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FOREWORD 
This repair manual provides information for the proper servicing and overhaul of the Ford Models 
550 and 555 Tractor-Loader-Backhoe and is an essential publication for all service personnel carry
ing out repairs and maintenance procedures. 

The model 550 designates units produced in 1975 through 3178_ Model 555 designates units pro
duced in 4/78 and later. Special service instructions are identified by tractor model number or ap
plicable production dates throughout the text. 

The Manual is divided into eleven PARTS each sub-divided into Chapters. Each Chapter contains 
information on general operating principles, detailed inspection and overhaul and, where ap
plicable, trouble shooting, special tools and specifications. 

The material contained in this Manual was correct at the time of going to print but Ford policy is 
one of continuous improvement and the right to change prices, specifications, equipment or 
design at anytime without notice is reserved . All data in this Manual is subject to production varia
tions, so overall dimensions and weights should be considered as approximately only and the il
lustrations do not necessarily depict the unit to standard build specification. 
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TRACTOR OPERATIONS 
FORD MOTOR COMPANY 



PRODUCTION DATE CODES AND 
SERIAL NUMBERS 

A vehicle identification plate is located on the steering console on the left hand side. Whenever ef
fecting repair or overhaul of the Ford Tractor , the relevant information should be noted and used 
when referring to service bulletins or ordering parts . 

This plate is stamped with the following information ; 

• TRACTOR NUMBER - Serial number prefixed 
by the letter 'A' , 'B' or 'C'. 

• MOOEL - Production model code. 

• UNIT - Production unit date code. 

• ENGINE - Engine production date code. 
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• TRANSMISSION - Transmission production 
date code. 

• REAR AXLE - Rear axle production date code. 

• HYO. PUMP - Hydraulic pump production date 
code. 

• HYO . LIFT - Hyd raulic power lift production 
date code. 



MODEL NUMBER - CODE 

H.P. Series Chassis Series Fuel Power Transmission 
Type (Prod. Stage I Type Take-Off Type 

I I I I ,. 
4x4 

Ind. Design Stage No- Torque 
H.P. Flat Deck 1 thru 5 Diesel PTO Converter 

DF511F 

KEY TO PRODUCTION DATE CODES 

Fir, .)t Number First Letter Second Number Secon J Letter 
YEAR MONTH DAY '~'F MONTH PRODU,: TION SHIFT 

5-1975 A-Jan. H-Aug. 01-32 A-Midnight 
6-1976 B-Feb. J-Sept. B-Day 
7-19n C-March K-Oct. C - Afternoon 
8- 1978 D-April L-Nov. 
9-1979 E-May M- Dec. 
0-1980 F- June 
1-1981 G-July 

Example of Production Unit Date Code 7 L 0 3 B ----------/ ~ Year of Final Month of Year Day of Month Shift Period 
(Day) Assembly (1977) (November) (Third) 
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A SAFETY PRECAUTIONS A 
Practically all Service work involves the need to drive the tractor . The Operator's Manual , supplied with each tractor, 
contains detailed safety precautions relating to Driving , Operating and Servicing that tractor. These precautions are 
as applica ble to the service technician as they are to the operator, and should be read , understood and practiced by 
all personnel. 

Prior to undertaking any maintenance, repair, overhaul , dismantling or fe-assembly operations, whether w ithin a 
workshop facilit y or out " in the f ield ", consideration should be given to factors that may have an effect upon Safety, 
not only upon the mechanic carrying out the work, but also upon bystanders. 

PERSONAL CONSIDERATIONS 

• The wrong clothes or carelessness in dress can cause accidents. Check to see that you are suitably clothed . 

Some jobs require special protective equipment. 

• Eye Protection 
The smallest eye injury may cause loss of vision . Injury can be avoided by wearing eye protection when engaged 
in chiselling, grinding , discing, welding, painting, etc. 

• Breathing Protection 
Fumes, dust and paint spray are unpleasant and harmful. These can be avoided by wearing respiratory protec
tion. 

• Hearing Protection 
Loud noise may damage your hearing and the greater the exposure the worse the damage. If you feel the noise 
excessive, w ear ear protection . 

• Hand Protection 
It is advisable to use a protective cream before work to prevent irritation and skin contamination . After work 
clean your hands with soap and water. Solvents such as white spirit, paraffin, etc ., may harm the skin. 

• Foot Protection 
Substantial or protective footwear with reinforced toe-caps will protect your feet from falling objects. Addi
tionally, oil-resistant sales will help to avoid slipping. 

• Special Clothing 
For certain w ork it may be necessary to wear flame or acid- resistant clothing. 

• Avoid injury through incorrect handling of components. Make sure you are capable of lifting th~ object. If in 
doubt get help. 

EQUIPMENT CONSIOERATIONS 

• Machine Guards 
Before using any machine, check to ensure that the machine guards are in position and serviceable. These 
guards not only prevent parts of the body or clothing coming in contact with the moving parts of the machine, 
but also ward off objects that might fly off the machine and cause injury. 

• Lifting Appliances 
Always ensure that lifting equipment, such as chains, slings, lifting brackets, hooks and eyes are thoroughly 
checked before use. If in doubt, select stronger equipment than is necessary. 

Never stand under a suspended load or raised implement. 

• Compressed Air 
The pressure from a compressed air line is often as high as 100 psi (6.9 barl7 (kgf / cm'l . It is perfectly safe if used 
correctly . Any misuse may cause injury. 

Never use compressed air to blow dust, filing, dirt, etc ., away from your work area unless the correct type of 
nozzle is fitted . 

Compressed air is not a cleaning agent, it will only move dust, etc., from one place to another. Look around 
before using an air hose as bystanders may get grit into their eyes, ears or skin. 
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o Hand Tools 
Many cuts, abrasions and injuries are caused by defective tools. Never use the wrong tool for the job, as tbis 
generally leads either to some injury, or to a poor job. 

Never use 

- A hammer with a loose head or split handle. 
- Spanners or wrenches with splayed or worn jaws. 
- Spanners or files as hammers; or drills, clevis pins or bolts as punches. 

For removing or replacing hardened pins use a copper or brass drift rather than a hammer. 

For dismantling, overhaul and assembly of major and sub components, always use the Special Service Tools 
recommended. 

These will reduce the work effort, labor time and the repair cost . 

Always keep tools clean and in good working order. 

• Electricity 
Electricity has become so familiar in day to day usage, that it's potentially dangerous properties are often 
overlooked. Misuse of electrical equipment can endanger life. 

Before using any electrical equipment - particularly portable appliances - make a visual check to make sure 
that the cable is not worn or frayed and that the plugs, sockets, etc ., are intact. Make sure you know where the 
nearest isolating switch for your equipment is located. 

GENERAL CONSIDERATIONS 

• Solvents 
Use only cleaning fluids and solvents that are known to be safe. Certain types of fluids can cause damage to 
components such as seals, etc ., and can cause skin irritation. Solvents should be checked that they are suitable 
not only for the cleaning of components and individual parts, but also that they do not affect the personal safety 
of the user. 

• Housekeeping 
Many injuries result from tripping or slipping over, or on, objects or material left lying around by a careless 
worker. Prevent these accidents from occurring . If you notice a hazard, don't ignore it - remove it. 

A clean, hazard-free place of work improves the surroundings and daily environment for everybody. 

• Fire 
Fire has no respect for persons or property. The destruction that a fire can cause is not always fully realized. 
Everyone must be constantly on guard. 

- Extinguish matches/ cigars/ cigarettes, etc. , before throwing them away . . 
- Work cleanly, disposing of waste material into proper containers. 

Locate the fire extinguishers and find out how to operate them . 
- Do not panic - warn those near and raise the alarm. 
- Do not allow or use an open flame near the tractor fuel tank, battery or component parts. 

o First Aid 
In the type of work that mechanics are engaged in, dirt, grease, fine dusts, etc ., all settle upon the skin and 
clothing. If a cut, abrasion or burn is disregarded it may be found that a septic condition has formed within a
short time. What appears at first to be trivial could become painful and injurious. It only takes a few minutes to 
have a fresh cut dressed, but it will take longer if you neglect it. Make sure you know where the First Aid box is 
located. 

• Cleanliness 
Cleanliness of the tractor hydraulic system· is essentia l for optimum performance. When carrying out service and 
repairs plug all hose ends and component connections to prevent dirt entry. 

Clean the exterior of all components before carrying out any form of repair. Dirt and abrasive dust can reduce 
the efficiency and working life of a component and lead to costly replacement. Use of a high pressure washer or 
steam cleaner is recommended . 
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OPERATIONAL CONSIDERATIONS 

• Stop the engine, if at all possible, before performing any service . 

• Place a warning sign on tractors which, due to service or overhaul, would be dangerous to start. Disconnect the 
battery leads if leaving such a unit unattended. 

• Do not attempt to start the engine while standing beside the tractor or attempt to by-pass the safety start 
switch . 

