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Preface 

This Service and Overhaul Manual was written to give 
the service technician information about the TORO 
Groundsmaster® 220-D/223-D mowers. 

This manual is not designed to teach component theory. 
The purpose of this manual is to provide the service 
technician with a working guide for safe maintenance, 
troubleshooting, test, repair, and overhaul procedures. 

The Toro Company has made every effort to make this 
service manual a useful and lasting addition to every 
service facility. To assure proper and effective service, 
and to provide the best performance for the life of the 
machine, you should read this manual carefully. 

Read the complete sequence of instructions (example: 
steps 1 - 6) before performing a procedure. 

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

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

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

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

Use this book along with the Toro 
Operator's Manual and Parts Catalog for 
the specific model and serial number of the 
machine, and the engine manual listed 
below: 

Groundsmaster 224: 
Mitsubishi GL3 Engine Service Guide 
(Toro Part No. 91773SL). 

Groundsmaster 1000L: 
Kawasaki FD620 Engine Service Manual 
(Toro Part No. 492-4713). 

Groundsmaster 225: 
Briggs-Daihatsu 3LC Engine Repair 
Manual (Toro Part No. 99048SL). 

Groundsmaster 228-D: 
Kubota 05 Series Shop Manual 
(Toro Part No. 01090SL). 

© The Toro Company – 1988, 1992, 1996, 2000, 2001, 2002, 2003, 2004, 2005 
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Chapter 1 

Safety 

Table of Contents 
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Safety Instructions 

The Groundsmaster® 220-D has been tested and veri­
fied for compliance with the B71.4-1984 specifications 
of the American National Standards Institute (ANSI). 
However, improper use or maintenance by the owner or 
operator of the machine can result in personal injury. 

While Performing Maintenance or Service . . . . . 3 
Safety and Instruction Decals . . . . . . . . . . . . . . . 3 

®

CAUTION 

Obey the following safety instructions. Read 
and understand these instructions before op­
erating the Groundsmaster  220-D or doing 
maintenance, troubleshooting, testing, ad­
justments or repairs. Failure to comply with 
the safety instructions may result in personal 
injury. 

Before Operating 

1. Read and understand the Operator’s Manual before 
starting, operating, or repairing the machine. Become 
familiar with all controls and know how to stop the 
machine quickly. A replacement Operator’s Manuals is 
available by sending complete Model and Serial Num­
ber to: 

The Toro Company 
8111 Lyndale Avenue South 
Minneapolis, MN 55420 

Use the model number and serial number when refer­
ring to your machine. If you have questions about this 
Service and Repair Manual please contact: 

The Toro Company 
Commercial Service Department 
8111 Lyndale Avenue South 
Minneapolis, MN  55420 

2. Never allow children or adults unfamiliar with opera­
tion of this machine operate it. Keep everyone, espe­
cially children and pets, away from the area of operation. 

3. Remove sticks, stones, wire and any other debris or 
other objects that might be picked up and thrown by the 
cutting unit blades or other attached implements. Keep 
all bystanders away from the area of operation. 

4. Keep all shields and safety devices in place. If a 
shield, safety device or decal is missing, defective or 
damaged, repair or replace it before operating. Make 
sure the machine is in safe operating condition. Tighten 
any loose nuts, bolts, and screws. 

5. Always wear long pants and sturdy shoes. Do not 
operate the machine while wearing sandals, tennis 
shoes, sneakers, or short pants. Do not wear loose 
clothing. Loose clothing can get caught in moving parts. 
Wearing safety glasses, safety shoes, and a helmet is 
recommended and also required by some local ordi­
nances and insurance regulations. 

6. Make sure that all the interlock switches operate 
correctly so the engine cannot be started unless the 
traction pedal is released (NEUTRAL position) and the 
P.T.O switch is OFF. Replace any failed switch before 
operating the machine. 
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7. Fill the fuel tank with diesel fuel before starting the C. Do not smoke while handling fuels or lubricants. 
engine. Avoid spilling any fuel. Fuel is very flammable. 
Handle fuel carefully. DO NOT SMOKE. D. Fill the tank up to approximately one inch (25 mm) 

from the top of the tank, not the filler neck.  Do not 
A. Use an approved fuel container. overfill. 

B. Do not fill the fuel tank when the engine is hot or E. Wipe up any spilled fuel. Install the fuel container 
running. cap and the machine fuel tank cap securely before 

starting the engine. 

While Operating 

8. Do not run the engine in a confined area without 
adequate ventilation. Exhaust fumes are hazardous and 
could possibly be deadly. 

9. The maximum seating capacity is one person. Never 
carry passengers. 

10. Sit on the seat when starting the engine and oper­
ating the machine. 

11. When starting the engine: 

A. Engage the parking brake. 

B. Make sure the traction pedal is in the NEUTRAL 
position and the P.T.O. switch is OFF. 

C. After the engine is started, release the parking 
brake and keep your foot off the traction pedal. The 
machine must not move. If the machine moves, the 
neutral return mechanism must be adjusted. Turn 
the engine OFF and adjust the neutral return mecha­
nism so the machine does not move when the engine 
is running and the traction pedal is released. (See 
Chapter 4 - Hydraulic System.) 

12. Be alert when operating. To prevent loss of control: 

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

B. Watch for holes or other hidden hazards. 

C. Do not drive close to a sand traps, ditches, creeks, 
or other hazardous areas. 

D. Reduce speed when making sharp turns and 
when turning on hill sides. 

E. Avoid sudden stops and starts. 

F. Before backing up, look to the rear to make sure 
no people or obstacles are behind the machine. 

G. Watch out for traffic when near or going across 
roads. Always yield the right of way. 

13. The grass deflector must always be installed on the 
cutting unit. If the cutting unit discharge area ever plugs, 
turn the P.T.O. switch OFF and turn the engine OFF. Use 
an object with a long handle to remove the obstruction. 

14. Never raise the cutting unit or other attached imple­
ment while the blades or other parts are rotating. 

15. If the cutting blades or other implement components 
strike a solid object, or if the machine vibrates abnor­
mally, turn the P.T.O. switch OFF, move the throttle to 
SLOW, set the parking brake, and turn the engine OFF. 
Remove the key from the ignition switch to prevent the 
possibility of accidental starting. Check the cutting unit 
or other implement and traction unit for damage and 
defective parts. Repair any damage before restarting 
the engine and operating the cutting unit or other imple­
ment. Be sure the cutting unit blades are in good condi­
tion and the blade bolts are tightened to the correct 
torque. 

16. Go across slopes carefully. Do not start or stop 
suddenly when traveling uphill or downhill. 

17. Do not touch the engine, muffler, or radiator while 
the engine is running or soon after it has stopped. These 
areas could be hot enough to cause a burn. 

18. Lower the cutting unit or other attached implement 
to the ground and remove the key from the ignition 
switch when the machine is left unattended. 

19. Before getting off the seat: 

A. Move the traction pedal to the NEUTRAL position 
and remove your foot from the pedal. 

B. Move the throttle to the SLOW position. 

C. Engage the parking brake and turn the P.T.O. 
switch OFF. 

D. Turn the engine OFF and remove the key from 
the ignition switch. Wait for all movement to stop 
before getting off the seat. 
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While Doing Maintenance, Troubleshooting, Testing, Adjustments or Repairs 

20. Remove the key from the ignition switch and discon­
nect the negative (–) cable from the battery. Secure the 
cable off to the side. This will prevent sparks, electrical 
shocks, or accidental starting of the engine when serv­
icing, cleaning, adjusting, or storing the machine. 

21. 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 an Authorized TORO Distribu­
tor or Dealer. 

22. To reduce potential fire hazards, keep the engine 
free of excessive grease, grass, leaves, and accumula­
tion of dirt. Do not use flammable solvents for cleaning 
parts. Do not use diesel fuel, kerosene or gasoline. 

23. Be sure the machine is in good operating condition. 
Keep nuts, bolts, and screws tight. Check all cutting 
blade mounting bolts frequently for the proper torque; 
75 to 100 ft.lbs (10.4 to 13.8 KgM). 

24. 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 the P.T.O. shaft, 
cutting unit blades, belts, cooling fan and other moving 
parts. 

25. Do not overspeed the engine by changing the gov­
ernor settings. The maximum engine speed (with no 
load and engine coupled to the transmission) is listed in 
Chapter 3 - Mitsubishi Diesel Engine. 

Safety and Instruction Decals 

If a decal becomes damaged or illegible, replace it. The 
decals are shown and part numbers listed in the Opera-
tor’s Manual and Parts Catalog for your machine. Re­
placement decals can be ordered from your Authorized 
Toro Distributor or Dealer. 

26. The engine must be stopped before checking the oil 
level or adding oil to the crankcase. 

27. Make sure all hydraulic line connectors are tight, and 
all hydraulic hoses and lines are in good condition 
before applying pressure to the system. 

28. Keep body and hands away from pin hole leaks or 
nozzles that eject hydraulic fluid under high pressure. 
Use paper or cardboard, not hands, to search for leaks. 
Hydraulic fluid escaping under pressre can have suffi­
cient force to penetrate skin and do serious damage. If 
fluid is injected into the skin, it must be surgically re­
moved within a few hours by a doctor familiar with this 
type of injury or gangrene may result. 

29. Before disconnecting or performing any work on the 
hydraulic system, all pressure in the system must be 
relieved by stopping the engine and lowering the imple­
ment to the ground. 

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

31. At the time of manufacture, the Groundsmaster® 

220-D conformed to safety standards in effect for riding 
mowers. To assure optimum performance and safety of 
the machine, always use genuine TORO replacement 
parts and accessories. NEVER USE “WILL FIT” RE-
PLACEMENT PARTS AND ACCESSORIES MADE BY 
OTHER MANUFACTURERS. Using unapproved re­
placement parts and accessories could void the war­
ranty of your TORO mower. 
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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 Groundsmaster 220–D 
or 223–D on the OPERATION AND SERVICE HISTO-
RY 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 

OPERATION AND SERVICE HISTORY REPORTS 5 

Insert Operator’s Manuals and Parts Catalogs for your 
Groundsmaster 220–D or 223–D at the end of this sec-
tion. 
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Torque Specifications 
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____________________ 

____________________ 

____________________ __________________ 

____________________ __________________ 

____________________ __________________ 

EQUIPMENT OPERATION AND SERVICE HISTORY REPORT 
for 

GROUNDSMASTER® 220-D, 223-D, 224 

TORO Model and Serial Number:__________-__________ 

Deck 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. 



