in a wide range of tempera-
tures encountered.

The group 1 oil are a multi-viscosity hydraulic oil which
allows operation at lower temperatures without the in-
creased viscosity, which is associated with straight vis-
cosity oails.

The group 2 type oils are straight viscosity oils which
remain slightly more viscous at higher temperatures
than the multi-viscosity oils.

Using group 1 oils in higher ambient temperatures may
result in decreased efficiency in some of the hydraulic
components compared to using group 2 oils.

Using group 2 oils in lower ambient temperatures may
resultin harder starting, increased engine laboring while
cold, sluggish or non-operating valve spools while cold
and increased filter back pressure due to the higher oil
viscosity.

It is recommended that you select which conditions
(either ambient temperatures above 70°F or below
100°F) and use that type of oil throughout the year,
rather than changing oil types several times per year.

NOTE: When changing from one type of hydraulic oil to
the other, be certain to remove all the old oil from the
system, because some brands of one type are not
completely compatible with some brands of the other
type of hydraulic oil. If you always use Mobil products,
the two types of oil are compatible and interchangeable.

IMPORTANT: Use only types of hydraulic oils
specified. Other fluids could cause system damage.

NOTE: Ared dye additive for the hydraulic system oil is
available in 2/3 oz. bottles. One bottle is sufficient for 4
to 6 gallons of hydraulic oil. Order Part No. 44-2500 from
your Authorized Toro Distributor.

Reelmaster® 5300-D

Group 1 Hydraulic Oil (Recommended for ambient
temperatures consistently below 100° F):

ISO type 46/68 anti-wear hydraulic fluid

Mobil . ... .. Mobil Fluid 424
AMOCO . ..ot Amoco 1000
International Harvester ................... Hy-Tran
TEXACO . . oottt TDH
Shell . ... Donax TD
UnionOil ................... Hydraulic/Tractor Fluid
Chevron .................... Tractor Hydraulic Fluid
BPOIl ....... ... BP HYD TF
BoronOil ........ .. ... . Eldoran UTH
EXXON . ..o Torque Fluid
CONOCO ..\ vt Power-Tran 3
Kendall ............... ... ... ... ... ... Hyken 052
Phillips .. ... HG Fluid

NOTE: The oils within this group are interchangeable.

Group 2 Hydraulic Oil (Recommended for ambient
temperatures consistently above 70° F):

ISO type 68 anti-wear hydraulic fluid

Mobil ....... ... DTE 26 or DTE 16
Shell ....... ... Tellus 68
AMOCO ..ot e Rykon Qil 68
ArCO .o Duro AW S-315
Boron ....... ... .. Industron 53
BPOIl ....... ... .. . Energol HLP68
Castrol ......... .. Hyspin AWS68
Chevron ........... ... ... ... ... ... Chevron EP68
Citgo .o Citgo A/W68
ConoCo ... vvv i Super Hydraulic Oil 31
EXXON .. Nuto H68
GUIf L 68AW
Pennzoil ............. ... ... ... ... AW Hyd Oil 68
Phillips ....... ... ... Magnus A315
Standard ............. . . .. Industron 53
TEXACO « v v ottt e Rando HD68
union ... Unax AW 315

NOTE: The oils within this group are interchangeable.

Page4-2.1

Figure 2

1. Hydraulic reservoir cap
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General Information

Hydraulic Hoses

Hydraulic hoses are subject to extreme conditions such
as, pressure differentials during operation and exposure
to weather, sun, chemicals, very warm storage condi-
tions or mishandling during operation or maintenance.
These conditions can cause damage or premature
deterioration. Some hoses, such as reel motor hoses,
are more susceptible to these conditions than others.
Inspect the hoses frequently for signs of deterioration or
damage.

When replacing a hydraulic hose, be sure that the hose
is straight (not twisted) before tightening the fittings. This
can be done by observing the imprint on the hose. Use
two wrenches; one to hold the hose straight and one to
tighten the hose swivel nut onto the fitting.

A WARNING

Before disconnecting or performing any work
on the hydraulic system, all pressure in the
system must be relieved by lowering the cut-
ting units to the ground and stopping the
engine.

Keep body and hands away from pin hole
leaks or nozzles that eject hydraulic fluid
under high pressure. Use paper or cardboard,
not hands, to search for leaks. Hydraulic fluid
escaping under pressure can have sufficient
force to penetrate the skin and do serious
damage. If fluid is injected into the skin, it
must be surgically removed within a few
hours by a doctor familiar with this type of
injury or gangrene may resulit.

J

Hydraulic Fitting Installation

O-Ring Face Seal

1. Make sure both threads and sealing surfaces are free
of burrs, nicks, scratches, or any foreign material

(Fig. 3).

2. Make sure the O-ring is installed and properly seated
in the groove. It is recommended that the O-ring be
replaced any time the connection is opened.

3. Lubricate the O-ring with a light coating of oil.

4. Putthe tube and nut squarely into position on the face
seal end of the fitting and tighten the nut until finger tight.

5. Mark the nut and fitting body. Hold the body with a
wrench. Use another wrench to tighten the nut to the
correct flats from finger tight (F.F.F.T.). The markings on
the nut and fitting body will verify that the connection has
been tightened.