• Avoid prolonged running of the engine in a closed building or in an area with inadequate ventilation as exhaust 
fumes are highly toxic. 

• Always turn the radiator cap to the first stop, to allow pressure in the system to dissipate when the coolant is 
hot. 

• Never work beneath a tractor which is on soft ground. Always take the unit to an area which has a hard working 
surface - concrete for preference. 

• If it is found necessary to raise the tractor for ease of servicing or repair , make sure that safe and stable supports 
are installed, beneath axle housings, casings, etc ., before commencing work . 

• Certain repair or overhaul procedures may necessitate "separating the tractor", either at the engine / fron t 
transmission or front transmission / rear transmission locations. These operations are simplified by the use of the 
Tractor Splitting Kit / Stands. Should this equipment not be available, then every consideration must be given to 
stability, balance and weight of the components, especially if a cab is installed . 

• Use footsteps or working platforms when servicing t hose areas of a tractor that are not within easy reach. 

• Before loosening any hoses or tubes connecting implements to remote control valves, etc., switch off the 
engine, remove all pressure in the lines by operating levers serveral times. This will remove the danger of per
sonal injury by oil pressure. 

• Prior to pressure testing, make sure all hoses and connectors not only of the tractor, but also those of the test 
equipment, are in good condition and tightly sealed . Pressure readings must be taken with the gauges specified . 
The correct procedure should be rigidly observed to prevent damage to the system or the equipment, and to 
eliminate the possibility of personal injury. 

• When equipment or implements are required to be attached to the hydraulic linkage, either for testing purposes 
or for transportation, then " position control" shou ld be used. 

• Always lower equipment to the ground when leaving the tractor. 

• If high lift attachments are installed on a tractor beware of overhead power, electric or telephone cables when 
traveling. Drop attachment near to ground level to increase stability and minimize risks. 

• Do not park or attempt to service a tractor on an incline. If unavoidable, take extra care and block all wheels. 

• Observe recommended precautions as indicated in this Repair Manual when dismantling the air conditioning 
system as escaping refrigerant can. cause frostbite. 

• Prior to removing wheels and tires from a tractor, check to determine whether additional ballast (liquid or 
weights) has been added . Seek assistance and use suitable equ ipment to support the weight of the wheel·
assembly. 

• When inflating tires beware of over inflation - constantly check the pressure. Over inflation can cause tires t6 
burst and result in personal injury . 

Safety precautions are very seldom the figment of someone's imagination. They are the result of sad experience, 
where most likely someone has paid dearly through personal injury. 

Heed these precautions and you will protect yourself accordingly. Disregard them and you may duplicate the sad ex
perience of others. 
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SERVICE TECHNIQUES 

A. SERVICE SAFETY 

Appropriate service methods and proper repair pro
cedures are essential for the safe, reliable operation of 
all motor vehicles as well as the p~rsonal safety of the 
individual doing the work. This Shop Manual provides 
general directions for accomplishing service and repair 
work with tested, effective techniques . Following 
them will help assure reliability. 

There are numerous variations in procedures, techni
ques, tools, and parts for servicing vehicles, as well as 
in the skill of the individual doing the work . This 
Manual cannot possibly anticipate all such variations 
and provide advice or cautions as to each. According
ly, anyone who depans from the instruct ions provided 
in this Manual must first establish that he com
promises neither his personal safety nor the vehicle in
tegrity by his choice of methods, tools or pans. 

B. SERVICE TECHNIQUES 

Clean the exterior of all components before carrying 
out any form of repair. Dirt and abrasive dust can 
reduce the efficient working life 9f a component and 
lead to costly replacement. 

Time spent on the preparation and cleanliness of 
working surfaces will pay dividends in making the job 
easier and safer and will result in overhauled com
ponents being more reliable and efficient in operation . 

Use cleaning fluids which are known to be safe. Cer
tain types of fluid can cause damage to ' 0 ' rings and 
cause skin irritation. Solvents should be checked that 
they are suitable for the cleaning of components and 
also that they do not risk the personal safety of the 
user. 

Replace '0' rings, seals or gaskets whenever they are 
disturbed. Never mix new and old seals or '0' rings, 
regardless of condition. Always lubricate new seals 
and '0' rings with hydraulic oil before installation. 

When replacing component pans use the correct tool 
for the job. 
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HOSES AND TUBES 

Always replace hoses and tubes if the cone end or the 
end connections are damaged. 

When installing a new hose loosely connect each end 
and make sure the hose takes up the designed position 
before tightening the connection. Clamps shou ld be 
tightened sufficiently to hold the hose without 
crushing and to prevent chafing . 

The hoses are the arteries of the unit, be sure they are 
in good condition when carrying out repairs or 
maintenance otherwise the machine's output and pro
ductivity will be affected. 

After hose replacement to a moving component check 
the hose does not foul by moving the component 
through the complete range of travel. 

Be sure any hose which has been intalled is not kinked 
or twisted. 

Hose connections which are damaged, dented, crush
ed or leaking, restrict oil flow and the productivity of 
the components being served. Connectors which 
show signs of movement from the original swaged 
position have failed, and will ultimately separate com
pletely. 

A hose with a chafed outer cover will allow water en
try. Concealed corrosion of the wire reinforcement will 
subsequently occur along the hose length with resul
tant hose failure. 

Ballooning of the hose indicates an internal leakage 
due to structural failure. This condition rapidly 
deteriorates and total hose failure soon occurs. 

Kinked, crushed , stretched or deformed hoses 
generally suffer internal structural damage which can 
result in oil restriction, a reduction in the speed of 
operation and ultimate hose failure. 

Free-moving, unsupported hoses must never be allow
ed to touch each other or related working surfaces. 
This causes chafing which reduces hose life. 



BEARINGS 

Bearings which are considered suitable for further ser
vice should be cleaned in a suitable solvent and im
mersed in clean lubricating oil until required. 

Installation of a bearing can be classified in two ways: 
press f it on rotating parts such as shafts, and gears, 
and push fit into static locations such as reduc tion 
gear housings. Where possible, always install the 
bearing onto the rotating component f irst. 

Use the correct tools or a press, to install a bearing or 
bushing . In the absence of the correct tools or press, 
heat the bearings and/ or the casing in hot oi l to assist 
the installation of the bearing. 

When bearings or bushings are removed always 
carefully check that the bea ring is free from discolora
tion and signs of over-heating. Also check for 
mechanical damage such as excessive clearance , 
nicks and scuffing. If in doubt replace the bearings or 
bushings . 

Bearings should never be removed unless absolutely 
necessary. Always use the recommended puller to 
reduce the risk of bearing or related component 
damage. 

Figu re 1 
loader lift Cylinder " Safety Bar" 

Installed in Raised Position 

ix 

The reliabi lity and durability of a unit depends on th~ 

eff ective operation of the many types of bea rings and 
bushings w hich are incorporated in the complet e 
assembly. 

These bearings and bushings are subjected, in normal 
operation, to high working loads and adverse condi
t ions. 

Be sure during normal routine servicing, maintenance 
or repai r that bearings are given the right attention and 
are installed with care. 

PRESSUR E TESTING 

Prior to pressu re testing be sure all hoses are in good 
condition and all connecti(;ms tight. Pressure readings 
must be taken with gauges of speci fied pressure 
ratings. 

The correct procedu re should be rigidly observed to 
prevent damage to the system or the equipment and 
to eliminate the possibility of personal injury. 

WARNING : Service the engine com
partment with the Loader bucket on the 
ground in the dumped position or in the 
raised position with the Loader lift 
cylinder "SAFETY BAR" installed (see 
Figure 1 J. Never work under or around a 
raised Loader without the "SAFETY 
BAR INSTALLED ". 

.' ., / -~--.. :;~ .. 

Figure 2 
loader lift Cylinder " Safety Bar" 

Installed in Storage Position 
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PART 1 
ENGINE SYSTEM 

Chapter 1 
ENGINES 

ENGINE - DESCRIPTION AND OPERATION 
ENGINE - OVERHAUL 

A. ENGINE - DESCRIPTION AND 
OPERATION 

This Chapter describes. the overhaul and repair of the 
Ford Tractor diesel and gasoline engines. See Figures 
1 and 2. 

The diesel and gasoline engines are of the sa me basic 
design and overhaul procedures are essentially the 
same except as noted in the repair procedures. 

Basic design differences are as follows: 

The diesel engine piston has three compression rings 
and one oil control ring . The gasoline engine piston 
has two compression rings and one , oil control ring. 
Both pistons have the combustion chamber in the top 
of the piston, however the diesel piston chamber is 
smaller to provide the higher compression ratio, Figure 
3. 

The fully floating piston pin is retained in the piston by 
two snap rings. 

Figure 1 

Page 
1 
3 

The gasoline engine intak.e manifold is designed with a 
water jacket around the main runner to provide a cons
tant ci rcu lation of coolant to control the air intake 
temperature. 

