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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 223-D 

REFER TO THE REELMASTER 223-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 
Operator’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 
Minneapolis, MN 55420 

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

see 

This safety symbol means DANGER, WARN-
ING, or CAUTION, PERSONAL SAFETY IN-
STRUCTION. When you this symbol, 
carefully read the instructions that follow. 
Failure to obey the instructions may result in 
personal injury. 

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

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

© The Toro Company - 1990, 1991, 1992, 1996 
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Chapter 1 

Safety 

Table of Contents 

SAFETY INSTRUCTIONS  . . . . . . . . . . . . . . . . . . . . 1 
Before Operating  . . . . . . . . . . . . . . . . . . . . . . . . . 1 
While Operating . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Safety Instructions 

The Reelmaster 223-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 lbs. 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. 

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


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. 

While Doing Maintenance, Troubleshooting, 
Testing, Adjustments or Repairs  . . . . . . . . . . . . . 3 

j
j

I  m p r ope r ope r a t io n, m a int e na n c e , 
troubleshooting, testing, adjustments or 
repairs of the machine can result in in ury or 
death.To reduce the potential for in ury or 
death, comply with the following safety in­
structions. 

CAUTION 

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. 
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8. Since diesel fuel is highly flammable, handle it C. Do not smoke while handling fuel. 
carefully: 

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

overfill. 
B. Do not remove fuel tank cap while engine is hot
or running. 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 mo veme nt is e vide nt, 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. 

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. 
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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. THE ASBESTOS BRAKE LININGS CONTAIN ASBES-
TOS FIBERS. BREATHING ASBESTOS DUST MAY BE HAZ-
ARDOUS TO YOUR HEALTH AND MAY CAUSE SERIOUS 
RESPIRATORY OR OTHER BODILY HARM. For your 
protection: 

A. AVOID CREATING DUST. 

B. DO NOT remove brake drum without proper equip­
ment. 

C. DO NOT work on brake linings without proper 
protective equipment. 

D. DO NOT replace brake linings without proper 
protective equipment. 

E. DO NOT attempt to sand, grind, chisel, file, ham­
mer, or alter brake linings in any manner without 
proper protective equipment. 

F. Follow O.S.H.A. standards for proper protective
devices to be used when working with asbestos 
materials. 

30. 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. 

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

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

33. 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. 

34. Do not charge a frozen battery because it can 
explode and cause injury. Let the battery warm to 60o F 
(15.5o 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. 

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

36. 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. 

37. 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. 

38. 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. 

39. 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. 
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Chapter 2 

Product Records and Manuals 

Table of Contents 

PRODUCT RECORDS . . . . . . . . . . . . . . . . . . . . . . . 1 
EQUIVALENTS AND CONVERSIONS  . . . . . . . . . . 2 

Decimal and Millimeter Equivalents  . . . . . . . . . . 2 
U.S. to Metric Conversions  . . . . . . . . . . . . . . . . . 2 

Product Records 

Record information about your Reelmaster 223-D on 
the OPERATION AND SERVICE HISTORY REPORT 
form. Use this information when referring to your 
machine. 

TORQUE SPECIFICATIONS  . . . . . . . . . . . . . . . . . . 3 
Capscrew Markings and Torque Values - U.S. . . 3 
Capscrew Markings and Torque Values - Metric . 3 

OPERATON AND SERVICE HISTORY REPORT 

Insert Operator’s Manuals and Parts Manuals for your 
Reelmaster 223-D at the end of this section. 
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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 — 1.588 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 5/8 ––––––––––––– 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 
7/32 ––––– 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 3/4 ––––––––––––– 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 — 9.525 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 
1/2 ––––––––––––– 0.5000 — 12.700 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 25.4 

Area	 Square Miles

Square Feet

Square Inches

Acre


Square Kilometers 2.59 
Square Meters 0.0929 
Square Centimeters 6.452 
Hectare 0.4047 

Volume	 Cubic Yards

Cubic Feet

Cubic Inches


Cubic Meters 0.7646 
Cubic Meters 0.02832 
Cubic Centimeters 16.39 

Weight	 Tons (Short)

Pounds

Ounces (Avdp.)


Metric Tons 0.9078 
Kilograms 0.4536 
Grams 28.3495 

Pressure	 Pounds/Sq. In. Kilopascal 6.895 
Pounds/Sq. In. Bar 0.069 

Work	 Foot-pounds

Foot-pounds

Inch-pounds


Newton-Meters 1.356 
Kilogram-Meters 0.1383 
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 32o 

2. Multiply by 5/9 
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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 

Capscrew Torque - Grade 5 Capscrew Torque - Grade 8 
Capscrew Body Size Cast Iron Aluminum Cast Iron Aluminum 

ft-lb Nm ft-lb Nm ft-lb Nm ft-lb Nm 

1/4-20  7 9 6 8  11 15  9 12  
-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 
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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 

EveryEveryEveryEvery 800hrsCheck Battery Fluid Level	 Every 400hrs200hrs100hrs

Check Battery Cable Connections 50hrs


Lubricate All Grease Fittings


Change Engine Oil A Level


Inspect Air Filter, Dust Cup, and Baffle Service


†	 Check Fan and Altenator Belt Tension 

‡	 Replace Engine Oil Filter B Level 

Inspect Cooling System Hoses Service 

Drain Moisture-Hyd. Tank 

Drain Moisture-Fuel Tank 

Check Reel Bearing Preload Adjustment C 

†	 Torque Wheel Lug Nuts Level 

Service Air Filter 

Replace Electric Fuel Pump Filter 

Replace Fuel/WaterSeparator Filter 

Inspect Traction Linkage Movement 

‡	 Torque Head and Adjust Valves D 

‡	 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) E Level 
- change Rear Axle Lubricant (4WD) Service 

†	 Initial break in at 10 hours 

‡	 Initial break in at 50 hours 

Replace Moving Hoses


Replace Safety Switches Annual Recommendations:

Items listed are recommended every 1600

Coolant System - Flush/Replace Fluid hours or 2 years whichever occurs first. 
Fuel Tank - Drain/Flush 

Hydraulic Tank - Drain/Flush 

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



_____________ 

_____ _____ _____ _____ _____ _____ _____

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

Unit Designation:__________ 
Daily Maintenance:(duplicate this page for routine use) 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

 Safety Interlock Operation

 Brake Operation

 Engine Oil & Fuel Level

 Cooling System Fluid Level 

Drain Water/Fuel Separator

 Air Filter/Pre-Cleaner Condition

 Radiator & Screen for Debris

 Unusual Engine Noises1

 Unusual Operating Noises

 Transmission Oil Level

 Hydraulic System Oil Level

 Hydraulic Filter Indicator2

 Hydraulic Hoses for Damage

 Fluid Leaks

 Tire Pressure

 Instrument Operation

 Reel-to-Bedknife Adjustment

 Height-of-Cut Adjustment

 Cutting Units Shear Pin 

Lubricate All Grease Fittings3 

Touch-up damaged paint 
1 = 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.

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


Notation for areas of concern: Inspection performed by:________________ 
Item Date Information 

1 
2 
3 
4 
5 
6 
7 

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



_________________________________ 

_________________________________ _________________________________ ______________________________ 

_________________________________ _________________________________ ______________________________ 

_________________________________ _________________________________ ______________________________ 

_________________________________ _________________________________ ______________________________ 

______________________________ 

_________________________________ ______________________________ 

_________________________________ _________________________________ ______________________________ 

_________________________________ _________________________________ ______________________________ 

REELMASTER® 223-D, 5100-D, and 5300-D Supervisor Maintenance Work Order Date:______________ 

(duplicate this page for routine use) 
Unit Designation: TORO I.D. #: Remarks: 

____________-____________ 

Service to perform (circle): 

A  B  C  D  E  OtherTechnician: 

A -Service (every 50 hours) B -Service (every 100 hours) C -Service (every 200 hours) 

Check Battery Fluid Level Check Fan and Altenator Belt Tension Drain Moisture-Hyd. Tank 

Check Battery Cable Connections Replace Engine Oil Filter Drain Moisture-Fuel Tank 

Lubricate All Grease Fittings Inspect Cooling System Hoses Check Reel Bearing Preload 

Change Engine Oil A-Service required Torque Wheel Lug Nuts 

Inspect Air Filter, Dust Cup, and Baffle A and B Service required 

D -Service (every 400 hours) E -Service (every 800 hours) Other 
Service Air Filter Change Hydraulic Fluid Replace Moving Hoses 

Replace Electric Fuel Pump Filter Change Transmission Fluid Replace Safety Switches 

Replace Transmission Filter Coolant System - Flush/Replace Fluid 

Inspect Traction Linkage Movement Check Rear Wheel Toe-in Fuel Tank - Drain/Flush 

Torque Head and Adjust Valves Pack Rear Wheel Brgs/Change 4WD Oil Hydraulic Tank - Drain/Flush 

Check Engine RPM (idle and full throttle) A, B, C, and D Service required 

A, B, and C Service required 

Hours: 

- Annual Service and Specials 

Replace Fuel/WaterSeparator Filter 

(See Operator's and Service Manual for specifications and procedures) Form No. 95-839-SL 
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Introduction 

This chapter gives information about specifications, 
maintenance, troubleshooting, testing and repair of the 
diesel engine used in the Reelmaster® 223-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. 

The engine used in the Reelmaster® 223-D mower is 
manufactured by Mitsubishi Heavy Industries Limited. 
Service and repair parts for Mitsubishi engines are Figure 1a 
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. 

The engine model number is cast onto the injection 
pump side of the cylinder block (Fig. 1a). The serial 
number is stamped on the injection pump mounting 
surface of the crankcase (Fig. 1b). There is also a model 
and serial number decal on the valve cover. 

Figure 1b 
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Specifications 

The illustrations (Figs. 2a and 2b) will give information	 Refer to the specifications listed in this section when 
about the general construction of the engine.	 performing tests on the engine or examining parts for 

wear. Some specifications are included in the service 
procedures later in this chapter. 

Figure 2a	 Figure 2b 
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General 

Item Specification 

Make/Designation Mitsubishi L3E-61TG, overhead valve, 
vertical in-line, 4 cycle diesel 

Combustion Chamber Swirl chamber type 

Number of Cylinders 3 

Bore x Stroke  76 x 70  mm (2.99 x 2.76 in.) 

Total Displacement 952 cc (58 in.3) 

Compression Ratio 23:1 

Firing Order 1 - 3 - 2 

Dry Weight (approximate) 75 kg (165 lb.) 

Fuel Diesel 

Fuel Injection Pump Bosch type NC 

Governor Centrifugal weight type 

Fuel Injector Nozzle Throttle type 

Fuel Injection Pressure  (140 kg/cm2) 1990 psi 

Lubrication System Forced lubrication 

Oil Pump Gear type 

Oil Filter Paper element filter (full flow type) 

Crankcase Oil Capacity:

including filter of 0.5 liter (0.6 qt.) capacity - FULL / LOW 
 3.6 / 1.8 liter (3.8 / 1.9 qt.) 

Cooling System Forced circulation, water cooling 

Water Pump Centrifugal type 

Cooling System Capacity

 Engine Only
 1.8 liter (1.9 qt.) 

Total System (approximate) 6.1 liter (6.4 qt.) with expansion tank 

Starter Solenoid shift type 
1.6 kW (12 volt) 

Alternator AC type 12 volt 40A 

Glow Plug Sheathed type 
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Engine 

Item Standard Specification Repair Limit Service Limit 

Governor Mechanical/Centrifugal 

+ 50 Operating Speed (no load) 3200 rpm – 0 rpm 

+ 50 Idle Speed (no load) 1700 rpm – 0 rpm 

Compression 28 kg/cm2 (398 psi) at 280 rpm 25 kg/cm2 (356 psi) 22 kg/cm2 (93 psi) 

Pressure Difference Between Cylinders 2.5 kg/cm2 (36 psi) max. 

Cylinder Injection Order 1 - 3 - 2 

Injection Timing 19o B.T.D.C. (at smoke set position) ± 1.5o 19o ± 2o 

Cylinder Head


Bottom Surface Flatness (distortion)
 Within 0.05 mm (0.002 in.) 0.1 mm (0.004 in.)

Valve Guide I.D.
 6.6 mm (0.26 in.)

Valve Seat Angle
 45o


Valve Seat Width 
 1.3 - 1.8 mm (0.051 - 0.071 in.) 2.5 mm (0.1 .in.)

Valve Seat Sinkage 
 –1 mm (– 0.039 in.) 

Valve Clearance (cold) 0.25 mm (0.01 in.)

(both intake and exhaust)


Valves


Valve Head Dia. (IN)
 26.7 mm (1.051 in.)

Valve Head Dia. (EX)
 24.7 mm (0.972 in.)

Overall Length
 94 mm (3.701 in.)

Valve Stem O.D.
 6.6 mm (0.260 in.)

Stem to Guide Clearance (IN)
 0.10 mm (0.004 in.) 
Stem to Guide Clearance (EX) 0.15 mm (0.006 in.) 
Valve Seat Face Angle 45o


Valve Head Thickness (margin width)
 1 mm (0.039 in.) 0.5 mm (0.020 in.) 
Valve Head Sinkage 
(from cyl. head bottom face) 0.5 mm (0.020 in.) 1.5 mm (0.06 in.) 

Valve Spring


Free Length
 40.5 mm (1.595 in.) 39.3  mm (1.547 in.)

Installed Load/Height (IN)
 5.94 kg/35.5 mm (13.1 lb./1.4 in.) –15% 
Installed Load/Height (EX) 14.84 kg/28 mm (32.7 lb./1.1 in.) –15% 
Squareness 3o  3o 

Rocker Arm I.D. 12 mm (0.472 in.)

Rocker Arm to Shaft Clearance
 0.2 mm (0.008 in.) 

Cylinder Block


Cylinder Bore
 76 mm (2.9921 in.) +0.2 mm (0.0079 in.) +0.45 mm (0.0177in.) 
Tolerance on Oversize Cylinder Bore Each Oversize 0 to 0.03 mm (0.001 in.)

Taper 
 Within 0.01 mm (0.0004 in.)

Gasket Fitting Surface Distortion
 Within 0.05 mm (0.002 in.) 0.1mm (0.004 in.)


Camshaft Hole Diameter

Front
 42 mm (1.654 in.) (ball bearing hole)

No. 2
 33 mm (1.299 in.)

No. 3
 33 mm (1.299 in.)

Rear
 33 mm (1.299 in.) 
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Engine (cont.) 

Item 

Piston 

Type
Material 
Piston Outside Diameter (skirt end) 
Piston to Cylinder Wall Clearance 
Oversize 

Protrusion from cylinder 
block top surface 

Piston Pin 

Type
Outside Diameter 
Pin to Piston Clearance 
Pin to Connecting Rod Clearance 

Piston Rings 

Number of Rings 
2 Compression 

1 Oil 
Compression Ring Width 
Oil Ring Width 
Compression Ring Side Clearance (No. 2) 
Oil Ring Side Clearance 
Ring Gap 

Connecting Rod 

Type 
Bend and Twist 
Big End Thrust Clearance 

Connecting Rod Bearings 

Oil Clearance 
Undersize 

Crankshaft 

Type 
Bend 
End Play 
Journal O.D. 
Pin O.D. 
Finish Undersize 

Journal U.S. 0.25 mm (0.01 in.) 

Journal U.S. 0.50 mm (0.02 in.) 

Pin U.S. 0.25 mm (0.01 in.) 

Pin U.S. 0.50 mm (0.02 in.) 

Main Bearings 

Oil Clearance 
Undersize 

Standard Specification 

 Solid 
Aluminum alloy 
76 mm (2.99 in.) 

0.25, 0.50 mm 
(0.01, 0.02 in.) 

0.9 mm (0.035 in.) 

 Semi-floating 
18 mm (0.709 in.) 

Press-fit load: 1000 + 500 kg 
(2200 + 1100 lb.) 

No. 1: Chrome plated, semi-keystone type 
No. 2: Tapered 

Chrome plated ring with coil expander 
2 mm (0.079 in.) 
3 mm (0.118 in.) 

0.05 - 0.09 mm (0.002 - 0.004 in.) 
0.03 - 0.07 mm (0.001 - 0.003 in.) 
0.15 - 0.40 mm (0.006 - 0.016 in.) 

Forged I-beam 
Within 0.05 mm (0.002 in.) 

0.1 - 0.35 mm (0.004 - 0.014 in.) 

0.25, 0.50 mm 
(0.01, 0.02 in.) 

Fully counterbalanced 
Within 0.03 mm (0.001 in.) 

0.05 - 0.175 mm (0.002 - 0.007 in.) 
43 mm (1.693 in.) 
40 mm (1.575 in.) 

42.715 - 42.730 mm 
(1.6817 - 1.6823 in.) 
42.465 - 42.480 mm 
(1.6719 - 1.6724 in.) 
39.715 - 39.730 mm 
(1.5636 - 1.5642 in.) 
39.465 - 39.480 mm 
(1.5537 - 1.5543 in.) 

0.25, 0.50 mm 
(0.01, 0.02 in.) 

Repair Limit 

– 0.15 mm (– 0.006 in.) 
– 0.15 mm (– 0.006 in.)

Service Limit 

0.3 mm (0.012 in.) 

0.08 mm (0.003 in.) 

0.2 mm (0.008 in.) 
0.2 mm (0.008 in.) 
1.5 mm (.060 in.) 

0.15 mm (0.006 in.) max. 
0.5 mm (0.02 in.) 

0.15 mm (0.006 in.) 

0.05 mm (0.002 in.) 

– 0.70 mm (– 0.028 .in) 
 – 0.70 mm (– 0.028 .in) 

0.10 mm (0.004 in.) 
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Engine (cont.) 

Item 

Camshafts 

Drive System
Front Journal 
Journal to Cylinder Block Hole Clearance 
Cam Lobe Major Diameter 

(both intake and exhaust) 
Cam Lobe Major Diameter (pump cam) 

Tappets 
Outside Diameter 
Tappet to Cylinder Block Hole Clearance 

Push Rod Bend 

Standard Specification 

 Gear 
Ball bearing 

27.37 mm (1.078 in.) 

30 mm (1.224 in.) 

19 mm (0.748 in.) 

Within 0.3 mm (0.012 in.) 

Repair Limit Service Limit 

0.15 mm (0.006 in.) 
– 1.0 mm (– 0.0433 in.) 

– 0.7 mm (– 0.028 in.) 

0.15 mm (0.006 in.) 

Lubrication System 

Item 

Oil Capacity 

API Service Class 

Viscosity 

Above 68oF (20oC) 
41oF to 68oF (5o to 20oC) 
Below 41oF (5oC) 

Oil Pump 

Type
Check Valve Opening Pressure

Outer Rotor to Housing Clearance 
Outer Rotor Thrust Clearance 

Oil Pressure Switch 
Indicator Lamp Lighting Pressure 

Standard Specification 

3.6 liter (3.8 qt.) 
including oil filter 

CD 

SAE 30 or 10W-30 
SAE 20 or 10W-30 

SAE 10W-30 

 Gear type 
3 ± 0.3 kg/cm2 (42.66 ± 4.27 lb/in2) 

at 1000 rpm 
0.100 - 0.196 mm (0.004 - 0.008 in.) 

0.04 - 0.10 mm (0.002 - 0.004 in.) 

7.1 lbs/in2 (0.5 kg/cm2) 

Repair Limit 

0.3 mm (0.012 in.) 
0.25 mm (0.01 in.) 

Service Limit 
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Fuel System 

Item 

Fuel Pump Delivery Rate 

Fuel Injection Pump 

Model
Injection Timing (B.T.D.C.) 

Nozzles 

Type 
Injection Start Pressure

Standard Specification 

225 cc (13.73 in3) or more (15 sec., 12V) 
_

 ND-PFR-NC 
19o ± 1.52o (at SS) 

_

Throttle type 
 140 kg/cm2 (1992 psi) 

Repair Limit 

19o ± 2o 

140 ± 10  kg/cm2 

(1992 ± 142 psi) 

Service Limit 

Governor System 

Item Standard Specification Repair Limit Service Limit 

Type Centrifugal weight type 

Cooling System 

Item 

Coolant Capacity 

Engine Only 
Total System (approximate) 

Thermostat 

Type
Valve Cracking Temperature 
Full Opening Valve Temperature 
Valve Lift 

Standard Specification 

1.8 liter (1.9 qt.) 
6.1 liter (6.4 qt.) with expansion tank 

_

 Wax type 
76.5° C + 1.5° C (170° F + 35° F 

90o ± 1.5oC (194o ± 3oF) 
8 mm (0.314 in.) 

Repair Limit Service Limit 
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Electrical System 

Item Standard Specification Repair  Limit Service Limit 

Starter 

Type Solenoid shift type

Nominal Output
 1.6 kW - 12V

Direction of Rotation
 Clockwise as viewed from pinion side

No-load Characteristics (Cold)

 Terminal Voltage
 11.5V


Current
 100A or less

Speed
 3000 rpm or more


Load Characteristics

Terminal Voltage
 7.7 V 11.5V 
Current (torque) 300A (0.98 kg/m (6.7 ft-lb) or more) 0.7 kg/m (5 ft-lb) 
Speed 980 rpm or more


Height of Brush
 17 mm (0.67 in.) 6 mm (0.24 in.) 
Spring Pressure 3 kg (6.6 lb.)

Commutator O.D.
 38.7 mm (1.52 in.) – 1.0 mm (– 0.4 in.) 
Depth of Commutator Undercut 0.5 mm (0.02 in.) 0.2 mm (0.008 in.) 
Pinion Gap 0.5 - 2.0 mm (0.02 - 0.08 in.)

Thrust Gap
 0.5 (0.02 in.) or less 

Alternator 

Nominal Output 12V - 40A

Direction of Rotation
 Clockwise as viewed from pulley side

Output Characteristics - Hot

 Terminal Voltage
 13.5V


Current / Speed 
 21A / 2500 rpm 
37A/5000 rpm


Regulated Voltage
 14.7 ± 0.3V 

Glow Plugs 

Rated Voltage 10.5V DC

Rated Current (when rated voltage

is applied for 30 seconds)
 9.7A ± 1.0A

Resistance
 0.16 ohm (at room temperature) 

Glow Plug Indicator 

Rated Current 29A

Voltage Across Terminals (at 29A)
 1.7V ± 0.2V 
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Tightening Torque 

The Mitsubishi diesel engine has many bolts and of the engine. The torque specifications in American 
capscrews of special materials and sizes. It is very Standard and Metric as listed below MUST be followed 
important that special care be used to replace all bolts in order to have the assembled engine conform to the 
and capscrews in their proper location during assembly original specifications. 