Size F.F.F.T.
4 (1/4 in. nominal hose or tubing) 75+ .25
6 (3/8in.) 75+ .25
8 (1/2in.) 75+ .25
10 (5/8in.) 1.00+ .25
12 (3/4in.) 75+.25
16 (1in.) 75+ .25

Reelmaster® 5300-D
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Mark Nut Position Initial
and Body Position
Extend Line
Finger Tight After Proper Tightening
Figure 3
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SAE Straight Thread O-Ring Port (Non-adjustable)

1. Make sure both threads and sealing surfaces are free
of burrs, nicks, scratches, or any foreign material.

2. Always replace the O-ring seal when this type of fitting
shows signs of leakage.

3. Lubricate the O-ring with a light coating of oil.

4. Install the fitting into the port and tighten it down full
length until finger tight (Fig. 4).

5. Tighten the fitting to the correct flats from finger tight
(FEET).

Size F.F.F.T.
4 (1/4 in. nominal hose or tubing) 1.00 +.25
6 (3/8in.) 150+ .25
8 (1/2in.) 150+ .25
10 (5/8 in.) 1.50 + .25
12 (3/4in.) 1.50 + .25
16 (1in.) 1.50 + .25

SAE Straight Thread O-Ring Port (Adjustable)

1. Make sure both threads and sealing surfaces are free
of burrs, nicks, scratches, or any foreign material

(Fig. 5).

2. Always replace the O-ring seal when this type of fitting
shows signs of leakage.

3. Lubricate the O-ring with a light coating of oil.

4. Turn back the jam nut as far as possible. Make sure
the back up washer is not loose and is pushed up as far
as possible (Step 1).

5. Install the fitting into the port and tighten finger tight
until the washer contacts the face of the port (Step 2).

6. To put the fitting in the desired position, unscrew it by
the required amount, but no more than one full turn
(Step 3).

7. Hold the fitting in the desired position with a wrench
and turn the jam nut with another wrench to the correct
flats from finger tight (F.F.F.T.) (Step 4)

Size F.F.F.T.
4 (1/4 in. nominal hose or tubing) 1.00 +.25
6 (3/8in.) 150+ .25
8 (1/2in.) 150+ .25
10 (5/8 in.) 1.50 + .25
12 (3/4in.) 1.50 + .25
16 (1in.) 1.50 + .25

General Information Page 4-4
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Pushing or Towing

If it becomes necessary to tow the machine, tow it
forward only and at a speed no greater than 10 mph.

IMPORTANT: If these towing limits are exceeded,
severe damage to the hydrostatic transmission may
occur.

To tow a disabled machine:

1. Loosen and remove capscrews securing drive shaft
to engine drive coupler. Loosen capscrews clamping
drive shaft to transmission (Fig. 6). Remove drive shaft.

IMPORTANT: If drive shaft is not removed before
towing, the transmission input shaft will not be able
torotate, thus not allowing transmission to maintain
its internal lubrication. Severe damage to the
hydrostatic transmission may occur.

2. Attach a suitable chain, strap or cable to the center of
the front frame member (Fig. 7).

3. Attach the other end of the towing device to a vehicle
that is capable of towing the machine safely and at
speeds below 10 mph.

4. AN OPERATOR MUST BE ON THE MACHINE to
steer it and keep the traction pedal fully depressed in
the forward position while towing.

5. When towing is completed, install drive shaft as
shown in Figure 6. The splines are designed to allow
assembly only when the two halves of the shaft are
properly oriented.

Reelmaster® 5300-D Page 4 -5
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Hydraulic Schematic
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Hydraulic Flow Diagrams

Traction Forward

The hydrostatic transmission is driven by a drive shaft
off the front of the engine crankshaft. Pushing the top of
the traction pedal, rotates the variable displacement
pump swash plate to create a flow of oil. This oil is
directed to the fixed displacement motor which turns the
differential input shaft to drive the front wheels. Operat-
ing pressure on the high pressure side of the closed loop
is determined by the amount of load developed at the
fixed displacement motor. As the load increases, pres-
sure can increase to a maximum of 2750 PSI (3200 PSI
if equipped with 4WD). Main system pressure is limited
by a high pressure relief valve on each side of the closed
loop circuit. System pressure can be measured at test
ports on the transmission. If pressure exceeds the relief
setting, oil flows through the relief valve to the low
pressure side of the closed loop circuit.

An integral charge pump provides a constant supply of
charge oil to the variable displacement pump and closed
loop circuit for lubrication and to make up for oil that is
lost due to internal leakage in the pump and motor.
Charge pump flow is directed through the oil cooler, then
through the filter to the low pressure side of the closed
loop circuit. A cooler bypass valve and filter bypass
valve allow charge oil flow to the closed loop if the cooler
or filter becomes plugged. Charge pressure is limited to
150 PSI by a relief valve. Charge pressure can be
monitored at the charge pump test port.

sessssssms  High Pressure

Charge Pressure

Reservoir
Oil Flow . L
’ Hydrostatic Transmission
High -
. . Press. Charge Check
' Variable Disp. Relief * A4 Charae s
Pump Relie? Fixed Disp. !
— Filter r Motor
Input Shaft _9 ’ - . _ o - %_ Output Shaft
ng:ge Cooler Charge
P Bypass Check High Press. .
A Relief Oil Cooler
. . O
! ]
— *
<p-
Screen
o <
Reservoir ’

Figure 9
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Lower Cutting Units / Mow

The hydraulic pump that provides oil flow to the reel
drive circuit is driven off the PTO output shaft of the
hydrostatic transmission. This oil flow enters a control
valve block which directs the oil flow to perform the
functions of reel drive and cutting unit lift and lower.

The valve block consists of two individual control cir-
cuits. Each circuit is supplied by its own pump section
—“P1"and “P2". The only common connection from one
circuit to the other is the case drains from the motors
and the tank ports from all valves.

To lower the cutting units, solenoid valves “S3”, “S4”,
and “S5” must be energized along with “S6”. Valve “S6”
is a load holding poppet-type valve. If “S6” is not ener-
gized, no cutting units will lower. Valve “S7” must be in
its normal de-energized position to allow the return oil
from the cylinder circuit to be directed to tank.