Diesel Engine with Distributor 
Type Fuel Injection Pump 
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------------ PART 1 - ENGINE SYSTEM ------------

Figure 2 
Gasoline Eng ine 

The thermostat is loca ted in the intake manifold on 
gasoline engines and in the cyl inder head on diesel 
engines. 

The gasoline engine front cover is designed to accept 
the governor and fuel pump assembl ies. The fu el 
pump, mounted on the front of the cover, is driven by 
a cam mounted on the engine camshaft. 

Both engines feature cross flow cylinder heads with 
the inlet and exhaust manifolds on opposite sides of 
the head . The combustion chamber is formed in the 
crown of the piston. 

The cylinder head assembly incorporates-the valves, 
valve springs and spring reta iners. Valve guides are an 
integral part of the cylinder head with replaceable 
va lve seats pressed into the valve ports. 

The crankshaft is supported in the cylinder block by 
four main bearings. Crankshaft end thrust is suppress
ed by a thrust bearing located on the second main 
bearing. 

Front and rear crankshaft oil sealing is effected by one 
piece, single lip type seals. 
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Figure 3 
Pistons 

1. Gasoline 
2. Diesel 

The crankshaft rear main bearing carrier block is seal
ed by two composition type side sea ls and a gasket 
positioned between the block and the engine rear 
adapter plate . 

LUBRICATION SYSTEM 

Lubrication of the engine is maintained by a ro tor type 
oi l pump mounted at the base of the engine block. The 
oil pump is driven from the camshaft and draws oil 
from the engine sump through a wire mesh screen . 

A spri ng loaded relief va lve in the pump body limits the 
pressure in the system by directing excess oi l back to 
the intake side of the pump. 

Oil passes from the pump to an external, replaceable, 
canister type filter incorporating a relief valve which 
permits oil to be bypassed if filte'r blockage occurs, 
and be sure engine lubrication at all times. 

Oi l flows from the filter to the main oil gallery which 
runs the length of the cylinder block and intersects the 
camshaft follower chambers. 

The main gallery also supplies oil to the crankshaft 
main bearings and to the connecting rod journals via 
drillings in the crankshaft. Drilled passages from each 
main bearing direct oil to the camshaft bearings. 

The camshaft drive gear bushing is pressure lubricated 
through a drilled passage from the front main bearing. 
The gear has small oil passages machined on both 
sides which allow the oil to escape. 
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The timing gears are lubricated by oil from the cam 
follower chamber and the pressure lubricated cam
shaft drive gear bushing . 

Cylinder wa lls, pistons and piston pins are splash 
lubricated by the connecting rods and rotating 
crankshaft. 

An intermittent flow of oil is directed to the valve 
rocker arm shaft assembly via a drilled passage in the 
cylinder block located vertically above the No.1 cam
shaft bearing. This drilling aligns with a corresponding 
hole in the cylinder head. As the camshaft turns, holes 
in the camshaft and camshaft bearing align and a 
regulated st ream of oil is directed to the cylinder head 
and on up the rocker arm shaft support bolt to the 
rocker shaft. The oil flows from the shaft through drill 
ed holes in each rocker arm bushing to lubricate both 
ends of the arms. Excess oil flows down the push rods 
and assists in lubricating the cam followers before 
draining back into the sump through cored openings in 
the block . 

B. ENGINE - OVERHA UL 

CYLINDER I-lEAD, VALVES AND 
RELATED PARTS 

REMOVAL 

NOTE: The cylinder head can be removed with the 
engine installed in the tractor. 

1. Disconnect the battery. 

• Remove the vertical muffler. 

2. Drain the radiator and cylinder block. 

3. Shut off the heater hose taps then disconnect 
and plug the heater hoses. 

4. Remove the radiator top hose. 

5. Shut off the main fuel tank tap. 

• Remove the hood panel assembly. 

• Disconnect the air inlet hose at the clamp at 
the intake manifold . 

• Remove the vertical type exhaust pipe and 
bracket (where fitted) . 

6. Bend the lock tabs back and remove the at
taching bolts, exhaust manifold and gasket. 
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7. Disconnect the cold start equipment (where fit
ted) . 

8. On diesel engines remove the injector lines from 
the fuel injection pump and the injectors. Cap 
the exposed openings in the pump, injectors and 
tube ends. 

9. Disconnect the fuel lines and remove the fuel 
filter(s) from the inlet manifold . 

NOTE: On gasoline engines, disconnect the fuel 
line and linkage from the carburetor. -Remove the 
carburetor from the intake manifold. Disconnect 
the vacuum advance line from the intake 
manifold. 

10. Remove the retaining bolts and lockwashers and 
remove the intake manifold and gasket. 

11 . Remove the rocker cover bolts, rocker arm cover 
and gasket from the cylinder head. 

12. Disconnect the fuel injector leak-off pipes. Clean 
the area surrounding the fuel injectors then 
remove the stud nuts and carefully withdraw the 
fuel injectors and washers, Figure 4. 

Figure 4 
Fuel Injector Removed 

1. Fuel Injector Mounting Studs 
2. Fuel Injection Tube 
3. Intake Manifold 
4. Fuel Injector Assembly 
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------------- PART 1 - ENGINE SYSTEM -------------

Figure 5 
Gasoline Engine Spark Plug Location 

1. Spark Plug 

NOTE: On gasoline engines remove the spark 
plugs, Figure 5. 

13. Check the push rods for straightness by rotating 
the rods with the valve closed and identify any 
bent rods. 

14. Loosen the rocker shaft retaining bolts, which 
also serve as cylinder head bolts, evenly and 
alternately. Remove the rocker shaft assembly. 

NOTE: Leave the bolts in the rocker shaft sup
ports during removal as they retain the supports 
on the shaft. 

15. Remove the push rods and place in a numbered 
rack. 

16. Remove the remaining cylinder head bolts and 
washers working inwards from the ends to the 
center of the head. 
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Figure 6 
Cylinder Head Removal 

17. Lift the cylinder head from the block. If 
necessary lever the head off on the pads provid
ed, taking care not to damage the cylinder head 
or block faces, Figure 6. 

DISASSEMBLY 

Thermostat: 

1. Remove the coolant outlet connection and the 
thermostat and gasket, Figure 7. 

NOTE: On gasoline engines, the water outlet 
connection and thermostat are incorporated in 
the intake manifold, water outlet cover and 
gasket are used to cover the hole in the front of 
the cylinder head. For inspection and repair see 
"Cooling System", Chapter 2. 

Cylinder Head: 

1. Clean the head and remove carbon deposits from 
around the valve heads. 

2. Using a valve spring compressor, Figure 8, 
remove the retainer locks, spring retainers/ 
rotators, springs and seals from each valve, 
Figures 9 and 10. 

3. Remove the valves and place in a numbered rack 
together with the valve rotators (where fittedl. 
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Figure 7 
Thermostat Removal 

1. Cylinder Head 
2. Gasket 
3. Thermostat 
4. Coolant Outlet Connection 

Figure 8 
Valve ·Removal 

1. Retainer Locks 
2. Valve Spring 
3. Valve Spring Compressor 
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Figure 9 
Intake Valve Assembly 

1. Spring Retainer 
2. Seal 
3. Spring Retainer Lock 
4. Intake Valve 
5. Spring 

Rocker Shaft Assembly: 

1. Remove the cylinder head bolts which pass 
through the rocker shaft supports and slide the 
rocker shaft supports and sl ide the rocker shaft 
components from the shaft, Figure 11. 

INSPECTION AND REPAIR 

Cylinder Head: 

1. Scrape all gasket surfaces clean then wash the 
cylinder head in a suitable solvent and thor
oughly dry with a lint free cloth or compressed 
air. 

2. Inspect the cyl inder head for damage and, if 
necessary, remove nicks and burrs from the 9a5- , 
ket faces using a suitable abrasive. Be sure all 
traces of abrasive material are removed after 
repair. 

3. Use a straight edge to check the flatness of the 
cylinder head in all directions, Figure 12. For 
flatness requirement see " Specifications" -
Chapter 3. 
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------------PART 1 - ENGINE SYSTEM -------------

r , 

Figure 10 
Exhaust Valve A ssembly 

1. Spring Retainer Locks 
2. Seal 
3. Exhaust Valve 
4. Spring Retainer 
5. Spring 

NOTE : If the cylinder head exceeds the flatness 
specification it may be skimmed providing the 
depth from the lower face of the valve insert to 
the cylinder head face is not less than 0.064 in. 
11.63 mmJ. 

4. After skimming the head, check whether any 
cyl inder head bolts are bottoming by mounting 
the cylinder head on the block w ithout a gasket 
and without any of the pistons at T.O.C. Install 
all the bolts finger tight and ensure the rocker 
shaft supports and flat washers are litted w ith 
the long bolts . II a 0.010 in . 10.25 mm) feeler 
gauge can be inserted under the bolt head then 
the bolts are bottoming and the cylinder block 
thread must be increased in depth. Use a 1/ 2 in . 
x 13 UNC - 2A thread tap. 