Item Size (Width across flat of hex head) Specification 

Cylinder Head Bolt,Main (Wet) M10 (14) 7.5 - 8.5 KgM (54 - 62 ft-lb) 
Cylinder Head Bolt, Sub. (Wet) M8 (12) 2.0 - 3.0 Kgm (15 - 22 ft-lb) 

Connecting Rod Cap Nut M8 (14) 3.2 - 3.5 KgM (23 - 25 ft-lb) 

Flywheel Bolt M10 (17) 8.5 - 9.5 KgM (62 - 69 ft-lb) 

Crankshaft Pulley Nut M16 (24) 10.0 - 12.0 KgM (72 - 87 ft-lb) 

Main Bearing Cap Bolt M10 (17) 5.0 - 5.5 KgM (36 - 40 ft-lb) 

Rocker Stay Bolt M8 (12) 1.5 - 2.2 KgM (11 - 16 ft-lb) 

Rocker Cover Nut M6 (10) 0.5 - 0.7 KgM (4 - 5 ft-lb) 

Nozzle Holder (fitting to engine) M20 (21) 5.0 - 6.0 KgM (36 - 43 ft-lb) 

Nozzle Union Collar Fixing Nut M12 (17) 2.5 - 3.0 KgM (18 - 22 ft-lb) 

Nozzle Retaining Nut M16 (21) 3.5 - 4.0 KgM (25 - 29 ft-lb) 

Fuel Injection Pipe Nut M12 (17) 2.5 - 3.5 KgM (18 - 25 ft-lb) 

Delivery Valve Holder M16 (17) 3.5 - 3.9 KgM (25 - 28 ft-lb) 

Injection Pump Hollow Screw M10 (14) 1.0 - 1.5 KgM (7 - 11 ft-lb) 

Injection Pump Air Vent Screw M6 (10) 0.5 - 0.7 KgM (4 - 5 ft-lb) 

Solenoid Locknut M30 (36) 4.0 - 5.0 KgM (29 - 36 ft-lb) 

Water Temperature Gauge Joint M16 (23) 2.0 - 3.0 KgM (15 - 22 ft-lb) 

Thermoswitch M16 (19) 1.9 - 2.7 KgM (14 - 20 ft-lb) 

Thermo Gauge Unit M16 (17) 1.9 - 2.7 KgM (14 - 20 ft-lb) 

Oil Filter M20 1.1 - 1.3 KgM (8 - 9 ft-lb) 

Oil Relief Plug M18 (22) 4.0 - 5.0 KgM (29 - 36 ft-lb) 

Oil Drain Plug M18 (19) 5.0 - 6.0 KgM (36 - 43 ft-lb) 

Glow Plug M10 (12) 1.5 - 2.0 KgM (11 - 14 ft-lb) 

Glow Plug Lead Wire Fitting Nut M4 (7) 10 - 15 KgCM (9 - 13 in-lb) 
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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. 3). Mix with water and use solution 
to wash the Donaldson air cleaner element. 

Figure 3 

Diesel Engine Compression Test Kit 

Diesel engine compression test kit (Fig. 5). 0-1000 PSI 
Gauge allows testing of diesel engines to check general 
operating condition of engine. Includes case, guage 
with hose, glow plug hole adapters and instructions. 

Figure 5 

Piston Pin Tool 

Piston pin tool (Fig. 6) is used to remove and install the 
wrist pin without distorting the piston. Inludes an adapter 
for use with Mitsubishi and most other engines. 

Figure 6 
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Nozzle Tester 

Nozzle tester (Fig. 7). Tests condition and opening 
pressure of fuel injector nozzles. 

Figure 7 

Nozzle Tester Adapter 

Nozzle tester adapter (Fig.8) is required to test the fuel 
injection nozzles. 

Figure 8 
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Adjustments


Valve Clearance 

Check the valve clearance after the first 50 hours of 
operation and every 400 hours of operation after that. 

1. The engine must be cold when the valve clearance is 
checked. 

2. Remove the air breather hose from the rocker cover. 

3. Remove the rocker cover nuts and washers. Remove 
the rocker cover. 

4. Tighten the cylinder head bolts to the proper torque. 
The rocker assembly must be removed before tighten­
ing the cylinder head bolts. When tightening the cylinder 
head bolts, lower the coolant level in the engine, loosen 
the bolts slightly and then re-tighten in the sequence 
shown (Fig. 9). 

M10 head bolt torque: 7.5 - 8.5 KgM (54 - 62 ft-lb)

M8 head bolt torque: 2.0 - 3.0 KgM (15 - 22 ft-lb)

Rocker stay bolt torque: 1.5 - 2.2 KgM (11 - 16 ft-lb)


5. Rotate the crankshaft until the TDC mark (located 
next to the injection timing mark(s) on the pulley lines 
up with the registration mark on the gear case (Fig. 10). 
This will be TDC on cylinder No. 1. 

NOTE: There are two TDC positions (compression and 
intake strokes). At compression TDC the rocker arms 
will not move when the crankshaft pulley is rotated a 
small distance each way. Compression TDC is where 
the valves are to be adjusted. 

6. Measure the valve clearance by using a thickness 
gauge inserted between the valve stem and rocker arm. 
The correct valve clearance for both the intake and 
exhaust valves is 0.25 mm (0.01 in.). 

7. To adjust the valve clearance, loosen the adjusting 
lock nut and turn the rocker arm adjusting screw clock­
wise or counterclockwise until you get the correct 
clearance (Fig. 11). Tighten the locknut securely. Check 
to make sure that the clearance was not changed while 
tightening the locknut. 

8. Perform steps 6 and 7 of this procedure for cylinder 
No. 2 and 3 while at their TDC position. Turn the 
crankshaft 240o clockwise to get No. 3 cylinder TDC. 
Turn the crankshaft an additional 240o clockwise to get 
No. 2 cylinder TDC. 

9. Install the rocker cover. Install the rocker cover nuts 
and washers. Install the air breather hose on the rocker 
cover. 

Figure 9 

Figure 10 

Figure 11 
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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. 

Since there is no ignition system from which to power 
an electronic tachometer, a vibration-type tachometer 
must be used to set engine speed. 

High Speed Adjustment 

NOTE: Specified rpm is with no load on engine. 

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

1. The engine should be at operating temperature. Make 
sure the parking brake is engaged. 

2. Open the hood. 

3. Loosen the lock nut on the high speed set bolt 
(Fig. 12). 

4. Adjust maximum engine speed to 3200 +50
– 0 rpm by 

rotating the high speed set bolt. Tighten the lock nut. 

5. Install a wire and lead seal on the high speed set bolt. 

Idle Speed Adjustment 

NOTE: Specified engine rpm is with no load on engine. 

1. The engine should be at operating temperature. Make 
sure the parking brake is engaged. 

2. Move the throttle control lever to the idle position 
(against the stop plate). Open the hood. 

3. Loosen the lock nut on the low speed set bolt 
(Fig. 12). 

4. Adjust idle speed to 1700 +50 
– 0 rpm by rotating the 

low speed set bolt. Tighten the lock nut. 

Figure 12 
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Throttle Linkage Adjustment 

1. Loosen the capscrew and nut securing the throttle 
cable to the governor lever (Fig. 14) 

2. Push the governor lever all the way back so it is 
contacting the high speed set screw. 

3. Move the throttle lever (Fig. 13) to the maximum 
speed position (all the way forward). 

4. Tighten the cap screw and nut securing the throttle 
cable to the governor lever. 

5. Make sure the throttle cable conduit does not interfere 
with the full range of motion of the throttle lever or 
governor lever. 

6. Tighten locknut on throttle lever pivot so 10 - 15 lb. of 
force is required to move the throttle lever. 

21 

Figure 13 

1. Throttle lever 2. Locknut 

2 

4 

1 

3 

Figure 14 

1. Governor lever 3. Throttle cable 
2. Cap screw and nut 4. Throttle cable conduit 

Troubleshooting 

Giving Immediate attention to any indication of a prob- Never make more that one adjustment at a time, then 
lem can prevent major failures, and increase the life of locate the trouble by a process of elimination. Remem­
the engine. ber the cause is usually SIMPLE, rather than mysterious 

and complicated. 
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Testing


Glow Plug Test 

or

j

Be careful while handling  testing glow 
plugs. Glow plugs become extremely hot. Ac­
cidental contact with the heated plug tip could 
cause personal in ury. 

CAUTION 

1. Disconnect the wire lead(s) to the glow plug. 

2. Remove the glow plug. 

3. Inspect the glow plug for signs of a burnt glow plug 
end tube. 

NOTE: If the metal of the glow plug end is melted, it is 
a sign of cylinder overheating. (See Engine Overheats 
in the Troubleshooting section of this chapter.) 

4. Connect the positive (+) battery terminal to the glow 
plug terminal, and the negative (–) battery terminal to 
the plug body (Fig. 15). If the glow plug glows red-hot, 
the glow plug is operating correctly. 

5. Replace any glow plugs that do not operate correctly. 

Figure 15 
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Compression Test 

Normal cylinder compression is 28 kg/cm2 (398 psi) at 
280 rpm (normal cranking speed). The engine should 
be warm - coolant temperature of 50o C (120o F). 

IMPORTANT: DO NOT put oil into the combustion 
chamber before performing a compression test. 
Damage may result because of “hydraulic” forces 
acting upon the piston and connecting rod. 

1. Remove the glow plug lead wires and glow plugs from 
all three cylinders. 

2. Insert the compression gauge adapter into the glow 
plug hole. (See the Special Tools section of this chap­
ter.) 

3. Connect the high pressure compression gauge to the 
adapter (Fig. 16). 

4. Disconnect the fuel stop solenoid electrical connector 
to prevent fuel delivery during the compression test 
(Fig. 17). This will prevent wash-down of the cylinders 
and inaccurate readings. 

5. Crank the engine with the starter motor until you get 
a stable gauge reading. 

6. Normal compression is 28 - 32 kg/cm2 (398 - 455 psi). 
If the pressure is less than 25 kg/cm2 (356 psi) it will be 
necessary to find the cause of low compression. (See 
Engine Fails to Start - Low Compression in the 
Troubleshooting section of this chapter.) 

7. Repeat the test for the other two cylinders. Difference 
between cylinders should be no more than 2.5 kg/cm2 

(36 psi). 

8. Connect the fuel stop solenoid electrical connector. 

Figure 16 

1 

Figure 17 

1. Fuel stop (ETR) solenoid electrical connector 
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Nozzle Tests 

There are several tests to examine the condition of the 
injection nozzles. These tests require the use of a 
nozzle tester and nozzle tester adapter. (See the Spe­
cial Tools section of this chapter.) 

j

j

The nozzle tester forces fuel from the nozzle 
under extremely high pressure. Always point 
the nozzle tip away from yourself and any 
other personnel. Contact with the fuel stream, 
even though it appears to be a mist can cause 
fuel to penetrate clothing and skin. If fuel is 
in ected into the skin get proper medical at­
tention from a doctor immediately. A serious 
infection or other reaction can develop if the 
injury is not properly treated. Tighten all 
adapter fittings to prevent leaks. If a leak is 
suspected, use a piece of cardboard, not your 
hands to search for a leak. 

To prevent possible in ury, wear eye protec­
tion when operating the nozzle tester. 

DANGER 

CAUTION 

IMPORTANT: Always use fresh filtered fuel in the 
nozzle tester. Use of dirty fuel can damage the 
precision parts of the injector nozzle. It is a good 
practice to: 

1. Bolt the tester securely to the test bench. 

2. Use a drain pan to catch fuel. 

3. Flush the adapter by pumping the handle of the tester 
slowly several times before attaching the nozzle to be 
tested. 

Injection Pressure Test 

The diesel engine requires that fuel be sprayed into the 
combustion chamber at a precise point in the compres­
sion stroke. The point at which this fuel injection occurs 
is determined by the injection timing. If the nozzle is 
defective, damaged or adjusted incorrectly, starting 
failures, low power output, or engine knocking can 
occur. 

1. Securely fasten the nozzle to the adapter. 

2. Pump the handle several
nozzle mechanism. 

times to purge air from the 

3. Allow pressure to dissipate before performing the test. 

4. Operate the pump handle slowly and observe the 
gauge to determine the pressure at which the nozzle 
opens and the fuel is sprayed. 

5. Verify that starting pressure is within the following 
limits: Minimum starting pressure is 130 kg/cm2 

(1850 psi); Maximum starting pressure is 150 kg/cm2 

(2134 psi). 

6. Starting pressure can be adjusted by adding or 
removing shims from the nozzle. (See Nozzle Service 
in the Fuel System Repairs section of this chapter.) A 
0.1 mm shim will cause a 10 kg/cm2 (140 psi) starting 
pressure difference. Shims are available from 1.25 mm 
to 1.7 mm thick in 0.5 mm increments. 

7. Repeat the test after installing shim to verify that a 
correct starting pressure has been obtained. 

Chattering Test 

Proper and free operation of the nozzle valve can be 
determined by the chattering test. 

1. Securely fasten the nozzle to be tested to the adapter. 

2. Operate the pump handle slowly (ten strokes per 
minute). As the pump pressure reaches the starting 
pressure the nozzle valve will chatter as it opens and 
closes rapidly. A nozzle which does not chatter may be 
the result of a binding or bent nozzle valve. 

Nozzle Leakage Test 

A nozzle that leaks fuel from the nozzle orifice must be 
replaced. 

1. Securely fasten the nozzle to the adapter. 

2. Wipe all fuel from the nozzle. 

3. Operate the pump until the pressure is approximately 
108 kg/cm2 (1500 psi). Maintain this pressure to the 
nozzle. 

4. Watch for leaks where the threaded nozzle body 
threads into the retaining nut. Leaks in this area would 
indicate a bad seat between the distance piece and/or 
the body or nozzle assembly. 

5. If leakage occurs, verify that the body is tightly fas­
tened in the retaining nut. If the leak continues, replace 
the nozzle. 
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6. While pressure is being applied, watch for an ac­
cumulation of fuel at the tip of the nozzle (Fig. 18). A 
small amount of fuel may be present due to a previous 
chattering test - this would be normal. If the fuel accumu­
lates and drips down during the test (about ten seconds) 
the nozzle assembly is defective and must be replaced. 

Spray Test 

For proper combustion, the nozzle must effectively 
atomize the injected fuel. 

1. Operate the pump handle at a rate of 20 - 30 strokes 
per minute. 

2. Observe the injector nozzle spray. The spray pattern 
should be finely atomized in a broad, straight stream 
(Fig. 19). 

3. If the nozzle fails to spray properly, it must be cleaned, 
repaired or replaced. (See Nozzle Service in the Fuel 
System Repairs section of this chapter.) 

Figure 18 

Figure 19 
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Injection Pump Test 

Calibration of fuel delivery volumes, pressure and dis­
tribution between pump barrels should be performed by 
a professional diesel engine service shop. Special test 
fixtures and equipment are required. 

It is possible to determine if the fuel injection pump 
requires service through a process of elimination using 
other fuel system tests. The following test procedure will 
help isolate fuel system difficulties. 

1. Make sure that fuel is being supplied to the injector 
pump. (See Fuel Pump Test in this section and Bleeding 
Air From the Fuel System in the Fuel System Repairs 
section of this section.) 

2. Check the operating condition of the injection nozzles 
to make sure that the injection pressure is correct. (See 
Injection Pressure Test in this section of the book.) 

3. Make sure that the injection pump is providing suffi­
cient fuel pressure to operate the nozzle by performing 
the following procedures: 

A. Loosen the fuel delivery pipe from the number one
nozzle. 

B. Remove the nozzle from the cylinder head.

C. Connect the fuel delivery pipe to the nozzle as-
sembly so the tip of the nozzle is pointed away from 
the engine. Tighten the fitting securely. 

D. Put the throttle control in the FAST position. Turn
the ignition key to the START position to crank the 
engine. Observe the nozzle. 

j

j

A
j

The in ection pump forces fuel from the noz­
zle under extremely high pressure. Always 
point the nozzle tip away from yourself and 
any other personnel. Contact with the fuel 
stream, even though it appears to be a mist 
can cause fuel to penetrate clothing and skin. 
If fuel is in ected into the skin get proper 
medical attention from a doctor immediately. 

 serious infection or other reaction can 
develop if the in ury is not properly treated. 
Tighten all adapter fittings to prevent leaks. If 
a leak is suspected, use a piece of cardboard, 
not your hands to search for a leak. 

DANGER 

If the nozzle produces an atomized mist of fuel the 
injector pump for that cylinder is operating properly. 
Failure of the nozzle to inject fuel can indicate a injection 
pump cylinder that is not operating correctly. 

5. Repeat the test for the other cylinders. 
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Injection Timing Test 

Injection timing can be adjusted by installing shims 
under the pump body. The timing is important because 
it determines when the fuel enters the combustion 
chamber. 

The most accurate method of timing is done with an 
electronic diesel timing tester (available from major tool 
supply companies). 

The following method is an initial setting for starting the 
machine. 

1. Remove the number one injection pipe from both the 
pump and nozzle. (The number one cylinder is opposite 
from the flywheel end of the engine.) 

2. Set up the injection pump for the test: 

A. Remove the delivery valve holder (Fig. 20). 
Remove the delivery valve and spring. The valve 
seat must remain in place. 

B. Replace the valve holder and tighten it in place.

C. Connect the fuel injection pipe to the nozzle
holder so the open end of the pipe will discharge fuel 
into a container. 

3. Put the throttle control in the middle of its range of 
travel. 

4. Slowly rotate the crankshaft counterclockwise from 
the flywheel end (normal rotation) until the IT marks 
(injection timing marks) on the crankshaft pulley are 
approximately 1/2 in. (21 mm) from alignment with the 
stationary pointer on the engine gear case (Fig. 21). 
Make sure the number one cylinder compression stroke 
is approaching by checking the push rods. Both push 
rods on the number one cylinder should be loose and 
the valves closed. If either push rod is tight, rotate the 
engine crankshaft one full revolution and inspect the 
push rods again. 

5. Turn the ignition switch ON so the fuel pump will 
supply fuel through the injection pump and out the 
number one injection pipe. 

6. Rotate the engine crankshaft slowly in the normal 
direction until the flow from the number one injection 
pipe just stops. This is the moment of actual injection 
timing. (A screwdriver inserted between the transmis­
sion drive hub and rubber coupler will provide control 
and leverage to slowly rotate the engine crankshaft.) 

NOTE: Wear of the internal parts in the injection pump 
may allow the fuel to continue to drip from the injection 

pipe. If the slowest flow rate exceeds 1 drop in 5 
seconds, repair of the pump should be considered. 

7. Standard injection timing can be confirmed by the IT 
marks on the crankshaft pulley and the stationary 
pointer on the crankcase (Fig. 21). 

The center mark on the pulley represents 19o BTDC; 
standard fuel injection timing. The outside marks repre­
sent 21o BTDC and 17o BTDC; the acceptable range of 
injection timing. 

Shims are available in different sizes from 0.2 to 1.0 mm 
thick. Adding or removing a shim, 0.1 mm thick, will 
change injection timing by 1o. Increase shim thickness 
if injection is too early. Decrease shim thickness if 
injection is too late. (See Injection Pump Service in the 
Fuel System Repairs section of this chapter.) 

Figure 20 

1. Delivery valve holder 5.Spring 
2. Holder stopper 6. Gasket 
3. O-ring 7. Valve seat 
4. Delivery valve 

Figure 21 
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Fuel Pump Test 

1. Turn the ignition switch to the ON position. Test for 
pump operation by listening for the pump oscillating 
sound, or by feeling for vibration which indicates the 
pump is operating. 

2. If no pumping action occurs when the ignition switch 
is turned on, connect a 12 volt DC battery directly to the 
pump (Fig. 22). If the pump now operates, check for an 
electrical failure of the pump circuit, eg. fuses, connec­
tions, wires, etc. 

3. The delivery of the fuel pump may be checked by 
disconnecting the fuel lines from the water separator 
and fuel filter and routing them to a can of filtered diesel 
fuel and a drain pan (Fig. 22). Activate the pump and 
measure the amount of fuel pumped in during a 15 
second time interval. The standard pump rate is ap­
proximately 8 ounces (225 cc) in 15 seconds. 

4. If the fuel delivery rate is below the standard value 
the pump should be disassembled and checked. (See 
Fuel Pump Service in the Fuel System Repairs section 
of this chapter.) 

Thermostat Test 

If the engine overheats and a faulty thermostat is 
suspected, the thermostat should be tested. 

1. Remove the thermostat (see Thermostat Removal 
and Installation in the External Engine Component 
Repair section of this chapter). 

2. Put the thermostat in a container of water with a 
thermometer and heat the water (Fig. 23). 

Valve cracking temperature: 76.5o C (177o F).

Full-open temperature: 90o C (194o F)

Valve lift: 8 mm (0.314 in.)


Figure 22 

3. If the thermostat fails to open, only partially opens, or 
sticks, it should be replaced. Figure 23 
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Preparation for Engine Repair 

1. Before cleaning and disassembly, carefully check for 
problems that cannot be found after the engine has 
been cleaned or disassembled (e.g. oil leaks from 
cracked components, gaskets or loose fittings, 
damaged air cleaner or breather hoses that could cause 
cylinder wear, etc.). Make a note of any problems that 
you find. 

2. Clean or wash the engine exterior thoroughly before 
disassembly. 

IMPORTANT: Do not spray water on a hot engine. 
Injection pump seizure or other failures could 
result. 

3. Do not disassemble or remove parts that do not 
require disassembly. 

4. Disassemble the engine in proper order, arranging 
the parts the disassembled parts neatly. Apply clean 

engine oil to disassembled parts, as necessary to 
prevent rust. 

5. Keep the work area clean; dirt causes engine failures. 

6. Be very careful when working on fuel system com­
ponents. Cover the work area with clean paper. Store 
components of the nozzles or injector pump in clean fuel 
oil. Do not allow components to strike each other or 
other objects. Wet hands with clean diesel fuel before 
handling these parts. 

Engine Compression 

The time interval to overhaul the engine can most 
accurately be determined by regular and systematic 
cylinder compression measurement. (See Compres­
sion Test in the Testing section of this chapter.) 

Cylinder and Cylinder Block Overhaul 

Before removing any parts, disassembly or overhaul of 
the Mitsubishi engine, it is very important to understand 
the nature and probable cause of the problem that made 
an overhaul necessary. 

When the engine trouble is caused by worn cylinders, 
rings or valves, one or more of the following symptoms 
will occur: 

1. Low engine power, and a decrease in compression 
pressure. 

2. Increased fuel consumption. 

3. Increased lubricating oil consumption. 

4. Poor engine starting. 

5. Loud noises in the engine. 

It is important to find the cause of the engine failure 
before beginning repair. Symptoms 2 and 3 in the above 

list can be a result of excessive fuel injection, improper 
injection timing, or nozzle and injection pump wear. Poor 
starting may be a result of electrical problems. Noises 
may be associated with a mechanical part outside the 
engine. Excess fuel or oil consumption may be the result 
of leaks. (See the Troubleshooting section of this chap­
ter.) 

Another indicator of the need for an overhaul is oil 
consumption. Make sure the engine does not leak oil. 
when the oil consumption between the oil change main­
tenance interval is approximately 1-1/2 times normal 
(150%), engine overhaul should be considered. 

With a good knowledge of how the engine operates, 
access to maintenance and compression test records, 
and information in the Troubleshooting section of this 
chapter, unnecessary disassembly and inspection can 
be eliminated. 
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External Engine Component Repair


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. 24a). If 
replacing alternator belt, loosen bolt securing alternator 
brace to engine and bolt securing alternator to brace 
(Fig. 24b). 

3. Remove two capscrews securing transmission drive 
shaft coupler to engine crankshaft pulley (Fig. 24c). Do 
not disconnect drive shaft from transmission. 

4. Move drive shaft out of the way so the belt(s) can be 
removed. Remove belts by carefully moving around fan 
blades. 

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 lb. 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 lb. of force at end of 
lever. Tighten lock nut to secure adjustment. 