On the “P1” pump circuit, maximum system pressure is
limited by relief valve “R1” which is set at 3000 PSI.
System pressure on the “P1” side can be measured at
Port “G1". Total pump flow must go through solenoid
valve “S7”. In its normal de-energized position, valve
“S7" directs pump flow to the front reel circuit. Solenoid
valve “S1” must be energized to allow pressure to build
in the front reel circuit. When solenoid valve “S1” is
energized, variable solenoid valve “VS1” will direct part
of the pump flow to tank, while directing the remaining

Hydraulic Flow Diagrams

Page 4 -8

flow to solenoid valve “S8” and out to the front reel
motors. Valve “VS1” is adjusted by the electronic control
unit (ECU) with a variable duty cycle pulse-width-modu-
lated (PWM) voltage. As the PWM duty cycle is in-
creased, less oil is by-passed to tank, causing more oil
to go to the reel motors. When “VS1” is fully energized,
no flow by-passes to tank and all flow is routed to the
reel motors. In its normal de-energized position,
solenoid valve “S8” directs flow from “VS1” to the front
reel motors to turn them in a forward or “mow” direction.
Return oil from the motors is directed to tank through
valve “S8".

On the “P2” pump circuit, maximum system pressure is
limited by relief valve “R2”, which is set at 2000 PSI. This
pressure can be monitored at port “G2”. Solenoid valve
“S2" must be energized to allow pressure to build in the
rear reel circuit. The variable solenoid valve “VS2” con-
trols reel speed and functions the same as “VS1”. In its
normal de-energized position, solenoid valve “S9”
directs flow from “VS2” to the front reel motors to turn
them in a forward or “mow” direction. Return oil from the
motors is directed to tank through valve “S9”.

NOTE: The variable solenoid valves, “VS1” and “VS2”,
are energized with a pulse-width-modulated (PWM)
voltage during most mowing or backlapping operations.
Only when the reel speed control is set to full speed
(position A), are the valves energized with a full 12 volts.

Reelmaster® 5300-D
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Backlap (Front Shown)

During “backlap”, the circuits operate the same as in the
“mow” mode except for the operation of solenoid valves
IESSH a.r.]d HSg!l.

To backlap, solenoid valves “S8” and “S9” are energized
to direct flow to the reel motors so they will run in a
backwards or “backlap” direction. The electrical system
is designed so that only one circuit (front cutting units or
rear cutting units) can be operated when in the backlap
mode. To backlap the front cuttting units, solenoid

valve “S1” is energized allowing pressure to build in the
front reel circuit. When solenoid valve “S1” is energized,
variable solenoid valve “VS1” will direct part of the pump
flow to tank, while directing the remaining flow to
solenoid valve “S8” and out to the front reel motors.
Return oil from the motors is directed to tank through
valve “S8".

System Pressure

Low Pressure, Return or Case Drain

>

Solenoids Energized

Backlap Front S1,VS1, S8, S9

- Oil Flow
,i‘ 250 PSI Steering Cylinder
to port D1 »
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Raise Cutting Units

The “P1” pump circuit controls the raise and lower
function of all five cutting units. On the “P1” pump circuit,
maximum system pressure is limited by relief valve “R1”
which is set at 3000 PSI. System pressure on the “P1”
side can be measured at Port “G1".

To raise the cutting units, solenoid valve “S7” is ener-
gized to direct pump flow through valve “S6”, a normally
closed poppet-type valve, and on to valves “S3”, “S4”,
and “S5". These three normally closed valves control
which cutting units raise or lower. To raise a cutting unit,
valve “S7”, and “S3”, “S4” or “S5” must be energized.

The return oil from the cylinders is directed back to tank
externally from the valve block.

To hold the cutting units up in any position, all of the
solenoid valves are de-energized. Valve “S6” is the load
holding valve and this is the reason it is a poppet-type
valve.

The lift speed of No. 1 (front center), and No. 2 and 3
(rear) cutting units is regulated by one-way variable
orifices which are located in the hydraulic lines between
the valve block and lift cylinders.

System Pressure

Low Pressure, Return or Case Drain

> -

Qil Flow

to port D1

Solenoids Energized

Lift All Cutting Units: S7, S3, S4, S5

Steering Cylinder

/oininy Juinind Suluiinge|
/ / ! Ll

| Front Reel Motors

M4 M5

X2,

Front Lift Cylinders

— [i‘ 250 PSI
T e —{ 1]

Rear Lift Cylinders

= to port D2

Vi ik
L

Rear Reel
Motors

M3

|
| Steering
S9 Valve
S2
z -

| 1
vs2
“ & =
=T =1 =
Gl 3000 PSI 2000PSI  L_. ‘ 1
Steering
1 ? — Pump

- A 4 T
T D1 D2 P2 G2 I Control Valve Block i i
= %\ l

Figure 12
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Special Tools

NOTE: Order special tools from the TORO SPECIAL
TOOLS AND APPLICATIONS GUIDE (COMMERCIAL
PRODUCTS). Some tools may be listed in the
Reelmaster 5300-D Parts Catalog. Some tools may also
be available from a local supplier.

Seal Protector

Slide protector over reel motor shaft before installing
shaft seal to protect seal from damage. Apply a light
coating of clean oil to seal protector to ease movement
of seal over tool. Use with seal installer tool.

\_’

Figure 13

Seal Installer

Use installer and a small hammer to drive reel motor
shaft seal into position in bore of reel motor body. Use
with seal protector tool.

Special Tools Page 4 - 12
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Hydraulic Pressure Test Kit

Used to take various hydraulic pressure readings for

diagnostic tests. Quick disconnect fittings provided at-
tach directly to mating fittings on machine test ports
without tools. A high pressure hose is provided for
remote readings. Contains one each, 1,000, 5,000 and
10,000 PSI gauges. Use gauges as recommended in
Testing section of this chapter.