Valve Seats: 
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1. Examine the valve seat inserts and retace if pitted 
but replace il damaged. If necessary, install an 
oversize insert by machining the seat counter
bore in the cylinder head, see "Specifications" 
- Chapter 3. The insert must be chi lled in dry
ice prior to installation . 

Dimension after Refacing : 
0.031 in. 10.79 mm) Minimum 

Figure 11 
Rocker Shaft Disassembled 

1. Spring 
2. Retaining Bolt 
3. Shaft Support 
4. Rocker Arm 
5. Shaft 
6. Spacer 

NOTE : Valve seat inserts of 0.0/0 in. 10.25 mm) 
and 0.020 in. (0.5 mm) oversize on diameter are 
sometimes installed in cvlinder heads in produc
tion. Heads fitted with oversize inserts are 
stamped 5010/05 or 5020/05 on the exhaust 
manifold side in line with the valve seat con
cerned. 

When replacing exhaust valve seat inserts be 
sure the replacement inserts are of the correct 
type as the size and material specification va ries 
for the different engine types. 

2. Check the width 01 the valve seat and, il 
necessary, reface by grinding to the dimensions 
shown in Figure 13. 

3. Grind the seat width to lintake) 0.082" - 0.102" , 
12.082-2.590 mm)lexhaust) 0.084 - 0.106" 
12.133-2.692 mml. Lower or raise the seat by 
removing material from the seat using the fol
lowing stones: 

To lower the seat use a 30 degree stone. To raise 
the seat use a 60 degree stone. 

NOTE: Refacing of the valve seat should a/ways 
be co-ordinated with refacing of the valve to en
sure a compression tight fit. 

Valves : 

1. Inspect the valve face and, il pitted replace or 
reface by grinding to the dimensions shown in 
Figure 14. 
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Figure 12 
Measuring Cylinder Head Flatness 

1. Straight Edge 
2. Feeler Gauge 

n 
Figure 13 

Valve Seat Dimensions 
1. Valve Seat Angle · 44° 30' . 45° 00' 
2. Valve Seat Width 

Intake 0.080 . 0.102 in. 12.032·2.590 mm) 
Exhaust 0.084 . 0.106 in . 12. 133 . 2.692 mm) 
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Figure 14 
Intake and Exhaust Valves 

2. Before refacing a valve, be sure the valve is free 
of defects and the stem is not bent, Check that 
the seat run-out, measured at right angles to the 
seat does not exceed a total of 0.0015 in. 10.038 
mm), 

,. 
IMPORTANT: The finished valve seat should 
contact the center of the valve face. Using the 
refaced or new valve, check the seat using Prus
sian Blue. Rotate the valve with a light pressure 
and if the blue is transferred to the middle of the 
valve face, the contact is correct, Figure 15. 

CORRECT·SEAT STRIKES 
CENTER OF VALVE FACE 

\ 

'\ / 

- -

A 

/CORRECT 
GlE AN 

~ CORRECT 
WIDTH ~' 

O,K. 
! 

B 

( ~~ 
Q? ' C 

\ . 
WRONG 

~~lF.lN 
TOO NARROW TOO WIDE TOO lOW TOO HIGH 

Figure 15 
Valve Seating 
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Figure 16 
Measuri ng Valve Guide 

1. Telescopic Gauge 
2. Micrometer 

Valve Guides: 

B 

1. Using a telescopic gauge and micrometer, 
measure the valve to guide clearance, Figure 16. 
If the clearance exceeds the specified limits, see 
"Specifications" - Chapter 3, ream the valve 
guide to fit the next oversize valve. 

NOTE: Production cylinder heads may have one 
or more 0.015 in. (0.38 mmj oversize valve 
guides and valves installed. Such cylinder heads 
have 15 or VOl510S stamped on the exhaust 
manifold side of the head opposite the valvel s) 
concerned. 

2. Use Tool Kit No. 2136 to ream out the valve 
guide to accept an oversize valve. The kit con
tains three reamer and pilot combinations as 
follows: 

• 0.003 in. (0.076 mm) Oversize Reamer and 
Standard Diameter Pilot. 

• 0.015 in. (0.38 mm) Oversize Reamer and 
0.003 in. (0 .076 mm) Oversize Pilot. 

• 0.030 in. (0.76 mm) Oversize Reamer and 
0.015 in. (0.38 mm) Oversize Pilot. 

When going from a standard valve stem to an 
oversize always use the reamers in sequence. 
After reaming a valve guide, always check the 
valve seating and retaee if necessary. 

Figure 17 
Checking Valve Spring Squareness 

1. Maximum Out-Of-Square 
0.06 in . (1.5 mm) 

Valve Springs: 

1. Replace worn or damaged valve springs. Check 
for sq uareness and reject if out-at-square ex
ceeds 0.06 in . (1.5 mm), Figure 17. Check the 
free length and loaded length of each valve 
spring, see " Specifications" - Chapter 3. Be 
su re the valve spring retainer locks are in good 
condition and the exhaust valve rotators are not 
binding or worn. 

Rocker Shaft Assembly : 

1. Examine the rocker arm for wear or damage. 
Check the adjusting screw threads and replace 
if damaged. Inspect the rocker arm locating 
springs and spacers for damage. Check the 
rocker arm-to-shaft clearances and replace if 
beyond specified limits, see " Specifications" -
Chapter 3. 

2. Clean the shaft in a suitable solvent and 
thoroughly dry with compressed air to be sure 
the oil passages are free from obstruction . 

ASSEMBLY 

Cylinder Head : 

1. Insert each valve in the guide bore from which it 
was removed and lap in position to be sure of 
even seat around the valve. Withdraw the valve 
and remove all traces of lapping compound. 
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1. Notch 

Figure 18 
Rocker Shaft Assembly 

2. Use a valve spring compressor to reassemble the 
valves, valve springs, retainers and retainer 
locks. For the exhaust va lves install a new seal
ing ring in the second groove from the top of the 
valve stem. 

Thermostat: 

1. Install the thermostat (spring end towards the 
head), coolant outlet and a new gasket. 

Rocker Shaft Assembly : 

1. Coat all components with engine oil and position 
the notch on the front of the rocker shaft up
wards to correctly locate the oil holes, Figure 18. 

2. Start the assembly from the shaft rear end by 
securing a rocker arm support vy ith a long bolt. 
Be sure the notch on the support is positioned to 
the right of the shaft when looking forward . Pro
ceed to install a spacer, rocker arm, spring, 
rocker arm and support. Repeat the procedure 
until complete. 

INSTALLATION 

Installation of the cylinder head and ancillary equip
ment follows the removal procedure in reverse. On in
stallation observe the following requirements: 
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Figure 19 
Cylinder Head Bolt Tightening Sequence 

• Install new cylinder head, intake and exhaust 
manifold gaskets. 

• Be sure washers are installed under the heads of 
the cylinder head retaining bolts . Tighten the 
cylinder head bolts in the sequence shown in 
Figure 19, and progressively in three steps as 
follows: 

iii Torque to 90 Ibf. ft. (122 Nml 

(i ii Torque to 100 Ibf. ft . (135 Nml 

(iiil Torque to 110 Ibf. ft . (140 Nml 

NOTE: The cylinder head bolts should be tor
qued only when the engine is cold. 

• Rotate the engine and set the valve lash. Figure 
20 - see " Specifications" - Chapter 3. 

• Install the injectors with new seat washers and 
cork seals. 

• Install the injector lines and leak-off pipe with 
new washers . 

• Use new lock tabs for the exhaust manifold re
taining bolts and bend the tabs to effect reten
tion . 

• Tighten all nuts and bolts to the specified tor
ques. See "Specifications" - Chapter 3. 

9 
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Figure 20 
Setting Valve Lash 

1. Adjuster Screw 
2. Feeler Gauge 

Figure 21 
Crankshaft Pulley Removal 

1. Shaft Protector No. 9212 
2. 7/16-14 UNC Bolt 
3. Puller No. 9539 
4. Crankshaft Pulley 

Figure 22 
Timing Gears 

1. Camshaft Gear 
2. Crankshaft Gear 
3. Camshaft Drive Gear 
4. Injection Pump Drive Gear 

ENGINE FRONT COVER AND 
TIMING GEARS 

REMOVAL 

NOTE: The engine front cover and timing gears can 
only be serviced after removing the radiator and front 
axle. See "SEPARA TlNG THE TRACTOR" - Part 70. 