2 

1 

Figure 24a 

1. Fan belt 2. Tensioner lever 

1 

Figure 24b 

1. Alternator belt 

2 

1 

Figure 24c 

1. Drive shaft coupling 2. Capscrew & lockwasher (2) 
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Alternator Removal and Installation 

1. Disconnect the negative (–) cable from the battery. 

2. Disconnect the wire from terminal “B” on the back of 
the alternator. 

3. Disconnect the alternator wiring harness connector. 

4. Loosen alternator brace bolt and alternator support 
bolt (Fig. 25). Push the alternator toward the engine and 
remove the belt. 

5. Remove the alternator. 

6. Reverse steps 1 - 5 to install the alternator. Make sure 
the spacer and shim is installed on the alternator sup­
port bolt between the alternator lower rear bracket and 
gear case bracket (Fig. 26). 

7. Insert a pry bar between the alternator and engine 
and pry out alternator. Apply only enough pressure to 
get the correct belt tension. 

8. Hold the alternator in position after you get proper belt 
tension and tighten the alternator brace bolt. Tighten the 
alternator support bolt. For proper tension, the belt 
should deflect 3/8 to 1/2 in. when 22 lb. of force is 
applied midway between alternator and crankshaft pul­
leys. 

Starter Removal and Installation 

1. Disconnect the negative (–) cable from the battery. 

2. Disconnect the wires from the starter solenoid 
(Fig. 27). 

3. Remove the two cap screws and washers securing 
the starter to the bracket. 

4. Remove the starter. 

5. Reverse steps 1 - 4 to install the starter. 

Figure 25 

Figure 26 

2 

1 

Figure 27 

1. Starter solenoid 2. Cap screw and washer (2) 
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Replacing and/or Adjusting Engine Stop 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 (Fig. 14) toward the rear of the machine until the 
engine stops. 

2. Disconnect the solenoid electrical connector. 

3. Loosen the nut securing the solenoid to the engine 
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. 28). 

2. Apply thread sealant to the solenoid threads. 

3. Thread the solenoid into the engine. 

4. Thread the solenoid into the engine while moving the 
tie rod back and forth (Fig. 29). Stop screwing the 
solenoid into the engine when there is no free play in 
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. Remove the cover cap screw from the engine to get 
access to the solenoid nut (Fig. 28). 

7. 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. 

8. Install the cover cap screw that was removed from 
the engine in step 6. 

9. Connect the solenoid electrical connector. 

10. Install the governor tie rod cover. 

2 

4 

3 

1 

Figure 28 

1. Fuel stop (ETR) solenoid 
2. Solenoid electrical connector 
3. Governor tie rod cover 
4. Cover cap screw 

2 

1 

Figure 29 

1. Solenoid plunger 
2. Tie rod 
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Glow Plug Replacement 

Replace the glow plug(s) if they do not operate correctly.	 3. Remove the glow plug. 
(See Glow Plug Test in the Testing section of this 
chapter.)	 4. Install a new glow plug. Tighten the glow plug to a 

torque of 11-14.5 ft-lb (1.5-2 KgM). 
1. Remove the nut and lead wire. 

5. Install the lead wire and nuts. 
2. Clean the area around the glow plug. This will prevent 
dirt or other contamination from falling through the glow 
plug hole into the cylinder. 

Oil Pressure Switch Replacement 

The engine is equipped with an oil pressure switch 
(Fig. 30). This switch activates a lamp on the control 
panel and a buzzer if the oil pressure drops below safe 
levels during operation. 

Pressure switch ON pressure: 0.5 kg/cm2 (7 psi)

 Replace the switch if it is not operating correctly. Before 
installing the switch put a small amount of LOCTITE 
#567 Thread Sealant (or equivalent) on the switch 
threads. When installing the switch make sure the 
sealant does not block the oil hole in the switch. 

Figure 30 

Thermostat Removal and Installation 

1. Lower the coolant level to below the thermostat. 

2. Loosen the hose clamp and disconnect the hose from 
the water outlet fitting. 

3. Remove the water outlet fitting and gasket (Fig. 31). 

4. Replace the thermostat if necessary (See Thermostat 
Test in the Testing section of this chapter). 

5. Do not allow the thermostat flange to protrude from 
the water outlet fitting joint. Do not place thermostat stay 
in the direction of thermoswitch hole. Use a new gasket 
when installing the water outlet fitting. 

6. Check for damaged hoses or damaged hose clamps. 
Replace as required. Install the hose on the water outlet 
fitting and tighten the hose clamp. 

7. Fill the cooling system to the proper level with a 50/50 
solution of clean, soft water and ethylene glycol an­
tifreeze (See Checking the Cooling System and Chang­
ing Coolant in the Maintenance section of this book.). 

Figure 31 
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Water Pump Service 

1. Drain the cooling system. 

2. Remove the drive belt from the water pump and 
alternator. 

3. Loosen the hose clamp and disconnect the hose from 
the water pump. 

4. Remove the water pump (Fig. 32). 

5. Check the water pump for cracks or leaks. Rotate the 
water pump shaft by hand. If the bearings do not rotate 
smoothly, or are noisy replace the water pump with a 
new water pump. There are no replaceable parts in the 
water pump. 

6. Install the water pump and a new gasket onto the 
cylinder block. 

7. Check for damaged hoses or damaged hose clamps. 
Replace as required. Install the hoses on the water 
pump and tighten the hose clamps. 

8. Install the alternator / water pump drive belt. 

9. Insert a pry bar between the alternator and engine 
and pry out alternator. Apply only enough pressure to 
get the correct belt tension. 

10. Hold the alternator in position after you get proper 
belt tension and tighten the alternator brace bolt. 
Tighten alternator the support bolt. For proper tension, 
belt should deflect 3/8 to 1/2 in. when (22 lb.) of force is 
applied midway between alternator and crankshaft pul­
leys. 

11. Fill the cooling system with a 50/50 solution of clean, 
soft water and ethylene glycol antifreeze. 

Figure 32 

1. Water pump 
2. Gasket 
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Governor System Repairs


Governor Operation 

The governor keeps the engine operating at a constant 
speed by balancing the centrifugal force acting on the 
governor weights and the governor spring tension. As 
the engine picks up speed, the governor weights open 
to move the sliding shaft forward. The shaft pushes on 
the governor lever to move the injector control rack and 
decrease the fuel injection rate. At the same time the 
governor spring is pulled by the governor lever until the 
spring force is balanced with the centrifugal force of the 

governor weights, thus maintaining constant engine 
speed. 

When the speed control lever is pulled toward high 
speed, the governor spring is pulled. The spring pulls on 
the governor lever to move the governor control rack 
and increase the fuel injection rate. As engine speed 
increases, the governor weight centrifugal force also 
increases until it is balanced with the governor spring 
force, thus maintaining a constant engine speed. 

1. Sealing metal 
2. Sealing wire 
3. Speed adjustment screw 
4. Governor weight assembly 
5. Sliding shaft 
6. Stopper 
7. Governor spring 
8. Governor shaft 
9. Governor lever 
10. Tie rod 
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Figure 33 

11. Tie rod clip 
12. Tie rod cover 
13. Tie rod cover gasket 
14. Tension lever 
15. Start spring 
16. Governor spring lever 
17. Speed control lever ass’y 
18. Governor cover gasket 
19. Governor cover gasket 
20. Return spring 

Page 3 - 31 

21. Stop lever assembly 
22. O-ring 
23. Snap ring 
24. Stop lever 
25. Grooved pin (3 x 20 mm) 
26. Grooved pin (3 x 14 mm) 
27. Torque spring set 
28. Sealing cap 
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Governor Inspection 

A governor failure can cause engine starting failure, loss 
of engine speed control, or engine surging (hunting). 
Before removal and disassembly of the engine the 
following inspections are recommended: 

1. Stop the engine, lower the implement and engage the 
parking brake. Open the engine hood. 

2. Remove the governor tie rod cover (Fig. 28). 

3. While holding the stop lever (Fig. 33) in the stop 
position (towards the rear of the machine) turn the 
ignition key switch quickly to the START position and 
release it to the ON positon. This will retract the stop 
solenoid plunger, allowing movement of the injection 
pump control rack. 

4. Push the tie rod forward only with only enough force 
to overcome the spring pressure and operate the speed 
control lever (or throttle lever). You should feel the 
governor lever, under spring tension, move the tie rod 
and control rack as the lever is operated. 

5. If the control rack does not move move correctly, 
disconnect the tie rod from the injection pump control 
rack. Make sure the injection pump control rack moves 
freely. If it does not, check for injection pump problems. 

6. Failure of the speed control lever or governor lever to 
move when the tie rod is disconnected may indicated a 
problem with internal parts of the governor. 

Figure 34 
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Governor Service 

1. Remove the tie rod cover (Fig. 33). 

2. Remove the tie rod clip and disconnect the tie rod 
from the injection pump control rack. 

3. Disconnect the governor spring from the tension 
lever. 

4. Remove the cover assembly. 

5. Removing the levers: 

A. To remove the levers, pull out the grooved pins
from the governor lever, stop lever and speed control

lever. Figure 35


B. Loosen the bolts securing the levers and shafts.

6. Installing the levers: 

A. Coat the o-rings with oil before installation.

B. Install the levers and shafts. After press fitting
each grooved pin, check the shaft for smooth opera­

tion.


C. Install the governor spring lever and speed control
lever so there is a minimum play of angle between

levers (Fig. 35) .


D. The governor spring should not deflect more than
20 mm (0.8 in.) when installed.


9. Inspect all parts for wear or damage and smooth 
operation. 

10. Reverse steps 1 - 4 to reassemble. After assembly, 
make sure that the governor mechanism operates 
smoothly. 

NOTE: Further governor repairs require removal of the 
gear case (See Gear Case and Oil Pump in the Cylinder 
Block Overhaul section of this chapter). 
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Installation of Torque Spring Set 

IMPORTANT: Torque spring set adjustment has 
been done and sealed at the factory. Do not remove, 
disassemble or adjust this device unless necessary. 
The torque spring set adjustment is very sensitive. 
Improper adjustment can vary fuel delivery to under 
power or over fuel the engine. 

1. Engage the parking brake. Make sure the high speed 
set bolt is adjusted to the correct engine speed of 
3200 +50

– 0 rpm (See Adjusting Engine Speed in the 
Maintenance section of this chapter). 

NOTE: Specified rpm is with no load on engine. 

2. Operate the engine at high idle speed. 

3. Turn the torque spring set (Fig. 36) clockwise until 
engine speed drops approximately 50 rpm from high idle 
speed. 

4. From this position, turn the back the torque spring set 
(counterclockwise) “N” turns (2.8 turns). Lock the torque 
spring set in position with the special nut. 

5. Install the sealing cap. 

Figure 36 
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Assembly of Torque Spring Set 

If the torque spring set has been disassembled or parts 
replaced, reassemble and adjust the torque spring set 
using the following procedure. 

IMPORTANT: The torque spring set has been ad­
justed and sealed at the factory. Do not remove, 
disassemble or adjust this device unless necessary. 
The torque spring set adjustment is very sensitive. 
Improper adjustment can vary fuel delivery to under 
power or over fuel the engine. 

1. Assemble the torque spring set as shown in Fig­
ure 37. 

2. Use a screwdriver operated by fingertips to lightly 
tighten adjustment screw until resistance to rotation is 
felt. Lightly lock the screw in position with locknut. 

3. Set dial on spring scale to zero (0). Tighten spring 
case until a value of 970 +10 

– 0 grams is obtained. Lock 
the spring case in that position with special nut. 

4. Temporarily loosen adjustment screw until to get a 
value of 770 grams then retighten the screw until a value 
of 970 +10 

– 0 grams is attained. Lock the adjustment 
screw in position with locknut. 

5. To inspect torque spring set for proper adjustment, 
use a test set up as shown (Fig. 38). Gradually push 
scale against torque spring set until stopper is moved 
(or pointer of dial indicator moves). Check that load 
a p p l ie d t  o  t  o r q u e s p r ing a t  th at  m o m ent  is 
950+20

–30 grams. 

Figure 37 

Figure 38 
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Fuel System Repairs 

When cleaning the engine, DO NOT spray water onto a 
hot injection pump. This could cause the fuel pump to 
seize and be damaged. 

When working on the fuel system, ALWAYS make sure 
that the equipment and work area is clean. The close 

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. 39). 

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. 40). 

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 in this section of the book.) 

tolerance parts of the fuel system can be easily 
damaged by dirt. 

Wash fuel system parts in clean fresh diesel fuel. If parts 
are removed for a period of time, store them in con­
tainers of clean diesel fuel to prevent corrosion. 

Figure 40 

1. Fuel injection pump air vent screw 

1 

Figure 39 

1. Bleed screw 

1 
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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. 41). 

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. 

5. Repeat steps 1 - 4 for the No. 2 and No. 3 injector 
nozzle and holder. Figure 41 

1 

1. Fuel injector nozzle and holder (3) 

Fuel Pump Service 

The only serviceable parts of the fuel pump are the 
magnet, filter, and the gaskets on each end of the filter. 

1. Disconnect the fuel pump wires from the wiring har­
ness and ground connection. 

2. Disconnect the fuel hoses from the pump. Plug the 
fuel lines. 

3. Remove the two screws which secure the pump to 
the frame. 

4. Use a 17 mm wrench to remove the cover from the 
fuel pump (Fig. 42). Remove the gasket, magnet and 
filter element. Figure 42 

1. Cover 4. Filter 
2. Cover gasket 5. Body 
3. Magnet 
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5. Carefully remove the spring retainer from the end of 
the plunger tube (Fig. 43). Remove the washer, o-ring, 
valve, plunger spring and plunger. 

IMPORTANT: Be careful not to bend or deform the 
plunger tube while disassembling the fuel pump. If 
the plunger tube is bent, the fuel pump plunger will 
bind and the pump will need to be replaced. 

6. Install the plunger (valve side out), plunger spring, 
valve, o-ring, washer and spring retainer. Make sure the 
plunger operates freely. 

7. Install the filter and cover gaskets, magnet, filter and 
cover. Tighten the cover to prevent air leaks. 

8. Install the fuel pump to the frame. Connect the fuel 
lines and electrical wires. 

9. Bleed the fuel system. (See Bleeding the Fuel System 
in this section of the book.) 

Figure 43 

1. Spring retainer 5. Plunger spring 
2. Washer 6. Plunger 
3. O-ring 7. Plunger tube 
4. Valve 8. Body 

Injection Pump Service 

Do not attempt the disassemble the injection pump 
unless it is necessary. If the pump is damaged or 
defective, it is recommended to replace the pump. 

IMPORTANT: Clean the injection pump and the area 
near the injection pump before removing or servic­
ing it. DO NOT spray water onto a hot injection 
pump. 

Removing and Installing the Injection Pump 

1. Remove the engine stop solenoid (see Replacing 
and/or Adjusting Engine Stop Solenoid in the External 
Engine Component Repair section of this chapter). 

2. Disconnect the fuel pipes from the injector nozzles 
and injection pump delivery valve holders. Loosen the 
hose clamp and disconnect the fuel hose. 

3. Remove the tie rod cover. Remove the tie rod clip and 
disconnect the tie rod from the injection pump control 
rack (Fig. 45). 

4. Remove the four (4) injection pump mounting bolts. 
Remove the injection pump from the cylinder block. 
Make a note of the number and thickness of the adjust­
ing shims under the pump. (The shims determine the 
injection timing.) 

5. Reverse steps 1 - 4 to install the injection pump. Make 
sure the Engine Stop Solenoid is adjusted correctly. 
(See Replacing and/or Adjusting Engine Stop Solenoid 
in the External Engine Component Repair sectoin of this 
chapter.) 

1 

Figure 45 

1. Tie rod (disconnected) 
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Injection Pump Disassembly 

IMPORTANT: Do not mix the delivery valves, 
delivery valve seats, plungers or plunger barrels 
from one cylinder to another. These are parts are 
“matched sets”. Handle these parts carefully. Place 
the parts in a container of clean diesel fuel to 
prevent corrosion. 

1. Remove the stopper holder. Remove the delivery 
valve holder (Fig. 46). 

2. Remove the valve spring, delivery valve and o-ring. 
Remove the gasket and valve seat. 

3. Remove the tappet roller and stopper pin. Remove 
the tappet and adjusting shim. 

4. Remove the lower seat from the plunger. Remove the 
plunger spring and upper seat 

5. Remove the two screws securing the bracket to the 
pump housing. Remove the control rack. 

IMPORTANT: DO NOT loosen the adjusting screws 
on the control rack for each cylinder. If these parts 
are removed, it is necessary to measure fuel injec­
tion quantity with a pump tester and cam box. 

7. Remove the sleeve and plunger. Remove the plunger 
barrel upward from the pump housing. 

Figure 46 

1. Union collar 8. Delivery valve 15. Plunger 
2. Air vent screw 9. Gasket 16. Lower seat 
3. Delivery valve holder 10. Valve seat 17. Adjusting shim 
4. Valve spring 11. Plunger barrel 18. Tappet roller 
5. Holder stopper 12. Sleeve 19. Pin 
6. Housing 13. Upper seat 20. Control rack 
7. O-ring 14. Plunger spring 21. Bracket 

Reelmaster® 223-D Page 3 - 39 Fuel System Repairs 



Injection Pump Inspection 

Inspect the injection pump parts for proper operation, 
wear, corrosion, seizure, etc. (Fig. 47). Replace worn or 
damaged parts. 

Injection Pump Assembly 

1. Insert the plunger barrel into the housing. 

2. Install the delivery valve seat, gasket, delivery valve 
and valve spring. Install the o-ring on the delivery valve 
holder. Temporarily tighten the delivery valve holder. 

3. Insert the control rack. Insert the sleeve. Align the 
match mark on the rack with that on the pinion (sleeve). 

4. Insert the upper seat. Insert the plunger spring. 

5. Fit the lower seat to the plunger. Insert the plunger 
into the barrel (Fig. 48). 

6. Push in the tappet roller assembly and install the 
stopper pin. 

7. Tighten the delivery valve holder to a torque of 3.5 -
3.9 Kgm (25 - 28 ft-lb). Install the holder stopper. 

9. Before installing the injection pump, make sure the 
control rack slides smoothly, with little resistance. If the 
control rack binds, it is assembled incorrectly or parts 
are dirty. The pump must then be reassembled correctly 
and/or cleaned. 

10. Install the injection pump to the cylinder block. Make 
sure that the same number and size shims that were 
under the pump when it was removed are installed. 

11. Install the fuel line and delivery pipes. 

12. Bleed air from the fuel system. (See Bleeding the 
Fuel System and Bleeding Air From the Injectors in this 
section of the book.) 

Figure 47 

Figure 48 
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Nozzle Service 

IMPORTANT: When servicing the injection nozzles 
make sure that the engine and fuel delivery pipes 
are clean to prevent dirt from entering cylinder or 
nozzle. Do not mix components of one nozzle with 
the other. 

Nozzle Removal and Disassembly 

1. Disconnect the injection pipes and fuel return pipe. 

2. Remove the injector nozzle from the cylinder head. 

NOTE: Further disassembly of the nozzle is not required 
for the nozzle to be tested. (See Nozzle Tests in the 
Testing section of this chapter.) 

3. Secure the nozzle holder in a vise that has aluminum 
or brass jaw plates. To prevent deformation do not clamp 
the vise onto the retaining nut (Fig. 49). 

4. Remove the retaining nut, shim washer, spring, pin, 
and distance piece. 

6. Remove the nozzle assembly from the retaining nut. 
If it is difficult to remove, tap it lightly with a rubber or 
wooden mallet. IMPORTANT: Be careful not to hit or 
damage the protruding tip of the nozzle needle valve. 

Figure 49 

1. Body 5. Distance piece 
2. Shim washer 6. Nozzle assembly 
3. Pressure spring 7. Retaining nut 
4. Pin 
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Nozzle Inspection and Cleaning 

1. Clean the inside and outside of the retaining nut in 
clean diesel fuel or kerosene to remove carbon or fuel 
deposits. Inspect the lower seating surface for rust or 
damage. The sealing area may be restored with emery 
cloth. 

2. Remove carbon or lacquer deposits from the nozzle 
by cleaning in clean diesel fuel or kerosene. Stubborn 
deposits can be removed with a brass wire brush. 

IMPORTANT: Do not use a steel brush, steel wool, 
etc. Take special care not to scratch the needle valve 
in the nozzle assembly. 

3. Clean the body, shim, spring, pin and distance piece 
in clean diesel fuel or kerosene. 

4. Inspect the removed parts (Fig. 50). Replace any 
worn or damaged parts. 

Nozzle Assembly and Testing 

1. Install the nozzle assembly, distance piece and pin 
into the retaining nut. 

2. Install the shim and pressure spring the body. As­
semble the body to the retaining nut. Put the nozzle 
holder in a vise. Tighten the body and nut to a torque of 
3.5 - 4.0 KgM (25 - 29 ft-lb) (Fig. 51). 

3. Test the nozzle for proper operation. (See Nozzle 
Tests in the Testing section of this chapter.) 

Nozzle Installation 

1. Clean the nozzle holder fitting surface on the cylinder 
head. Install a new nozzle holder gasket onto the noz­
zle. 

2. Install the nozzle holder into the cylinder head and 
tighten to a torque of 5.0 - 6.0 KgM (36 - 43 ft-lb). 

3. Install the fuel return pipe. Tighten the retaining nut 
to a torque of 2.5 - 3.0 KgM (18 - 22 ft-lb) (Fig. 49). 

4. Install the fuel injection pipes. Tighten the nut to a 
torque of 2.5 - 3.5 KgM (18 - 25 ft-lb). 

5. Bleed air from the fuel system (See Bleeding the Fuel 
System and Bleeding Air From the Injectors in this 
section of the book.) 

Figure 50 

Figure 51 
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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 swtich. 

2. Open drain fitting on bottom of fuel tank and drain fuel 
into a suitable container. 

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. Do not overtighten. 

1 

Figure 52 

1. Fuel tank drain fitting 
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Removing and Installing the Engine


Removing the Engine 

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. 

or in a

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 store  properly 
labeled container away from children or pets. 

CAUTION 

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. 

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. 
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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 
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). 
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Cylinder Head Overhaul


Cylinder Head Removal 

1. If the engine will not be removed from the traction unit, 
lower the coolant level in the engine. Loosen the hose 
clamp and remove the upper radiator hose from the 
thermostat housing. Disconnect the coolant bypass 
hose from the thermostat housing. 

2. Remove plug from left side of cylinder block to drain 
the coolant from head and cylinder block. 

3. Remove the muffler. 

4. Remove the alternator (see Alternator Removal and 
Installation in the External Engine Component Repair 
section of this chapter). 

5. Remove the glow plug lead wires. 

6. Remove the fuel injection pipes and return pipe. 

7. Remove the rocker cover and gasket. 

8. Loosen the rocker stay attaching bolts. Remove the 
rocker assembly (Fig. 59). 

9. Loosen the cylinder head bolts. Use the sequence 
shown in Figure 60. Remove the cylinder head assemb­
ly including the intake and exhaust manifolds. 

10. Remove the cylinder head gasket. Use a scraper 
tool to remove the cylinder head gasket from the 
cylinder head and cylinder block. Make sure all of the 
gasket material is removed. Do not damage or scratch 
the cylinder head or cylinder block surfaces. 