Reelmaster® 5300-D Page 4 - 13
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Hydraulic Tester (With Pressure and Flow Capabilities)

@ Low Pressure Gauge

@ Inlet Hose

@ Load Valive

Outiet

Hose

Figure 16

You must have o-ring face seal (ORFS) adapter fittings
for this tester to use it on the Reelmaster 5300-D.

1. INLET HOSE: Hose connected from the system
circuit to the inlet side of the hydraulic tester.

2. LOAD VALVE: If required, upon turning the valve to
restrict flow, a simulated working load is created in the
circuit.

3. LOW PRESSURE GAUGE: Low range gauge to
provide accurate reading at low pressure, 0 - 1000 psi.

This gauge has a protector valve which cuts out

when pressure is about to exceed the normal range
for the gauge. The cutout pressure is adjustable.

Special Tools

Page 4 - 14

4. HIGH PRESSURE GAUGE: High range gauge to
accommodate pressure beyond the capacity of the low
pressure gauge, 0 - 5000.

5. FLOW METER: This meter measures actual oil flow
in the operation circuit, with a gauge rated at 15 GPM.

6. OUTLET HOSE: Hose from the outlet side of the

hydraulic tester to be connected to the hydraulic system
circuit.
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Troubleshooting

The cause of an improperly functioning hydraulic sys-
tem is best diagnosed with the use of proper testing
equipment and a thorough understanding of the com-
plete hydraulic system.

A hydraulic system with an excessive increase in heat
or noise is a potential failure. Should either of these
conditions be noticed, immediately stop the machine,
turn off the engine, locate the cause of the trouble, and
correct it before allowing the machine to be used again.
Continued use of an improperly functioning hydraulic
system could lead to extensive internal component
damage.

The charts that follow contain detailed information to
assist in troubleshooting. There may possibly be more
than one cause for a machine malfunction. All causes
should be checked in the order in which they are listed
on the charts.

Refer to the Testing section of this Chapter for precau-
tions and specific test procedures.

NOTE: In this troubleshooting guide, cartridge valves or
ports in the control valve block are referred to by the
labels used on the valve block and shown on the
schematics, i.e. R1, S1, VS1 (Fig. 10, 11, 12).

Transmission Operates in One Direction Only

Cause

Correction

Faulty traction control linkage.

Repair linkage

Transmission charge check/system relief valve
defective.

Inspect and clean or replace charge check/system
relief valve.

Traction Pedal Does Not Return to Neutral Properly

Cause

Correction

Incorrect charge check/system relief valve installed
in reverse port of transmission.

Relief cartridge in reverse (bottom) port of transmis-
sion should have machined groove on sealing face.

Faulty traction control linkage.

Adjust or repair linkage.

Traction stud (eccentric) is positioned in wrong
quadrant of linkage pivot (traction plate).

Traction stud (eccentric) must be in the rear quad-
rant to provide maximum spring tension.

Transmission Jerky When Starting

Cause

Correction

Faulty traction control linkage.

Repair linkage.

Faulty charge check/system relief valve.

Inspect and clean or replace charge check/system
relief valve.

Reelmaster® 5300-D
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Machine Travels Too Far Before Stopping When Traction Pedal is Released

Cause

Correction

Traction linkage out of adjustment.

Adjust traction linkage.

Transmission Operating Hot

Cause

Correction

Engine RPM too low.

Adjust, use tachometer.

Transmission reservoir oil level too low.

Fill to proper level.

Cooling system not operating properly.

Clean screen, oil cooler and radiator. Repair fan or
belt. Check coolant level and add coolant as neces-
sary.

Check for restricted oil cooler and repair or replace
as necessary.

Faulty oil cooler bypass relief valve.

Inspect and clean or replace oil cooler bypass relief
valve.

Charge pressure too low.

Inspect for plugged transmission filter and replace if
necessary.

Inspect charge relief valve and clean or replace if
faulty.

Inspect charge pump and repair or replace if faulty.

Traction pressure too high.

Reduce transmission load.

Traction pressure too low.

If pressure is low in only one direction (forward or
reverse) check affected system relief valve and
repair or replace if faulty.

Repair or replace transmission (pump & motor).

Troubleshooting
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Loss of Traction Power or Unit Will Not Operate In Either Direction

Cause

Correction

Engine RPM too low.

Adjust, use tachometer.

Drive shaft disconnected or damaged.

Repair or replace drive shaft.

Traction control linkage damaged or disconnected.

Repair linkage.

Transmission reservoir oil level too low.

Fill to proper level.

Charge pressure too low.

Inspect for plugged transmission filter and replace if
necessary.

Inspect charge relief valve and clean or replace if
faulty.

Inspect charge pump and repair or replace if faulty.

Traction pressure too low.

If pressure is low in only one direction (forward or
reverse) check affected system relief valve and
repair or replace if faulty.

Repair or replace transmission (pump & motor).

No Cutting Units Operate

Cause

Correction

Improper operation of lower-mow/raise control lever.

Hold lever in forward (lower-mow) position until front
cutting units begin operating. Do not allow lever to
“slap” back to neutral.

Electrical problem.

See Chapter 5 - Electrical System.

Damaged pump or pump coupler.

Repair coupler and pump if necessary. NOTE: Steer-
ing and cutting unit lift will also be affected.

Reelmaster® 5300-D
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Front Reels Will Not Turn in Either Direction

Cause

Correction

S1 not shifting.

Do electrical diagnostics to make sure that voltage
is being applied to S1 and that there is no electrical
fault. See Chapter 5 - Electrical System.

Do cartridge valve service procedure for valve S1.

Interchange S1 with S2 and check operation.
Replace S1 with a new valve if faulty.

R1 bypassing.

Check pressure at port G1 of valve block and adjust
valve if necessary.

Do cartridge valve service procedure for valve R1.