1. Drain the engine oil and remove the oil pan . 

2. Remove the fan drive belt and withdraw the bolt 
and washer from the center of the crankshaft 
pulley. 

3. Using Puller No. 9539 and Shaft Protector No. 
9212, remove the crankshaft pulley, Figure 21. 

4. Remove the power steering pump, see "STEER
ING SYSTEMS" - Part 8. 

5. Remove the front cover retaining bolts, front 
cover, and gasket. Remove the oil slinger from 
the crankshaft. 

NOTE: On gasoline engines remove the fuel lift 
pump, push rod, and lines and the governor 
cover, Durer race and drive assembly. 
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) 

Figure 23 
Measuring Timing Gear Backlash 

1. Camshaft Gear 
2. Oil Slinger IReference Only) 
3. Feeler Gauge 
4. Camshaft Drive Gear 

6. Before removing the timing gears, Figure 22, use 
a dial indicator or feeler gauges, to measure the 
backlash between each set of mating gears. 
Figure 23. Rotate the gears and check the 
backlash at four equidistant points on the gears. 
Install new gears if the backlash exceeds the 
specified limits see "Specifications" - Chapter 
3. 

7. Pry the camshaft gear away from the thrust plate 
and using a dial indicator or feeler gauges, 
measure the clearance, Figure 24. Install a new 
camshaft thrust plate if the camshaft end play 
exceeds the specified limits, see 
" Specifications" - Chapter 3. 

8. Remove the fuel injection pump drive gear, cam
shaft drive gear and adapter and the camshaft 
gear. Use Tool No. 2134, 2137 to remove the 
crankshaft gear, Figure 25. 

NOTE: On gasoline engines; an eccentric, Figure 
26, is attached to the front of the camshaft gear. 

NOTE: The crankshaft gear should only be 
removed if it shows signs of wear. 
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Figure 24 
Measuring Camshaft End Play 

1, Screw Driver 
2 . Feeler Gauge 
3. Camshaft Gear 
4 . Thrust Plate 

Figure 25 . 
Crankshaft Gear Removal 

1. Pulier No. 2134 
2. Insert No. 1237 

11 
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Figu,e 26 
Checking Timing Gea, Backlash 

1. Feeler Gauge 
2. Fuel Pump Drive Shaft 

INSPECTION AND REPAIF. 

1. Wash the gears and adapter in a suitable solvent 
and dry with a clean lint free cloth or compressed 
air. 

2. Examine the gear teeth for wear, burrs or 
scratches. Any minor burrs or scratches may be 
removed with a fine abrasive; be sure all parts are 
thoroughly washed befo,e ,e-assembly. 

3. Be sure the camshaft drive gear adapter oil 
passage is free from obstruction and the drive 
gear bushing is not damaged. 

4. Check the key and keyway in the end of both the 
camshaft and crankshaft for damage. Replace 
the keys if necessary. 

INSTALLATION 

12 

1. Install the spacer, key and the camshaft gear 
then re-check the camshaft end play. 

2. Locate the key then use Tool No. 2134 and 1237 
to install· the crankshaft gear, Figure 27. 

Figu,e 27 
Installing Crankshaft Gear 

1. Installer No. 2134 
2. Insert No. 1237 

3. Position No. 1 piston at Top Dead Center and in
stall the camshaft drive gear and adapter with 
the timing marks aligned with those of the other 
gears, 

Tighten the bolt to the specified torque and re
check the backlash between the gears . 

Diesel Engine: 

4. Assemble the fuel injection pump to the engine 
front plate. Check No.1 piston is at T.D.C. and 
install the injection pump drive gear with the 
timing mark aligned with that of the camshaft 
drive gear, Figure 28. 

NOTE: All Ford engines with a distributor type 
fuel injection pump have a common fuel injection 
pump drive gear. This gear features two timing 
marks identified by numerals '3' and '4 ' for 3 and 
4-cylinder engines respectively, Figure 29. When 
installing the pump drive gear, be sure the 3 
cylinder timing mark aligns with the camshaft 
drive gear timing mark. 
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Figure 28 
Aligning The Timing Gears 

1. Camshaft Gear 
2. Crankshaft Gear 
3. Camshaft Drive Gear 
4. Injection Pump Drive Gear 

Figure 29 
Injection Pump Drive Gear To 
Camshaft Drive Gear Timing 

1. Pump Drive Gear 
2. Camshaft Drive Gear 
3. 3-Cylinder Timing Mark 
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{ 
Figure 30 

Timing Gears 
1. Distributor Drive Gear 
2. Camshaft Drive Gear 
3. Camshaft Gear 
4. Crankshaft Gear 

Gasoline Engine: 

Install the front timing gear wi th timing mark 
aligned with the governor drive gear, Figure 30 
and tighten the self-locking reta ining bolt to the 
specified torque. Install the governor outer race 
assembly. 

5. Install a new dust seal in the front cover. 
Lubricate the oil seal with petroleum jelly and use 
Adapter No. 9210 to press the seal into the front 
cover. 

6. Locate the oil slinger onto the crankshaft with 
the dished face outwards. 

7. Position a new gasket on the engine front plate
and install the front cover. Be sure the cover 
aligns with the dowel pins . Tighten the bolts to 
the specified torque. 

8. Lubricate the crankshaft pulley spacer and slide 
over the key. Replace the pulley hub and tap on
to the crankshaft. Tighten the securing bolt to 
the specified torque, see "Specifications" -
Chapter 3. 

13 
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9. Install the oil pan with a new gasket and tighten 
the bolts to the specified torque, see " Specifica
tions" - Chapter 3. 

10. Refill the engine with the correct grade and 
quantity of oil, see "Specifications" - Chapter 
3. 

GOVERNOR AND DRIVE GEAR 

The gasoline engine governor is located inside the 
engine front cover. Linkage connects the throttle con
trol. the governor and the carburetor together. All ser
vice work on the governor can be performed with the 
engine in the tractor, except removing the drive gear. 
The engine front cover must be removed to permit 
removal of the distributor/ governor drive gear, 

GOVERNOR REMOVAL 

, . Disconnect the governor lever linkage, Figure 31. 

2 . Remove the governor housing from the engine 
front cover. Discard the old gasket, Figure 32. 

3. Remove the governor outer race. 

4 . Remove the distributor drive gear retaining nut 
(left hand thread) and remove the driver assem
bly, Figure 33. 

INSPECTION 

1_ Inspect the driver assembly and outer race for 
damage and wear. 

2. Inspect the bushings and oil seal in the governor 
housing for burrs and excessive wear., 

GOVERNOR INSTALLATION 
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1. Install the driver assembly. Tighten the retaining 
nut to the correct torque, see " Specifications" 
- Chapter 3. 

2. Install the governor outer ·race. 

3. Replace the housing using a new gasket. 

Figure 31 
Gasoline Engine Governor Housing 

1. Governor Housing 
2. Front Cover 
3. Attaching Bolts 

Figure 32 
Governor Housing and Outer Race 

1. Governor Housing 
2. Outer Race 
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Figure 33 
Engine Front Cover Removed Gasoline Engine 
1. Drive Gear 
2. Retaining Nut 
3. Driver Assembly 

OIL PAN REMOVAL 

NOTE: The oil pan can be removed with the engine in
stalled in the tractor. 

1. Drain the engine oil and remove the oil level in
dicator. 

2. Support the front transmission. 

3. Remove the hood. 

4. Disconnect the radiator shell support, slacken 
the engine to front support bolts leaving the nuts 
flush or partly disengaged from the end of the 
bolts. 

5. Ease the front support and radiator assembly for
ward to allow the front oil pan bolts and the pan 
to be removed. 

,NOTE: Using this procedure it should not be 
necessary to disconnect the radiator hoses, 
power steering or hydraulic oil cooler tubes 
where fitted. However, care must be taken to be 
sure no components are unduly stressed. 
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WARNING: Due to the weight of the cast iro~ 
oil pan, exercise great care on removal. 

INSPECTION AND REPAIR 

1. Scrape all gasket material f rom the gasket sur
face then wash the oil pan in a suitable solvent 
and dry with a clean lint free cioth or compressed 
air. 

2. Inspect the pan for cracks, damaged drain plug 
threads or distorted gasket suriace . . 

INSTALLATION 

Installation of the oil pan follows the removal pro
cedure in reverse. On installation observe the follow
ing requirements. 

• Be sure the gasket suriaces on the oil pan and 
block are clean. 

• Install a new gasket and apply a thin film of 
sealer to the gasket, front cover and oil pan. 

• Position the oil pan and install a bolt finger tight 
at each corner. 

• Install the remaining bolts, tighten the rear bolts 
first, then tighten from the middle outward in 
each direction to the specified torque, see 
"Specifications" - Chapter 3. 

• Fill the engine with the correct grade and quanti
ty of oil, see "Specifications" - Chapter 3. 

• Operate the· engine and check for oil leaks. 

OIL PUMP 

REMOVAL 

1. Remove the oil pan as previously described in 
this Chapter. 

2. Remove the oil pump with the filter screen, 
Figure 34. Withdraw the intermediate shaft. 

3. Disconnect the proofmeter drive cable from the 
drives haft adapter and remove the engine oil 
filter. 

15 
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Figure 34 
Oil Pump and Filter Screen 

1. Filter Screen 
2. Intermediate Shaft 
3. Oil Pump Retaining Bolts 
4. Oil Pump 

4. Slacken the retaining bolt then withdraw the 
driveshaft adapter assembly and the oil pump 
drive gear, Figure 35. 

DISASSEMBLY 

With reference to Figure 26. 