11. Remove the intake and exhaust manifolds from the 
cylinder head. Remove thermostat housing and 
thermostat. 

Figure 59 

Figure 60 
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Cylinder Head Service 

1. Use a valve lifter tool to compress the valve spring 
(Fig. 61). To remove each valve retainer, depress the 
retainer against the valve spring and remove the 
retainer lock (Fig. 62). Remove the valve retainer, spring 
and valve. Keep each valve and other parts for each 
cylinder separate so they can be reinstalled in the same 
cylinder. 

2. Examine each valve for burning, pitting, heavy carbon 
deposits or wear. The condition of the valves can give 
important information about other components that may 
require service (example: improper valve clearance, 
worn valve guides, damaged seals, etc.). Remove the 
valve seals. 

3. Inspect the cylinder head for coolant leaks or damage 
before cleaning. 

4. Remove all of the carbon deposits from the combus­
tion chamber using a scraper and wire brush. 

5. Clean the cylinder head thoroughly with solvent or 
degreasing solution and allow it to dry. Inspect carefully 
for cracks. 

6. Remove all carbon deposits from the valve guide 
bores with a valve guide cleaner. Use a valve guide 
bristle brush to remove loosened carbon deposits in the 
valve guide. Push a solvent soaked cloth through the 
valve guides to remove all foreign material. 

7. Use compressed air to clean out the oil passages. 
Make sure the oil passages are not plugged. 

j
Warn other personnel in the area before using 
compressed air. To prevent in ury, wear safety 
glasses, goggles or a face shield. 

CAUTION 

Figure 61 

Figure 62 

1. Valve stem cap 4. Valve stem seal 
2. Retainer lock 5. Valve spring 
3. Valve spring retainer 6. Valve 
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8. Use a straight edge and feeler gauge to check the 
flatness of the cylinder head lower surface (Fig. 63). Be 
sure to check the surface variation crosswise, 
lengthwise, and diagonally. If the variation in surface 
flatness exceeds (0.05 mm) 0.002 in. , the cylinder head 
or cylinder block must be replaced or resurfaced. 

Valve Guides 

1. Use a micrometer and a small hole gauge to check 
the valve guide to valve stem clearance. The valve and 
valve guide should be replaced if the clearance exceeds 
the following limits: 

Valve guide to valve stem clearance 

Intake valve: 0.10 mm (0.004 in.) 

Exhaust valve: 0.15 mm (0.006 in.)


2. Use a valve guide removing mandrel with a pilot 
section to remove the valve guide. Push the valve guide 
up from the bottom of the cylinder head. 

3. To install the new valve guide press it in from the top 
of the cylinder head, using the valve guide mandrel. 
Install the valve guide so the installed height is 13.5 -
14.5  mm (0.531 - 0.571 in.) above the cylinder head 
(Fig. 64). 

4. After installing the new valve guide, check the valve 
guide to stem clearance. If the clearance is smaller than 
standard, it will be necessary to ream the valve guide 
bore to get the proper clearance. 

Figure 63 

Figure 64 
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Valves 

1. Carefully clean each valve with a wire wheel to 
remove all carbon deposits. 

2. Check the valve face and valve stem for excessive 
wear, damage, cracks or deformation. If any of these 
conditions exist, the valve must be replaced. It is pos­
sible to reface the valve if the valve head thickness 
(margin width) is not less than the service limit (Fig.65). 
If the margin of the resurfaced valve is less than the 
service limit, replace the valve. 

Minimum valve head thickness (margin width): 
0.5 mm (0.020 in.)

3. Check the tip of the valve stem for wear or pitting. 
Replace the valve if the tip is worn. 

Valve Seats 

1. Check the valve seats for damage and indications of 
incorrect contact (Fig. 66). 

Maximum valve sinkage: 1.5 mm (0.06 in.) 

2. The valve seat can be resurfaced (Fig. 67). Resurface 
the valve seat so it contacts the mid-portion of the valve 
face. 

3. After cutting new valve seats, use lapping compound 
to lap the valve to the seat. After lapping, thoroughly 
clean the valve seat and valve areas to remove any 
traces of lapping compound. 

4. Put a light coat of Prussion blue dye on the valve seat 
area. Install the valve. Hold the valve down and rotate 
it 1/4 turn, then turn the valve back to the original 
position. Remove the  valve and examine the valve 
seat. The valve seat should show an even wear pattern 
from contact with the valve. Examine the valve. The dye 
should be evenly distributed around the valve and in the 
center of the valve face. 

Figure 65 

Figure 66 

Figure 67 
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Valve Springs 

1. Check the valve springs for rust, pitting, cracks or 
other damage. 

2. Check the squareness of the valve spring by putting 
it upright on a level surface. Any spring that is 3o or more 
out of square must be replaced. 

3. Measure the spring free length. Any spring that has 
a free length of 39.3 mm (1.55 in.) or less must be 
replaced. 

4. Over a period of time, valve springs can lose some of 
their tension. The spring must be replaced if the tension 
is less than the service limit. (Fig. 68) 

Minimum Installed Load/Height 

(IN) 5.05 kg / 35.5 mm (11 lb. / 1.4 in.)

(EX) 12.61 kg / 28 mm (27 lb. / 1.1 in.)


Rocker Arm and Rocker Shaft 

1. Remove the snap ring on each end of the rocker shaft. 
Remove the rocker arm stay bolts. Remove rocker arm 
stays, spring and rocker arms from the shaft (Fig. 69). 

2. Inspect each rocker arm for wear at the valve tip and 
push rod contact surfaces. Replace any worn or 
damaged rocker arms. 

3. Inspect the rocker shaft for wear or damage. Replace 
the rocker shaft if it is worn or damaged. 

4. Measure the rocker arm inside diameter and the shaft 
outside diameter. Replace the shaft if the rocker arm to 
shaft clearance is more than 0.02 mm (0.008 in.). 

5. Make sure the oil passages in the rocker shaft and 
rocker arms are open. Clean if necessary. 

IMPORTANT: When assembling the rocker assemb­
ly, make sure the identification mark (small drilled 
hole near the end of the shaft) is at the front and 
facing the valve side. 

Figure 68 

Figure 69 

1. Oil filler cap 6. Rocker spring 
2. Breather hose 7. Adjusting screw 
3. Rocker cover 8. Rocker arm 
4. Rocker cover gasket 9. Rocker stay 
5. Rocker shaft 
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Cylinder Head Assembly and Installation 

1. Install the thermostat housing. Use a new gasket. 

2. Install the intake and exhaust manifolds. Use new 
gaskets. 

3. Make sure the valve guides are properly installed 
(Fig. 64). 

4. Install new valve stem seals onto the valve guides 
(Fig. 70). DO NOT install used seals. 

5. Apply a coating of oil to the valve stems and insert 
them in proper order, into the valve guides. Install the 

valve springs and valve retainers. Compress the spring 
with a valve lifter, then install the retainer lock. 

IMPORTANT: Be careful not to damage the spring 
and stem seal by over compressing the spring 
during installation. 

6. Install the nozzle holders in the cylinder head and 
tighten to a torque of 5.0 - 6.0 KgM (36 - 43 ft-lb). 

7. Install the glow plugs in the cylinder head and tighten 
to a torque of 5.0 - 6.0 KgM (36 - 43 ft-lb). 

Figure 70 
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8. Make sure that the cylinder head and cylinder block 
surfaces are clean. Put a new gasket on the cylinder 
head. Insert dowel pins into two cylinder head bolt holes 
to assist in mounting the head onto the block. Carefully 
put the cylinder head into position on the cylinder block. 
Remove the dowel pins. Insert the cylinder head bolts. 

IMPORTANT: Do not put any sealant on the cylinder 
head gasket. 

9. Tighten the cylinder head bolts in the order shown in 
Figure 71. Tighten the bolts to approximately one-third 
the specified torque, then two-thirds and finally to the 
final specified torque. 

M10 head bolt torque: 7.5 - 8.5 KgM (54 - 62 ft-lb)

M8 head bolt torque: 2.0 - 3.0 KgM (15 - 22 ft-lb)


10. Install the fuel return pipe. Install the fuel delivery 
pipes. When tightening the nut on each end of the pipe 
hold the delivery valve holder or nozzle holder with a 
wrench to prevent turning. 

11. Apply engine oil to the inside surface of the rocker 
arm bushings. Install the rocker arms, spring and rocker 
arm stays on the rocker shaft. Install the rocker shaft so 
the identification mark (small drilled hole near the end 
of the shaft) is at the front and facing the valve side. 
Install the bolts through each stay and into the shaft. 
Install the snap ring on each end of the shaft. 

12. Install the rocker arm and shaft assembly on the 
cylinder head. Tighten the rocker arm stay bolts to a 
torque of 1.5 - 2.2 KgM (11 - 16 ft-lb) 

13. Adjust the valve clearance. (See Checking and 
Adjusting Valve Clearance in the Adjustments section of 
this chapter.) 

14. Install the rocker cover and gasket. Install the 
breather hose to the rocker cover and intake manifold. 

15. Install the glow plug lead wires. 

16. Install the alternator. 

17. Install the muffler. 

18. Install the upper radiator hose and tighten the hose 
clamps. Install the coolant bypass hose to the thermo­
stat housing and tighten the hose clamps. 

19. Fill the cooling system with a 50/50 solution of 
ethylene glycol antifreeze and clean, soft water. Check 
for oil and coolant leaks and repair as necessary. 

Figure 71 
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Cylinder Block Overhaul 

NOTE: The engine must be removed from the traction Removing and Installing The Engine section of this 
unit chassis and put in an engine stand. (See the chapter.) 

Gear Case and Oil Pump 

1. Remove the crankshaft pulley. 

2. Remove the fuel injection pump. (See Injection Pump 
Service in the Fuel System Repairs section of this 
chapter.) 

3. Disconnect the governor spring from the tension 
lever. Remove the governor cover assembly from the 
gear case. (See the Governor System Repairs section 
of this chapter.) 

4. Remove the water pump. (See Water Pump Service 
in the External Engine Component Repair section of this 
chapter.) 

5. Remove the alternator. (See Alternator Removal and 
Installation in the External Engine Component Repair 
section of this chapter.) 

6. Remove the gear case assembly (Fig. 72). 

Figure 72 

1. Bushings 5. Relief plunger 9. Oil pump housing 
2. Plug 6. Relief spring 10. Gear case gasket 
3. Gear case 7. Oil pump inner gear 11. High pressure pump gear housing 
4. Front oil seal 8. Oil pump outer gear 12. Housing gasket 
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7. Check removed parts for wear or damage (Fig. 73). 
Replace parts as necessary. 

Figure 73
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8. Check the governor parts for wear or damage 
(Fig 74). Replace parts as necessary. 

A. Remove the expansion plug (Fig 75). Be careful
to not scratch the gear case. 

B. Pull out the grooved pin.

C. Remove the shaft, spring and levers.

D. If necessary replace the governor bushings 
(Fig. 76). 

E. Install the shaft, spring and levers. Press fit the
expansion plug into the hole in the gear case. 

9. Reverse steps 1 - 6 to reassemble the gear case. Use 
new gaskets when assembling the gear case. 

IMPORTANT: Install a new front oil seal before in­
stalling the gear case. Apply a thin coat of oil to the 
circumference and lip of the oil seal. 

Figure 74 

Figure 75 

Figure 76 
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Timing Gears and Camshafts 

1. Remove the cylinder head (see Cylinder Head 
Removal in the Cylinder Head Overhaul section of this 
chapter). 

2. Remove the gear case (see Gear Case and Oil Pump 
in this section). 

3. Remove the snap ring and remove the idle gear 
(Fig. 77). 

4. To remove the injection pump camshaft: 

A. Remove the governor weight assembly (Fig. 33).

B. Remove camshaft rear cover.

C. Remove the stopper bolt (Fig. 78).

D. Pull out the camshaft from the front of the cylinder
block. 

5. To remove the valve camshaft: 

A. Pull the push rods and tappets out of the cylinder
block. 

B. Remove the camshaft stopper bolt.

C. Pull the camshaft out of the cylinder block 
(Fig 79). 

Figure 77 

Figure 78 

Figure 79 
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6. Check the gears for incorrect tooth contact, wear and 
damage. Replace any gears that are badly worn or 
damaged. 

Maximum idle gear bushing to shaft clearance: 
0.2 mm (0.008 in.)

Maximum backlash between gears in mesh:

0.3 mm (0.012 in.)

7. Inspect the camshaft parts (Fig. 80). Replace any 
parts that are worn or damaged. 

Major diameter of cam:

Injection pump cam: 29.3 - 30 mm (1.154 - 1.181 in.)

Valve cam: 26.37 - 27.37 mm (1.038 - 1.078 in.)


Push rod bend: within 0.3 mm (0.012 in.) 

Tappet to cylinder block hole clearance: 
0.15 mm (0.006 in.) maximum

Figure 80 
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8. Before installing the camshafts and timing gears, turn 
the crankshaft to set the No. 1 cylinder to top dead 
center (TDC) of the compression stroke. Reverse steps 
1 - 5 to install the camshafts and timing gears (Fig. 81). 

Figure 81 

9. With the crankshaft set to No. 1 cylinder TDC, install 
the idle gear so the timing marks on all the gears are in 
alignment (Fig. 82). 

Figure 82 
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Piston and Connecting Rod 

1. Remove the cylinder head (see Cylinder Head 
Removal in the Cylinder Head Overhaul section of this 
chapter). 

2. Remove the oil pan and gasket. 

3. Remove the oil screen 

NOTE: Before removing the pistons, mark the number 
of the cylinder onto the top of each piston and on the 
side face of each connecting rod (on the large end). 
When the piston and connecting rod is removed be 
careful to prevent damage to the piston or bearing 
surfaces. 

4. Use a ridge removing tool to remove the ring ridge 
from each cylinders. This will prevent damage to the 
rings and pistons. 

5. Remove the connecting rod end caps and bearings 
(Fig 83). Keep these parts in cylinder number order so 
they can be reinstalled in the same cylinder. Use a wood 
block to push the pistons and connecting rods up out 
from the bottom of the block. Take care not to scratch 
the crankshaft pin and cylinder. 

6. Check each piston for wear, signs of seizure or nicks. 
Replace the piston if it is damaged. 

7. Thoroughly clean the carbon deposits from the piston 
and ring grooves. A ring groove cleaner, or piece of 
discarded ring may be used to clean the ring grooves. 

Figure 83 

1. Piston ring No. 1 6. Connecting rod 
2. Piston ring No. 2 7. Connecting rod bearing 
3. Oil ring 8. Connecting rod cap 
4. Piston 9. Connecting rod bolt 
5. Piston pin 10. Connecting rod nut 
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8. Measure the piston outside diameter (Fig. 84). (See 
Cylinder Block in this section). 

Maximum piston to cylinder wall clearance: 
0.3 mm (0.012 in.)

Figure 84 

9. Use a thickness gauge to check the piston ring side 
clearance (Fig. 85). 

If the piston ring side clearance exceeds the service 
limit, the ring must be replaced. If the clearance still does 
not meet specifications with a new ring the piston must 
be replaced. (See the Specifications section of this 
chapter.) 

Figure 85 

10. Measure the piston ring end gap. Insert the ring into 
the least worn area of the cylinder by pushing it into 
place with the piston (Fig. 86). If the gap exceeds 1.5 
mm (0.060 in.) the ring must be replaced. 

Figure 86 
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11. To remove the piston from the connecting rod press 
the piston pin from each piston. Use the piston setting 
tool (Fig. 87). 

IMPORTANT: Do not attempt to remove the piston 
pins by driving then out with a hammer. A stuck 
piston pin, requiring excessive pressure to remove, 
should be replaced. 

12. Check for bending or distortion of the connecting 
rod. The service limit for bend and distortion is 0.15 mm 
(0.006 in.). Replace the connecting rod if damaged or 
out of specification. 

13. To assemble the piston to the connecting rod, press 
the piston pin into the set position. Use the piston pin 
setting tool (Fig. 88). Make sure the identification mark 
of the rod and the arrow mark on the piston head are 
directed up. 

Pin press fitting force: 500 - 1500 kg (1100 - 3300 lb.) 

14. Assemble each connecting rod and bearing to the 
crankshaft in proper order. Use a feeler gauge to 
measure the side clearance between the connecting rod 
end and crankshaft (Fig. 89). Replace the connecting 
rod assembloy if the side clearance is more than the 
specified amount. 

Maximum connecting rod side clearance: 0.5 mm (0.02 in.) 

Figure 87 

Figure 89 
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15.Install the piston rings. Each piston ring has different 
shape. Make sure they are installed in the proper posi­
tion and with the ring gaps in the directions as illustrated 
(Fig. 90). 

16. Insert the piston and connecting rod assembly into 
the cylinder block using a ring compressor and a 

wooden block. Make sure the arrow mark on top of the 
piston is facing toward the front of the engine. 

17. Install the connecting rod bearings and end caps. 
Make sure the notches on the bearings and connecting 
rod are aligned. Tighten the end cap retaining bolts to a 
torque of 3.2 - 3.5 KgM ( 23 - 25 ft-lb). 

Figure 90 
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Crankshaft 

1. Perform steps 1 - 5 under Piston and Connecting Rod 
in this section. 

2. Remove the flywheel. 

3. Remove the rear oil seal case. 

4. Remove the main bearing caps (Fig. 91). Keep each 
set of bearings together with its bearing cap. 

5. Remove the crankshaft. 

6. Inspect the removed parts. Repair or replace any 
worn or damaged parts (Fig. 92). 

Figure 91 

Figure 92 
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6. Measure the crankshaft for “run-out” (bend). Mount 
the crankshaft in a pair of V-blocks (or live centers) and 
use a dial indicator to measure the run-out in the 
crankshaft (Fig. 103). The maximum allowable 
crankshaft run-out is 0.05 mm (0.002 in.). 

7. Check the crank journals and crankpins for damage, 
out of round wear or tapering wear. The diameter of each 
crankpin or main journal should be measured at two 
places, “1" and ”2", in two directions, “A” and “B” 
(Fig. 104). 

Main journal diameter: 42.3 mm (1.665 in.) minimum

Crankpin diameter: 39.3 mm (1.547 in.) minimum


8. Check the crankshaft oil clearance. Oil clearance is 
calculated by subtracting the diameter of the main jour­
nal or crankpin from the inside diameter of the main 
bearing or rod bearing. The inside diameter of each 
crankpin or main journal should be measured at two 
places, “1" and ”2", in two directions, “A” and “B” 
(Fig. 105) after the bearing cap is installed at the proper 
torque. If the oil clearance exceeds the service limits, 
install a new bearing. If installing the new bearing does 
not reduce the clearance to within service limits, the 
crankshaft must be reground and oversize bearings 
installed. 

Tightening Torque:

Main bearing cap bolt 5.0 - 5.5 KgM (23 - 25 ft-lb)

Rod bearing cap nut 3.2 - 3.5 KgM (36 - 40 ft-lb)


Crankpin oil clearance: 0.15 mm (0.006 in.)

Journal oil clearance: 0.10 mm (0.004 in.)


NOTE: If using Plastigauge to measure the oil 
clearance, put a piece of Plastigauge onto the crankpin 
or journal, and tighten the bearing cap (with bearing) in 
place. DO NOT rotate connecting rod or crankshaft 
when the Plastigauge is in place. Rotating will destroy 
the Plastigauge. Remove the bearing cap and measure 
the width of the Plastigauge to determine the clearance. 
If the oil clearance exceeds the service limits, install a 
new bearing. If installing the new bearing does not 
reduce the clearance to within service limits, the 
crankshaft must be reground and oversize bearings 
installed. 

9. To install a new oil seal, pry the seal out with a 
screwdriver and drive a new seal into the oil seal case. 

Figure 93 

Figure 94 

Figure 95 
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10. Reverse steps 1 - 5 to install the crankshaft (Fig. 97). 
When installing the No. 1 and No. 4 bearing caps, apply 
sealant (Permatex No. 2 or equivalent) to the upper 
surface that meets with the cylinder block. 

11. Use a dial indicator to measure the crankshaft end 
play. If end play exceeds specifications, replace all the 
main bearings. 

Crankshaft end play: 0.05 - 0.175 mm (0.002 - 0.007 in.) 

12. Apply sealant (Permatex No. 2 or equivalent) to the 
outside surface of the side seals. Install the side seals 
with the radius towards the outside of the engine 
(Fig. 96). Figure 96 

Figure 97 
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Cylinder Block 

Before cleaning check the cylinder block for coolant 
leaks, oil leaks or damage. Clean all parts to remove 
dirt, oil, carbon deposits and water scale. 

Check the cylinder block for cracks or other damage. 
Check the water jacket for water scale and rust. Replace 
the cylinder block if necessary. 

Measure each cylinder bore size in six locations 
(Fig. 98). The standard bore diameter is 76 mm 
(2.9921 in.). The cylinder must be rebored and over­
sized piston and rings installed if the diameter exceeds 
the standard by 0.2 mm (0.0079 in.). Examine the 
cylinder bore diameter readings to determine the 
amount of taper in the cylinder. If the taper exceeds 0.01 
mm (0.0004 in.), the cylinder must be rebored and 
oversized piston and rings installed. 

IMPORTANT: If one cylinder is rebored, all cylinders 
must be rebored to the same specifications. 

NOTE: See the Specifications section of this chapter for 
oversize finishing sizes. After machining, install the 
piston and piston rings corresponding to the reworked 
cylinder size. 

NOTE: When the cylinder bore is worn a small amount 
and only the piston rings require replacement, check for 
groove wear in the upper part of the cylinder. Hone the 
cylinder if necessary. 

Reboring Cylinder 

1. Select a piston: 

0.25, 0.50 mm (0.01, 0.02 in.) oversize 

2. Measure the piston diameter (Fig. 84). 

3. Reboring finish dimension = (Piston O.D.) + 
(Clearance) – (Honing allowance). 

Clearance: 0.071 - 0.084 mm (0.0028 - 0.0033 in.)

Honing allowance = 0.02 mm (0.0008 in.)


Figure 98 
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Chapter 6 

Differential Axle 

Table of Contents 

INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
TORQUE SPECIFICATIONS  . . . . . . . . . . . . . . . . . . 2 
SPECIAL TOOLS  . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
REPAIRS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Axle Removal and Installation . . . . . . . . . . . . . . . 3 

Introduction 

The Reelmaster® 223-D uses a Dana Hydrostatic Axle, 
model GT-20. The differential and axle form the final 
drive of the power train (Fig. 1). 

The differential has a heavy duty case with automotive 
type, cut gears that rotate on tapered roller bearings. 
Single-row, pre-set, tapered roller bearings are used on 
the outside ends of the axle shafts. 

The entire drive line of the axle assembly is made of 
alloy steel. The axle has a die-cast aluminum housing 
that also serves as the hydraulic oil reservoir. 

Power is transmitted from the transmission output gear 
to the pinion spur gear. The pinion spur gear transmits 
power directly to the differential drive gears, to turn the 
axles and the wheels. 

The differential axle has a one-piece axle shaft with the 
flange being part of the axle stem (Fig. 1A). 