GROUNDSMASTER® 220-D, 223-D, 224 Maintenance Schedule 

Minimum Recommended Maintenance Intervals: 
Maintenance Procedure  Maintenance Interval & Service 

400hrs200hrs100hrsCheck Battery Fluid Level 50hrs


Check Battery Cable Connections


Lubricate All Grease Fittings


Lubricate Brake Cables


Check Cutting Unit Gear Box Oil Level

Clean Under Cutting Unit Belt Covers


Check Cutting Unit Drive Belt Adjustment

Change Engine Oil A Level


Inspect Air Filter, Dust Cup, and Baffle Service


‡ Replace Engine Oil Filter 
Check Electric Clutch Gap Adjustment 

† Check PTO Belt Tension 
† Check Fan and Alternator Belt Tension	 B Level 

Inspect Cooling System Hoses Service 

Service Air Filter 
Replace Gasoline Fuel Filter (gas unit) 
Check Rear Wheel Toe-In and Steering Linkage 

† Replace Transmission Filter	 C Level 

† Torque Wheel Lug Nuts	 Service 

Drain and Clean Fuel Tank (diesel unit) 
Change Cutting Unit Gear Box Oil 
Change Electric Fuel Pump Filter 
Change Diesel/WaterSeparator Filter 
Rear Axle Service 
- pack rear wheel bearings (2WD)
- change rear axle lubricant (4WD)
Coat Transmission Bypass Pins with Grease


Replace Spark Plugs (gasoline unit) D Level


‡ Torque Head, Adjust Valves, and Check Engine RPM	 Service 

† Initial break in at 10 hours 
‡ Initial break in at 50 hours 

Replace Moving Hoses


Replace Safety Switches Annual Recommendations:


Coolant System - Flush/Replace Fluid


Change Hydraulic Oil


Items listed are recommended every 
1000 hours or 2 years whichever occurs 

first. 

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



_____________ 

GROUNDSMASTER® 220-D, 223-D, 224 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
 Grass Deflector in Down Position
 Brake Operation
 Fuel Level
 Engine Oil Level
 Cooling System Fluid Level 
Drain Water/Fuel Separator1

 Dust Cup and Baffle (Air Filter) 
Radiator & Screen for Debris
 Unusual Engine Noises2 

Unusual Operating Noises 
Transmission Oil Level 
Hydraulic Hoses for Damage 
Fluid Leaks 
Tire Pressure 
Instrument Operation
 Condition of Blades 
Lubricate All Grease Fittings3 

Touch-up damaged paint 
1 = Diesel units only.
2 = Check diesel glow plug and injector nozzles, if hard starting, excess smoke, or rough running is noted. 
3 = Immediately after every washing, regardless of the intervals specified. 

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) 
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(For Groundsmaster 220-D/223-D only) 

For Groundsmaster 228-D, use the Toro Operator's Manual and Parts Catalog 
along with the Kubota 05 Series Workshop Manual (Toro Part No. 01090SL). 
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Charge Pressure Test 

Using a low pressure gauge, 
0 – 1000 psi (0 – 6895 kPa) 

1. Engage the parking brake and block the front wheels 
to prevent movement of the machine. Lower the cutting 
deck or implement to the floor and turn the engine OFF. 

2. Raise and support the seat. 

CAUTION 

Before opening hydraulic system, operate all 
hydraulic controls to relieve system pressure 
and avoid injury from pressurized hydraulic oil. 

3. Thoroughly clean the area around the pipe plug lo-
cated on the top of the transmission between the charge 
check valves (Fig. 11). Remove plug from the transmis-
sion. 

4. Connect a 0 to 1000 PSI (0 to 6895 kPa) hydraulic 
pressure gauge to the transmission opening. Use only 
clean, hydraulic fittings. 

5. Start engine and move the throttle to SLOW so that 
the engine idles. Use a tachometer to verify that the en-
gine is running at 1700 + 50 rpm. The engine must idle 
at this speed to provide sufficient charge pump flow and 
pressure to lubricate the internal parts of the transmis-
sion. Check for any hydraulic leakage from test connec-
tions and correct before proceeding with test. 

6. Allow engine to run for approximately 5 minutes so 
the hydraulic oil reaches normal operating temperature. 

7. Increase the engine speed to the FULL throttle set-
ting and use a tachometer to verify that the engine is run-
ning at 3200 + 50 RPM. 

8. Observe the pressure measurement on the pressure 
gauge. The pressure reading should be 70 to 150 psi 
(453 to 1034 kPa). Record test results. 

NOTE: A higher reading may be obtained due to the 
back pressure in the system. This is acceptable. 

9. If the pressure is below 70 psi (453 kPa), adjust the 
charge relief valve in the transmission by adding the re-
quired amount of shims from the shim pack (see Charge 
Relief Valve Service in the Repairs section of this chap-
ter). 

NOTE: For every 0.010 in. (0.254 mm) of shim thick-
ness, there is an approximate 2 PSI (50 kPa) change in 
charge relief pressure. 

10.Perform a dynamic charge pressure test to identify 
possible hydrostat (pump or motor) problems as follows: 

A. With pressure gauge still connected, sit in the op-
erator seat, start engine and press the traction pedal 
to forward. 

B. While machine is moving straight ahead on level 
ground (no turning or deck lifting), monitor the pres-
sure reading on the pressure guage. Record test re-
sults. 

C. The pressure should drop no more than 15% 
from initial test reading (Step 8 above). A pressure 
drop of more than 15% may indicate a traction circuit 
leak (e.g. check valve not seating, worn or damaged 
hydrostat). 

11. If adding shims to the relief valve does not increase 
pressure or if charge pressure drops more than 15% in 
dynamic test, inspect the condition of the charge pump 
gerotor and internal housing (See Charge Pump Ser-
vice in the Repairs section of this chapter). 

If the charge pump is in good condition (no scoring, 
scratches or excessive wear), the general condition of 
the transmission’s piston pump and piston motor might 
be suspected of wear and inefficiency. 

A lack of minimum charge pressure could be due to the 
fact that the charge pump is having to direct all of its flow 
to the main traction circuit (piston pump and motor). 
When this occurs, charge pressure may not increase to 
the 70 to 150 psi (453 to 1034 kPa) pressure necessary 
to open the charge relief valve; therefore, no oil can flow 
to the steering and implement circuit. 

12.Disconnect pressure gauge from the transmission. 
Install pipe plug back in the transmission. Check hy-
draulic oil level in reservoir (front axle). 

FRONT 

PIPE 
PLUG 

Figure 11 
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Implement Relief Pressure Test 

Using a low pressure gauge, 
0 – 1000 psi (0 – 6895 kPa) 

1. Perform steps 1 through 7 of the Charge Pressure 
Test. 

2. With the engine running at 3200 RPM, move the lift 
control lever to the RAISE position and allow the cutting 
unit or implement to fully raise. Continue to hold the lever 
in the RAISE position and observe the pressure gauge. 
The pressure reading should be from 700 to 800 PSI 
(4826 to 5516 kPa) as the implement relief valve lifts. 

3. Move the lift control lever to the LOWER position to 
lower the cutting deck (or implement) to the ground. 
Shut off engine. Record test results. 

4. If the implement relief pressure is below 700 PSI 
(4826 kPa), adjust the implement relief valve in the 
transmission by adding the required amount of shims 
from the shim pack (see Implement Relief Valve Service 
in the Repairs section of this chapter). 

NOTE: For every 0.010 in. (0.254 mm) of shim thick-
ness, there is an approximate 50 PSI (340 kPa) change 
in implement relief pressure. 

CAUTION 

800 psi (5516 kPaa). 
The Implement Relief pressure must not exceed 

If adding shims to the relief valve does not increase 
pressure, inspect the condition of the charge pump ger-
otor and internal housing (see Charge Pump Service in 
the Repairs section of this chapter). 

If the charge pump is in good condition (no scoring, 
scratches or excessive wear), the general condition of 
the transmission’s piston pump and piston motor might 
be suspected of wear and inefficiency. A lack of mini-
mum implement relief pressure could be due to the 
charge pump having to direct all flow to the main traction 
circuit (piston pump and piston motor). 

NOTE: If the implement relief pressure is 700 to 800 
PSI (4826 to 5516 kPa) and a steering or lift problem oc-
curs, inspect for a problem unrelated to the hydraulic cir-
cuit (e.g. binding steering or lift system components, 
debris build–up on/under the cutting deck). Check and 
repair other items before continuing with hydraulic tests. 

5. Disconnect pressure gauge from the transmission. 
Install pipe plug back in the transmission. Check hy-
draulic oil level in reservoir (front axle). 

At this point, a traction pressure test could be used to de-
termine whether the hydrostatic transmission has ex-
cessive piston group leakage and needs to be repaired 
(see Testing Traction Pressure). 
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Wiring Schematics


Groundmaster 224


Figure 1
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Groundmaster 225 (Serial Numbers 60001 to 200999999) 

Figure 2a 
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Groundmaster 225 (Serial Numbers higher than 21000000)

Figure 2b



Groundmaster 1000L 

Figure 2c 
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Groundmaster 220–D (All Serial Numbers except 80000001 to 90000349)

Groundsmaster 223–D 2WD (All Serial Numbers)

Groundsmaster 223–D 4WD (Serial Numbers 300001 to 90499)


Figure 2d 
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Groundmaster 220–D (Serial Numbers 80000001 to 90000349) 
Groundsmaster 223–D 4WD (Serial Numbers 90500 and higher) 

Figure 2e 
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Groundmaster 228–D

Figure 2f





























































Chapter 6 

Differential Axle 

Table of Contents 

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

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

Introduction 

Groundsmaster® 200 Series traction units are equipped 
with a Dana Hydrostatic Axle, model GT-20. The differ­
ential and axle form the final drive of the power train 
(Fig. 1A). 

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. 1B). 

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

Figure 1A 

Figure 1B 
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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 drive shaft flange for 
4WD drive shaft. 

Figure 2 
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Repairs


Axle Removal and Installation 

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

2. Remove the cutting unit from the suspension frame. 
Remove the cutting unit suspension frame from the 
traction unit. (See the Repairs section of Chapter 12 -
Cutting Units.) 

3. Remove the fuel tank. (See Removing and Installing 
the Fuel Tank in the Fuel System Repairs section of 
Chapter 3 - Mitsubishi Diesel Engine.) 