1. Remove the pump screen. 

2. Withdraw the retaining screw and washer 
assemblies then separate the inner and outer 
covers from the body and extract the rotor and 
shaft assembly. 

3. Insert a self-tapping screw into the relief valve 
plug and pull the plug out of the body. Withdraw 
the relief valve and spring. 

INSPECTION AND REPAIR 
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1. Wash all parts in a suitable solvent and dry with a 
clean lint free cloth or compressed air. 

Figure 35 
Oil Pump Drive Gear Removal 

1. Retaining Bolt 
2. Proofmeter Oriveshaft Adapter 
3. Oil Pump Drive Shaft and Gear Assembly 
4. Drive Shaft Adapter Mounting Base 

2. Inspect the inside of the pump cover and body 
for excessive wear. 

3. Use a straight edge and feeler gauges to measure 
the end play between the inner rotor and the 
pump body and measure the clearance between 
the outer rotor and the pump body, Figure ~. 

4. Use feeler gauges ttl measure the clearance be
tween the periphery of the outer rotor and the 
pump body, Figure 38. 

Replace the rotor assembly and/ or pump body if 
beyond any of the specified limits, see 
"Specifications" - Chapter 3. 

5. Check the relief valve spring tension, see 
"Specifications" - Chapter 3. 

6. Inspect the relief valve for wear and check for 
freedom of movement within the bore. Inspect 
the valve bore for excess wear and scoring. 

8. Examine the intermediate drive shaft socket ends 
for wear. 
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1. Oil Pump Retaining Bolts 
2. Adapter Retaining Bolt 

Figure 36 
Oil Pump Assembly 

9. 
10. 

3. Proofmeter Drive Shaft and Cable Assembly 11. 
12. 
13. 
14. 
15. 

Screen 
Spring 
Outer Cover 

4. Proofmeter Drive Shaft Adapter 
5. Driveshaft Adapter Mounting Base 
6. Oil Pump Drive Shaft and Gear Assembly 
7. Intermediate Shaft 
8. Screw and Washer Assemblies 

ASSEMBLY 

Assembly of the oil pump components follows the 
disassembly procedure in reverse . On assembly 
observe the following requirements. 

• Oil all the parts. 

• The inner rotor and shaft assembly and the outer 
rotor are serviced as an assembly. 

• Prior to installation, introduce clean engine oil in
to the inlet port and rotate the pump shaft by 
hand. 

PRINTED IN U.S.A. 

Inner Cover 
Inner Rotor and Shaft Assembly 
Outer Rotor 
Body 

16. Pressure Relief Valve Assembly 

INSTALLATION 

Installation of the oil pump follows the removal pro
cedure in reverse. On installation observe the follow· .. 
ing requirements. 

• Install a new gasket and tighten the bolts to the 
correct torque, see "Specifications" - Chapter 
3. 

• Install a new oil filter and oil filter cover gasket . 

17 
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Figure 37 
Measuring Oil Pump Clearance 

1. Pump Body 
2. Outer Rotor 
3. Inner Rotor 
4. Feeler Gauge 

CONNECTING RODS, BEARINGS, PISTONS, 
RINGS AND CYLINDER BLOCK 

REMOVAL 

NOTE: The connecting rods and pistons can be 
removed with the engine installed in the tractor after 
pior removal of the cylinder head, oil pan and oil pump 
assembly as descflbed in this Chapter. 

18 

1. If necessary, remove any ridge from the top of 
the cylinder bores with a cyl inder ridge ~eamer or 
hand scraper, Figure 39 . 00 not cut down into 
the piston ring travel area. 

2. With the piston at the bottom of its stroke, 
remove the nuts from the bearing cap bolts and 
remove the bearing cap and liner, Figure 40 . 

3, Use the handle end of a hammer to push the 
piston and rod assembly but of the top of the 
block . Remove the bearing liner from the con
necting rod. 

\ 

Fig ure 38 
Measuring Outer Rotor to 

Pump Body Clearance 
1. Pump Body 
2. Outer Rotor 
3. Feeler Gauge 
4. Inner Rotor 

Figure 39 
Removing Cylinder Ridge 

1. Cutter Blade 
2. Shoe 
3. Reamer 
4. Adjusting Screw 
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Figure 40 
Connecting Rod Bearing Cap Removal 

1. Bearing Liner 
2. Bearing Cap 

4. Turn the crankshaft to bring each piston to the 
bottom of its stroke and repeat this prqcedure. 
Keep the bearing caps and liners with their 
respective connecting rods . 

Connecting Rod Bearings: 

1. If the bearing liners are scored, have the flash 
overlay wiped out, show fatigue failure, or are 
badly scratched, as shown in Figure 41 , install 
new bearing liners. 

2. If the bearing liners appear to be serviceable, 
keep with their respective rods for reassembly in 
the engine. If the clearance exceeds the specified 
limits, new bearings must be installed . Undersize 
connecting rod bearings are available in 0.002 in . 
10.0508 mm. l, 0.010 in. 10.254 mm.1. 0.020 in . 
10.508 mm.l , 0.030 in . 10.762 mm.1 and 0.040 in . 
(1.016 mm.) for service. If new bearings are re
quired follow the procedure covered in the 
crankshaft section of this chapter. 

Figure 41 
Typical Defective Bearing 

DISASSEMBLY 

,. Remove the piston pin retainer (snap ring) from 
each side of the piston and remove the pin . 

PRINTED IN U.S.A. 

2. Use an expander to remove the piston rings, 
Figure 42. 

3. Identify each piston and rod for reassembly, 
Figure 43. 
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Figure 42 
Piston Ring Removal 

1. Piston Ring Expander 
2. Piston Ring 

INSPECTION AND REPAIR 

1. Wash the piston and connecting rod assembly in 
a suitable solvent and dry with a clean lint free 
cloth or compressed air. 

2. Inspect the piston ring lands, skirts and pin 
bosses for damage. Check for separation of the 
top ring insert from the piston, 

3. Clean the ring grooves and using a new ring and 
feeler gauge check the piston ring lands for 
wear, Figure 44. For maximum ring clearance see 
"Specifications" - Chapter 3. 

4. Check the connecting rod components for 
damage and place each connecting rod in an 
alignment fixture to check for distortion, see 
"Specifications" - Chapter 3. 

5. Measure the outside diameter of the piston pin 
and the inside diameter of the connecting rod 
bushing. If the clearance is not within the 
specified limits, see " Specifications" - Chapter 
4, press out the connecting rod bushing and in· 
stall a new bushing using Tool No. 9514 with a 
suitable Adaptor, Figure 45. 
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Figure 43 
Piston and Connecting Rod 

Disassembled 
1. Retaining Nuts 6. Bolt 
2. Bearing Cap 7 . Pin Retainers 
3. Connecting Rod 8. Piston Pin 
4. Piston Rings 9. Piston 
5. Bearing Liners 

FigurA 44 
Checking Piston Ring Side Clearance 

1. Feeler Gauge 
2. New Piston Ring 



-----------------------------CHAPTER1-----------------------------

Figure 45 
Connecting Rod Bushing Removal 

And Installation 
1. Connecting Rod 
2. Handle - Tool No. 9514 
3. Adapter 

6. After installation of a new connecting rod 
bushing, use the hole in the top of the rod as a 
guide, drill a 0.25 in. 16.4 mml diameter hole 
through one wall of the bushing, Figure 46 . 

7. Use an expansion reamer to ream the bushing to 
obtain the specified bushing-to-piston pin 
clearance. 

8. Check the connecting rod and main bearing 
ciearances as described in this Chapter. If the 
bearing clearances exceed the specified limits, 
see " Specifications" - Chapter 3, then install 
new bearings as described in the CRANKSHAFT 
section of this Chapter. 

9. Clean and inspect the cylinder block. Rust 
around the core plugs indicates leakage and new 
plugs should be installed with suitable sealant. 

10. Inspect and measure the cylinder bores for 
waviness, scratches, scuffing, out-at-round, 
wear and taper. A wavy cylinder wall has a series 
of parallel lines or rings worn around the 
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Figure 46 
Connecting Rod Bushing Installed 

1. Connecting Rod Bushing 

cylinder, within the ring travel area. These ir
regularities ca n be felt by running a finger over 
the surface. A scuffed cylinder can be identified 
by discolored areas . Out-af-roundness, wear and 
taper can only be detected with a cylinder bore 
gauge. Measure lengthwise and crosswise to ob
tain dimensions 'A', 'B' , 'C' and ' D', Figure 47 . 
Dimension 'A' compared with 'B', and dimen
sion 'C', compared with '0', indicates taper 
while the crosswise dimensions 'c' and '0' com
pared to the lengthwise measurements 'A' and 
'B' show if an out-of-round condition exists. See 
"Specifications" - Chapter 3. 