Axle Shaft Disassembly 
and Wheel Bearing Service  . . . . . . . . . . . . . . . . . 4 
Differential and Housing Disassembly . . . . . . . . . 8 
Differential and Housing Reassembly  . . . . . . . . 14 

Figure 1 

Figure 1A 
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Specifications


Item Specification 

Front wheel lug nut torque 45 to 55 ft-lb 

Front to rear housing torque 18 to 28 ft-lb 

Transmission to axle torque 25 to 30 ft-lb 

Differential bearing caps torque 30 to 45 ft-lb 

Ring gear to differential case torque 45 to 65 ft-lb 

Fill pipe torque 20 to 30 ft-lb 

Side plate (gear cover) torque 25 to 40 in-lb 

Axle shaft bearing retainer (nut) torque

 With hex head screw
 37 to 45 ft-lb 
With socket head screw (newer models) 16 to 20 ft-lb 

Ring gear to pinion gear backlash 0.003 to 0.007 in. 

Pinion gear end play 0.00 to 0.005 in. 

Special Tools 

NOTE: Order special tools from the TORO SPECIAL Catalog for your Toro equipment. Some tools may also

TOOLS AND APPLICATIONS GUIDE (COMMERCIAL be available from a local supplier.

PRODUCTS). Some tools may be listed in the Parts


Differential Gear Holder 

Remove gear cover from right hand side of differential 
and bolt this tool in place to lock spur gear in position 
when removing nut that secures pinion coupler for 4WD 
drive shaft. 

Figure 2 

Special Tools Page 6 - 2 Rev. C Reelmaster® 223-D 



Repairs

Axle Removal and Installation

1. Put machine on a level surface, lower cutting units,
stop the engine and remove key from ignition switch.
Block rear wheels to prevent machine from moving.

2. Remove the cutting units. (See the Repairs section
of Chapter 8 - Cutting Units.)

3. If unit is equipped with 4WD, remove rear axle drive
shaft (see Chapter 9 - 4WD Axle). Remove nut, pinion
spacer and pinion coupler.

5. Remove hydrostatic transmission. (See Repairs sec-
tion of Chapter 4 - Hydraulic System.) Keep transmis-
sion support attached to frame and gear pump attached
to transmission support.

6. Slightly loosen all front wheel lug nuts. Jack both front
wheels off the ground and install jackstands or blocks
under traction unit frame (not axle tubes) to prevent
machine from falling. Remove both front wheels.

7. Remove the cotter pin and clevis pin to disconnect
the brake cable from brake actuating lever on each
brake. Loosen jam nut to remove brake cable from each
end of axle bracket. Disconnect speedometer sensor
wire connector.

9. Put a jack or blocking under differential to hold it in
place. Remove cap screws and lock nuts securing axle
mounting pads to frame. Carefully lower differential axle
and pull it out from under traction unit.

10. To install axle , reverse steps 1 - 9. Apply silicone
sealant between axle housing and transmission sup-
port. Leave axle mounting pad nuts loose. Install shims
(P/N 42-6080) between axle mounting pads and frame
to align differential with transmission support, then
tighten axle mounting nuts.

11. Before installing pinion coupler, apply Permatex
No. 2 to external splines of pinion and internal splines
of pinion coupler. Tighten nut securing pinion coupler.

Figure 3

1. Hydrostatic transmission 5. Differential axle 9. Seal
2. Transmission support 6. Nut 10. Shim
3. Transmission collar 7. Spacer
4. Axle shim 8. Pinion coupler

1

5

Apply silicone sealant
between axle housing
and transmission
support

3

2

4 9

7

6

8

10

Apply Permatex No. 2 to
outer diameter of seal and
internal splines of pinion
coupler

Coupler for 4WD rear axle drive shaft
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Axle Shaft Disassembly and Wheel Bearing Service 

NOTE: When servicing the bearing and seal area of the 
axle shaft, it is recommended that you replace hex head 
screws and flange nuts with socket head screws (94­
6934), washers (94-6936) and nuts (94-6935). See 
Figure 18. 

1. After the wheel has been removed, slide the brake 
drum off of the axle flange (Fig. 5). 

NOTE: It may be necessary to loosen the brake shoes 
by turning the star wheel inside the brake drum assemb­
ly. (See Chapter 7 - Steering and Brakes.) 

Figure 5 

2. Line up the hole in the axle shaft flange and remove 
the backing plate nuts which hold the axle shaft assemb­
ly to the axle housing. Use a 1/2 inch socket wrench 
(Fig. 6). 

Figure 6 

3. Pull out the axle shaft and brake assembly (Fig. 7). 

NOTE: Bearing races and retainer ring are cemented 
together with an epoxy adhesive. If the bearing and race 
come apart, remove the bearing cup from the housing 
with a puller. 

Figure 7 
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4. Remove the inner axle shaft seal (Fig. 8). Discard the 
seal and replace with a new one at the time of assembly. 

Figure 8 

5. Center punch the outside of the retaining ring (Fig. 9). 

Figure 9 

6. Drill a 1/4 inch hole (approximate) into the outside of 
the retainer ring to a depth of about 3/4 the thickness of 
the ring (Fig. 10). 

IMPORTANT: Drilling completely through the 
retainer ring could damage the shaft. 

Figure 10 
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7. After drilling, put a chisel in position across the hole 
and strike sharply to break the ring. Replace with a new 
ring at time of reassembly (Fig. 11). 

Wear protective safety goggles when break­
ing the retaining ring. Personal injury could 
result from flying metal particles. Keep all 
personnel away during this procedure. 

WARNING 

8. Inspect the shaft for possible damage (Fig. 12). 
Inspect the sealing surface of the hub and shaft. 
Replace it if the seal has grooved the surface more that 
1/64 inch (0.4 mm). 

9. Put a new grease seal, brake assembly, and a new 
grease packed bearing (in that order) onto the axle 
shaft. 

Figure 11 

Figure 12 

10. Press the assembly until the bearing is firmly seated 
against the axle shaft shoulder (Fig. 13). 

Figure 13 
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11. Slide a new retaining ring on the axle shaft and 
support the shaft and ring in a suitable press (Fig. 14). 
Press the retaining ring firmly against the bearing. 

Figure 14 

12. Put a light coating of No. 1 Permatex on the outside 
diameter of a new grease seal (surface that contacts the 
axle housing). Install the new seal to a depth of 1.218 
in. into the housing (Fig. 15, 16). After the seal has been 
assembled, put grease on the lip of the seal. 

Figure 15 

1.218" seal 
installation depth 

Figure 16 
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13. Assemble the bearing retainer bolts to the axle 
housing. Apply a .0625 in. (16 mm) bead of gasket 
material to flange on end of axle housing, then install 
the axle shaft assembly into the axle housing. Be careful 
not to damage the, oil seal and bearing. Line up the 
holes of the brake assembly and oil seal. Push the axle 
shaft as far as possible into the axle housing (Fig. 17). 

Wheel end gasket material: P/N 92-8775 Liquid Gasket Kit 
(Kit contains Loctite Ultra-Gray 

gasket eliminator and instructions) 

Make sure surface

is flat. File off any nst flange.

high spots. ial


interferes. 

l i
i

Make sure capscrews 
are f at aga
Gr nd off any mater
from tube that

14. Start the nuts by hand. Tighten the nuts so the 
bearing assembly is drawn evenly into the axle housing 
(Fig. 18). NOTE: It is recommended that you replace 
hex head screws and flange nuts with socket head 
screws, washers and nuts (Fig. 18). If installing socket 
head screws, tighten the nuts to a torque of 16 - 20 ft.-lb. 
(2 - 3 Kgm). If reinstalling hex head screws, tighten the 
nuts to a torque of 37 - 45 ft.-lb. (5 - 6 Kgm). 

IMPORTANT: Hold the socket head screw or hex 
head screw when tightening the nut to prevent the 
head from turning into the tube radius. 

Figure 17 

l

Nut  (94-6935) 

Washer  (94-6936) 

Socket Hd Screw 
(94-6934) 

Ho d socket head screw and tighten 
nut to 16 - 20 ft-lb (2 - 3 Kgm) 

Figure 18 

Differential and Housing Disassembly 

1. Remove the right and left-hand axle assemblies. (See 
Axle Shaft Disassembly and Wheel Bearing Service in 
this section of the book.) 

Remove the eight (8) housing cap screws and separate 
the upper and lower axle housings (Fig. 19). Clean the 
gasket material from the mating surfaces before reas­
sembly. 

NOTE: A complete Upper Housing Assembly for Dif­
ferential repairs is available. Using this assembly 
eliminates the need for “trial and error” shimming pro­
cedures to establilsh the correct contact pattern be­
tween the ring and pinion gears. 

Figure 19 
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2. Remove the four bearing cap screws and remove the 
caps. Place the caps in a safe place to avoid damaging 
their machined surfaces (Fig. 20). 

The bearing caps are marked for identification. The 
letters or numbers are in horizontal and vertical posi­
tions. When reassembling, place them back in the same 
position. 

Figure 20 

3. To remove the differential assembly, place two 
wooden devices (i.e. hammer handles) under the dif­
ferential case and pry firmly upward. The bearing cups 
must be kept with their mating cones (Fig. 21). 

4. Remove the ring gear cap screws. Using a hard 
wooden block and a hammer, drive the ring gear off of 
the differential case. Be prepared to protect the ring gear 
when removing it from the differential case; this will 
avoid damage of the ring gear teeth (Fig. 22). 

NOTE: It is recommended that whenever the ring gear 
screws are removed, they are to be replaced with new 
screws. 

Figure 21 

Figure 22 
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5. Do not remove the bearings from the differential case 
unless bearing failure is evident. It is recommended that 
whenever bearings are removed (regardless of usage) 
they must be replaced with new ones. Remove the case 
side bearing with a puller as shown (Fig. 23). 

Figure 23 

i
i

j

6. Put the case in a v se. Drive the lock pin out of the 
pinion shaft (F g. 24). Use a small drift punch as shown. 

To prevent personal in ury, always wear a face 
shield or safety goggles when striking a drift 
punch with a hammer. 

WARNING 

Figure 24 

7. While supporting the differential in a vise, drive the 
pinion mate shaft from the differential with a long drift 
punch (Fig. 25). 

Figure 25 
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8. To remove the side gears and pinion mate gears, 
rotate the side gears. This will allow the pinion mate 
gears to turn to the opening of the case (Fig. 26). 
Remove the pinion mate gears and the spherical 
washers behind the gears. 

Figure 26 

9. Remove the eight side cover capscrews. Remove the 
the side cover from the carrier assembly (Fig. 27). Clean 
the gasket material from the mating surfaces before 
reassembly. 

Figure 27 

10. If unit has an expansion plug, remove it by driving a 
pointed punch through the plug about 3/8 inch (10 mm) 
from the outer edge. When the hole is large enough, 
insert a large screwdriver through it and pry the plug 
outward (Fig. 28). 

Figure 28 
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11. Before pressing pinion out of housing: 

If unit was equipped with an expansion plug 
(removed in step 10), remove the snap ring and shim 
from the end of the pinion (Fig. 29). 

If unit is equipped with a pinion coupler for 4WD (no 
expansion plug), nut, pinion spacer and pinion 
coupler (Fig. 3) must be removed before pressing 
pinion out of housing. 

12. Position the housing assembly on a suitable press. 
Place a 1/8 inch (3 mm) piece of steel or a screwdriver 
blade under the edge of the spur gear. This will prevent 
the spur gear from cocking and possibly cracking the 
housing (Fig. 30). 

When the pinion is close to being pressed completely 
out of the bearing, reach under the housing and catch 
the pinion in your hand to prevent any damage to the 
pinion. 

Figure 29 

Figure 30 

Removing the drive pinion releases the spur gear, 
spacer, and outer pinion bearing for removal (Fig. 31). 

If unit was equipped with a pinion coupler for 4WD (no 
expansion plug), remove oil seal from housing (Fig. 3). 

Figure 31 
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13. Clamp the inner pinion bearing with a universal 
bearing remover (Fig. 32). Position the unit in a press 
and carefully push the drive pinion out of the bearing. 

DO NOT allow the pinion to drop on the floor - damage 
will result. 

Figure 32 

14. To remove the outer pinion bearing cup, position the 
housing in a press. Place a press plate of the proper 
size against the cup. Press the cup out of the housing 
(Fig. 33). 

15. Position the front housing on a press bed with the 
bearing saddles resting on the press bed. Protect the 
bearing saddles with a strip of wood if the press bed is 
rough. 

Insert a press plate of the proper size and press the 
bearing cup toward the inside of the housing. Retain the 
shims located under the bearing cup (Fig. 34). If the 
shims are damaged, replace with new shims of the 
same thickness. 

Figure 33 

Figure 34 
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Differential and Housing Reassembly 

1. Inspect the differential parts for damage before 
assembling. 

A. If any bearings are damaged they must be 
replaced with new ones. 

B. Check the ring, pinion, and spur gear for abnormal
wear and damage; replace worn components. 

C. Inspect the housings for cracks and external
damage that could affect the operation of the axle 
assembly. 

D. Inspect the differential case for wear in the side
gear and pinion mate area. Replace the case if its 
machined areas are scored or if the pinion mate shaft 
fits loosely in the bore. 

2. Press the inner pinion bearing onto the pinion drive 
gear. Support the bearing on the inner cup of the bearing 
ONLY WHEN INSTALLING (Fig. 35). 

3. Put the front housing on a press. Using a press plate, 
push the outer pinion bearing cup into the housing until 
it bottoms in the housing (Fig. 36). 

Figure 35 

Figure 36 
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Ring and Pinion Set 

Rings gears and pinions are supplied in matched sets 
only. Matching numbers are etched on both the pinion 
and ring gear (Fig. 37). 

The mounting distance from the bottom of the differen­
tial bearing bores to the button end of the pinion is 
1.210 in. 

On the button end of each pinion there is a plus (+) or 
minus (–) number, or a (0) number. This number indi­
cates the best running position for each particular gear 
set. This dimension is controlled by the shimming be­
hind the inner bearing cup. 

For example, if a pinion is etched +3, this pinion would 
require 0.003 in. less than a pinion etched “0". This 
means that by removing shims, the mounting distance 
of the pinion is increased to 1.213 in., which is just what 
+3 indicates. Or if a pinion is etched –3, we would want 
to add 0.003 in. shims, the mounting distance of the the 
pinion was decreased to 1.207 in., which is just what a 
–3 etching indicates. 

If a new gear set is being used, notice the (+) or (–) 
etching on both the old and new pinion and adjust the 
thickness of the new shim pack to compensate for the 
difference of these two numbers. 

For example: If the old pinion reads +2 and the new 
pinion is –2, add .004 in. shims to the original shim pack. 

Figure 37 
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4. Install a new inner bearing cup using a press plate of 
proper diameter. Reuse the original shims or use new 
shims of the same thickness. Push the bearing cup into 
the housing until it bottoms against the housing 
(Fig. 38). 

5. Insert the pinion into the housing. 

NOTE: A number marked on the new ring and pinion 
set is used to establish the proper amount of shims 
required prior to installing the pinion gear (see 
page 15). The final pinion position will be verified by 
using the gear contact pattern method as described 
on page 21of this chapter. 

6. Insert the spur gear into the front housing with the 
chamfered area of the center spline toward the drive 
pinion. Install the drive pinion with a soft mallet to 
engage the splines in the spur gear (Fig. 40). 

Figure 38 

Figure 39 

Figure 40 
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7. Support the drive pinion in a suitable press (Fig. 41). 

Figure 41 

8. Install the outer pinion spacer with the chamfer 
towards the pinion splines and install the new outer 
pinion bearing cone (Fig. 42). 

Figure 42 

9. With a hollow press sleeve of proper diameter, press 
on the outer bearing cone race until the drive pinion 
seats in the carrier and a slight drag is noticed when the 
gear is rotated by hand (2-13 in.-lb. torque to rotate) 
(Fig. 43). If the drag is to severe, tap the pinion shaft 
with a soft mallet until the drag is reduced. 

Figure 43 
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10. Install the shim and snap ring onto the end of the 
pinion shaft. Use the thickest shim possible which will 
permit installation of the snap ring (Fig. 44). Limit the 
end play to 0.000 - 0.005 inch (0.000 - 0.127 mm). 

Figure 44 

11. Apply a small bead of Permatex No. 2 or silicone 
sealant to the outer edge of the carrier bore. Install the 
expansion plug (or seal if equipped with pinion coupler 
for 4WD) into carrier until plug or seal seats firmly in 
carrier bore (Fig. 45). 

Figure 45 

12. Install the spur gear cover. Use Permatex No. 2 or 
silicone sealant when installing the cover. Tighten the 
capscrews to a torque of 25 - 40 in.-lb. (Fig. 46). 

Figure 46 
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13. Place the differential case in a vise as shown 
(Fig. 47). Apply grease to new side gear thrust washers 
and hubs of the side gears. Apply grease to new pinion 
mate spherical washers and pinion mate gears. Place 
the side gears and thrust washers in the case. Install the 
pinion gears while holding the side gears in place. 

Rotate the side gears until the holes of the washers and 
pinion gears line up with the holes of the case. If the 
gears cannot be rotated by hand, install one of the axle 
shafts into the side gear spline and use a pipe wrench 
to turn the shafts. 

Figure 47 

14. Install the pinion shaft. Grease the shaft to aid 
assembly. Be sure the hole in the pinion shaft lines up 
with the hole in the differential case (Fig. 48). 

Figure 48 

15. Assemble the lock pin. Drive the pin to the ap­
proximate center location of the pinion mate shaft. Peen 
the metal of the case to lock the pin in place (Fig. 49). 

Figure 49 

Reelmaster® 223-D Page 6 - 19 Repairs 



16. Put the ring gear onto the differential case and start 
the new capscrews into the gear with your fingers. 
Tighten the screws, alternating back and forth across 
the gear to allow the gear to be pulled evenly into place. 
Tighten the cap screws to a torque of 45 - 65 ft-lb (6.2 -
9.0 KgM) (Fig. 50). 

17. When installing new differential bearings, reuse the 
original shims or use new shims of the same thickness. 
Press the bearing onto the differential case. If a new 
differential case is being installed, start with a .020 inch 
pack of shims under each differential bearing. Shims are 
available in .003, .005, .010, and .030 inch sizes 
(Fig. 51). 

18. Assemble new differential bearing cups to differen­
tial bearing cones. Seat differential assembly with drive 
gear on proper side of carrier into carrier bearing crad­
les. 

NOTE: The Reelmaster 223-D/5100-D/5300-D applica­
tion requires that the ring gear teeth face toward the spur 
gear cover. 

The bearing cradles are designed to apply a slight 
preload to the bearings. It is important to push both of 
the bearing assemblies simultaneously into their 
saddles. 

Install the bearing caps into their original position as 
previously marked. Tighten the cap screws to a torque 
of 30 - 45 ft-lb (4.1-6.2 KgM) (Fig. 52). 

Figure 50 

Figure 51 

Figure 52 
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19. Using a dial indicator, check the ring gear backlash 
in three equally spaced points. Ring gear backlash 
should be .003 - .007 inch (.076 - .178 mm) and must 
not vary more than .002 in. between points checked 
(Fig. 53). 

If the backlash is not in this range, move the shims which 
are located beneath the differential bearings, from one 
side to the other until the correct backlash is attained. 

Checking Ring Gear Pattern Figure 53 

Final position of pinion is verified by using the gear 
contact pattern method as described in the following 
procedure. 

Gear tooth Toe - the portion of the tooth surface at

the end towards the center.

Gear tooth Heel - the portion of the gear tooth at the

outer end.

Gear tooth Top Land - top surface of tooth.


Every gear has a characterisitc pattern. The illustrations 
show typical patterns only and explaing how patterns 
shift as gear location is changed. When making pinion 
position changes, shims should be changed in the range 
of .002 inch to .004 inch until a correct pattern has been 
obtained. 

When a change in backlash is required, backlash shims 
should be changed in the range of 1-1/2 times the 
amount of backlash required to bring the gears into 
specification. For example, if the backlash needed to be 
changed by .004 inch, the shim pack should be changed 
by .006 inch as a starting point. 

High backlash is corrected by moving the ring gear 
closer to the pinion. Low backlash is corrected by 
moving the ring gear away from the pinion. These 
corrections are made by switching shims from one side 
of the differential case to the other. 

To check the ring gear and pinion pattern: 

1. Paint the teeth of the ring gear, both drive and coast 
side, with a gear marking compound, such as DyKem 
Steel Blue. 

2. While applying a light load to the ring gear, rotate the 
pinion gear until the ring gear has made one complete 
revolution. Study the patterns in the following illustra­
tions and correct as necessary. 

The preferred pattern is shown in Figure 54A. The drive 
side pattern should be located at the toe portion of the 
tooth. The coast pattern should also be at the toe portion 
of the tooth. 

Figure 54 

Drive  Side 
Heel  Toe  

Coast  Side 
Heel  Toe  

Figure 54A 

NOTE: When making changes, note that two variables 
are involved. Example: If you have the backlash set 
correctly to specifications and you change the pinion 
position shim, you may have to readjust backlash to the 
correct specification before checking the pattern. 
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Backlash correct. Thicker pinion position shims 
required. 

Drive Side 
Heel    Toe  

Coast  Side 
Heel   Toe  

Figure 55 

Backlash correct. Thinner pinion position shims 
required. 

Drive  Side 
Heel  Toe  

Coast  Side 
Heel  Toe  

Figure 56 

Backlash incorrect. Thinner pinion position shim re­
quired. Adjust backlash to match. 

Drive  Side 
Heel  Toe  

Coast  Side 
Heel  Toe  

Figure 57 
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Gear Pattern Movements Summary 

1. Decreasing backlash moves the ring gear closer to 
the pinion. 

Drive pattern (convex side of gear) moves lower 
and toward the toe. 

Coast pattern (concave side of gear) moves slightly 
higher and toward the heel. 

2. Increasing backlash moves the ring gear away from 
the pinion. 

Drive pattern moves higher and toward the heel. 

Coast pattern moves slightely lower and toward 
the toe. 

3. Thicker pinion position shim with the backlash con­
stant moves the pinion closer to the ring gear. 

Drive pattern moves deeper on the tooth (flank 
contact) and slightly toward the toe. 

Coast pattern moves deeper on the tooth and 
toward the heel. 

4. Thinner pinion position shim with backlash constant 
moves the pinion further from the ring gear. 

Drive pattern moves toward the top of the tooth 
(face contact) and toward the heel. 

Coast pattern moves toward the top of the tooth 
(face contact) and toward the heel. 

Apply silicone sealant between the front and rear axle 
housings and install the eight housing cap screws. 
Tighten the cap screws to a torque of 18 - 23 ft-lb (2.5 -
3.2 KgM) (Fig. 58). 

Figure 58 
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Steering And Brakes 
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Introduction


Power Steering 

The power steering valve is enclosed in the steering 
tower at the front of the traction unit. As the steering 
wheel is turned, the steering valve meters hydraulic fluid 
to the double-acting steering cylinder on the rear axle 
and turns the wheels. Hydraulic fluid flow for power 
steering is supplied by the front section of auxiliary 
hydraulic pump. The steering section of the pump has 
a built-in relief valve. 

The Model HGF Hydraguide TM steering valve (Fig. 1) is 
manufactured by TRW, Ross Gear Division. 

NOTE: Because the steering cylinder has different dis­
placements when extended and retracted, the steering 
wheel will not return to its original position after making 
a turn. 

NOTE: The steering system will operate with the engine 
off if necessary (with increased effort). 

Figure 1 

Brakes 

The Reelmaster® 5100-D is equipped with 7 inch di­
ameter x 1-3/4 inch wide mechanical drum brakes on 
the front wheels (Fig. 2). 