4. Remove the hydrostatic transmission. (See Hydro­
static Transmission Removal and Installation in the 
Repairs section of Chapter 4 - Hydraulic System.) Cap Figure 3A 
or plug all hydraulic lines and fittings to prevent oil 
contamination. 

5. Remove the carrier brackets (Fig. 3A). 

6. Slightly loosen all of the front wheel lug nuts. 

7. Jack both of the front wheels off of the ground and 
install jackstands or blocks under the traction unit frame 
(not the axle tubes) to prevent the machine from falling. 

8. Remove both of the front wheels. 

9. If unit is equipped with 4WD, remove nut (Fig. 3B, 
Item 47), washer (Item 27) and flange (Item 26) from 
differential axle pinion (Item 12). Use Differential Gear 

26 27 47 

Apply Permatex No. 2 to 
splines when installing 
flange to pinion. 

12Holder tool to hold gears when removing nut. 

10. Put a jack or blocking under the differential to hold Figure 3B 
it in place. Remove the cap screws and lock nuts 
securing the axle mounting pads to the frame. Carefully 
lower the differential axle and pull it out from under the 
traction unit. 

Installation 

NOTE: Before installing flange (for 4WD drive shaft), 
apply Permatex No. 2 to external splines of pinion and 
internal splines of flange. Tighten lock nut to secure 
pinion coupler 75 - 90 ft-lb (102 - 122 N-m).. 

1. To install axle, reverse steps 1 - 10 above. Be sure to 
refill the differential with the proper oil before operation. 

2. Check the engine to transmission coupler alignment. 
(See Drive Coupling Alignment in the Adjustments sec­
tion of Chapter 10 - Engine to Transmission Coupler. 
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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 re­
tainer ring could damage the shaft. 

Figure 10 
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l
7. After drilling, put a chisel in position across the hole 
and strike sharp y 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 

Figure 11 

8. Inspect the shaft for possible damage (Fig. 12). 
Inspect the sealing surface of the hub and shaft. Re­
place 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 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 

l1.218" sea
installation depth 

Figure 16 

Groundsmaster® 220-D/223-D Page 6 - 7 Repairs 



13. Assemble the bearing retainer bolts to the axle 
housing. Apply a 0.625 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 establish the correct contact pattern between 
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 differ­
ential 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 

l
6. Put the case in a vise. Drive the lock pin out of the 
pinion shaft (Fig. 24). Use a sma l drift punch as shown. 

To prevent personal injury, 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 

Repairs Page 6 - 10 Groundsmaster® 220-D/223-D 



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 wash­
ers 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 (re­
moved in step 10), remove the snap ring and shim 
from the end of the pinion (Fig. 29). 

If unit is equipped with a flange for 4WD (no expan­
sion plug), nut, washer and flange (Fig. 3C) must be 
removed before pressing pinion out of housing. 

Figure 29 

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 30 

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

If unit was equipped with a flange for 4WD (no expan­
sion plug), remove oil seal from housing (Fig. 3B). 

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). 

Figure 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 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 re­
placed 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). 

Figure 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.


Figure 39 

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 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 to­
wards the pinion splines and install the new outer pinion 
bearing cone (Fig. 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 42 

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 flange 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 approxi­
mate center location of the pinion mate shaft. Peen the 
metal of the case to lock the pin in place (Fig. 49). 

Figure 49 
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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 cra­
dles. 

NOTE: Groundsmaster 220-D/223-D application re­
quires that the ring gear teeth face away from 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. 

Bearing caps must be installed with indexing marks “P” 
adjacent to indexing marks “P” in case. Install the bear­
ing 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 

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 mov­
ing the ring gear away from the pinion. These correc­
tions 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 53 

Figure 54 

Drive Side Side 
Heel  Toe  

Coast 
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. 

Side SideDrive  
Heel   Toe  

Coast  
Heel   Toe  

Figure 55 

Backlash correct. Thinner pinion position shims 
required. 

Drive Side Side 
Heel  Toe  

Coast 
Heel  Toe  

Figure 56 

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

Side SideDrive  
Heel  Toe  

Coast  
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 to­
ward 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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Groundsmaster 223-D with Inasaka axle 

4WD Rear Axle 

Table of Contents 

SPECIFICATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . 2

GENERAL INFORMATION . . . . . . . . . . . . . . . . . . . 3


TM

Four-Matic  4WD 
Over-Running Clutch Operation . . . . . . . . . . . . 3


ADJUSTMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Rear Wheel Toe-in. . . . . . . . . . . . . . . . . . . . . . . . 4


REPAIRS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Drive Shaft Service . . . . . . . . . . . . . . . . . . . . . . . 5

Rear Axle Removal and Installation. . . . . . . . . . . 7

Axle Repair . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8


Groundsmaster® 223-D Page 14 - 1 Rev. F Table of Contents 



__________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________________________________ 

________________________________________________________________________________________________________________________________________________________ 

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 incorporates an OVER-RUNNING (ROLLER) Unlocked 

49 RPM

50 RPM 

49 RPM

Locked 

49 RPM 

CLUTCH THAT TRANSMITS POWER ONLY IN THE FOR-
WARD DIRECTION. 

Rear axle 
pinion shaft 

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 4a 
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. 

1 

Figure 4b 

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. 

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 5 
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Adjustments


Rear Wheel Toe-in 

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 6 

1. Tie rod 

Steering Stop 

The rear axle steering stops help prevent over travel of 
the steering cylinder in case of impact on rear wheels. 
The stops should be adjusted so there is 0.090 in. 
clearance between bolt head and knuckle on axle when 
steering wheel is completely turned left or right. 

1. Thread bolt in out out unitl 0.090 in. clearance is 
attained (Fig. 7) 

Figure 7 

1. Tie rod 
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Repairs


Drive Shaft Service 

B 

B 

A 23 32 30 

2934262527 

24 

24 

28 

0.34 ± ″ 

″ 25 
cl

l
cl

Apply 
Never-seeze 

Detail A Detail B 

 0.03

0.040  MAX 

Arrow end of roller 
utches must face 

6-bolt f ange end of 
utch housing 

toward rear axle) 

Figure 8 

Removing Drive Shaft 

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

2. Use a hammer and punch to drive roll pin (Fig. 8, Item 
29) out of axle coupling (Item 32) and rear axle shaft. 
Loosen two (2) capscrews and locknuts securing cou­
pling to axle shaft. Slide coupling off of shaft. 

3. Remove six (6) socket head capscrews and lock­
washers securing drive shaft yoke flange to flange on 
front axle differential (not shown). 

Clutch Service 

1. To disassemble clutch, remove six (6) capscrews 
(Item 34) and lockwashers (Item 33). Remove axle 
coupling (Item 32) from clutch housing (Item 27). 

2. Remove retaining ring (Item 23). Clutch housing 
(Item 27), along with thrust washers (Item 24), roller 
clutches (Item 25) and seals (Item 28) can now be 
removed from yoke shaft. 

3. Inspect parts and replace as necessary. 

4. Roller clutches (Item 25) must be installed into hous­
ing so end is flush to 0.040 in. inset with shoulder at each 
end of housing bore. Both roller clutches must be in­
stalled with arrow end toward 6-bolt flange end of hous­
ing as shown in view B - B. 

5. Put thrust washer (Item 24) in housing adjacent to 
roller clutch as shown. Press both seals (Item 28) into 
end of housing to dimensions shown. Seals must be 
installed with lip facing out. 
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B 

B 

A 23 32 30 

2934262527 

24 

24 

28 

0.34 ± ″ 

″ 25 l

Apply 
Never-seeze 

Detail A Detail B 

 0.03

0.040  MAX 

Arrow end of roller 
clutches must face 
6-bolt f ange end of 
clutch housing 
toward rear axle) 

Figure 9 

6. Install clutch assembly onto yoke shaft, then install 
other thrust washer. Install retaining ring (Item 23) to 
secure clutch assembly to shaft. Install axle coupling 
(Item 32) 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. 

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. Install roll pin (Item 29) through coupling and 
shaft. 

3. Tighten two (2) capscrews (Item 35) and locknuts 
(Item 31) to secure coupling to shaft. 

4. Secure drive shaft yoke flange to flange on front axle 
differential with six (6) socekt head capscrews and 
lockwashers (not shown). 
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Rear Axle Removal and Installation 

45 - 55 ft-lb 

Figure 10 

1. Remove drive shaft (see Drive Shaft Service). 

2. Thoroughly clean around hydraulic hoses connec­
tions to steering cylinder. Mark hoses so they will be 
installed correctly during reassembly. Disconnect hoses 
from fittings on steering cylinder. Put plugs or caps on 
open hoses and fittings to prevent contamination of 
hydraulic system. 

3. Loosen rear wheel capscrews (Item 18). 

4. Block front tires and jack up rear of machine until there 
is approximately one inch clearance between rear tires 
and the ground. SECURELY BLOCK FRAME. 

5. Remove rear wheels. 

6. Remove capscrew (Item 10) from pin (Item 8). Re­
move pin from axle support, allowing axle to be lowered 
to floor and removed. 

7. Reverse steps 1 - 7 to install axle. 

Install washers (Items 36, 37) as necessary between 
axle and axle support. 

Apply medium strength locktite to capscrew (Item 
10) before installing to secure pin (Item 8). 

Groundsmaster® 223-D Page 14 - 7 Rev. B Repairs 



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 

Measure 
backlash here: 
0.003 - 0.01″ 

Shim for bevel gear to pin­
ion 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 

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 medium strenght Loctite on capscrews (Item 28) 
(Item 38) to match knuckle arm (Item 8) with knuckle securing cover (Item 26). 
pin. Fasten capscrew (Item 10) temporarily (will be 
removed to fill with lubricant). F. Evenly tighten capscrews (Item 28, 39) securing 

covers to a torque of 12 - 20 ft-lb (170-280 Kg-Cm). 
C. Assemble wheel shaft (Item 35) to cover 
(Item 30). 4. Install axle on machine (see Rear Axle Removal and 

Installation). 
D. Assemble gear (Item 5) to wheel shaft and install 
cover and wheel shaft assembly to knuckle case 5. Fill axle with proper lubricant to level of check plugs 
(Item 38). Note that top two (2) capscrews (Item 39), (see Specifications). 
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 
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Chapter 14.1

Groundsmaster 228–D with Dae Dong Axle 

4WD Rear Axle 

Table of Contents 
NOTE: For machines with Mitsubishi axle, see Chapter 14 “4WD Rear Axle” in this manual. 
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Specifications


Item Specification 

Wheel lug nut torque (font and rear) 45–55 ft-lbs. (61 to 75 Nm) 

Rear wheel toe-in 0.000 to 0.125 in. (0.0 to 3.0 mm) 

Tire pressure (front and rear) 20 psi (138 kPa) 

Axle lubricant SAE GL-5 80W90 gear lube 

Bi–directional clutch lubricant Mobil 424 hydraulic fluid 

Adjustments 

Steering Stop Bolt Adjustment 

The rear axle steering stop bolts help prevent over–trav-
el of the steering cylinder in case of impacts on rear 
wheels. When the steering cylinder is fully extended, a 
gap of 1/16” (1.6 mm) should exist between left side bev-
el gear case casting and stop bolt (Fig. 1). When the 
steering cylinder is fully retracted, a gap of 1/16” (1.6 
mm) should exist between right side bevel gear case 
casting and stop bolt. 