11. If the cylinders are outside specification or the 
walls are damaged, the cylinders should be hon
ed or bored to fit the next oversize pistons. The 
finished bore size can be determined by measur
ing the piston diameter at right angles to the 
piston pin and adding the appropriate piston-to
bore clearance, see "Specifications" - Chapter 
3 . Always bore the cylinder with the most wear 
first to determine the oversize pistc.ns required. 

Oversize pistons are available as follows: 

• 0.004 in . 10.10 mml 

• 0.020 in . 10.51 mml 

• 0.030 in . 10.76 mml 

• 0.040 in. 11.0 mml 
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Bores to take 0.004 in . 10.10 mm) oversize 
pistons need only be honed. All honing should 
be done with a rig id hone having a grit size of 
150-220. After reboring and honing, thor
oughly wash and dry the cylinder block and 
coat the walls with engine oil. 

12. For cylinders with severely damaged walls or to 
which maximum oversize pistons have already 
been installed, cylinder liners are available for 
sleeving the bore . 

• 4.4 in. (111.76 mm) Bore Thin Walled Lipped 
Sleeve: 

(j) Measure the outside diameter of the 
sleeve in four places and find the 
average diameter. Bore the block to 
0.000-0.002 in. 10.00-0.05 mm) less than 
this average diameter. 

(iD Machine the counterbore to the dimen
sions shown in Figure 48. The counter
bore depth is critical as the sleeve must 
be flush with the block surface when in
stalled. 

(iii) Install the liner and be sure the lip bot
toms in the counterbore. If necessary 
the sleeve may, be machined to bring it 
flush with the block face, or if necessary 
the block face may be skimmed by up to 
0.005 in. (0.13 mm) to achieve a flush 
condition . If the block is skimmed be 
sure the piston to block height dimen
sion is maintained within specification. 
Figure 49, see " Specifications" -
Chapter 3. 

(iv) Bore and hone the sleeve to the 
diameter required. Only standard and 
0.004 in. (0.10 mm) oversize pistons can 
be used with the thin walled 4.4 in . 
(111.76 mm) bore sleeve. 

13. Check the flatness of the cylinder block-to-head 
surface, see " Specifications" - Chapter 3. 

ASSEMBLY 

NOTE: Prior to assembly. check the cylinder bores for 
taper and out-at-round previously described in this 
Chapter. 
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Figure 47 
Cylinder Bore Measurements 

f---- ---- B - --+-

I o 
I---C ---+1-: 

Figure 48 
Dimensions for Machining Cylinder Bore 

For Thin Walled Sleeve 
A. 0.095-0.099 in. (2.41 -2.51 mm) 
B. 4.746-4.753 in. (120.55-120.73 mm) 
C. Bore Cylinder to Average Diameter of Sleeve 

less 0,000-0.002 in. (0.00-0.05 mm) 
D. 0.020-0.030 in. (0.50-0.75 mm) x 45° 

Chamfer 
E. 0.015 in. (0.381 mm) Radius Maximum 
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1. Prior to assembly, check the piston-ta-bore 
clearance as follows: 

• Measure the cylinder bore diameter in a 
crosswise direction then measure the piston 
diameter at right angles to the piston pin. 

• Subtract the piston diameter from the bore 
diameter and the resultant figure should be 
within the specified clearance, see "Specifica
tions" - Chapter 3. 

NOTE: Pistons are available in both standard 
and oversizes. New pistons should be instal/
ed if the clearance exceeds the specified 
limits. 

• If the clearance is greater than specified, try a 
similar new piston. If the clearance still ex
ceeds the specified limit, measure the other 
cylinder bores and pistons and determine the 
cylinder with the greatest clearance. Based on 
the greatest clearance, rebore the cylinders to 
take the next oversize piston as previously 
described in this Chapter. 

• If the clearance is less than specified: Hone 
the bore to obtain the desired clearance as 
previously described in this Chapter. 

2. Lubricate all components with engine oil then 
assemble the piston to the connecting rod with 
the notch on the piston crown aligned with the 
pip on the connecting rod and install the piston 
pin and retainer (snap rings) , Figure 50. 

3. Check the piston rings for minimum gap prior to 
installation in the relevant cylinder, Figure 51. 
Use a piston crown to squarely locate the ring in 
the bore. New rings should be checked for side 
clearance in the piston as previously described in 
this Chapter. 

4. Use an expander to install the piston rings, star
ting with the oil control ring in the bottom groove 
and working upwards. 
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Figure 49 
Measuring Piston To Block Height 

Figure 50 
Piston To Connecting Rod Alignment 

1. Notch To Front of Engine 
2. Cap Numbers 
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Figure 51 
Checking Piston Ring Gap 

1. Piston Ring 
2. Feeler Gauge 

Piston Rings: 
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The piston ring set comprises of: 

• 3 Compression Rings. 

• 1 Oil Control Ring. 

• 1 Non-Slotted Ring Expander for No.3 Com
pression Ring. 

• 1 Spiral or rail type Ring Expander for Oil Con
trol Ring. 

Three different types of ring expanders are 
commonly used, Figure 52. 

The "wave type" expander provides the least 
amount of wall pressure and is used behind 
the no. 3 compression ring. 

The "spiral spring" expander provides greater 
wall pressure and is used behind the oil con
trol ring. 

The " rail type" spring expander provides 
slightly more wall pressure than the spiral spr
ing and is an alternate design used inter
changeably with the spiral spring expander. 

\ 
"SPIRAL" SPRING 

EXPANDER 

"WAVE " SPRING 
EXPANDER 

Figure 52 
Piston Rings 

Piston Ring Installation: 

"RAil" SPRING 
EXPANDER 

The design of the piston rings and the iden
tification markings on the rings varies among 
engines. It is imperative that each of the 
respective piston rings is installed correctly in 
it respective ring groove. Use an expander to 
install the piston rings, starting with the oil 
control ring in the bottom groove and working 
upwards. 

Oil Control Ring: 

Install the oil control ring in the bottom groove 
as follows: 

1. Open the coil spiral spring at the guide pin . 
Place the coiled spring in the oil groove oj 
the ring, inserting the guide pin into the 
open end of the coil. Close until the spring 
ends butt. 

2. Install the cast iron ring with either side up, 
with the inside groove of the ring over the 
coiled spring, placing the ring gap opposite 
the coil spring ends. 
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3rd Compression Ring: 

The 3rd compression ring is dull grey or black 
and must be installed in the third groove. 
When installed the side marked "top" must 
be facing towards the top of the piston. The 
step on the inside of the ring will be facing up
wards. 

2nd Compresson Ring 

The 2nd compression ring is dull chrome and 
must be installed in the second groove. When 
installed, the side marked "top" must be fac
ing towards the top of the piston. The step on 
the inside of the ring will be facing upwards. 

Top Compression Ring 

The top compression ring is bright chrome 
and must be installed in the top groove. The 
top compression ring may be installed with 
either side up. 

5. After installing the rings, stagger the ring gaps 
around the circumference of the piston. 

NOTE: Gasoline engine piston rings are assem
bled in the same manner as diesel engine piston 
rings, except the second compression ring must 
be assembled like the third compression ring on 
the diesel engine pistons. Always begin ring 
assembly from the oil ring groove. 

INSTALLATION 

NOTE: Before installing a piston and new rings into a 
used cylinder bore, remove the high polish on the 
cylinder wall by passing a hone lightly through the 
cylinder or by making a figure eight pattern with very 
fine emery cloth dipped in a mixture of fuel and 
lubricating oil. After honing, thoroughly wash and dry 
the bores and coat the walls with oil. 

1. Select the correct bearing liners, as described in 
the CRANKSHAFT section of this Chapter, and 
install in the connecting rod and cap . Be sure the 
bearing liner tang locates in the slots of the rod 
and cap. 
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2. Turn the crankshaft to position the No. 
crankpin at the bottom of the stroke. Oil the 
piston, rings, cylinder bore and bearing liners.
Use a ring compressor to install the piston into 
the cylinder, Figure 53. Be sure the notch on the 
top of the piston is towards tRe front of the 
engine. 

3. Push the piston into the bore until the connec
t ing rod bearing liner seat s on the crankpin. In
stall the connecting rod bearing cap with the 
number on the cap on the same ~ide as the 
number on the rod. Install new nuts and tighten 
to the correct torque, see " Specifications" -
Chapter 3. 

4. Use feeler gauges to check the side clearance of 
each connecting rod, Figure 54, see "Specifica
tions" - Chapter 3. 

5. Install the remaining piston and rod assemblies in 
the same manner. 

6. Install the oil pump, the oil pan and the cylinder 
head as previously described in this Chapter. 

7. Fill the engine with the correct grade and quanti
ty of oil and the radiator with coolant, see 
"Specifi cations" - Chapter 3. 