Two pedals are used to control the brakes. When used 
separately, the pedals can control each wheel brake to 
assist steering or traction on side hills. The two pedals 
may be locked together with the brake lock arm. When 
the lock arm is engaged both wheels will brake equally 
and act as a service brake or parking brake. 

The brake pedals operate the brakes through a cable 
system to a strut and lever on the brake shoes. 

Figure 2 
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Power Steering Schematics


When the steering wheel is turned to the right (Fig. 3), 
the control valve within the steering valve shifts to close 
the “AUX” port. This directs oil supplied by the steering 
pump to the metering section of the steering valve. As 
the steering wheel is turned, system oil is metered out 
port “RT” to the steering cylinder. Oil displaced by the 
other end of the steering cylinder returns to the steering 
valve through port “LT” and is directed out port “OUT” 
back to reservoir. 

When the steering wheel is stationary, the control valve 
within the steering valve shifts back to neutral (Fig. 4), 
allowing system oil to flow through the steering valve 
and out the “AUX” port back to reservoir. Oil in the rest 
of the steering circuit is then trapped. 

Right Turn 

STEERING CYLIN-

STEERING VALVE 

FROM 
PUMP 

Figure 3 

Neutral 

FROM 

STEERING CYLIN-

STEERING VALVE 

PUMP 

When the steering valve is turned to the left (Fig. 5) oil 
is metered out port “LT” to the steering cylinder. Oil 
displaced by the other end of the cylinder returns to the 
steering valve through port “RT” and is directed out port 
“OUT” back to reservoir. 

Figure 4 

FROM

PUMP


STEERING VALVE 

Left Turn 

STEERING CYLIN-

Figure 5 
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Specifications


Item Specification 

Front wheel lug nut torque 45 to 55 ft-lb 

Rear wheel lug nut torque 30 to 35 ft-lb 

Steering cylinder bolt torque 130 to 150 ft-lb 

Rear wheel toe-in 0 to 1/8 in. 

Tire pressure 10 to 15 psi, front and rear 

Brake pedal free travel 1/2 to 1 in. 

Special Tools 

Steering Valve Service Fixture 

To avoid distorting or damaging the steering valve when Steering Valve Service in the Repairs section of this

repairing, do not clamp it directly into a vise. Fabricate chapter).

a service fixture (Fig. 6) and use it as instructed (See


Figure 6 
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Troubleshooting


Problem Possible Causes 

Steering Wander Tire pressure incorrect or unequal left to right.


Loose or worn steering linkage.


Improperly adjusted or worn rear wheel bearings.


Rear wheels out of alignment; toe-in / toe-out.


Internal leakage of steering cylinder.


Poor or No Returnability (Recovery) Improper rear wheel alignment; toe-in.


Steering linkage binding.


Low tire pressure.


Steering column binding or out of alignment.


Shimmy Steering linkage loose, worn or out of adjustment.


Wheel bearings out of adjustment.


Air in hydraulic system.


Internal leakage of steering cylinder.


High Steering Effort in One Direction Low hydraulic system pressure. 

Excessive heat causing steering valve plate valve to 
stick (See Excessive Heat in this section). 

High Steering Effort in Both Directions Low hydraulic fluid level.


Low flow or pressure from hydraulic pump.


Steering linkage binding.


Restriction in hydraulic return line.
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Problem Possible Causes 

Steering Wheel Lash (Free Movement) Steering wheel loose on column.


Steering linkage loose or worn.


Steering valve loose at mounting.


Air in hydraulic system.


Internal leakage in hydraulic cylinder.


Excessive Heat in Hydraulic System Undersized replacement hose or tube line.


Kinked or severely bent hose or tube line.


Restricted oil cooler.


Restricted recentering of steering valve control valve

plate.
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Testing


Steering Valve and Pump Tests 

1. Make sure the hydraulic oil is at normal operating 
temperautre by operating the machine for approxi­
mately 5 minutes. 

2. Engage the parking brakes, lower the cutting units to 
the floor and turn the engine OFF. 

3. Remove the cover from the steering tower. 

4. Place a drain pan under the steering valve. Discon­
nect the hydraulic hose at the AUX port of the steering 
valve (Fig. 7a). 

5. Connect the inlet hose of the tester to the AUX port 
on the steering valve. Connect the outlet hose of the 
tester to hose that was disconnected in step 4. 

IMPORTANT: Make sure that the oil flow indicator 
arrow on the flow gauge is showing that the oil will 
flow from the steering valve, through the tester and 
into the hose that was disconnected in step 4. 

6. With the tester load valve fully open (counterclock­
wise) run the engine at full throttle. 

Steering Valve Test (Control Valve Section) 

7. Turn the steering wheel all the way in one direction 
and hold it against the right stop. 

There should be no flow as the steering wheel is held 
against the right stop. 

8. Release the steering wheel. 

Flow should be approximately 3 gpm when the steer­
ing wheel is released. If flow does not return to 
approximately 3 gpm when the steering wheel is 
released the control valve within the steering valve 
may be sticking. 

9. Repeat steps 7 and 8, turning the steering wheel in 
the opposite direction. 

Steering Pump Flow and Relief Pressure Test 

10. While watching the pressure gauges, slowly close 
flow control valve on tester untils 1000 PSI is obtained 
on gauge. 

TESTER READING: Flow not less than 3.5 GPM at 
1000 PSI. 

11. If flow is lower than 3.5 GPM or a pressure of 1000 
PSI cannot be obtained, check for restriction in pump 
intake line. Check relief valve in pump for contamination 
or wear. Adjust pump relief valve to 1250 PSI cracking 
pressure by removing cap and turning adjustment screw 
(Fig. 7b). If pump intake line is not restricted and relief 
valve is functioning properly, remove pump and repair 
or replace (see Pump Removal and Installation and 
Pump Repair in Mowing Circuit Repairs section of 
Chapter4 - Hydraulic system). 

3 

4 

5 

2 

1 

Figure 7a 

1. Tester 4. Outlet line from tester 
2. Load valve 5. Steering valve 
3. Inlet line to tester 

1 

2 

Figure 7b 

1. Pump 2. Relief valve 
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Steering Cylinder Internal Leakage Test 

1. Engage the parking brake, and lower the cutting units 
to the floor. 

2. Turn the steering wheel all the way to the left (coun­
terclockwise) so the steering cylinder rod is extended all 
the way. 

3. Turn the engine OFF. 

4. Disconnect the hydraulic hose from the fitting on the 
rod end of the cylinder (Fig. 8). Put a plug in the end of 
the hose to prevent contamination. 

5. With the engine OFF, continue turning the steering 
wheel to the left (counterclockwise) with the cylinder rod 
completely extended and observe the open fitting on the 
steering cylinder. If oil comes out of the fitting while 
turning the steering wheel to the left, the steering cylin­
der has internal leakage and must be repaired or re­
placed. 

NOTE: DO NOT turn the steering wheel to the right 
(clockwise) or the steering valve will meter oil out the 
disconnected hydraulic hose. 

1 

Figure 8 

1. Hydraulic hose and fitting 
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Adjustments


Rear Wheel Toe-in Adjustment 

The rear wheels should have 0 to 1/8 of an inch toe-in 
when they are pointed straight ahead. To check toe-in, 
measure the center-to-center distance, at axle height, 
in front and rear of steering tires. If toe-in is not within 
specifications, an adjustment is required. 

1. Rotate the steering wheel so the rear wheels are 
straight ahead. 

2. Loosen the jam nuts on both tie rods. Adjust both tie 
rods until center-to-center distance at front of rear 
wheels is 0 - 1/8 of an inch less than at the rear of the 
wheels (Fig. 9). 1 

3. When toe-in is correct, tighten jam nuts against tie Figure 9
rods (Fig. 9). 

1. Tie rods
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Brake Adjustment 

Adjust the service brakes when there is more that one 
inch of “free travel” of the brake pedals. Free travel is 
the distance the brake pedal moves before braking 
resistance is felt (Fig. 11). 

Adjust where brake cables connect to bottom of brake 
pedals. When cable is no longer adjustable, star nut on 
inside of the brake drum must be adjusted to move 
brake shoes outward. Brake pedals must be adjusted 
again after star nut is adjusted. 

1. Disengage lock arm from left brake pedal so both 
pedals work independently of each other. 

2. To reduce free travel of brake pedals: 

A. Loosen front nut on threaded end of brake cable 
(Fig. 12). 

B. Tighten rear nut to move cable toward the rear 
until brake pedals have 1/2 to 1 in. of free travel. 

C. Tighten front nut after adjusting. 

3. When brake cables cannot be adjusted to get free 
travel within 1/2 to 1 in., star nut inside brake drum must 
be adjusted. Before adjusting the star nut, loosen brake 
cable nuts to prevent unnecessary strain on the cables. 

4. Loosen (do not remove) the five (5) wheel lug nuts. 

5. Jack up machine until front wheel is off the floor. Use 
jack stands or block machine to prevent it from falling 
accidentally. 

6. Remove wheel nuts and slide wheel off the studs. 
Rotate the brake drum until adjusting slot is at the top 
and centered over star-nut (Fig. 13). 

7. Use a brake adjusting tool or a screwdriver to rotate 
star nut until brake drum locks because of outward 
pressure of brake shoes (Fig. 14). 

8. Loosen star nut approximately 12 to 15 notches or 
until brake drum rotates freely. 

9. Install wheel onto studs with five (5) wheel nuts. 
Tighten the wheel lug nuts. 

10. Remove jack stands or blocking and lower machine 
to floor. Tighten wheel lug nuts to a torque of 45 to 
55 ft-lb. 

11. Adjust brake cables (see step 2 of this procedure). 

1/2 to 1 in. free travel 

Figure 11 

1 

Figure 12 

1. Jam nuts 

1 

Figure 13 

1. Brake adjusting slot 

2 

2 

1 

Figure 14 

1. Star nut 2. Brake shoe 
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Repairs


Steering Wheel Removal and Installation 

Removing the Steering Wheel 

Remove the cover from the steering wheel hub. Re­
move the locknut that secures the steering wheel to the 
shaft (Fig. 15). Pull the steering wheel off the shaft. 

NOTE: It may be necessary to use a jaw-type puller to 
remove the steering wheel from the steering shaft. 

IMPORTANT: DO NOT hit the steering shaft with a 
hammer. This could damage the steering valve com­
ponents. 

Installing the Steering Wheel 

1. Use the steering wheel to put the rear wheels in the 
straight ahead position. Figure 15 

2. Slide the steering wheel onto the steering shaft. 1. Steering wheel 4. Screw 
2. Jam nut 5. Foam seal 

3. Secure the steering wheel in place with the jam nut 3. Cap 

(Fig. 10). Tighten the nut to 10 to 15 ft-lb. 

4. Install cap to steering wheel with screw. 
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Rear Axle Bushing Service 

The rear axle must be held in place snugly by the axle 
pin. Excessive movement of the axle, which is charac­
terized by erratic steering, usually indicates worn bush­
ings. To correct the problem, replace the bushings. 

1. Disconnect the hydraulic hoses from the steering 
cylinder. Put caps or plugs on all the fittings and hoses 
to prevent contamination. 

NOTE: To ease reassembly, tag each of the hoses to 
show their correct position on the steering cylinder. 

2. Remove the cap screw securing the end of the axle 
pin to the chassis (Fig. 16). 

3. Jack up the frame (just ahead of the rear wheels) until 
pressure is taken off the axle pin. Support the machine 
with jack stands to prevent it from falling. 

4. Pull the axle pin out. This will release the rear axle 
and washer(s) from the frame. Carefully pull the entire 
axle and wheel assembly out from under the machine. 

NOTE: Several washers may have been installed be­
tween the axle pivot tube and frame during manufac­
ture. Make sure the same number of washers are 
installed during reassembly. 

5. Use a drift punch and hammer to drive both bushings 
out of the axle. Clean the inside of the axle pivot tube to 
remove dirt and foreign material. 

6. Apply grease to the inside and outside of the new 
bushing. Use an arbor press to install the bushings into 
the top and bottom of the axle pivot tube. Bushings must 
be flush with the axle tube. 

7. Wipe the rear axle pin with a rag to remove dirt and 
grease. Inspect the pin for wear or damage and replace 
as necessary. 

8. Mount the axle to the frame with the axle pin. The 
washer(s) must be positioned between the rear end of 
the pivot tube and the frame (see the NOTE after 
step 3). Secure the axle pin in place with the cap screw. 

9. Remove the jackstands and lower the machine to the 
floor. 

10. Install the hydraulic hoses to the steering cylinder. 

11. Lubricate the rear axle bushings through the grease 
fitting on the rear axle. 

Steering Pivot Bushing Service 

The steering pivot must fit snugly onto the mounting pin. 
Excessive movement of the steering pivot may indicate 
worn bushings or tie rod ball joints. 

1. Remove the lock nut and cap screw securing the 
steering cylinder rod end to the steering pivot (Fig. 16). 

2. Remove two (2) nuts to disconnect the tie rod end 
from the spindle arm. Inspect all tie rod end ball joints 
for wear or damage and replace as necessary. 

3. Remove the retaining ring and thrust washer. Slide 
the steering pivot off of the mounting pin on the bottom 
of the axle. 

4. Use a drift punch and hammer to drive both bushings 
out of the steering pivot. Clean the inside of the steering 
pivot to remove dirt and foreign material. Also clean the 
mounting pin on the bottom of the rear axle. 

5. Apply grease to the inside and outside of the new 
bushings. Use an arbor press to install the bushings into 
the top and bottom of the steering pivot tube. Bushings 
must be flush with the end of the tube. 

6. Slide the steering pivot onto the mounting pin. Secure 
the plate in place with the thrust washer and retain­
ing ring. 

Repairs Page 7 - 12 Reelmaster® 223-D/5100-D/5300-D 



7. Connect the tie rod end to the spindle bracket with 8. Install the lock nut and cap screw to secure the 
one (1) nut. Tighten the nut to a torque of 25 - 33 ft-lb. steering cylinder rod end to the steering pivot. Tighten 
Install the jam nut and tighten against the other nut to the nut to 130 to 150 ft-lb. 
secure tie rod end. 

9. Lubricate the bushings through the grease fitting on 
the steering pivot. 
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Figure 16 

1. Rear axle 6. Axle bushings 11. Washer 
2. Steering cylinder 7. Steering pivot 12. Cylinder spacer 
3. Lock nut 8. Tie rod 13. Steering pivot bushings 
4. Rear axle pin 9. Wheel spindle 
5. Washer 10. Snap ring 
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Rear Wheel Spindle Bushing Service 

The rear wheel spindles must fit snugly in the rear axle. 
Excessive movement of the spindle in the axle indicates 
that the bushings are probably worn and must be re­
placed. 

1. Disconnect the hydraulic hoses from the steering 
cylinder. Put caps or plugs on the fittings and hoses to 
prevent contamination. 

NOTE: To ease reassembly, tag each of the hoses to 
show their correct position on the steering cylinder. 

2. Remove the cap screw securing the end of the axle 
pin to the chassis (Fig. 17). 

3. Jack up the frame (just ahead of the rear wheels) until 
pressure is taken off the axle pin. Support the machine 
with jackstands to prevent it from falling. Pull the axle 
pin out to release the rear axle and washer(s) from the 
frame. 

NOTE: Several washers may have been installed be­
tween the axle pivot tube and frame during manufac­
ture. Make sure the same number of washers are 
installed during reassembly. 

4. Carefully roll the entire rear axle and wheel assembly 
out from under the machine. 

5. Remove two (2) nuts to disconnect the tie rod end 
from the spindle arm. 

6. Remove the snap ring and washers that secure the 
wheel spindle into the axle tube. Slide the spindle and 
wheel assembly out of the axle tube to expose the 
bushings. 

7. Use a punch and hammer to drive both bushings out 
of the axle tube. Clean the inside of the axle tube to 
remove any dirt and foreign material. 

8. Apply grease to the inside and outside of the new 
bushings. Use an arbor press to install the bushings into 
the top and bottom of the axle tube. The bushings must 
be flush with the axle tube. 

9. Wipe the spindle shaft with a rag to remove any dirt 
and grease. Inspect the spindles for wear and replace 
as necessary. 

10. Install a washer onto the spindle shaft and push the 
shaft through the axle tube. Hold the wheel and spindle 
shaft assembly in place and install the washer flat 
washer and snap ring onto the end of the spindle shaft. 

11. Connect the tie rod end to the spindle bracket with 
one (1) nut. Tighten the nut to a torque of 25 - 33 ft-lb. 
Install the jam nut and tighten against the other nut to 
secure tie rod end. 

12. Mount the axle to the frame with the axle pin. The 
washer(s) must be positioned the between the front end 
of the pivot tube and the frame (see the NOTE after 
step 3). Secure the axle pin in place with the cap screw. 

13. Remove the jackstands and lower the machine to 
the shop floor. 

14. Install the hydraulic hoses to the steering cylinder. 

15. Lubricate the steering spindle and rear axle pivot. 
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Figure 17 

1. Rear axle 5. Tie rod 9. Thrust washer 
2. Steering cylinder 6. Wheel spindle 10. Bushing 
3. Capscrew 7. Snap ring 11. Thrust washer 
4. Rear axle pin 8. Shim washer 

Front Wheel Bearing Service 

See Axle Shaft Disassembly and Wheel Bearing Serv­
ice in the Repairs section of Chapter 6 - Differential. 

Reelmaster® 223-D/5100-D/5300-D Page 7 - 15 Repairs 



Rear Wheel Bearing Service 

Disassemble, clean, repack and adjust the rear wheel 
bearings after each 500 hours of operation or once a 
year. Use No. 2 general purpose lithium base grease 
containing E.P. additive. If operating conditions are ex­
tremely dusty and dirty, it may be necessary to perform 
this maintenance more often. 

1. Jack up the rear of the machine until the tire is off the 
floor. Support the machine with jack stands or blocks to 
prevent it from falling. 

2. Remove the dust cap from the end of the wheel 
spindle (Fig. 18). 

3. Remove the cotter pin, slotted nut, and washer. Slide 
the wheel off spindle shaft. 

4. Pull the seal out of the wheel hub. 

5. Remove the bearings from both sides of the wheel 
hub. Clean the bearings in solvent. Make sure the 
bearings are in good operating condition. Clean the 
inside of the wheel hub. Check the bearing cups for 

wear, pitting or other noticeable damage. Replace worn 
or damaged parts. 

6. If bearing cups were removed from the wheel hub, 
press them into the hub until they seat against the 
shoulder. 

7. Pack both bearings with grease. Install one bearing 
into the cup on inboard side of the wheel hub. Lubricate 
the inside of the new lip seal and press it into the wheel 
hub. 

IMPORTANT: The lip seal must be pressed in so it is 
flush with the end of the hub. The lip of the seal must 
be toward the bearing. 

8. Pack inside of wheel hub with some grease (not full). 
Install remaining bearing into the bearing cup. 

9. Slide the wheel onto the spindle shaft and secure it 
in place with the flat washer and slotted nut. DO NOT 
tighten the nut or install the cotter pin. 

10. Adjust preload on the wheel bearings. 
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Figure 18 

1. Wheel hub 4. Cotter pin 7. Seal 
2. Wheel spindle 5. Slotted nut 8. Bearing cone 
3. Dust cap 6. Washer 9. Bearing cup 
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Adjusting Rear Wheel Bearings 

1. Remove dust cap from end of wheel spindle. Also 
remove cotter pin retaining slotted nut in place (Fig. 18). 

2. Rotate the wheel by hand and tighten the slotted nut 
(Fig. 19) until the bearing binds SLIGHTLY. Then, 
loosen the nut until the nearest slot and hole in the 
spindle line up. Reinstall the cotter pin to retain the 
slotted nut in place. NOTE: The correct end play of the 
adjusted assembly is .002 -. 005 inches. 

3. Remove jack stands or blocks and lower machine to 
floor. 

4. Put a coating of grease on the inside of the dust cap.

Install dust cap on the end of the wheel spindle (Fig. 18). Figure 19


1 

1. Cotter pin and slotted nut 
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Steering Cylinder Removal and Installation 

1. Engage the parking brakes, lower the cutting units to 
the ground, turn the engine OFF and remove the key 
from the ignition switch. 

2. Disconnect the hydraulic hoses from the steering 
cylinder. Put caps or plugs on all the fittings and hoses 
to prevent contamination. 

NOTE: To ease reassembly, tag each of the hoses to 
show their correct position on the steering cylinder. 

3. Remove the lock nut and cap screw securing the rod 
end of the cylinder to the steering pivot (Fig. 20). 

4. Remove the lock nut, cap screw and spacer securing 
the barrel end of the cylinder to the rear axle. 

5. Remove the cylinder. 

6. Reverse steps 2 - 5 to install the steering cylinder. 
Tighten the cap screw and nut securing the rod end of 
the cylinder to the steering pivot to 130 - 150 ft-lb. 

7. After installing the cylinder, bleed the hydraulic sys­
tem. (See Bleeding the Hydraulic System in the Repairs 
section of Chapter 4 - Hydraulic System.) 

1 

22 

3 

Figure 20 

1. Steering cylinder 
2. Lock nut and cap screw
3. Cylinder spacer 
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Steering Cylinder Service 

IMPORTANT: To prevent damage to rod or barrel, 
clamp vise on pivot ends only. DO NOT clamp 
against smooth rod surface. 

1. After removing the cylinder, pump oil out of cylinder 
into a drain pan by SLOWLY moving piston in and out 
of cylinder bore. 

2. Plug the ports and clean the outside of the cylinder. 

3. Mount cylinder in a vise so rod end of cylinder is tilted 
up slightly. Do not close the vise so firmly that the 
cylinder barrel could become distorted. 

4. Use a spanner wrench to unscrew (counterclockwise) 
head from barrel (Fig. 21). 

5. Grasp large end of piston rod and use a twisting and 
pulling motion to carefully extract piston, rod, and head 
from cylinder tube. 

6. Securely mount piston, rod, and head into vise so 
large nut is easily accessible for removal. Remove nut 
by turning it counterclockwise. 

7. Remove piston. Slide head off of piston rod. 

8. Remove all seals and O-rings. 

9. Wash parts in a safe solvent. Dry parts with com­
pressed air. DO NOT wipe them dry with a cloth or paper 
as lint and dirt may remain. 

10. Carefully inspect internal surface of barrel for dam­
age (deep scratches, out-of-round, etc.). Replace entire 
cylinder if barrel is damaged. Inspect head, rod, and 
piston for evidence of excessive scoring, pitting, or 
wear. Replace any damaged parts. 

11. Put a light coating of oil on all new seals, and O-rings. 
Install new seals and O-rings. 

12. Install head onto piston rod. 

13. Install piston onto rod and tighten hex nut to 30 - 34 
ft-lb. 

14. Put a light coating of oil on all cylinder parts. 

15. Slide piston rod assembly into cylinder tube. 

16. Install head into tube and tighten by hand to properly 
engage threads. Tighten head with a spanner wrench. 
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Figure 21 

1. Head 3. Piston rod 5. Lock Nut 
2. Cylinder barrel 4. Piston 6. Seals 
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Brake Shoe Replacement 

The brake linings contain asbestos fibers. 
Breathing dust containing asbestos fibers 
may be hazardous to your health and may 
cause serious respiratory or other bodily 
harm. When servicing wheel brake parts, do 
not create dust by grinding, sanding or filing 
brake linings or by cleaning wheel brake parts 
with a dry brush or compressed air. (Use a 
water dampened cloth.) Use proper protective 
equipment when working with asbestos ma­
terials. 