1 
2 

Figure 1 
1. Steering stop bolt 2. Bevel gear case (LH) 

Service and Repairs 
See Operators Manual for Maintenance intervals and instructions. 
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Bevel Gear Case and Axle Case 

The following procedures assume the rear axle assem-
bly has been removed from the machine. 

1 
6 

Removal 

51. Remove the mounting screws, nuts, and lock wash-
ers. Remove the bevel gear case/axle case assembly 
and O-ring from the axle support (Fig. 1). 4 

2 

2. Mark both right and left bevel gear case/axle case 3 
assemblies. 

IMPORTANT: Do not interchange right and left 
bevel gear case/axle case assemblies. 

Figure 1 
1. Cap screw 5. Bevel gear case/axle 
2. Lock nut case assembly 
3. Lock washer 6. O-ring 
4. Axle support 

3. Remove the axle cover mounting screws. Remove 
the axle cover from the axle case as an assembly 
(Fig. 2). 

1 

2 

3 

4 

Figure 2 
1. Axle case 3. Mounting screw 
2. Axle cover assembly 4. O-ring 

4. Remove the axle case support mounting screws, the 
axle case support, and the support shims (Fig. 3). 

2 

1 

3 

4 

Figure 3 
1. Axle case 3. Mounting screw 
2. Axle case support 4. Support shim 
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5. Remove the knuckle pin mounting screws and the 
knuckle pin. Remove the gasket and any remaining gas-
ket material from either mating surface (Fig. 4). 

6. While holding the bevel gear case, lightly tap the up-
per end of the bevel gear shaft out of the upper bearing 
and upper bevel gear. 

7. Pull the bevel gear case from the axle case and re-
move the upper bevel gear, collar, spacer, and thrust 
washer from the gear case. 

8. Remove the axle case cover screws, cover, and the 
O-ring from the axle case. 

9. Remove the plug and sealing washer from the center 
of the axle case cover. While holding the axle case cov-
er, lightly tap the lower end of the bevel gear shaft out of 
the lower bearing and lower bevel gear. 

10.Remove and discard bevel gear shaft seals from 
bevel gear case and axle case (Fig. 4). 

Inspection 

1. Measure the knuckle pin O.D. and the axle case sup-
port bushing I.D. to determine the bushing to pin clear-
ance (Fig. 5). Replace components as necessary. 

BUSHING TO PIN CLEARANCE:

0.002 to 0.016 in. (0.05 to 0.40 mm)


KNUCKLE PIN O.D. (Factory Spec.):

0.982 to 0.983 in. (24.95 to 24.98 mm)


AXLE CASE SUPPORT BUSHING I.D.

(Factory Spec.):


0.984 to 0.987 in. (25.00 to 25.08 mm)


2. Inspect all gears, shafts, bearings, cases, and cov-
ers for damage and wear. Replace components as nec-
essary. 

10 

1
2 

3 

4 

16 

13 
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15
11 

14 
12 

Upper bevel gear 

1 

2 

5 

7 

9 

8 

1. Knuckle pin 
2. Mounting screw 
3. Gasket 
4. Bevel gear case 
5. Upper bearing 
6. Bevel gear shaft 
7. Collar 
8. Spacer 

1. Knuckle pin 

Figure 4 
9. 
10. Thrust washer 
11. Lower bevel gear 
12. Lower bearing 
13. Axle case 
14. Axle case cover 
15. O-ring
16. Shaft seals 

Figure 5 
2. Axle case support 
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Installation 

1. Coat new shaft seals with grease and install in axle 
case and bevel gear case as shown (Fig. 6). 

2. Install the lower bevel gear, and bevel gear shaft in 
the axle case cover. Coat a new O-ring with grease and 
install the axle case cover (Fig. 7). Tighten cover screws 
to 17 to 20 ft-lbs. (23 to 27 Nm). 

3. Slide the bevel gear case over the bevel gear shaft 
and install the thrust washer, spacer, bevel gear, and 
collar. Make sure the bevel gear shaft is completely 
seated in the upper and lower bearings (Fig. 7). 

4. Install the knuckle pin. Use medium strength Loctite 
thread locker and tighten the knuckle pin mounting 
screws to 17 to 20 ft-lbs. (23 to 27 Nm). 

Figure 6 

1 

2 

3 

1. Axle case 3. Shaft seal 
2. Bevel gear case 

8 

7 
6 

5 

2 

1 
4 

910 

Figure 7 
1. Axle case cover 6. Spacer 
2. Lower bevel gear 7. Upper bevel gear 
3. Bevel gear shaft 8. Collar 
4. Lower bearing 9. Upper bearing 
5. Thrust washer 10. Knuckle pin 
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5. Determine necessary quantity of support shims. 

A. Lubricate the axle case support bushing with a 
thin coat of grease and slide axle case support onto 
knuckle pin. 

B. Position support shims that were removed during 
disassembly between axle case support and axle 
case. Install mounting screws into axle case. Slowly 
tighten screws while frequently checking for clear-
ance (vertical endplay) between axle case support 
and knuckle pin. If binding of components is noted 
before screws are fully tightened, add additional sup-
port shims. Torque screws from 57 to 67 ft–lb (77 to 
91 N–m). 

C. Use dial indicator to measure vertical endplay of 
axle case (Fig. 8). 

AXLE CASE ASSEMBLY ENDPLAY: 
0.001 to 0.008 in. (0.02 to 0.20 mm) 

D. Adjust endplay by increasing or reducing number 
of axle case support shims. 

NOTE: Axle case support shims are available in 
0.004 in. (0.1 mm), 0.008 in. (0.2 mm), and 0.016 in. 
(0.4 mm) thickness.

6. After correct support shims have been determined, 
remove mounting screws, apply heavy strength thread– 
locking compound to screw threads, reinstall screws, 
and torque from 57 to 67 ft–lb (77 to 91 N–m). 

IMPORTANT: Correct engagement between bevel 
gears is critical to axle performance and durability. 

7. Temporarily install the bevel gear case/axle case as-
sembly on the axle support. Position a dial indicator at 
the tooths center. Prevent the axle from turning and 
measure the upper bevel gear to differential shaft gear 
backlash (Fig. 9). 

UPPER BEVEL GEAR BACKLASH:

0.004 to 0.016 in. (0.10 to 0.40 mm)


8. Adjust backlash by increasing or reducing axle bear-
ing shim thickness (see Differential Shafts in this section 
of this manual). 

NOTE: Axle bearing shims are available in 0.004 in. 
(0.1 mm), 0.008 in. (0.2 mm), and 0.020 in. (0.5 mm)
thickness. 

1 

2 

4 

5 

3 

6 
VERTICAL 

(77 to 91 N–m) 

ENDPLAY 

57 to 67 ft–lb 

Figure 8 
1. Axle case support 4. Dial indicator 
2. Axle case 5. Knuckle pin 
3. Bevel gearcase 6. Support shim location 

1 
23 

4 

5 

Figure 9 
1. Axle support 4. Dial indicator 
2. Upper bevel gear 5. Axle bearing shims 
3. Differential shaft gear 

4 
5 

1 

32 

Figure 10 
1. Axle cover assembly 4. Dial indicator 
2. Lower bevel gear 5. Axle bearing shims 
3. Axle gear 
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9. Remove the bevel gear case/axle case assembly 
from the axle support. Coat a new O-ring with grease 
and temporarily install the axle cover assembly. Position 
a dial indicator at the tooths center. Prevent the axle 
from turning and measure the lower bevel gear to axle 
gear backlash (Fig. 10). 

LOWER BEVEL GEAR BACKLASH:

0.004 to 0.016 in. (0.10 to 0.40 mm)


10.Adjust backlash by increasing or reducing axle bear-
ing shim thickness (see Axle Shafts in this section of this 
manual). 

NOTE: Axle bearing shims are available in 0.008 in. 
(0.2 mm), 0.012 in. (0.3 mm), and 0.020 in. (0.5 mm)
thickness. 

11. Tighten axle cover screws from 17 to 20 ft-lb (23 to 
27 N–m). 

12.Coat a new O-ring with grease and install the bevel 
gear case/axle case assembly on the axle support. 
Tighten mounting screws and nuts from 35 to 41 ft-lb (47 
to 56 N–m) (Fig. 11). 

Differential Shafts 

The following procedures assume the rear axle assem-
bly has been removed from the machine. 

Removal 

IMPORTANT: Do not interchange right and left dif-
ferential shafts assemblies. 

1. Remove the mounting screws, nuts, and lock wash-
ers. Remove the bevel gear case/axle case assembly 
and O-ring from the axle support (Fig. 11). 

2. Mark and pull the differential shaft assembly from the 
axle support. 

3. Remove the retaining ring and bevel gear (Fig 12). 

4. Drive the differential shaft out of the bearings. Re-
move the bearings and bearing shims. 

5. Inspect all gears, shafts, bearings, and cases for 
damage and wear. Replace components as necessary. 

Installation 

1. Press bearings onto differential shaft. Place correct 
combination of bearing shims in axle support and drive 
differential shaft and bearing assembly into axle sup-
port. 

2. Install bevel gear and retaining ring. 

3. Coat new O-ring with grease. Align differential shaft 
splines with differential gear assembly and slide differ-
ential shaft assembly onto axle support. 