Replace R1 with a new valve.

S7 partially shifted.

Try operating lift circuit up and down a number of
times.

Do cartridge valve service procedure for valve S7.

S7 energized (should only be energized during lift
function).

Check for electrical or controller problem. See Chap-
ter 5 - Electrical System.

VS1 not shifting.

Do electrical diagnostics to make sure that voltage
is being applied to VS1 and that there is no electri-
cal fault. See Chapter 5 - Electrical System.

Do cartridge service procedure for VS1.

Interchange VS1 with VS2 and check operation.
Replace VSL1 if faulty.

Troubleshooting
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Front Reel(s) Turn Too Slow

Cause Correction

R1 bypassing. Check relief pressure at port G1 of valve block and
adjust valve if necessary.

Do cartridge valve service procedure for valve R1.

Replace R1 with a new valve.

S7 partially shifted. Try operating lift circuit up and down a number of
times.

Do cartridge valve service procedure for valve S7.

S8 partially shifted. Do cartridge valve service procedure for valve S8.

Interchange S8 with S9 and check operation.
Replace S8 if faulty.

Internal leakage (by-passing oil) in reel motor. Excessive case drain flow may identify faulty motor.
Use hydraulic tester to perform reel motor efficiency
test. Repair or replace reel motor if faulty. GE)
1(75)
2
P1 pump section inefficient. Repair or replace pump. o
E
VS1 not operating properly. Do electrical diagnostics to make sure that voltage -;
I

is being applied to VS1 and that there is no electri-
cal fault. See Chapter 5 - Electrical System.

Do cartridge service procedure for VS1.

Interchange VS1 with VS2 and check operation.
Replace VSL1 if faulty.
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Front Reels Turn Too Fast

Cause Correction

VS1 not operating properly. Do electrical diagnostics to make sure that voltage
is being applied to VS1 and that there is no electri-
cal fault. See Chapter 5 - Electrical System.

Do cartridge service procedure for VS1.

Interchange VS1 with VS2 and check operation.
Replace VSL1 if faulty.

Front Reels Turn in Only One Direction

Cause Correction

S8 not shifting. Do electrical diagnostics to make sure that voltage
is being applied to S8 and that there is no electrical
fault. See Chapter 5 - Electrical System.

Do cartridge valve service procedure for valve S8.

Interchange S8 with S9 and check operation.
Replace S8 if faulty.

Front Reels Stop or Won’t Start — During Backlap Only

Cause Correction

Motors bypassing. Increase flow to motors by adjusting HOC selector
knob.

Load too high for motor. Decrease load

Troubleshooting Page 4 - 20 Reelmaster® 5300-D



Front Reels Stop Under Load

Cause

Correction

R1 bypassing.

Check relief pressure at port G1 of valve block and
adjust valve if necessary.

Do cartridge valve service procedure for valve R1.

Replace R1 with a new valve.

Internal leakage (by-passing oil) in reel motor.

Excessive case drain flow may identify faulty motor.
Use hydraulic tester to perform reel motor efficiency
test. Repair or replace reel motor if faulty.

P1 pump section inefficient.

Repair or replace pump.

Front Reel Speed Erratic

Cause

Correction

Reel bearing or bedknife to reel adjustment too tight.

See Chapter 8 - Cutting Units.

Electrical problem.

See Chapter 5 - Electrical System.

REAR Cutting Unit Problems

Cause

Correction

For problems with rear cutting unit reel operation,
refer to the Correction recommended for the front
cutting units.

NOTE: Rear cutting unit lift functions are control-
led by P1 (front cutting unit) circuits of control valve.

Substitute R1 with R2
S1 with S2
S8 with S9
VS1 with VS2

Reelmaster® 5300-D Page 4 - 21 Troubleshooting
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Cutting Unit(s) Will Not Raise

Cause Correction

One-way variable orifice closed - center and rear Open speed control valve.
cutting units only - see Hydraulic Schematics.

Engine RPM too low. Increase engine RPM to operating speed.

S7 not shifting. Do electrical diagnostics to make sure that voltage
is being applied to S7 and that there is no electrical
fault. See Chapter 5 - Electrical System.

Test solenoid coil. Replace if faulty. See Chapter 5 -
Electrical System.

Oil viscosity too high - run machine to warm up oil to
operating temperature.

Do cartridge valve service procedure for valve S7.

S3, S4, or S5 not shifting (See Hydraulic Do electrical diagnostics to make sure that voltage
Schematics to see which valve controls what lift is being applied to solenoid for affected circuit and
cylinders.) that there is no electrical fault. See Chapter 5 -

Electrical System.

Test solenoid coil for valve of affected circuit.
Replace if faulty. See Chapter 5 - Electrical System.

Do cartridge valve service procedure for valve in af-
fected circuit.

Interchange solenoid from affected circuit with
another similar valve (S3, S4, or S5) and check
operation. Replace or repair affected valve if faulty.

R1 bypassing. Check relief pressure at port G1 of valve block and
adjust valve if necessary.

Do cartridge valve service procedure for valve R1.

Replace R1 with a new valve.

Internal leakage in lift cylinder(s). Check lift cylinder(s) and repair or replace if faulty.

Lift arm pivots binding. Lubricate bushings. Inspect for damage. Repair or
replace damaged parts.

P1 pump section inefficient. Repair or replace pump.
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Cutting Units Raise, But Will Not Stay Up

Cause

Correction

S6 energized (should only be energized during
lower function).

Do electrical diagnostics. See Chapter 5 - Electrical
System.

S6 leaking down (not seating properly).

Do cartridge valve service procedure for valve S6.
Replace S6 with a new valve if faulty.

Cutting Units Raise Too Fast or Too Slow

Cause

Correction

One-way variable orifice not properly adjusted (cen-
ter and rear cutting units only) - see Hydraulic
Schematics.