CAUTION 

1. Loosen wheel lug nuts. Jack up machine until front 
wheel is off of floor. Use jackstands to prevent machine 
from falling accidentally. Remove wheel lug nuts and 
slide wheel and tire assembly off of studs. 

2. Remove brake drum. If drum will not come off easily, 
brake shoes may have to be retracted with star nut (see 
Brake Adjustment). 

3. Remove brake shoe return spring (Fig. 22) by prying 
the end of the spring up and over its retaining boss. Use 
a brake spring pliers or flat blade screwdriver. 

Wear a face shield when removing brake re­
turn spring (Fig. 22). The spring is under ten­
sion and could possibly slip during removal. 

CAUTION 

4. Remove brake lever retainers (cotter pins) with a slip 
joint pliers. 

5. Pull strut and lever from brake shoes. Remove brake 
shoes by sliding them both on one motion straight down 
off cast-iron spider. 

6. Remove adjusting screw spring and star wheel as­
sembly. 

7. Install new brake shoes (reverse steps 2 - 7) Install 
new brake drum if it is severely scored. 

8. Install wheel and tire assembly on studs with five (5) 
wheel nuts. Tighten wheel lug nuts. Remove jack stands 
or blocking and lower machine to the floor. Tighten 
wheel lug nuts to a torque of 45 - 55 ft-lb. 

9. Adjust brakes (see Brake Adjustment). 
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Figure 22 

1. Return spring 3. Strut and lever 5. Star wheel assembly 
2. Cotter pins 4. Adjusting screw spring 
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Steering Valve Removal and Installation 

1. Engage the parking brakes, lower the cutting units to 
the ground, turn the engine OFF and remove the key 
from the ignition switch. 

2. Remove the front center cutting unit (see Repairs 
section of Chapter 8 - Cutting Units). 

3. Remove cap screws from steering tower cover and 
remove the cover from steering tower. 

4. Clean outside of the steering valve and the area 
around the hydraulic fittings. Disconnect hydraulic 
hoses from steering valve (Fig. 23). Put caps or plugs 
on all fittings and hoses to prevent contamination. 

NOTE: To ease reassembly, tag each hose and tube line 
to show their correct position on the steering valve. 

5. Remove the steering wheel. 

6. Remove the clamp securing the steering column to 
the steering tower. 

7. Remove four (4) nuts and washers securing steering 
valve to steering tower. 

8. Carefully move hydraulic lines to the side and pull 
steering valve and column out through bottom of steer­
ing tower. 

9. Reverse steps 2 - 8 to install the steering valve. 

10. After installing the steering valve, bleed the hydraulic 
system (see Chapter 4 - Hydraulic System). 

4 3 
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Figure 23 

1. Steering valve 
2. Hydraulic lines 
3. Clamp 
4. Nuts and washers 
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Steering Valve Service 

Before Disassembly 

When disassembling any of the parts, use a clean work 
bench. Wash all parts in solvent and dry them with 
compressed air. DO NOT wipe them dry with a cloth of 
paper as lint and dirt may remain. Keep each part 
separate to prevent nicks and burrs. 

Components of the steering valve are stacked on four 
bolts and held in alignment with alignment pins. The 
alignment pins are designed to be a slip fit into the 
components. Use the minimum force necessary and 
maximum care when separating or assembling the com­
ponents. 

The steering valve has several components that are of 
brazed laminate construction. These components have 
plates and parts bonded together permanently to form 
an integral component that cannot be disassembled. 
Disassemble the steering valve only to the extent shown 
in this book. 

IMPORTANT: Do not force or abuse closely fitted 
parts, or you may damage them. 

Components of the steering valve with alignment 
grooves, must be assembled so that their alignment 
grooves are positioned as illustrated for the valve to 
function correctly (Fig. 24). 

Figure 24 
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Specifications 

Height of Cut: 
5 Blade: 1/2 to 3/4 in. 
8 Blade: 1/4 to 5/8 in. 

Roller Adjustment: 
Front: Fixed 
Rear: Screw adjustable with bolt clamp lock 

Bedknife To Reel Adjustment: Bedknife adjusts 
against reel, with opposed screw adjustment on each 
end of bedbar. 

Bedknife Screw Torque: 200 in-lb. 

Reel Splined Drive Nut Torque: 40 to 60 ft-lb. 

Reel Bearing Rolling Torque: 4 to 7 in-lb with no 
end play. 

Figure 1 
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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 Reel­
master 5300-D Parts Catalog. Some tools may also be 
available from a local supplier. 

Plastic Plug 

Insert plug in cutting unit bearing housing in place of reel 
motor when sharpening or grinding the reel. 

Figure 2 

Handle Assembly 

For applying lapping compound to cutting units while 
keeping hands a safe distance from the rotating reel 
assembly. 

Figure 3 
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Bedknife Screw Tool 

Fits Toro bedknife attaching screws. Use with torque 
wrench to secure bedknife to bedbar. With clean bedbar 
threads and new screws, tighten to a torque of 200 in-lb. 

NOTE: Remove all rust, scale and corrosion from bed­
bar surface before installing bedknife. 

DO NOT use an air impact wrench with this tool. 

Figure 4 
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Troubleshooting 

There are a number of factors that can contribute to 
unsatisfactory quality of cut, some of which may be turf 
conditions. Turf conditions such as excessive thatch, 
“sponginess” or attempting to cut off too much of the 
grass height may not always be overcome by adjusting 

Factors That Can Affect Quality of Cut 

the machine. It is important to remember that the lower 
the height of cut, the more critical these factors are. See 
the Adjustments and Repairs sections for detailed ad­
justment and repair information. 

Factor Possible Problem/Correction 

1. Engine maximum governed speed. Check maximum governed engine speed. Adjust to 
specification if necessary. If engine is not running at 
specified maximum governed RPM, reel speed set­
tings may not match ground speed. 

2. Reel speed and ground speed. Adjust reel speed to settings shown on REEL SPEED 
SETTINGS graph for number of reel blades  (5 or 8) 
and desired ground speed (see Operator’s Manual). 

All reels must rotate at same speed (within 150 RPM). 
All cutting units must have equal bedknife to reel con­
tact and reel bearing adjustment before checking. Do 
not run the reel too long or it may get hot and “rifle” 
when no grass is being cut. 

See Troubleshooting in Chapter 4 - Hydraulic System. 

3. Cutting unit down pressure adjustment. Down pressure spring on each cutting unit lift arm can 
be adjusted to compensate for different turf conditions. 
Increased down pressure will help keep the cutting 
units on the ground when mowing at higher speeds 
and helps maintain a uniform height of cut in rough 
conditions or in areas of thatch build up. 

Make sure all springs have the same down pressure 
adjustment. 

NOTE: Increased down pressure may lower the actual 
or “effective” height of cut. 

4. Tire pressure. Check tire pressure. Adjust to specification if neces­
sary. Must be equal in two front tires and two rear tires. 

5. Reel bearing condition/adjustment. Check and adjust to specification. Replace bearings if 
worn or damaged. Bearing cones must be installed 
square to bearing housing - make sure there is no 
“flash”, paint or other foreign material in housing before 
installing new bearing cone. 

6. Reel and bedknife sharpness. Reel and/or bedknife that has rounded cutting edges 
or “rifling” cannot be corrected by tightening bedknife 
to reel contact. Grind reel to remove taper (cone 
shape) and/or rifling (grooved or ribbed appearance). 
Grind bedknife to sharpen and/or remove rifling. (Most 
common cause of rifling is bedknife to reel contact that 
is too tight.) NOTE: New bedknife must be ground after 
installing on bedbar to match bedknife to bedbar. 
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Factor Possible Problem/Correction 

7. Bedknife to reel contact. Check bedknife to reel contact daily and adjust as 
necessary. Bedknife must have light contact all across 
reel. No contact will cause cutting edges to become 
dull. Excessive contact accelerates wear; quality of cut 
may be adversely affected. 

Slightly dull cutting edges may be corrected by back­
lapping. Excessively dull cutting edges must be cor­
rected by grinding the reel and bedknife. 

8. Front roller adjustment. Check and adjust as necessary to avoid mismatch be­
tween cutting units. 

9. Height of cut. All cutting units set at same height of cut. Set with rear 
roller – must be equal at both ends of roller. Bench set 
height of cut and actual (effective) height of cut are dif­
ferent. Effective height of cut depends on cutting unit 
down pressure adjustment and turf conditions. 

10. Rear roller scraper adjustment. Set scraper to 1/32 in. clearance from roller. 

11. Stability of bedbar. Make sure bed bar pivot bolts are securely seated 
(maximum 40 ft­lb.) 

Make sure opposing bedknife adjustment screws are 
tight. To prevent distortion of adjustment screw mount­
ing plate and to prevent damage to bedbar, do not 
over-tighten the screws. 

12. Number of reel blades. Select cutting unit model with correct number of blades 
for desired height of cut and reel speed. 

13. Cutting unit alignment and carrier frame Check lift arms and carrier frames for binding, bushing 
ground following. wear or damage. Repair if necessary. 

14. Roller condition All rollers must rotate freely. Grease when needed or 
repair bearings if necessary. 

Make sure roller brackets are in alignment to prevent 
excessive bearing wear. 
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Set Up and Adjustments


Adjustment Summary and Check List 

DETAILED ADJUSTMENT INSTRUCTIONS FOLLOW 
THIS SUMMARY AND CHECK LIST. Study this infor­
mation and refer to it often to get maximum life and 
performance from the cutting units. 

Daily Performance Checks 

NOTE: It is not necessary to remove cutting units from 
traction unit to perform these daily checks. It is recom­
mended that mowers be washed after each use. Always 
remove key from ignition switch when working on the 
machine. 

1. Purge water and debris from all bearings by greasing 
them. Use No. 2 multi-purpose lithium base grease. 

2. Visually check for sharp reel and bedknife. 

• Remove burrs, nicks, and rounded edges. 

3. Lower cutting units to the ground (setting on both 
rollers). Remove reel motor and rotate the reel back­
wards by hand. Light contact between the bedknife and 
reel should be felt and heard. 

•	 It should be possible to pinch newspaper when 
inserted from the front, and cut paper when 
inserted at a right angle (along entire length

  of bedknife). 
•	 It should be possible to cut paper with minimum 

bedknife to reel contact. Should excessive reel 
drag be evident you must backlap or grind 
the cutting unit. 

•	 No contact will dull the cutting edges. 
•	 Excessive contact accelerates wear, and quality 

of cut may be adversely affected. 

4. Check reel speed controls. If necessary, adjust reel 
speed to settings shown on REEL SPEED SETTINGS 
graph for number of reel blades (5 or 8) and desired 
ground speed (see Operator’s Manual and decal on 
machine under seat plate). 

NOTE: Reel speed settings may require “fine tuning” 
from initial adjustment for optimum cutting performance. 

Weekly Checks 

1. Check reel bearing adjustment and bearing condition. 

2. Make sure bed bar pivot bolts are securely seated 
(maximum 40 ft-lb.). 

3. Using a gauge bar, verify correct height of cut setting 
and adjust as necessary. 

4. Check lift arm down pressure springs. Make sure all 
springs have same down pressure setting. 

Monthly Adjustments 

NOTE: Remove cutting unit from traction unit before 
doing these checks and adjustments (See Cutting Unit 
Removal and Installation in the Repairs section of this 
chapter.) 

1. Visually check for sharp reel and bedknife. Backlap 
or grind reel and bedknife if necessary. 

2. Adjust front roller. 

3. Adjust bedknife to reel contact. 

4. Using a gauge bar, set the height of cut adjustment. 

5. Adjust rear roller scraper (if equipped) to be 1/32 in. 
from roller. 

6. Check grass shield adjustment. 

7. Set top bar adjustment. 

• 0.060 in. from reel - normal. 

Special Notes 

1. A “rifled” reel and/or bedknife must be corrected by 
grinding. 

2. If reel bearings will not hold adjustment during opera­
tion, loosen adjustment nut, tap on head of bolt at end 
of reel shaft with a small hammer until end play of reel 
shaft can be felt, tighten reel shaft spline nut to a torque 
of 40 to 60 ft-lb, then adjust reel bearings. 
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Reel Bearing Service and Adjustment 

1. Adjust the bedknife so it is not in contact with the reel. 

2. Reel bearing drag should be 4 to 7 in-lb. This can be 
measured with a torque wrench (Fig. 5). If bearing drag 
does not meet above specification, adjust the reel bear­
ings. 

NOTE: If you do not have an inch-pound torque wrench, 
do steps 1 - 3 under Reel Bearing Adjustment below. 

Reel Bearing Adjustment 

1. Remove mounting nuts from counterbalance end cap 
and remove end cap from the mounting studs (Fig. 6). 

can
j

Do not use your hand to prevent reel from 
turning while servicing; this  result in 
personal in ury. Use a 1/2 in. thick x 3 in. wide 
x 8 in. long piece of hardwood inserted into 
front of cutting unit between reel blades. 

CAUTION 

2. Loosen large reel bearing adjustment nut (Fig. 7). Tap 
on the head of the hex head bolt on the end of the reel 
shaft with a small hammer, until end play of the reel shaft 
can be felt. 

NOTE: If reel bearings will not hold adjustment during 
operation, loosen adjustment nut, tighten reel shaft 
spline nut on right hand end of reel shaft to a torque of 
40 to 60 ft-lb, then adjust reel bearings. 

3. Tighten reel bearing adjustment nut until there is no 
reel shaft end play, then tighten an additional 1/16 to 1/8 
turn. Be certain to remove all end play, but do not 
over-tighten. 

NOTE: Adjustment nut must have enough resistance 
against reel shaft threads to retain bearing adjustment. 
Replace adjustment nut if necessary. 

4. Check rolling torque with an inch-pound torque 
wrench (Fig. 7). Reel bearing rolling torque should not 
exceed 7 in-lb. Repeat steps 2, 3 and 4 if necessary. 

5. If bearings require replacement, see Reel Removal 
and Bearing Replacement in the Repairs section of this 
chapter. 

Figure 5 

1 

Figure 6 

1. Counterbalance end cap 

1 

Figure 7 

1. Reel bearing adjustment nut 
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Bedknife To Reel Adjustment 

IMPORTANT: For adjusting bedknife to reel, use a 
3/8 in. open end wrench that is 3 to 6 in. in length. A 
longer wrench will provide too much leverage and 
may cause distortion of the adjustment screw 
mounting plate or bedbar breakage. 

1. To move bedbar closer to reel blades, loosen bottom 
screw on each side of cutting unit then tighten top 
adjustment screw on each side of cutting unit (Fig. 8). 
To move bedknife away from reel blades, loosen top 
screw on each side of cutting unit, then tighten bottom 
adjustment screw on each side of cutting unit. 

2. After adjusting bedknife to reel, make sure that both 
the top and the bottom adjustment screws are secured 
at both ends of cutting unit. 

3. After adjustment, check to see if reel can pinch paper 
when inserted from the front, and cut paper when in­
serted at a right angle (Fig. 9). It should be possible to 
cut paper with minimum contact between the bedknife 
and reel blades. Should excessive reel drag be neces­
sary to cut paper (more than 7 in-lb) it will be necessary 
to either back lap or grind the cutting unit to achieve the 
sharp edges needed for precision cutting. 

IMPORTANT: If excessive bedknife to reel contact is 
maintained, bedknife and reel wear will be ac­
celerated. Uneven wear can result and quality of cut 
may be adversely affected. 

1 

Figure 8A 

1. Bottom bedknife adjustment screw 

1 

Figure 8B 

1. Top bedknife adjustment screw 

Figure 9 
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Front Roller Adjustment 

Loosen four (4) capscrews holding front roller brackets. 
Push roller towards the rear, then hold in position and 
tighten capscrews. Make sure roller has not changed 
position. NOTE: When securing front roller brackets, 
tighten fastener on inside of cutting unit frame so posi­
tion of roller bracket does not change. 

1 

Figure 10 

1. Roller bracket 
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Height Of Cut Adjustment 

NOTE: Effective height of cut in the turf can be affected 
by lift arm down pressure adjustment and turf condi­
tions, such as grass type, grass density, and amount of 
thatch. 

1. Do bedknife to reel adjustment and front roller adjust­
ment before adjusting height of cut. 

2. To adjust height of cut, cutting unit should be turned 
over (Fig. 11). 

3. Loosen locknut securing height of cut bracket to side 
plate on each end of cutting unit and loosen locknut on 
each height of cut adjusting bolt. 

4. Set head of screw on gauge bar to desired height of 
cut. Height of cut measurement is from face of bar to 
under side of screw head. 

5. Put bar across front and rear rollers. Turn height of 
cut adjustment bolt until underside of screw head 
engages bedknife cutting edge. 

IMPORTANT: Do step 5 on each end of bedknife. 
Tighten height of cut adjustment bolt locknuts and 
height of cut bracket locknuts on both ends of 
cutting unit. Check adjustment and readjust if 
necessary. 

1 

3 

4 

2 

Figure 11 

1. Locknut 
2. Height of cut adjustment bolt 
3. Gauge bar 
4. Gauge bar screw head 
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Shield Height Adjustment 

Adjust shield to get proper grass clipping discharge into 
basket or for desired front discharge when not using 
baskets. 

1. Set cutting unit in normal cutting position. 

2. Loosen capscrews and nuts securing shield to each 
side-plate, adjust shield to correct height and tighten 
fasteners (Fig. 13). 

3. Repeat adjustment on remaining cutting units and 
adjust top bar. (See Top Bar Adjustment in this section 
of the book.) 

NOTE: Shield can be lowered in dry grass conditions 
(clippings fly over top of baskets) or raised to allow for 
heavy wet grass conditions (clippings build up on rear 
edge of basket. 

Opening Rear Shield 

When mowing in conditions in which an excessive 
amount of clippings is being removed, rear discharge 
may be desirable. Opening the rear shield will allow 
direct discharge of clippings, to prevent cutting the 
clippings again. 

1. Loosen locking bolt on side of cutting unit (Fig. 14). 

2. Open rear shield to desired position. 

3. Tighten locking bolt on each side of cutting unit. 

1 

2 

Figure 13 

1. Shield 2. Shield fastener (one on each side) 

1 

Figure 14 

1. Rear shield locking bolt 
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Top Bar Adjustment 

Adjust top bar to make sure clippings are cleanly dis­
charged from reel area: 

1. Loosen screws securing top bar (Fig. 15). Insert 
0.060 inch feeler gauge between top of reel and bar and 
tighten screws. Make sure bar and reel are equal dis­
tance apart across complete reel. 

2. Do adjustment on remaining cutting units. 

NOTE: Bar should be parallel to reel for optimum per­
formance and should be adjusted whenever shield 
height is adjusted or whenever reel is sharpened on a 
reel grinder. 

Lock-up Roller Adjustment 

Adjust lock-up rollers so they contact the lock-up lever 
on each rear lift arm and support the cutting units when 
fully raised (Fig. 15a). The cutting units should have 
approximately 3/8 to 5/8 in. vertical travel when 
measured at the rear roller. 

1 

2 

Figure 15 

1. Top bar 
2. Bar mounting screws 

1 

2 

Figure 15a 

1. Lock-up roller 
2. Lock-up lever 
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Lift Arm Down Pressure Adjustment 

The down pressure spring on each cutting unit lift arm 
can be adjusted to compensate for different turf condi­
tions. Increased down pressure will help keep the cut­
ting units on the ground when mowing at higher speeds 
and helps maintain a uniform height of cut in rough 
conditions or in areas of thatch build up. 

Each down pressure spring may be adjusted to one of 
four (4) settings. Each increment increases or 
decreases down pressure on cutting unit by 8 lbs. 

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

2. Remove floor plate in front of seat and open the hood 
to get access to all five (5) springs. 

adj
Springs are under tension. Use caution when 

usting. 

CAUTION 

3. Put an open end wrench on hex shaft of spring 
bracket. 

NOTE: Because wrench can be moved only a limited 
distance, it may be necessary to use a second wrench 
to hold hex shaft while re-positioning other wrench for 
further rotation of hex shaft. 

4. Remove capscrew and locknut securing retaining 
bracket, while rotating hex shaft to relieve spring ten­
sion. 

5. Move spring bracket to desired position and install 
capscrew and locknut, while rotating hex shaft to relieve 
spring tension. 

1 

2 

Figure 16 

1. Spring bracket hex shaft 
2. Retaining bracket 
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Repairs


Cutting Unit Removal and Installation 

Remove cutting unit from traction unit before doing 
adjustments or repairs. 

1. Remove basket from cutting unit. 

2. Disconnect chain from cross tube on each rear cutting 
unit (Fig. 17). 

1 

Figure 17 

1. Lock up chain 

3. Loosen reel motor mounting nuts (Fig. 18). Rotate the 
motor clockwise so motor flanges clear studs and pull 
motor off of cutting unit. 

1 

2 

Figure 18 

1. Reel drive motor 2. Mounting nuts 

4. Remove capscrew, lock washer, flat washer and 
thrust washer from cutting unit mounting shaft (Fig. 19). 

5. Pull cutting unit off mounting shaft. 

6. Reverse steps 1 - 5 to install cutting unit. 

3 

2 

1 

Figure 19 

1. Cutting unit mounting shaft 
2. Carrier tube frame pivot tube 
3. Capscrew, lockwasher, flat washer and thrust washer 
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Reel Lapping 

Check reel bearing adjustment and correct if necessary 
before backlapping. 

On Machine Backlapping 

NOTE: Backlap either the front cutting units together or 
the rear cutting units together. 

j
Reel may stall while backlapping. Do not at­
tempt to restart reels by hand or ad ust while 
backlapping. Set reel speed control to posi­
tion 11 to start reels; set to position 1 for 
backlapping. 

DANGER 

1. Put the machine on a clean, level surface, lower 
cutting units, stop the engine, engage the parking 
brakes, move the enable/disable switch to DISABLE and 
remove key from ignition switch (Fig. 20). 

2. Make initial bedknife to reel adjustment for backlap­
ping on all cutting units. 

3. Unlock and raise seat to expose controls. 

4. Set both reel speed controls to position 11 (Fig. 21). 
Select either FRONT or REAR on backlap switch to 
determine which units to backlap (Fig. 22). 

jTo avoid personal in ury, make sure you are 
clear of cutting units before proceeding. 

DANGER 

5. Start the engine and run at idle speed. 

6. Move enable/disable switch to ENABLE. Move lower 
mow / raise lever forward to start backlapping operation 
on selected reels (front or rear). 

7. For the cutting units being backlapped (front or rear), 
move the reel speed control to position 1. 

1 

2 

Figure 20 

1. Enable / Disable switch 
2. Lower Mow / Raise control lever 

1 
1 

Figure 21 

1. Reel speed control 

1 

Figure 22 

1. Backlap switch 
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8. Apply lapping compound with long-handled brush 
supplied with machine (Fig. 23). Never use a short 
handled brush. Move enable/disable switch to DISABLE 
to stop cutting units when done. 

9. When backlapping operation has been completed, 
return the backlap switch to OFF, lower seat and tighten 
both locking bolts. Wash all lapping compound off cut­
ting units. Do cutting unit reel to bedknife adjustment as 
necessary. 