4. Install bevel gear case/axle case assembly (see 
Bevel Gear Case/Axle Case Assembly in this section of 
this manual). 

1 

2 3 

4 

56 

(47 to 56 N–m) 

35 to 41 ft–lb 
(47 to 56 N–m) 

35 to 41 ft–lb 

Figure 11 
1. Cap screw 5. Bevel gear case/axle 
2. Lock nut case assembly 
3. Lock washer 6. O-ring 
4. Axle support 

1
2 

3 

4 

5 

6 

Figure 12 
1. Retaining ring 4. Bearing 
2. Bevel gear 5. Bearing shims 
3. Differential shaft 6. O-ring 
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Axle Shafts 

The following procedures assume the rear axle assem-
bly has been removed from the machine. 

Removal 

1. Remove the axle cover mounting screws. Remove 
the axle cover from the axle case as an assembly 
(Fig. 13). 

2. Use a bearing puller to remove the bearing and bevel 
gear as shown (Fig. 14). 

3. Remove the shims, spacer, and retaining ring. Drive 
the axle out of the bearing and cover. Remove and dis-
card the axle shaft seal. 

4. Inspect all gears, shafts, bearings, spacers, and 
cases for damage and wear. Replace components as 
necessary. 

Installation 

1. Coat new axle shaft seal with grease and install in 
axle cover as shown (Fig. 15). 

2. Press the axle cover and bearing assembly onto the 
axle shaft. Press only on the inner race of the cover 
bearing (Fig. 15). 

3. Install retaining ring, spacer, and correct combina-
tion of bearing shims. Install bevel gear and bearing. 

4. Coat a new O-ring with grease and install the axle 
cover assembly. Tighten axle cover screws to 17 to 20 
ft-lbs. (23 to 27 Nm). 

1 

2 

4 

3 

Figure 13 
1. Axle case 3. Mounting screw 
2. Axle cover assembly 4. O-ring 

1 

2 

3 
4 

5 

Figure 14 
1. Bearing 4. Spacer 
2. Bevel gear 5. Retaining ring 
3. Shims 

1 

2 3 

4 

Figure 15 
1. Axle shaft seal 3. Bearing 
2. Axle cover 4. Axle shaft 
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Input Shaft/Pinion Gear


The following procedures assume the rear axle assem-
bly has been removed from the machine. 

Removal 

1. Remove input shaft/pinion gear assembly from the 
axle support. Remove the shims and bearing case O-
ring. 

2. Release the stake washer and remove the locknut. 
Remove and discard the stake washer (Fig. 16). 

3. Drive the input shaft/pinion gear out from the outer 
bearing cone and bearing case. Remove and discard 
the oil seal and O-ring. 

4. Inspect all gears, shafts, bearings, spacers, and 
cases for damage and wear. Replace components as 
necessary. 

NOTE: Replacement input shaft/pinion gears are only 
available in matched ring and pinion sets. 

Installation 

NOTE: When installing new bearing cones, press only 
on the inner race of the bearing cone. 

1. If the inner bearing cone was removed, press a new 
bearing cone all the way onto the input shaft/pinion gear. 

2. Place the shaft and bearing assembly in the bearing 
case and install the outer bearing cone. 

NOTE: The bearings must be completely seated. 
There should be no input shaft/pinion gear end play. 

3. Coat a new oil seal with grease and install as shown 
(Fig. 17). 

4. Coat a new O-ring with grease. Install O-ring in the 
oil seal collar, and install the collar. 

5. Install a new stake washer. Install the lock nut finger 
tight. 

6. Set the bearing preload be securing the bearing case 
in a vise. Thread a M12 x 1.5 hex. hd. capscrew into the 
splined end of the input shaft/pinion gear. 

7. Slowly tighten the locknut until 4.0 to 6.0 in-lbs. (0.4 
to 0.7 Nm) of force is required to rotate the input shaft/ 
pinion gear in the bearing case. 

8. Secure the lock nut with the stake washer. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Figure 16 
1. Lock nut 7. Input shaft/pinion gear 
2. Stake washer 8. Bearing case shims 
3. Bearing case 9. Seal collar 
4. Bearing case O-ring 10. O-ring 
5. Inner bearing 11. Oil seal 
6. Outer bearing 

0.04 in. (1.0 mm) 

12 

Figure 17 
1. Oil seal 2. Bearing case 
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9. Use a depth gauge to measure the distance from the 
end face of the input shaft/pinion gear to the mating sur-
face of the bearing case. Subtract the “Design Cone 
Center Distance” from this distance to determine initial 
shim thickness (Fig. 18). 

DESIGN CONE CENTER DISTANCE

(distance from mating surface of axle support to end

face of pinion gear):


1.870 + 0.002 in. (47.5 + 0.05 mm) 

NOTE: Bearing case shims are available in 0.004 in. 
(0.1 mm) and 0.008 in. (0.2 mm) thickness.

10.Coat a new O-ring with grease. Place shims on the 
bearing case and temporarily install input shaft/pinion 
gear assembly into axle case. Tighten mounting screws Figure 18 

to 35 to 41 ft-lbs. (47 to 56 Nm). 1. Input shaft/pinion gear 2. Bearing case 

11. Insert a screwdriver through the drain plug hole to 
hold ring gear and measure the pinion gear to ring gear 
backlash (Fig. 19). 

PINION GEAR TO RING GEAR BACKLASH:

0.004 to 0.016 in. (0.10 to 0.40 mm)


12.Adjust backlash by increasing or reducing bearing 
case shim thickness. 

13.Check pinion gear to ring gear engagement (see Pin-
ion Gear to Ring Gear Engagement in this section of this 
manual. 

14.Place the correct combination of shims on the bear-
ing case. Tighten mounting screws to 35 to 41 ft-lbs. (47 
to 56 Nm). Figure 19 

1 

23 

4 

1. Axle case 3. Dial indicator 
2. Screwdriver 4. Input shaft/pinion gear 

1 

2 

Design 
Cone Center 

Distance 
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Differential Gear 

The following procedures assume the rear axle assem-
bly has been removed from the machine. 

Removal 

1. Remove bevel gear case/axle case assemblies (see 
Bevel Gear Case/Axle Case Assembly in this section of 
this manual). 

IMPORTANT: Do not interchange right and left dif-
ferential shafts assemblies. 

2. Mark and pull the differential shaft assemblies from 
the axle support. 

3. Remove input shaft/pinion gear assembly, shims, 
and O-ring from the axle support (Fig. 20). 

4. Remove the axle support case screws. Separate the 
axle support halves and remove the O-ring. 

5. Remove the differential gear assembly, bearings, 
and adjusting shims from the axle case. 

6. Drive the spring pin from the differential case with a 
punch and hammer. Discard the spring pin (Fig. 21). 

NOTE: Mark and arrange all components so they can 
be reassembled in their original position. 

7. Remove the differential pinion shaft, pinion gears, 
and pinion washers. Remove the differential side gears 
and side gear shims. Remove the ring gear only if it will 
be replaced (Fig. 22). 

NOTE: Replacement ring gears are only available in 
matched ring and pinion sets. 

5 

1 

3 

4 

6 

7 

2 

Figure 20 
1. Pinion gear 5. Case screws 
2. O-ring 6. Differential gear 
3. Axle support (right) 7. O-ring 
4. Axle support (left) 

1 

2 

Figure 21 
1. Differential case 2. Spring pin 
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Figure 22 
1. Differential pinion shaft 5. Side gear shims 
2. Pinion gear 6. Ring gear 
3. Pinion washer 7. Differential case 
4. Side gear 
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Inspection 

1. Measure the differential side gear O.D. and the dif-
ferential case I.D. to determine the side gear to case 
clearance (Fig. 23). Replace components as necessary. 

SIDE GEAR TO CASE CLEARANCE:

0.002 to 0.012 in. (0.05 to 0.30 mm)


SIDE GEAR O.D. (Factory Spec.):

1.335 to 1.337 in. (33.91 to 33.95 mm)


DIFFERENTIAL CASE I.D. (Factory Spec.): 
1.339 to 1.341 in. (34.00 to 34.06 mm) 

2. Measure the differential pinion shaft O.D. and the 
pinion gear I.D. to determine the pinion shaft to pinion 
gear clearance (Fig. 24). Replace components as nec-
essary. 

PINION SHAFT TO PINION GEAR CLEARANCE: 
0.001 to 0.010 in. (0.03 to 0.25 mm) 

PINION SHAFT O.D. (Factory Spec.): 

1 

2 

0.550 to 0.551 in. (13.97 to 13.10 mm) Figure 23 
1. Side gear 2. Differential case 

PINION GEAR I.D. (Factory Spec.):

0.551 to 0.552 in. (13.10 to 14.02 mm)


3. Inspect all gears, shafts, bearings, cases, and cov-
ers for damage and wear. Replace components as nec-
essary. 

1 

2 

Figure 24 
1. Pinion shaft 2. Pinion gear 
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Installation 

1. If the ring gear was removed, use medium strength 
Loctite thread locker and tighten the mounting screws to 
22 to 25 ft-lbs. (30 to 34 Nm). 

2. Apply molybdenum disulfide to the splines and bear-
ing surfaces of the differential pinion gears, pinion wash-
ers, and side gears. 

3. Install the side gear shims and side gears in their 
original location in the differential case. 

4. Place the differential pinion gears and pinion wash-
ers in their original location in the differential case. Tem-
porarily install the differential pinion shaft. 

5. Secure the differential case in a vise. Position a dial 
indicator at the tooths center and measure the differen-
tial pinion gear to side gear backlash (Fig. 25). 

PINION GEAR TO SIDE GEAR BACKLASH: 
0.004 to 0.016 in. (0.10 to 0.40 mm) 

6. Adjust backlash by increasing or reducing side gear 
shim thickness. 

NOTE: Side gear shims are available in 0.043 in. (1.1 
mm), 0.047 in. (1.2 mm), and 0.051 in. (1.3 mm) thick-
ness. 

7. Apply gear marking compound, such as DyKemR 
Steel Blue lightly over several gear teeth. 

8. While applying a light load to either side gear, rotate 
either pinion gear until the side gears have made one 
complete revolution. 

9. Ideal tooth contact should cover more than 35% of 
each tooth surface. The contact area should be in the 
center of each tooth and extend 1/3 to 1/2 way across 
each tooth from the toe (small) end (Fig. 26). 

10.Adjust side gear shims if necessary to correct tooth 
contact. Recheck differential pinion gear to side gear 
backlash if any changes are made. 

11. After backlash and tooth contact have been ad-
justed, align the hole in the differential pinion shaft with 
the hole in the differential case and install a new spring 
pin. 

1 

2 

3 

Figure 25 
1. Vise 3. Dial indicator 
2. Differential gear case 

More than 35% total tooth contact 

1/3 to 1/2 of entire width 
from small end of tooth 

Figure 26 

12.Install differential gear assembly in right side axle 
support half. 