Adjust variable orifice for affected circuit.

Reelmaster® 5300-D
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Cutting Units Will Not Lower

Cause

Correction

S3, S4, or S5 not shifting (See Hydraulic
Schematics to see which valve controls what lift
cylinders.)

Do electrical diagnostics to make sure that voltage
is being applied to solenoid for affected circuit and
that there is no electrical fault. See Chapter 5 -
Electrical System.

Do cartridge valve service procedure for valve in af-
fected circuit.

Interchange solenoid from affected circuit with
another similar valve (S3, S4, or S5) and check
operation. Replace affected valve with a new valve if
faulty.

S6 not shifting.

Do electrical diagnostics to make sure that voltage
is being applied to S6 and that there is no electrical
fault. See Chapter 5 - Electrical System.

Do cartridge valve service procedure for valve S6.
Replace S6 with a new valve if faulty.

S7 shifted (should only be shifted during lift
function).

Do electrical diagnostics to make sure that voltage
is being applied to S7 and that there is no electrical
fault. See Chapter 5 - Electrical System.

Do cartridge valve service procedure for valve S7.

Troubleshooting
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Testing

The most effective method for isolating problems in the
hydraulic system is by using hydraulic test equipment
such as pressure gauges and flow meters in the circuits
during various operational checks. (See the Special
Tools section in this Chapter.)

4 )
A CAUTION

Failure to use gauges with the recommended
pressure (psi) rating as listed in the test pro-
cedures could result in damage to the gauge
and possible personal injury from leaking
hot oil.

J

Before Performing Hydraulic Tests

All obvious areas such as oil supply, filter, binding
linkage, loose fasteners, or improper adjustments must
be checked before assuming that a hydraulic com-
ponent is the source of the problem being experienced.

Do electrical diagnostics before performaing hydraulic
tests to make sure the electrical system is operating
properly. Ifthe electrical system is not operating properly
the hydraulic system may appear to malfunction.

4 )
A WARNING

Before disconnecting or performing any work
on the hydraulic system, all pressure in the
system must be relieved by lowering the cut-
ting units to the ground and shutting the en-
gine OFF.

Keep body and hands away from pin hole
leaks or nozzles that eject hydraulic fluid
under high pressure. Use paper or cardboard,
not hands, to search for leaks. Hydraulic fluid
escaping under pressure can have sufficient
force to penetrate skin and do serious
damage. If fluid is injected into the skin, it
must be surgically removed within a few
hours by a doctor familiar with this type of
injury or gangrene may resulit.

Reelmaster® 5300-D
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1. Thoroughly clean the machine before disconnecting
or disassembling any hydraulic components. Always
keep in mind the need for cleanliness when working on
hydraulic equipment.

2. Put caps or plugs on any hydraulic lines left open or
exposed during testing or removal of components.

3. The engine must be in good operating condition. Use
a tachometer when making a hydraulic test. Engine
speed can affect the accuracy of the tester readings.

4. To prevent damage to tester or components, the inlet
and the outlet hoses must be properly connected, and
not reversed (tester with pressure and flow capabilities).

5. To minimize the possibility of damaging components,
completely open the load valve by turning it
counterclockwise (tester with pressure and flow
capabilities).

6. Install fittings finger tight, far enough to insure that
they are not cross-threaded, before tightening with a
wrench.

7. Position the tester hoses so that rotating machine
parts will not make contact with them and result in hose
or tester damage.

8. Check the oil level in the reservoir.

9. Check the control linkage for improper adjustment,
binding or broken parts.

10. All hydraulic tests should be made with the hydraulic
oil at normal operating temperature.

Testing
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TEST NO. 1: Traction Circuit Charge Pressure

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes.

2. Park the machine on a level surface, engage the = 3 sy ] A KL .
parking brake and stop the engine. J

-

‘_,_il

To prevent possible personal injury from ro-
tating drive shaft, engine must be OFF before
attempting to connect gauge. If gauge has a
hose attached, be careful to route hose so it
9 will not contact the drive shaft. D Figure 17

) n, 5 : B\ *,T;mm',., “a
CAUTION % Woow &

1. Charge pressure test port
3. Connect a 1000 PSI gauge onto charge pressure test

port (Fig. 17).

4. Start the engine and put throttle at full engine RPM
(approx. 3200 RPM) with no load on the system.

GAUGE READING TO BE 150 + 30 PSI.

5. If there is no pressure, or pressure is low, check for
restriction in pump intake line. Inspect charge relief
valve and valve seat. Charge pressure can be adjusted
by changing shim thickness behind the spring. Check
for sheared charge pump key. Disassemble charge
pump and check for internal damage or worn parts.

6. Also take a gauge reading while operating the ma-
chine in forward and reverse. Start the engine and put
throttle at full engine RPM (approx. 3200 RPM). Apply
the brakes and push the traction pedal forward, then
reverse.

GAUGE READING TO BE 150 + 30 PSI.

7. If pressure is good under no load, but drops below
specification when under traction load, the piston pump
and motor should be suspected of wear and inefficiency.
When the pump and/or motor is worn or damaged the
charge pump is not able to keep up with the internal
leakage.
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TEST NO. 2: Traction Circuit System Pressure

1. Make sure hydraulic oil is at normal operating
temperature by operating the machine for approximate-
ly 10 minutes.

2. Before doing traction pressure test:

A. Drive machine to an open area, lower cutting
units, turn the engine off and engage the parking
brake.

B. If testing forward function, connect a chain to the
rear frame tie-down brackets. Connect the other end
of the chain to an immovable object and remove all
slack from the chain. If testing reverse function,
attach chain to the center of the front frame member Figure 18
(Fig. 7).