IMPORTANT: If the backlap switch is not returned to 
OFF position after backlapping, the cutting units 
will not raise or function properly. 

NOTE: For a better cutting edge, run a file across the 
front face of the bedknife when the lapping operation is 
completed. This will remove any burrs or rough edges 
that may have built up on the cutting edge. 

Reel Lapping (Cutting Unit Removed From Tractor) 

Connect lapping machine to the cutting unit with an 
extension coupler, and a 9/16 in. socket. The 9/16 in. 
socket can be positioned onto the capscrew on the reel 
shaft inside the counter-balance weight on the end of 
the cutting unit (Fig. 24). 

Apply lapping compound with a long handled brush 
supplied with machine (Fig. 23). Backlap according to 
procedures in the Toro publication “Sharpening Reel & 
Rotary Mowers”, Form No. 80-300-PT. 

NOTE: For a better cutting edge, run a file across the 
front face of the bedknife when the lapping operation is 
completed. This will remove any burrs or rough edges 
that may have built up on the cutting edge. 

Figure 23 

1 

Figure 24 

1. Counterbalance weight 
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Bedbar Removal and Installation 

The rear roller assembly must be removed so the bed­
bar can be removed for bedknife sharpening. 

1. Remove locknut securing rear roller height of cut 
bracket to side plate on both ends of cutting unit 
(Fig. 25). 

2. Loosen allen head setscrews securing rear roller 
shaft to height of cut brackets. 

3. Unthread height of cut adjustment bolts and remove 
them from both side plates. 

4. Remove bedbar pivot bolts from each end of cutting 
unit. Loosen bedknife adjusting screws at each end of 
cutting unit. Remove the bedbar by rotating it away from 
the reel. 

NOTE: For proper grinding of bedknife follow proce­
dures in the Toro publication “Sharpening Reel & Rotary 
Mowers”, Form No. 80-300-PT. 

5. Reverse steps 1 - 4 to install the bedbar. 

IMPORTANT: When installing bedbar, be sure to 
assemble rear roller brackets UNDER arms of bed­
bar. 

IMPORTANT: Securely seat the (2) bedbar pivot 
bolts to a maximum torque of 40 ft-lbs. Always 
check reel bearing adjustment after installing bed­
bar. 

4 
5 

2 

1 

3 

Figure 25 

1. Rear roller height of cut bracket 
2. Bedbar pivot bolt 
3. Bedknife adjusting screws 
4. Front roller brackets 
5. Counterbalance end cap 
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Bedknife Replacement 

1. Remove bedbar (see Bedbar Removal and Installa­
tion). 

2. Remove bedknife screws and remove bedknife. 

3. Remove all rust, scale and corrosion from bedbar 
surface before installing the new bedknife. 

4. Install new bedknife with the proper bedknife screws 
(57-4910). Bedknife screws must bottom out on the 
bedknife, not the bedbar. Tighten the screws to a torque 
of 200 in-lb, working from the center toward each end 
of the bedbar (Fig. 26). 

5. Grind the new bedknife to match it to the bedbar. 

NOTE: For proper grinding of bedknife, follow proce­
dures in the Toro publication “Sharpening Reel and 
Rotary Mowers”, Form No. 80-300-PT. 

6. Install the bedbar. 

Figure 26 

Preparing Reel For Grinding 

IMPORTANT: Adjust reel bearings before grinding 
reel. (See Reel Bearing Service and Adjustment in 
the Adjustments section of this chapter. 

1. Remove bedbar (see Bedbar Removal and 
Installation). 

NOTE: Some reel grinders may require rear roller as­
sembly be mounted to the cutting unit for proper support 
in reel grinder. Rear roller MUST be parallel to reel shaft 
to remove taper when grinding. 

2. If necessary, remove front roller assembly. 

A. Remove locknuts securing front roller brackets to
side plates at both ends of cutting unit (Fig. 27). 

B. Remove roller assembly by pulling evenly on both
sides. 

For proper grinding of reel, follow procedures in the Toro 
publication “Sharpening Reel & Rotary Mowers, Form 
No. 80-300-PT. 

3. Install bedbar. After grinding, assemble cutting unit 
and do all adjustments. Back lap if necessary to get 
desired fit between reel and bedknife. 

4 
5 

2 

1 

3 

Figure 27 

1. Rear roller height of cut bracket 
2. Bedbar mounting bolts 
3. Bedknife adjusting screws 
4. Front roller brackets 
5. Counterbalance end cap 
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Reel Removal and Bearing Replacement 

1. Remove front and rear roller assemblies. Remove 
bedbar. Remove carrier frame. 

2. Remove counterbalance end cap (Fig. 28). Remove 
large bearing adjustment nut from left hand end of reel 
shaft (Fig. 28) and special spline nut from opposite end 
of reel shaft. 

3. Remove machine screws securing bearing housing 
on each end of cutting unit (Fig. 29). Machine screw 
heads will have to be cut off before screw can be 
completely removed: 

A. Unscrew machine screw approximately two turns.
B. Cut head off of machine screw.
C. Use a screw driver to back out remaining part of
screw from side plate (outwards, not inwards 
towards reel). 

IMPORTANT: Remove grease fittings from bearing 
housing at each end of cutting unit. Note that 45° 
fitting is on right end and 90° fitting is at left end 
(when viewed in the direction of travel). 

4. Use a plastic headed hammer to rotate bearing 
housing slightly, install bolts from outside of housing and 
turn bolts alternately against side plate to remove bear­
ing housing (Fig. 30). Bearing housing will slip out of 
side plates and reel assembly can be removed as soon 
as bearing housings are disassembled from side plates. 

5. Before installing reel, install new special machine 
screws and washers from inside of frame to secure 
bearing housing. 

6. If necessary, install new bearings and seals: 

A. Remove outer seal (in counterbalance weight),
bearing cup, bearing cone and inner seal. 

B. Bearing housing must be completely free of paint
and foreign material before installing bearing cup. If 
necessary, remove any “flash” from bearing housing 
that may interfere with accurate seating of bearing. 
Install new inner seal. Install bearing cup. 

C. Install bearing housing to frame. Pack bearing
cone with grease and install over reel shaft into 
bearing cup. Install outer seal (in counterbalance 
weight). 

8. Install bedbar. Install front and rear roller assemblies. 
Install carrier frame. 

7. Tighten spline nut to 40 - 60 ft-lb, then adjust bearings 
(See Reel Bearing Service and Adjustment.) 

1 

Figure 28 

1. Reel bearing adjustment nut 

Figure 29 

1. Left reel bearing housing 3. Machine screws 
2. Right reel bearing housing 

1 

2 

Figure 30 

1. Bearing housing - rotate slightly 
2. Bearing housing mount bolts - thread against 

side plate to remove housing 
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Lift Arm Spring Replacement 

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

2. Remove floor plate in front of seat to get access to 
front springs or open hood to get access to rear springs. 

Springs are under tension. Use caution when 
removing or adjusting. 

CAUTION 

3. Put an open end wrench on hex shaft of spring 
bracket. 

NOTE: Because wrench can be moved only a limited 
distance, it may be necessary to use a second wrench 
to hold hex shaft while re-positioning other wrench for 
further rotation of hex shaft. 

4. Remove capscrew and locknut securing retaining 
bracket, while rotating hex shaft to relieve spring ten­
sion, then rotate hex shaft to completely relieve spring 
tension. 

5. Remove spring. 

6. Install new spring. 

7. Use an open end wrench to move spring bracket to 
desired position and install capscrew and locknut, while 
rotating hex shaft to relieve spring tension. 

1 
24 

3 

Figure 31 

1. Spring bracket hex shaft 
2. Retaining bracket 
3. Spring 
4. Clevis, clevis pin, and cotter pin 
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Chapter 9 

4WD Rear Axle 
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Specifications


Item Specification 

Lubricant (Fig. 1, 2, 3) SAE 80W90 gear lube 

Rear wheel toe-in 1/8 inch 

Wheel nut torque 45 - 55 ft-lb 

1 

2 

1 

Figure 1 Figure 3 
(Right-hand end of axle shown) 

1. Drain plugs 
1. Check plugs (2) 2. Mounting bolts 

1 

Figure 2 

1. Check/fill plug 
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General Information


Four-Matic 
TM

 4WD Over-Running Clutch Operation 

A drive shaft connected to the front axle provides power 
for the rear 4WD drive axle. The drive shaft tor the rear 
axle in c o r porat es an OVER-RUNNING (ROLLER) Unlocked 

Locked 49 RPM

50 RPM 

49 RPM

49 RPM 

CLUTCH THAT TRANSMITS POWER ONLY IN THE FOR-
WARD DIRECTION (Fig. 4, 5). 

Front and rear axle gear ratios and tire sizes were 
carefully selected so that during normal operation, the 
REAR AXLE PINION SHAFT TURNS SLIGHTLY FASTER 
THAN THE REAR AXLE DRIVE SHAFT. 

Rear axle Any time the front wheels begin to slip (such as when 
drive shaft 

climbing a steep hill), the forward movement of the 
traction unit slows. This causes the rear axle pinion 
speed to slow down. As soon as the rear axle pinion is Figure 4 
turning the same speed as the drive shaft, the roller 
clutch will engage and power will be transmitted from 
the drive shaft to the rear wheels – four wheel drive 
(Fig. 4). 

1 

Rear axle 
pinion shaft 

Figure 5 

1. Over-running clutch 

When the traction unit is turning, the rear wheels swing 
out in a larger arc and must travel faster than the front 
wheels. In this condition, the rear wheels and axle pinion 
shaft are turning faster than the drive shaft and the roller 
clutch is disengaged (Fig. 6). 

NOTE: The Four-Matic four wheel drive system may not 
operate properly if the tires are replaced by different size 
tires, or if proper tire pressure is not maintained. 

Figure 6 
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Adjustments


Rear Wheel Toe-in (Fig. 7) 

1. Measure center–to–center distance (at axle height) 
at front and rear of steering tires. Front measurement 
must be 1/8 in. less than rear measurement. 

2. To adjust, loosen clamps at both ends of tie rod. 

3. Rotate tie rod to move front of tire inward or outward. 

4. Tighten tie rod clamps when adjustment is correct. 

1 

Figure 7 

1. Tie rod 

Adjustments Page 9 - 4 Reelmaster® 223-D/5100-D/5300-D 



Repairs


Drive Shaft Service 

Apply 

14 

13 

± ″ 

″ MAX 
22 

B 

B 

A 21 20 

1817102223 

14 

Never-seeze 

Apply 
Never-seeze Loctite 

110 - 120 ft-lb 
(L.H. thread) 

Detail A Detail B 

0.34  0.03

0.040 Arrow end of roller 
clutches must face 
6-bolt f lange end of 
clutch housing 
(toward rear axle) 

15 

Apply 

Figure 8 

Removing Drive Shaft 

1. Put machine on a level surface, lower cutting units, 
stop the engine and remove the key from the ignition 
switch. Block the rear wheels to prevent the machine 
from moving. 

2. If front axle will be removed for repairs, first loosen 
traction shaft (Item 31) before removing drive shaft. To 
loosen traction shaft, use an open end wrench on 
square shaft of slip yoke (Item 9) and loosen by turning 
CLOCKWISE (left hand threads). 

3. Use a hammer and punch to drive roll pin (Item 18) 
out of axle coupling (Item 15) and rear axle shaft. 
Loosen two (2) capscrews and locknuts securing cou­
pling to axle shaft. Slide coupling off of shaft. 

4. Loosen two (2) capscrews and locknuts securing end 
yoke (Item 7) to traction shaft spline (Item 31), then slide 
drive shaft yoke off of traction shaft. 

Clutch Service 

1. To disassemble clutch, remove six (6) capscrews 
(Item 17) and lockwashers (Item 16). Remove axle 
coupling (Item 15) from clutch housing (Item 23). 

2. Remove retaining ring (Item 21). Clutch housing 
(Item 23), along with thrust washers (Item 14), roller 
clutches (Item 22) and seals (Item 13) can now be 
removed from yoke shaft (Item 12). 

3. Inspect parts and replace as necessary. 

4. Roller clutches (Item 22) must be installed into hous­
ing (Item 23) so end is flush to 0.040 in. inset with 
shoulder at each end of housing bore. Both roller 
clutches must be installed with arrow end toward 6-bolt 
flange end of housing as shown in view B - B. 

5. Put thrust washer (Item 14) in housing adjacent to 
roller clutch as shown. Press both seals (Item 13) into 
end of housing to dimensions shown. Seals must be 
installed with lip facing out. 
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14 

13 
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22 
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l
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B 

B 

A 21 15 20 

1817102223 

14 

Apply 
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Apply 
Loctite 

110 - 120 ft-lb 
(L.H. thread) 

Detail A Detail B 

0.040 Arrow end of roller 
utches must face 

6-bolt f ange end of 
utch housing 

(toward rear axle) 

Apply 
Never-seeze 

Fi

6. Install clutch assembly onto yoke shaft (Item 12), then 
install other thrust washer. Install retaining ring (Item 21) 
to secure clutch assembly to shaft. Install axle coupling 
(Item 15) to clutch housing with six (6) capscrews and 
lockwashers, then tighten capscrews evenly. 

7. Lubricate clutch through grease fitting with No. 2 
General Purpose Lithium Grease. 

Removing Traction Shaft (Item 31) 

NOTE: If traction shaft threads were not loosened, (as 
instructed in step 2 under Removing Drive Shaft) you 
will have to connect drive shaft to traction shaft so it can 
be loosened by turning it clockwise (left hand threads). 

1. Loosen setscrew (Item 24). Use a hammer and punch 
to loosen locking collar (Item 25) by rotating it in a 
counterclockwise direction as viewed from rear of ma­
chine. 

2. Remove three (3) locknuts (Item 6) securing bearing 
(Item 5) to bracket (Item 3). Remove three (3) carriage 
bolts (Item 1) and bearing (Item 5). 

3. Remove traction shaft from differential axle pinion 
coupler by rotating it clockwise. 

gure 9 

Installing Traction Shaft (Item 31) 

1. Apply medium strength Loctite or equivalent to 
threads of pinion coupler on rear of differential axle. 

2. Thread traction shaft (Item 31) (left hand thread) onto 
pinion coupler. Do not tighten traction shaft at this time. 

3. If bracket (Item 3) was removed: 

Loosely mount bearing support (Item 5) to bracket 
(Item 3) with three (3) carriage bolts (Item 1) and 
locknuts (Item 6). Slide bearing bracket and bearing 
onto traction shaft, aligning the two (2) bearing 
bracket mounting holes with the holes in rear and 
bottom of hydrostatic transmission. Loosely mount 
bottom of bearing bracket to transmission with a 
3/8-16 x 3/4 in. socket head screw (Item 30). Mount 
side of bracket to transmission with m8 x 1.25 x .25 
capscrew (Item 27), m8 lockwasher (Item 28), m8 
flat washer (Item 29) and 1 or 2 shims (Item 2). 
Determine whether 1 or 2 shims are required be­
tween bracket and transmission before tightening 
any fasteners. After shim(s) are in position on cap­
screw, tighten socket head screw and capscrew. 
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If bracket (Item 3) was not removed: 5. Tighten two (2) capscrews (Item 19) and locknuts 

Slide bearing assembly onto traction shaft. Loosely 
mount bearing support (Item 5) to bracket (Item 3) 
with three (3) carriage bolts (Item 1) and locknuts 
(Item 6). 

4. Slide locking collar (Item 25) onto traction shaft 
(Item 31). Do not tighten at this time. 

Installing Drive Shaft. 

1. Apply never-seize to splines of traction shaft and axle 
input shaft. 

2. Slide clutch end of drive shaft onto rear axle shaft 
spline, aligning roll pin hole in shaft with hole in axle 
coupling (Item 15). Install roll pin (Item 18) through 
coupling and shaft. 

3. Tighten two (2) capscrews (Item 19) and locknuts 
(Item 6) to secure coupling to shaft. 

4. Slide yoke end (Item 7) of drive shaft onto traction 
shaft spline (Item 31). 

(Item 6) to secure yoke to shaft. 

Do steps 6 - 9 only if traction shaft (Item 31) was 
removed: 

6. Block front tires and jack up rear wheels of machine 
until there is approximately one inch clearance between 
rear tires and the ground. SECURELY BLOCK FRAME. 

7. Using an open end torque wrench on square slip yoke 
shaft (Item 9) of drive shaft assembly, tighten traction 
shaft (counterclockwise) to a torque of 110 - 120 ft-lb. 

8. Tighten locknuts (Item 6) securing bearing to bracket. 

9. Rotate locking collar (Item 25) in a clockwise direc­
tion, as viewed from rear of machine. Tighten collar onto 
shaft by carefully rotating it with a hammer and punch. 
tighten set screw. 
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Rear Axle Removal and Installation 

0.032″ 

0.018″ 

″ 

0.318″ 

Apply Loctite 

0.018

45 - 55 ft-lb 

Figure 10 

1. Remove drive shaft (see Drive Shaft Service). 6. Remove capscrew (Item 4) from pin (Item 44). Re­
move pin (Item 44) from axle support, allowing axle to 

2. Thoroughly clean around hydraulic hoses connec- be lowered to floor and removed. 
tions to steering cylinder. Mark hoses so they will be 
installed correctly during reassembly. Disconnect hoses 7. Reverse steps 1 - 7 to install axle. 
from fittings on steering cylinder. Put plugs or caps on 
open hoses and fittings to prevent contamination of Install washers (Items 14, 15, 43) between axle and 
hydraulic system. axle support.: 

3. Loosen rear wheel capscrews (Item 39). Item 14 (qty. 2) is 0.018″ thick. 
Item 15 is 0.318″ thick. 
Item 43 is 0.032″ thick.

4. Block front tires and jack up rear of machine until there 
is approximately one inch clearance between rear tires Apply medium strength locktite to capscrew (Item 4) 
and the ground. SECURELY BLOCK FRAME. before installing to secure pin (Item 44). 

5. Remove rear wheels and wheel spacers (Item 41). NOTE: To hold wheel spacer (Item 41) on hub when 
installing wheel, apply a small amount of grease to hub 
side of spacer before putting into position on hub. 
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Rear Axle Repair 

Before disassembling axle, remove hydraulic cylinder 
(Fig. 9, Item 28), cylinder support (Item 17), tie rod tube 
and clamp assembly (Item 12) and steering arms 
(Items 46, 31). 

Disassembly 

1. Remove drain plugs (Fig. 11) and let oil drain out into 
containers. 

1 

Figure 11 

1. Drain plugs
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16 - 20 ft-lb Apply Loctite 
20 - 24 ft-lb 

Shim for 
backlash adjustment 

Shim for bevel gear to 
pinion contact adjustment 

Tighten to pre-load 
bearings. Pinion shaft 
should rotate with 
2.0 - 5.5 in-lb torque 16 - 20 ft-lb 

Figure 12 

Measure 
backlash here: 
0.003 - 0.01″ 

2. Remove bolts (Fig. 12, Item 43) securing axle tubes 
(Item 16, 44) to differential case (Item 24). Separate axle 
tubes and axles from differental case. 

3. Remove bolts (Fig. 12, Item 43) securing axle tubes 
(Item 16, 44) to gearbox housings (Fig. 12, Item 23) of 
knuckle assemblies. Separate axle tubes and axles 
from knuckle assemblies. 

4. Disassemble knuckle assembly (Fig .13): 

A. Remove bolts (Item 28, 39) securing covers 
(Item 30, 26) to knuckle case (Item 28). 

B. Pull out outer axle shaft (Item 35) and bevel gear 
(Item 5). 

C. Remove capscrews (Item 10) securing knuckle 
arm (Item 8) to knuckle case (Item 28). Pull off 
knuckle arm toward upper side and pull off case 
toward bottom. 

D. Remove capscrews (Item 13) and remove bear­
ing retainer (Item 15). Remove bevel gear (Item 18) 
and knuckle pin (Item 20). 

5. Disassemble differential case (Fig. 12): 

A. Remove bolts (Item 35) and remove bearing case 
(Item 33) and pinion gear (Item 30) from differential 
case (Item 24). 

B. Remove bolts (Item 1) and remove cover (Item 2). 
Remove differential assembly from differential case. 

C. Remove bolts (Item 7) to disassemble differential. 

Inspection 

Inspect shaft splines, gears and bearings for wear and 
damage. Replace parts as necessary. Use suitable 
bearing pullers and an arbor press when replacing 
bearings. 

NOTE: Ring gear (Item 6) and pinion (Item 30) are a 
matched set that must be replaced together. 
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Apply Loctite 
12 - 20 ft-lb 

6 - 8 ft-lb 

12 - 20 ft-lb 

Figure 13 

Assembly 

1. Use new gaskets and seals when reassembling axle. 

2. Assemble differential case (Fig. 12): 

A. Assemble differential. Use medium strength Loc­
tite on bolts (Item 7) and tighten evenly to a torque 
of 20 - 24 ft-lb (270-330 Kg-Cm). 

B. Assemble pinion gear (Item 30) and bearing case 
(Item 33). Tighten bearing nut (Item 37) to pre-load 
tapered roller bearings. Tighten so pinion shaft will 
rotate with 2 - 5.5 in-lb (2.0 - 6.5 Kg-Cm) of torque. 
Bend washer (Item 38) to prevent nut from loosen­
ing. Install oil seal (Item 36). 

C. Adjust tooth contact of bevel gear (Item 6) to 
pinion (Item 30). Use shims (Item 29) to make good 
contact with light load between bevel gear and pinion 
(Fig. 13). 

D. After adjusting tooth contact, use shims (Item 5) 
to make backlash 0.003 - 0.01 in. (0.08 - 0.25 mm). 
Check backlash through plug hole (Item 26) with a 
dial indicator. 

E. Tighten bolts (Item 1, 35) to a torque of 16 - 20 ft-lb 
(220-280 Kg-Cm). 

3. Assemble knuckle assembly (Fig. 13): 

A. Insert needle bearing (Item 22), washer (Item 21), 
knuckle pin (Item 20), spacer (Item 19) and bevel 
gear (Item 18) into axle gear box (Item 23). Fasten 
bearing retainer (Item 15) with bolts (Item 13) and 
tighten bolts evenly to a torque of 6 - 8 ft-lb (80­
120 Kg-Cm). 

Tooth contact between bevel gear 
and pinion with light load 

Figure 14 
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B. Assemble knuckle pin (Item 20) and knuckle case 
(Item 38) to match knuckle arm (Item 8) with knuckle 
pin. Fasten capscrew (Item 10) temporarily (will be 
removed to fill with lubricant). 

C. Assemble wheel shaft (Item 35) to cover 
(Item 30). 

D. Assemble gear (Item 5) to wheel shaft and install 
cover and wheel shaft assembly to knuckle case 
(Item 38). Note that top two (2) capscrews (Item 39), 
securing cover (Item 30) are a shorter length. 

E. Install bevel gear (Item 5) to knuckle pin and install 
cover (Item 26) to knuckle case (Item 38). Use 

medium strenght Loctite on capscrews (Item 28) 
securing cover (Item 26). 

F. Evenly tighten capscrews (Item 28, 39) securing 
covers to a torque of 12 - 20 ft-lb (170-280 Kg-Cm). 

4. Install axle on machine (see Rear Axle Removal and 
Installation). 

5. Fill axle with proper lubricant to level of check plugs 
(see Specifications). 
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