13.Coat a new O-ring with grease and install left side 
axle support half. Tighten axle support case screws to 
35 to 41 ft-lbs. (47 to 56 Nm). 

14.Install input shaft/pinion gear assembly (see Input 
shaft/Pinion in this section of this manual). 

15.Coat new O-rings with grease, align differential shaft 
splines with differential gear assembly, and slide differ-
ential shaft assemblies onto axle support. 

16.Install bevel gear case/axle case assemblies (see 
Bevel Gear Case/Axle Case Assembly in this section of 
this manual). 
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Pinion Gear to Ring Gear Engagement 

The final position of the pinion gear is verified by using 
the gear contact pattern method as described in the fol-
lowing procedure. 

GEAR TOOTH DEFINITIONS (Fig. 27): 

Toe – the portion of the tooth surface at the end to-
wards the center. 

Heel – the portion of the gear tooth at the outer end. 

Top Land – top surface of tooth. 

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

2. Install the input shaft/pinion gear assembly into axle 
case. 

3. While applying a light load to the ring gear, rotate the 
pinion gear in the direction of forward travel until the ring 
gear has made one complete revolution. 

Ideal tooth contact observed on the ring gear should 
cover more than 35% of each tooth surface. The contact 
area should be in the center of each tooth and extend 1/3 
to 1/2 way across each tooth from the toe end (Fig. 28). 

Adjustments to the gear contact position are made by 
moving the input shaft/pinion gear (bearing case shims) 
or by moving the differential gear case (differential bear-
ing shims) (Fig. 29). 

NOTE: Bearing case shims are available in 0.004 in. 
(0.10 mm) and 0.008 in. (0.20 mm) thickness.

NOTE: Differential bearing shims are available in 
0.004 in. (0.10 mm), 0.008 in. (0.20 mm) and 0.016 in. 
(0.40 mm) thickness.

Study the different contact patterns (Figs. 30 and 31) 
and correct gear engagement as necessary. 

NOTE: When making changes, note that two variables 
are involved (see Gear Pattern Movement Summary in 
this section of this manual). 

Example: If the pinion gear to ring gear backlash is set 
correctly to specifications and the bearing case shim is 
changed to adjust tooth contact, it may be necessary to 
readjust backlash to the correct specification before 
checking the contact pattern. 

PROFILE 

HEEL 

ROOT 

LENGTHWISE 
BEARING 

ARC 

TOE 

TOP LAND 

Figure 27


More than 35% total tooth contact 

1/3 to 1/2 of entire width 
from small end of tooth 

Figure 28


1 

2 

34 

Figure 29 
1. Input shaft/pinion gear 4. Differential bearing 
2. Bearing case shims shims 
3. Differential gear case 

4WD Rear Axle Page 10.1 – 14 Groundsmaster 228–D 
(Groundsmaster 228–D with Dae Dong axle) Rev. H 



Gear Pattern Movement Summary 

Every gear has a characteristic pattern. The illustrations 
show typical patterns only and explain how patterns shift 
as gear location is changed. 

1. If contact is toward the heel or base of the gear (Fig. 
30): 

A. Install thicker or additional bearing case shim(s) 
to move pinion shaft toward ring gear. 

B. Install thinner or remove differential bearing 
shim(s) to move ring gear backward. 

C. Repeat until proper tooth contact and pinion gear 
to ring gear backlash are correct. 

2. If contact is toward the toe or tip of the gear (Fig. 31): 

A. Install thinner or remove bearing case shim(s) to 
move pinion shaft away from ring gear. 

B. Install thicker or additional differential bearing 

Heel Contact Base Contact 

Figure 30 

Toe Contact Tip Contact 

shim(s) to move ring gear forward. Figure 31 

C. Repeat until proper tooth contact and pinion gear 
to ring gear backlash are correct. 

Groundsmaster 228–D Page 14.1 – 15 4WD Rear Axle 
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CAUTION 

D 

D Accidental starting of engine could 
cause serious injury to operator or 
bystanders. 

D Shut engine off and remove key from 
ignition switch before performing any 
maintenance or adjustments. 

Engine could start accidentally. 
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Specifications 

Width of Cut: 62 in. 

Height–of–Cut: Adjustable from 1–1/2” to 4–1/2” in 1/2” 
increments. 

Cutter Housing:  4” deep housing is made of 12 gauge 
steel and reinforced with 10 gauge channel and plates. 

Cutting Unit Drive:  Isolation mounted gear box on cut-
ting unit is driven by PTO shaft. Power is transmitted to 
the blades by one hex ”AA” section belt. Spindle shafts 
are 1 inch diameter and supported by two greaseable, 
tapered roller bearings. 

Cutting Unit Blades:  Three 21–3/4” long and 1/4” thick 
heat treated steel, Recycler blades . 

Castor Wheels: Front and rear castor wheels have 8 in. 
x 3.50 in. hard rubber tires and roller bearings. 

Cutting Unit Lift:  Independent lift arms and hydraulic 
weight transfer provide deck flotation. 

Weight: 340 lb. 

Specifications and design subject to change without notice. 
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Adjustments


Height of Cut Adjustment 

The height–of–cut is adjustable from 1–1/2 to 4–1/2 in-
ches in 1/2 inch increments, by adding or removing an 
equal number of spacers from the front and rear castor 
forks. The height–of–cut chart below gives the combina-
tions of spacers to use for all height–of–cut settings. 

2. Remove or add ”C” shaped spacers at the narrow 
portion of the spindle shaft, below castor arm, to get de-
sired height–of–cut. Make sure thrust washers – not the 
spacers – contact the top and bottom of the castor arm. 

3. Install tensioning cap to secure assembly . 

Height–of–Cut 
Setting 

Spacers Below Castor Arm 
Front Rear 

1–1/2 inch 
2 inch 
2–1/2 inch 
3 inch 
3–1/2 inch 
4 inch 
4–1/2 inch 

0 
1 
2 
3 
4 
5 
6 

0 
1 
2 
3 
4 
5 
6 

Height–of–Cut Chart 
4. Assure all four castor wheels are set at same 
height–of–cut. 

1 

2 

4 

3 

5 

Figure 1 
1. Front Castor Wheel
2. Tensioning cap 
3. Spacers

4. Thrust Washers 
5. .438” dia hole

1 

2 

4 

3 

5 

Figure 2 
1. Rear Castor Wheel 4. Thrust Washers 
2. Tensioning cap 5. .438” dia. hole
3. Spacers

1. Start the engine and raise the cutting unit so height– 
of–cut can be changed. Stop engine after cutting unit is 
raised. 

Note: 1” height–of–cut can be attained by modifying the 
castor forks as follows: 

A. Remove front and rear castor forks from cut-
ting deck and remove wheels from forks. 

B. Drill out .438” dia. holes (Fig. 1 & 2) in each 
side of castor forks to .500” or .516” dia. 

C. Using new holes, reinstall castor wheels to 
forks and install forks to deck. 

Note: Height–of–cut decal will now be off by 1/2” 
for spacer placement and height–of–cut will be 1” 
to 4”. 

Front Castor Wheels 

1. Remove tensioning cap from spindle shaft and slide 
spindle out of front castor arm. Remove washer from 
spindle shaft. Slide spacers onto spindle shaft to get de-
sired height–of–cut, then slide washer onto shaft. 

2. Push castor spindle through front castor arm, install 
other thrust washer and remaining spacers onto spindle 
and install tensioning cap to secure assembly . 

Rear Castor Wheels 

1. Remove tensioning cap from spindle shaft. 

Note:  Rear castor fork assembly does not need to be re-
moved from castor arm to change height–of–cut. 
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Roller Adjustment 

Note:  If cutting unit is to be used in the 1” or 1–1/2” 
height–of–cut setting, cutting unit rollers must be reposi-
tioned in the top bracket holes. 

To adjust front and rear rollers: 

1. Remove cotter pins securing roller shafts to under-
side of deck. 

2. Slide shafts out of lower bracket holes, align rollers 
with top holes and install shafts. 

3. Install cotter pins to secure assemblies. 

Skid Adjustment 

Adjust skids by removing flange nuts, positioning skids 
at desired position and reinstalling flange nuts. 

1 

Figure 3 
1. Skid
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Service and Repairs


Lubrication 

The cutting unit must be lubricated regularly. If machine 
is operated under normal conditions, lubricate castor 
bearings and bushings with No. 2 general purpose lithi-
um base grease or molybdenum base grease, after ev-
ery 8 hours of operation or daily, whichever comes first 
NOTE: Lubricate immediately after washing, regardless 
of the service interval listed. 

The cutting unit has bearings and bushings that must be 
lubricated, and these lubrication points are: front castor 
spindle bushings (Fig. 5); rear castor spindle shaft (Re-
move shaft from castor arm and coat hex shaft with des-
ignated grease every 50 hours (Fig. 6); castor wheel 
bearings (Fig. 5 & 6); blade spindle bearings (Fig. 7) and 
right and left push arm ball joints (Fig. 7). 

Figure 6 

Figure 5 

Figure 7 
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Checking and Correcting Blade Mismatch 

If there is mismatch between the blades, the grass will 
appear streaked when it is cut. This problem can be cor-
rected by making sure the blades are straight and all 
blades are cutting on the same plane. 

1. Using a 3 foot long carpenters level, find a level sur-
face on the shop floor. 

2. Raise height–of–cut to the highest position: refer to 
Adjusting Height–Of–Cut. 

3. Lower cutting unit onto flat surface. Remove covers 
from top of cutting unit. 

4. Loosen flange nut securing idler pulley to release 
belt tension. 

5. Rotate blades until the ends face forward and back-
ward. Measure from floor to front tip of cutting edge and 
remember this dimension. Then rotate same blade so 
opposite end is forward and measure again. The differ-
ence between dimensions must not exceed 1/8 of an 
inch. If dimension exceeds 1/8 of an inch, replace the 
blade because it is bent. Make sure to measure all 
blades. 

6. Compare measurements of outer blades with the 
center blade. Center blade must not be more than 3/8 of 
an inch lower than the outer blades. If center blade is 
more than 3/8 of an inch lower than the outer blades. 
proceed to step 7 and add shims between spindle hous-
ing and bottom of cutting unit. 