4 )
A CAUTION

To prevent possible personal injury from
rotating drive shaft, engine must be OFF
before attempting to connect gauge. If gauge
has a hose attached, be careful to route hose
\_ so it will not contact the drive shaft. )

1. FORWARD test port 2. REVERSE test port

3. Connect a 5,000 psi gauge to traction circuit test port
for function to be checked (Fig. 18).

NOTE: Test ports are 7/16-20 SAE O-ring ports.
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4. Start the engine and move throttle to full speed
(approx. 3200 RPM).

5. Sit on seat, and with brakes locked, slowly depress
the top of traction pedal. While pushing top of traction
pedal down, look at pressure reading on gauge.

GAUGE READING:
Forward: 3600 * 150 PSI
Reverse: 2750 + 150 PSI

6. If traction pressure is too low, inspect check/high
pressure relief valves. If problem occurs in one direction
only, interchange the check/relief valves to see if the
problem changes to the other direction (see NOTE
below). Clean or replace valves as necessary. These
cartridge type valves are factory set, and are not adjus-
table. If check/relief valves are in good condition,
replace or overhaul transmission.

NOTE: The forward and reverse check/high pressure
relief valves are different. One valve cartridge has a
machined groove on seating surface and must be in-
stalled in the “reverse” port (see Check and High Pres-
sure Relief Valves in Transmission Repairs section).
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TEST NO. 3: Front Mow / Lift Circuit Pressure

1. Make sure hydraulic oil is at normal operating
temperature by operating the machine for approximate-
ly 10 minutes.

2. Lower cutting units, engage parking brake and stop
the engine.

3. Raise seat to get access to hydraulic test fittings.
Remove access cover from in front of hydraulic valve
block. Install a 5000 PSI gauge with extension hose onto
quick disconnect fitting in port G1 (Fig. 19). Put gauge
and hose through opening in front of hydraulic valve
block as shown, then lower the seat (Fig. 19A).

NOTE: It may be necessary to rotate 90° fitting in port Figure 19

G1 so seat can be lowered after pressure gauge with

extension hose is connected. Loosen nut and rotate 90° 1. Test port G1 2. Test port G2
fitting in port G1 1/4 turn so test fitting points to the right.
Tighten nut to seat o-ring and secure fitting.

4. Sit on the seat and start the engine. Move throttle to
full speed (approx. 3200 RPM).

5. While sitting on the seat, pull “Lower-Mow/Raise”
control lever back to the RAISE position to lift the cutting
units. Hold the lever in the RAISE position while looking
at the gauge.

GAUGE READING TO BE 3000 + 50 PSI.

NOTE: Normal operating pressure when mowing is — -
approximately 500 to 600 PSI per cutting unit. Normal Figure 19A

operating pressure of front circuit (three cutting units)
when mowing is approximately 1500 to 1800 PSI. 1. Test port G1

6. Stop the engine. If pressure is too high, remove cap
on relief valve R1 and adjust screw to get correct
pressure (Fig. 20c). If pressure is too low, check for
restriction in pump intake line. Remove cap from relief
valve R1 and adjust screw to get correct pressure. If
pressure is still too low, pump or lift cylinder(s) should
be suspected of wear, damage or inefficiency.
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TEST NO. 4: Rear Mow Circuit Pressure

1. Make sure hydraulic oil is at normal operating
temperature by operating the machine for approximate-
ly 10 minutes.

2. Lower cutting units, engage parking brake and stop
the engine. Set HOC Selector Knob, located under the
instrument panel, to position A (full speed). Make sure
Backlap switch is OFF.

3. Raise seat to get access to hydraulic test fittings.
Remove access cover from in front of hydraulic valve
block. Install a 5000 PSI gauge with extension hose onto
quick disconnect fitting in port G2. Put gauge and hose
through opening in front of hydraulic valve block as
shown, then lower the seat (Fig. 20a).

NOTE: It may be necessary to rotate 90° fitting in port
G2 so seat can be lowered after pressure gauge with
extension hose is connected. Loosen nut and rotate 90°
fitting in port G2 1/4 turn so test fitting points forward.
Tighten nut to seat o-ring and secure fitting.

4. With cutting units in lowered position and engine OFF,
insert a block of wood, as shown in Figure 20b, between
cutting unit reel blades and front cross tube of left-rear
(No. 2) cutting unit to prevent reel from turning.

5. Sit on the seat and start the engine. Move throttle to
full speed (approx. 3200 RPM).

A WARNING

Keep away from reels during test to prevent
personal injury from rotating reel blades.

6. While sitting on seat, move “Enable/Disable” switch
to ENABLE. Move “Lower-Mow/Raise” lever forward to
engage cutting units, then look at the gauge.

GAUGE READING TO BE 2000 + 50 PSI.

NOTE: Normal operating pressure when mowing is
approximately 500 to 600 PSI per cutting unit. Normal
operating pressure of rear circuit (two cutting units)
when mowing is approximately 1000 to 1200 PSI.

7. Stop the engine. If pressure is too high, remove cap
on relief valve R2 and adjust screw to get correct
pressure (Fig. 20c). If pressure is too low, check for
restriction in pump intake line. Remove cap from relief
valve R2 and adjust screw to get correct pressure. If
pressure is still too low, pump or motor should be
suspected of wear, damage or inefficiency.
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Figure 20c
(Adjusting R2 shown)
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TEST NO. 5: Reel Drive Pump Efficiency
(Using Tester With Pressure and Flow Capabilities)

1. Make sure hydraulic oil is at normal operating
temperature by operating the machine for approximate-
ly 10 minutes.

2. Lower cutting units, engage parking brake and stop
the engine.

3. With the engine off and cutting units lowered, install
tester in series between pressure hose and valve block
fitting for suspected bad pump section (Fig. 21). Make
sure the tester flow control valve is OPEN.