7. Remove capscrews, flatwashers, lockwashers and 
nuts from outer spindle in the area where shims must be 
added. To raise or lower the blade, add a shim, Part No. 
3256–24, between spindle housing and bottom of cut-
ting unit. Continue to check alignment of blades and add 
shims until tips of blades are within the required dimen-
sion. 

IMPORTANT:  Do not use more than three shims at 
any one hole location. Use decreasing numbers of 
shims in adjacent holes if more than one shim is 
added to any one hole location. 

8. Readjust idler pulley. Reinstall belt covers. 

Counterbalance Adjustment 

NOTE: The test port is used to check hydraulic circuit 
pressure. Check pressure with lift lever in FLOAT posi-
tion, engine running at high idle and hydraulic oil at its 
normal operating temperature (Fig. 4). 

NOTE: The counterbalance has been pre–set at the fac-
tory and should not require adjusting. Rotating manifold 
screw to increase or decrease pressure will increase or 
decrease counterbalance (Fig. 4). 

Normal counterbalance setting is 100 psi. Adjustment 
range is 80 – 130 psi. 

1 

2 

Figure 4 
1. Adjusting screw
2. Test port 

Groundsmaster 223–D Page 15 – 7 Rev. B Guardian 62 Recycler Cutting Unit 



Checking Gearbox Lubricant 

The gear box in designed to operate on SAE 80–90 wt. 
gear lube. Although the gear box is shipped with lubri-
cant from the factory, check the level before operating 
the cutting unit. 

1. Position the machine and cutting unit on a level sur-
face. 

2. Remove check plug from side of gear box and make 
sure lubricant is up to bottom of hole. If level of lubricant 
is low, remove fill plug on top of gear case and add 
enough lubricant to bring it up to bottom of hole in side. 

1 

2 
3 

Figure 8 
1. Filler Plug
2. Check Plug
3. Drain Plug
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Separating Cutting Unit From Traction Unit 

1. Position machine on level surface, lower cutting unit 
to floor, move lift lever to float position, shut engine off 
and engage parking brake. 

2. Remove the capscrews, flatwashers and locknuts 
securing the ball joint mounts to castor arms on cutting 
unit. 

3. Roll cutting unit away from the traction unit separat-
ing male and female sections of PTO shaft. 

DANGER 

D 

ting unit gear box may result in serious 

D 

gear box on cutting unit. 

Starting engine and engaging PTO lever 
when PTO shaft is not connected to cut-

personal injury. 

Do not start engine and engage PTO le-
ver when PTO shaft is not connected to 

Mounting Cutting Unit to Traction Unit 

1. Position machine on a level surface and shut engine 
off. 

2. Move cutting unit into position in front of traction 
unit. 

3. Slide male PTO shaft into female PTO shaft. 

1 

Figure 9 
1. PTO Shaft 

2 

1 

Figure 10 
1. Castor Arm
2. Ball Joint Mount

4. Move lift lever to FLOAT position. Push lift arms 
down until holes in ball joint mounts line up with holes in 
castor arms. 

5. Secure ball joint mounts to castor arms with caps-
crews, flatwashers and flange nuts. Flatwashers to be 
positioned to outside of castor arm. 
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Installing Lift Arms to Traction Unit 

1. Mount lift arms to pivot brackets and lift cylinders 
with pivot pins and 3/32” x 1–1/4” lg. cotter pins, supplied 
with traction unit. Lift arms to be mounted with ball joint 
ends positioned outward. 

2. Hook brake return springs to holes in traction unit lift 
arms. 

1
2 

3 

Figure 11 
1. Pivot pin
2. Lift arm
3. Lift arm pivot bracket

1 

Figure 12 
1. Brake return spring
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Connecting Lift Arms to Cutting Unit 

1. Move cutting unit into position in front of traction 
unit. 

2. Measure distance from end of each lift arm to center 
of ball joint (grease fitting). Distance should be 2.25”. If 
distance is not 2.25”, loosen jam nut securing ball joint to 
lift arm and rotate ball joint in or out until distance is at-
tained. Do not tighten jam nuts at this time. 

3. Move lift lever to FLOAT position. Push lift arms 
down until holes in ball joint mounts line up with holes in 
castor arms. 

4. Secure ball joint mounts to each castor arm with (2) 
7/16 – 14 x 3” lg. capscrews, 15/32” I.D. x 59/64” O.D. 
flatwashers and 7/16 – 14 flange nuts. Flatwashers to be 
positioned to outside of castor arm (FIg. 14). 

1 

3 

2 

2.25” 

Figure 13 
Note: Ball joint mount to be above castor arm when as- 1. Lift Arm 2. Ball Joint 3. Jam Nut 

sembled. 

5. Tighten large jam nut securing ball joint to lift arm 
(FIg. 5). When tightening jam nut, hold ball joint straight 
to permit proper oscillation during raising and lowering 
of cutting unit. 

1 

2 

3 

4 

5 

6 

Figure 14 
1. Castor Arm 4. Capscrew 
2. Ball Joint Mount 5. Washer 
3. Ball Joint 6. Flangenut 

Connecting PTO Shaft to Cutting Unit Gearbox 

1. Slide male PTO shaft into female PTO shaft. Align 
mounting holes in gear case input shaft with holes in 
PTO shaft and slide together. Secure with roll pin. 

Note:  On Groundsmaster 223–D (Diesel) or GM 224 
also tighten bolts and locknuts. 

1 

2 

3 

4 

Figure 15 
1. PTO shaft 3. Gearcase input shaft 
2. Bolts and locknuts 4. Roll pin 
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Replacing Drive Belt 

The blade drive belt, tensioned by the stationary idler 
pulley, is very durable. However, after many hours of 
use, the belt will show signs of wear. Signs of a worn belt 
are: squealing when belt is rotating, blades slipping 
when cutting grass, frayed edges, burn marks and 
cracks. Replace the belt if any of these conditions are 
evident. 

1. Lower cutting unit to the shop floor. Remove belt 
covers from top of cutting unit and set covers aside. 

2. Loosen flange nut securing idler pulley to deck. 
Move pulley away from belt to release belt tension. 

3. Remove carriage bolts and flange nuts securing 
gear box plate to deck. Lift gear box plate and gear box 
off deck and lay it on top of deck. 

4. Remove old belt from around spindle pulleys and 
idler pulley. 

5. Route new belt around spindle pulleys and idler 
pulley assembly, as shown in figure 18. Figure 17 

1 

2 

2 

6. Reposition gear box plate on deck while routing belt 1. Gear Box Plate 

around gear box pulley. Mount gear box plate to deck 
2. Capscrews & Nuts 

with carriage bolts and flange nuts previously removed. 

7. Using approximately 50 lbs. of force, slide idler 
pulley against belt. 

8. Hold pulley in position and tighten nut. 

9. Reinstall belt covers. 

1 Figure 18 

Figure 16 
1. Idler pulley
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Servicing Front Castor Arm Bushings 

The castor arms have bushings pressed into the top and 
bottom of the tube and after many hours of operation, 
the bushings will wear. To check the bushings, move 
castor fork back and forth and from side to side. If castor 
spindle is loose inside the bushings, bushings are worn 
and must be replaced. 

1. Raise cutting unit so wheels are off floor and block it 
so it cannot fall accidentally. 

2. Remove tensioning cap, spacer(s) and thrust wash-
er from top of castor spindle. 

3. Pull castor spindle out of mounting tube. Allow 
thrust washer and spacer(s) to remain on bottom of 
spindle. 

4. Insert pin punch into top or bottom of mounting tube 
and drive bushing out of tube. Also drive other bushing 
out of tube. Clean inside of tubes to remove dirt. 

5. Apply grease to inside and outside of new bushings. 
Using a hammer and flat plate, drive bushings into 
mounting tube. 

6. Inspect castor spindle for wear and replace it if dam-
aged. 

7. Push castor spindle through bushings and mount-
ing tube. Slide thrust washer and spacer(s) onto spindle. 
Install tensioning cap on castor spindle to retain all parts 
in place. 

1 

2 

Figure 19 
1. Front Castor Arm Tube 
2. Bushings
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Servicing Castor Wheels and Bearings 

The castor wheel rotates on a high–quality roller bearing 
and is supported by a spanner bushing. Even after many 
hours of use, provided that the bearing was kept well–lu-
bricated, bearing wear will be minimal. However, failure 
to keep bearing lubricated will cause rapid wear. A 
wobbly castor wheel usually indicates a worn bearing. 

1. Remove locknut from capscrew holding castor 
wheel assembly between castor fork. Grasp castor 
wheel and slide capscrew out of fork. 

2. Pull spanner bushing out of wheel hub. 

3. Remove bushing from wheel hub and allow bearing 
to fall out. Remove bushing from opposite side of wheel 
hub. 

4. Check the bearing, spanner and inside of wheel hub 
for wear. Replace defective parts. 

5. To assemble the castor wheel, push bushing into 
wheel hub. Slide bearing into wheel hub. Push other 
bushing into open end of wheel hub to captivate the 
bearing inside the wheel hub. 

6. Carefully slide spanner through the bushings and 
the wheel hub. 

7. Install castor wheel assembly between castor fork 
and secure in place with capscrew, washers and lock-
nut. 

8. Lubricate castor wheel bearing through grease fit-
ting, using No. 2 general purpose lithium base grease. 

1 

2 

3 
4 

5 

6 

Figure 20 
1. Castor wheel 4. Spanner Bushing 
2. Capscrew & Locknut 5. Roller Bearing 
3. Bushing (2) 6. Washer (2) 
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Removing Blade 

The blade must be replaced if a solid object is hit, the 
blade is out–of–balance or if the blade is bent. Always 
use genuine TORO replacement blades to be sure of 
safety and optimum performance. Never use replace-
ment blades made by other manufacturers because 
they could be dangerous. 

1. Raise cutting unit to highest position, shut the en-
gine off and engage the parking brake. Block cutting unit 
to prevent it from falling accidentally. 

2. Grasp end of blade using a rag or thickly padded 
glove. Remove blade bolt, lockwasher, anti–scalp cup 
and blade from spindle shaft. 

3. Install blade—sail facing toward cutting unit with 
anti–scalp cup, lockwasher and blade bolt. Tighten 
blade bolt to 85–110 ft–lb. 

CAUTION 

D 
or welding a broken or cracked blade 
may result in serious personal injury 
and/or discontinued safety certification 
of the product. 

D Do not try to straighten a blade that is 
bent, and never weld a broken or 
cracked blade. 

D Always replace a damaged blade. 

Trying to straighten a blade that is bent 

1 

2 

3 

Figure 21 
1. Blade bolt
2. Lockwasher
3. Anti–Scalp Cup
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Inspecting and Sharpening Blades 

1. Raise cutting unit to highest position, shut the en-
gine off and engage the parking brake. Block cutting unit 
to prevent it from falling accidentally. 

2. Examine cutting ends of the blade carefully, espe-
cially where the flat and curved parts of the blade meet 
(Fig. 22–A). Since sand and abrasive material can wear 
away the metal that connects the flat and curved parts of 
the blade, check the blade before using the machine. If 
wear is noticed (Fig. 22–B), replace the blade: refer to 
Removing Cutter Blade. 

DANGER 

D A worn or damaged blade could break 
and a piece of blade could be thrown 

D A thrown piece of blade could cause se-
rious personal injury or death to 
operator or bystanders. 

D Inspect blade periodically for wear or 
damage. 

D Replace a worn or damaged blade. 

into operator’s or bystander’s area. 

3. Inspect cutting edges of all blades. Sharpen the cut-
ting edges if they are dull or nicked. Sharpen only the top 
of the cutting edge and maintain the original cutting 
angle to make sure of sharpness (Fig. 23). The blade will 
remain balanced if same amount of metal is removed 
from both cutting edges. 

4. To check blade for being straight and parallel, lay 
blade on a level surface and check its ends. Ends of 
blade must be slightly lower than the center, and cutting 
edge must be lower than the heel of the blade. This 
blade will produce good quality of cut and require mini-
mal power from the engine. By contrast a blade that is 
higher at the ends than the center, or if cutting edge is 
higher than the heel, the blade is bent or warped and 
must be replaced. 

5. Install blade—sail facing toward cutting unit with 
anti–scalp cup, lockwasher and blade bolt. Tighten 
blade bolt to 85–110 ft–lb. 

Figure 22 

SHARPEN AT THIS 
ANGLE ONLY 

END VIEW 

Figure 23 
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Gearbox Repair 

1 2 3 4 5 6 7 8 9 

16 

17 

18 

19 

11 

13 
14 

15 

2 

2 

10  12 

Figure 24 

Gear Box Disassembly 

1. Drain lubricant from gear box.

2. Remove capscrews and lift out shaft and cap assem-
blies. 

3. Remove cap assemblies and bearing cones (Item 12)
from shafts (Item 17, 19). 

NOTE: Mark each gear (Item 10 and 18) so they are 
installed on the proper shaft (Item 17 or 19) when 
re–assembled. 

4. Remove retaining rings (Item 7).

5. Press shafts (Item 17, 19) back through bearing
cones (Item 9). When bearing cone is free, gears (Item 
10, 18), keys (Item 8) and shims (Item 11) may be 

removed from the shaft. 

6. Remove bearing cups (Item 14) from cap by putting
a punch through the shaft bore and through the seal and 
then tapping against the back of the bearing cup until 
driven out of the cap. 

7. If the oil seal (Item 13) is removed, it will be destroyed.
To remove the oil seal, cut it out of the bore with a screw 
driver or chisel. 

8. To remove the bearing cups (Item 3) from the housing 
a slide hammer puller may be used, or if this is not 
available, the bearing cups may be knocked out with a 
punch by coming down through the opposite cap bore 
and tapping against the back side of the bearing cup 
until it comes out. 

9. Remove the plugs (Item 2) from the housing.
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Figure 25

Gear Box Pre–Assembly

1. Start with one of the shafts (Item 17) and put one of
the gears (Item 10) over the shaft so the tooth side is
towards the turned end of the shaft. Align the keyway in
the gear with the keyway in the shaft and install one of
the keys (Item 8) in the keyway.

2. Install one set of shims (Item 11) onto the turned end
of the shaft. Press one of the bearing cones (Item 9) over
the turned end of the shaft. Be sure the bearing cone is
installed as shown in the illustration (Fig. 42B). Install a
retaining ring (Item 7) on the turned end of the shaft.

3. Put one of the bearing cones (Item 12) over the other
end of the shaft and down against the hub side of the
gear. Be sure the bearing cone is installed as shown in
the illustration.

4. Repeat steps 1 – 3 with the other set of parts to
complete the assembly.

5. Put one of the caps (Item 16) down, with the machined

surface facing up. Install a new seal (Item 13) into the
cap with the open side toward the machined side of the
cap.

6. Install the bearing cup (Item 14) into the cap. Make
sure the bearing cup is installed as shown in the illustra-
tion.

7. Repeat steps 5 – 6 with the other set of parts to
complete the two cap assemblies.

8. Take one of the shaft and gear assemblies and wrap
the end of the shaft with a piece of shim stock to keep
from cutting the oil seal on the keyway or splines. Put the
cap assembly down over the shaft so the bearing cone
(Item 12) on the shaft mates with the bearing cone (Item
14) in the cap. Remove the shim stock from the shaft that
was used to protect the seal.

9. Press the bearing cups (Item 3) into both bearing
bores in the housing (Item 1). Make sure the cups are
installed as shown in the illustration. Install the plugs
(Item 2) into the tapped holes in the housing.



Gear Box Final Assembly 

1. Bearing drag is adjusted by the amount of gaskets
(Item 4, 5, 6) used between the cap and housing ma-
chined surfaces. 

2. Put two 0.015 in. gaskets on the machined surface of
the housing, then install the shaft and cap assembly in 
the housing so the bearing cone (Item 9) on the shaft 
assembly and bearing cup (Item 3) in the housing are 
mating. Align the holes in the cap with the holes in the 
gaskets and housing. 

3. Install capscrews and tighten.

4. The shaft should have a very slight amount of bearing
drag. If the shaft turns hard, the cap must be removed 
and gasket(s) need to be added. If the shaft has no 
bearing drag, or has end play, the cap must be removed 
and gasket(s) taken out. The cap must be adjusted to 
where the shaft has no end play and only a slight amount 
of bearing drag. 

5. Repeat steps 1 – 4 with the other shaft and cap
assembly. 

6. After installing the gear box on the cutting unit, fill it
with SAE 80W90 API GL–5 lubricant to the level of the 
check plug (see Maintenance section in this chapter). 
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Blade Spindle Service 

Removing Spindle Housing Assembly 

1. Lower the cutting unit, shut the engine off and engage 
the parking brake. 

2. Remove deck covers from top of cutting unit. Release
belt tension. Remove belt from spindle to be serviced. 

3. Start the engine and raise the cutting unit. Turn the 
engine OFF and remove the key from the key switch. 
Block up the cutting unit so it cannot fall accidentally. 

4. Using a rag or thickly padded glove, grasp end of
blade. Remove blade screw, flat washer, anti–scalp cup 
and blade from spindle assembly. 

5. Remove flange nuts and carriage bolts securing
spindle housing to deck. Slide spindle housing assem-
bly out the bottom of the cutting unit. 

Disassembly 

1. Remove lock nut retaining the spindle pulley on
spindle shaft. Slide pulley off of shaft. 

2. Press the spindle shaft out of the spindle housing
using an arbor press. The bearing spacer remains on 
the spindle shaft as the shaft is being removed. 

3. Remove seals from spindle housing.

4. Allow the bearings and small thick spacer to fall out
of the spindle housing. 

5. Using a punch and hammer, drive both of the bearing 
cups out of the spindle housing. Also drive the large 
spacer out of the housing. 

6. A large snap ring is still inside the spindle housing and
it should remain there because it cannot be easily 
removed. 

IMPORTANT: If new bearings will be installed into a 
used spindle housing that has the original snap ring 
installed, discard the large snap ring that came with 
the bearings because it is not needed. However, 
new bearings with their matched spacer and snap 
ring must always be installed when the spindle 
housing is being replaced. Replacement bearings 
are sold only with a matched snap ring and spacer 
set. These parts cannot be purchased separately. 
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Figure 26 

1. Grease fitting 10. Anti–scalp cut 
2. Locknut 12. Blade bolt 
3. Pulley 13. Blade 
4. Spacer set 14. Spindle 
5. Carriage bolt 15. Oil seal 
6. Flat washer 16. Spacer 
7. Spindle housing 17. Bearing assembly 
8. Locknut  (Incl. Ref. #16) 
9. Spindle spacer
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Installing Spindle, Bearings and Seals Into Spindle 
Housing 

IMPORTANT: If a new spindle housing is being used, 
new bearings and matched snap ring set must be 
installed; see step 1 below . Never use old bearings, 
spacer, and snap ring with a new spindle housing. 
If installing bearings into a used spindle housing 
that still has a snap ring installed, use only new 
bearings with cups and spacer – not the large snap 
ring because it is not required; see step 2 below. 

1. Install large snap ring into groove in bore of spindle
housing. Make sure snap ring is seated in groove. 

2. Using an arbor press, push large spacer into top of
spindle housing; tightly against snap ring. The spacer 
must contact the snap ring to be sure of the correct 
assembly of the parts. 

3. Thoroughly oil the bearing cups and using an arbor
press, push the bearing cups, smallest inside diameter 
first, into the top and bottom of the spindle housing. The 
top bearing cup must contact the spacer that was 
installed in step 2, and the bottom bearing cup must 
contact the snap ring to be sure of the correct assembly 
of parts. Insure that the assembly is correct by support-
ing the first cup and pressing the second against it. 

4. Apply a film of grease on lips of both seals, then install
bearing and seal into bottom of spindle housing. Re-
member, the BOTTOM SEAL MUST HAVE THE LIP 
FACING OUTWARD, not toward the inside of the 
spindle housing. 

5. Check the spindle shaft to make sure it is free of burrs
and nicks that could possibly cut the seals and thorough-
ly lubricate both the shaft and seal lips. 

6. Slide small, thick spacer into spindle housing, then
install bearing and seal into top of spindle housing. LIP 
OF UPPER SEAL MUST FACE INWARD. 

7. Slide bearing spacer onto spindle shaft. Carefully
slide spindle shaft through spindle housing. The bottom 
seal and bearing spacer fit together when the spindle is 

installed. 

8. Push pulley onto splines of spindle shaft and retain
the parts together with the large flat washer and nut. 
Tighten the nut to 100 – 120 ft–lb and rotate the spindle 
shaft to be sure that the shaft rotates freely. 

9. Slide pulley end of spindle assembly through hole in
cutting unit. Mount the spindle assembly in place with 
the carriage bolts and flange nuts. 

10. Install the belt and adjust belt tension.

11. Reinstall the belt covers.

Figure 27 

Figure 28 
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