Front circuit — port P1
Rear circuit — port P2

IMPORTANT: Make sure that the oil flow indicator
arrow on the flow gauge is showing that the oil will
flow from the pump, through the tester and into the
valve block.

IMPORTANT: The pump is a positive displacement
type. If pump flow is completely restricted or
stopped, damage to the pump, tester or other com-
ponents could occur.

4. Make sure the parking brake is engaged. Start the
engine and move throttle to full speed (approx. 3200
RPM). DO NOT engage the cutting units.

5. While watching pressure gauges, slowly close flow
control valve until 2000 PSI is obtained on gauge.

TESTER READING: Flow not less than 5 GPM at
2000 PSI.

6. Stop the engine. If flow was lower than 5 GPM or a
pressure of 2000 PSI cannot be obtained, check for
restriction in pump intake line. If not restricted, remove
pump and repair or replace as necessary.
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Figure 21

1. Pressure hose
2. Port P1
3. Port P2
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TEST NO. 6: Reel Drive Circuit Flow
(Using Tester With Pressure and Flow Capabilities)

1. Make sure hydraulic oil is at normal operating
temperature by operating the machine for approximate-
ly 10 minutes.

2. Lower cutting units, engage parking brake and stop
the engine.

3. Set HOC Selector Knob, located under the instrument
panel, to position A (full speed). Make sure backlap
switch is OFF.

4. Install tester in series between pressure hose and
motor fitting on suspected bad circuit (Fig. 22). Make
sure the tester flow control valve is OPEN.

Tester Location:
Front circuit — left-front (No. 4) cutting unit.
Rear circuit — left rear (No. 2) cutting unit

IMPORTANT: Make sure that the oil flow indicator
arrow on the flow gauge is showing that the oil will
flow from the valve block, through the tester and
into the motor.

5. One person should sit on the seat and operate the
machine while another person watches the gauges.

6. Make sure the parking brake is engaged. Start the
engine and move throttle to full speed (approx.
3200 RPM).

4 )
A CAUTION

Cutting unit reels will rotate when lowered
with Enable/Disable switch in ENABLE posi-
tion. Keep away from reels during test to
prevent personal injury from rotating reel

blades. Do not stand in front of the machine.

N\

7. Move “Enable/Disable” switch to ENABLE. Move
“Lower-Mow/Raise” lever forward to engage the cutting
units. While watching pressure gauges, slowly close
flow control valve until pressure specified below is ob-
tained.

TESTER READINGS:
Front — flow not less than 5 GPM at 2300 PSI.
Rear — flow not less than 5 GPM at 1500 PSI.

8. Stop the engine. If pressure or flow is too low, inspect
relief valve (R1 or R2) for contamination or wear. Inspect
flow control valve (VS1 or VS2) for restriction. Check
spool travel of S7. Check spool travel of S8 or S9.
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TEST NO. 7: Reel Drive Motor Efficiency

Reel drive motor efficiency can be tested by blocking
outlet flow from the motor, then measuring flow from the
motor case drain line. Use a graduated container, such
as special tool TOR4077 to measure flow from the motor
case drain line over a 15 second time period (Fig. 23b).
Use the chart to determine the flow (Fig. 23c).

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes.

2. Lower cutting units, engage parking brake and stop
the engine.

3. Disconnect the motor case drain hose (small diame-
ter hose) where it connects to traction unit (not at the
motor). Put a steel cap on the fitting at the traction unit.
leave the case drain hose open (Fig. 23a)

4. Disconnect hose from outlet of motor to be tested. Put
a steel cap on the motor fitting. Put a steel plug in the
disconnected hose (Fig. 23a).

5. Set HOC Selector Knob, located under the instrument
panel, to position A (full speed). Make sure Backlap
switch is OFF.

( )
A CAUTION

Cutting unit reels will rotate when lowered
with Enable/Disable switch in ENABLE posi-
tion. Keep away from cutting units during
test to prevent personal injury from rotating
reel blades. Do not stand in front of the ma-

\_ chine. )

Figure 23a

1. Case drain hose 2. Outlet hose

Figure 23b
This illustration shows flow being blocked by
closing flow restrictor valve on a flow meter

6. Sit on the seat and start the engine. Move throttle to
full speed (approx. 3200 RPM). Move “Enable/Disable”
switch to ENABLE. Move “Lower-Mow/Raise” lever for-
ward to engage cutting units. Have another person
measure flow from the case drain line for 15 seconds,
then move the switch to DISABLE and stop the engine.

TEST RESULTS: Flow not more than 0.5 GPM.

7. If flow is more than 0.5 GPM motor is worn or
damaged and should be repaired or replaced.

Testing
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GPM Milliliters in 15 sec. Ounces in 15 sec.
1 95 3.2
2 189 6.4
3 284 9.6
A 378 12.8
5 473 16.0
6 568 19.2
7 662 22.4
8 756 25.6
9 852 28.8
1.0 946 32.0
Figure 23c

Reelmaster® 5300-D



Adjustments

Traction Control Neutral Adjustment

The machine must not “creep” when traction pedal is
released. If it does creep, an adjustment is required.

1. Park machine on a level surface, lower cutting units
and shut engine off. Depress only the right brake pedal
and engage the parking brake.

2. Jack up left side of machine until front tire is off the
shop floor. Support machine with jack stands to prevent
it from falling accidentally.

3. Under right side of transmission, loosen locknut on
traction adjustment cam (Fig. 24).

4 )
A CAUTION

Engine must be running so final adjustment
of the traction adjustment cam can be per-
formed. To guard against possible personal
injury, keep hands, feet, face and other parts
of the body away from the muffler, other hot

parts of the engine, and rotating parts.

J

4. Start the engine and run at low idle. Rotate cam hex
in either direction (keeping l