8. Start the engine and check for leaks. 

Figure 53 
Piston and Connecting Rod Installation 

1. Hammer Handle 2. Piston Ring Compressor 
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CRANKSHAFT - MAIN BEARINGS 
AND FLYWHEEL 

The main bearings can be replaced with the engine in 
the tractor. To remove the flywheel, the engine must 
be separated between the engine and the transmis
sion. To remove the crankshaft, the engine must be 
removed from the tractor. 

MAIN BEARINGS 

REMOVAL 

1. Remove the oil pan, the oil pump and in
termediate shaft as previously described in this 
Chapter. 

2. Remove the main bearing cap from the journal to 
which the new bearing liners are to be installed. 
Always install one set of bearings at a time 
leaving the other main bearing caps securely in 
place. 

3. Install a bearing liner removal tool in the 
crankshaft journal oil passage. Slowly turn the 
crankshaft counter-clockwise until the tool 
forces the bearing out of the cylinder block. 

NOTE : If a bearing liner removal tool is not 
available, a suitable tool may be fabricated from 
a 1 in. 125 mm} 118 in./3 mm} split pin as shown 
in Figure 55. The shorter pin is used to remove 
the thrust bearing insert. 

Flatten and bend rhe head to 30° to conform to 
the angle of the oil passage in the crankshaft. 

INSPECTION AND REPAIR 

Clean the bearing liners, journals, and caps 
thoroughly_ Inspect each bearing carefully. Bearing 
liners that have a scored, chipped, or worn surface, as 
shown in Figure 56, should be replaced . Reinstall the 
liners that appear serviceable. If new liners are install 
ed, check the clearances, using Plastigage method. If 
the crankshaft is damaged, it should be reworked or 
replaced. 

INSTALLATION 
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1. Apply a light coat of engine oil to the journal and 
bearing liner. 

Figure 54 
Checking Connecting Rod 

Bearing Side Clearance 
1. Feeler Gauge 

• 

I 
0.5 IN . 

(12.7 MM) 

L 

A 

r 
1.0 IN . 

(25.4 MM) 

Figure 55 

< 

L 0_31 IN _ 
1~ (7.9 MM) 

B 

Bearing Liner Removal Tools 
A. Thrust Bearing Insert Tool 
B. Main Bearing Liner Tool 

, 
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Figure 56 
Typical Bearing Failures 

1. Overlay Worn 4. Imbedded Dirt 
2. Radii Ride 5. Craters or Pockets 
3. Scratches 6. Fatique Failure 

2. Locate the liner installation tool in the crankshaft 
journal oil passage and position the liner on the 
journal with the plain end of the liner at the tang 
side of the cylinder block. Slowly turn the crank
shaft clockwise until the bearing is fully located. 
Remove the installation tool. 

3. Lubricate the bearing cap and liner and install the 
liner into the cap. Position the bearing cap with 
the locking tang towards the camshaft side of 
the engine and install the retaining bolts. Tighten 
the bolts to the correct torque, see" Specifica
tions" - Chapter 3. 

4. If a new thrust bearing liner is installed, the bear
ing must be aligned as described in the CRANK
SHAFT section of this Chapter. 

5. Install the oil pump and intermediate shaft, and 
the oil pan . 
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FLYWHEEL 

REMOVAL 

1. Separate the tractor between the engine and the 
front transmission, see "SEPARATING THE 
TRACTOR" - Part 10. 

2. Remove the pressure plate and clutch disc 
assembly from the flywheel, see " CLUTCHES" 
- Part 4. 

3. Prior to removal, rotate the flywheel and use a 
dial, indicator to measure the run-out, Figure fi7., 
see " Specifications" - Chapter 3. If the 
flywheel is outside the specification check the 
mating surfaces of the flywheel and the crank
shaft for correct seating. 

4. Remove the flywheel attaching bolts and care
fully remove the flywheel. 
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Figure 57 
Checking Flywheel Run-Out 

1. Dial Indicator Gauge 
2. Flywheel 

INSPECTION AND REPAIR 

1. Inspect the flywheel ring gear and replace if the 
teeth are damaged. Check the flywheel for 
damage due to loosely or improperly fitted ring 
gear. 

2. A damaged flywheel ring gear should be remov
ed and replaced as follows: 

• Cut the old ring gear free from the flywheel. 

• Thoroughly clean the mating surfaces of the 
new ring gear and the fiywheei. 
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Q Use temperature indicating crayons to mark 
the side face of the ring gear at six equally 
spaced locations. Mark with a 400'F 1204°CI 
crayon at a point 0.5 in. 11 3 mml below the 
root of the teeth and mark with a 45O"F 
121ZOCI crayon at a point just below the root 
of the teeth. 

• Use an oxy-acetylene torch with a tip size No. 
2 maximum and direct the flame against the 
internal face of the gear. 

• Stop applying heat when the 400' F 1204°CI 
crayon marks melt and before the 450" F 1212 
CI crayon marks melt. 

• Quickly place the hot gear on the flywheel 
with the flat face against the shoulder on the 
flywheel. Quench the gear with water. 

INSTALLATION 

1. Clean the crankshaft rear flange and Ihe mating 
surface of the flywheel. 

2. Establish the correct alignment of the flywheel to 
crankshaft mounting holes and install the fly
wheel. Tighten the attaching bolts to the correct 
torque and re-check the flywheel run-out, see 
"Specifications" - Chapter 3. 

3. Install the pressure plate and clutch disc 
assembly, see "CLUTCHES" - Part 3. 

4. Re-assemble the tractor, see "SEPARATING 
THE TRACTOR " - Part 10. 

CRANKSHAFT 

REMOVAL 

1. Remove the engine from the tractor, see 
"SEPARATING TH.E TRACTOR" - Part 10, and 
place on an egine stand. 

2. Remove the pressure plate and clutch disc 
assembly from the flywheel, see "CLUTCHES" 
- Part 4. 

3. Remove the flywheel and engine rear cove, 
plate. 

4. Remove the crankshaft pulley and engine froni 
cover. 

NOTE: If the crankshaft is removed with the 
cylinder head in position, be sure ali timing marks 
are realigned prior to reassembly. this action wIll 
prevent possible interference between the valves 
and pistons during re-assembly. 
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5. Remove the oil pan, the oil pump and in
termediate shaft. 

6. Remove the connecting rod and main bearing 
caps and liners and identify to facilitate re
assembly. 

7. Carefully lift the crankshaft out of the cylinder 
block . 

INSPECTION AND REPAIR 

NOTE: Current production engines may have a 
crankshaft with main or crankpin journals ground 
0.010 in. (0.25 mm) undersize. These are identified 
with the letters '010 MUS' and/ or '0 10 PUS ' respec
tively. The letters are stamped on one of the crank
shaft counterbalance weights. 

1. If the crankshaft gear teeth are excessively worn 
or chipped, install a new crankshaft gear which 
must be full y located on the shoulder of the 
crankshaft. 

2. Clean the crankshaft and drilled passages. Dress 
minor imperfections with an oil stone and re
finish severely marked journals to the next under
size bearing . 

3 . Measure the diameter of each journal in four 
places to determine out-af-round, taper or wear, 
Figure 58. Measurement A compared with B in
dicates vertical taper while measurement C com
pared with 0 indicates horizontal taper. 
Measurements A and B compared with C and 0 
indicate journal out-of-round. If the journal ex
ceeds the specified wear limit, refinish the jour
nals to the next undersize bearing, see 
"Specifications" Chapter 3. Always 
reproduce the original journal side radii and after 
refinishing chamfer the oil holes . 

4. Examine the rear oil seal journal for score marks, 
remove minor imperfections with fine emery 
cloth and if severely damaged replace the crank
shaft. 

ASSEMBLY 

1. Check the crankshaft bearing clearance with 
micrometers or preferably using Plastigauge as 
follows: 

• Position a piece of correct size Plastigauge 
across the full width of the bea ring cap and 
approximately 0.25 in. (6 mm) off center. 
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Figure 58 
Crankshaft Journal Measurements 

• Install the cap and tighten the bolts to the 
specified torque. 

• Remove the cap and use the scale to check 
the width of the flattened Plastigauge, Figure 
59. The width of the Plastigauge at the widest 
point establishes the minimum clearance and 
at the narrowest point the maximum clear
ance. The difference between the two 
readings is the taper. 

Figure 59 
Checking Bearing Clearance 

Using Plastigauge 
1. Bearing Liner 3. Plastigauge Strip 
2. Cap 
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NOTE: Normally, main bearing journals wear 
evenly and will not be out·of-round. However, 
if a liner is fitted to an out-at·round journal 
which is within specifications, be sure to fit 
the bearing to the maximum diameter of the 
journal. 

2. Standard size liners are color coded red or blue 
and are available in a Copper Lead or Aluminium 
Tin alloy, see "Specifications" - Chapter 3. 

IMPORTANT: The engine may be assembled 
with liners of different material but liners of the 
same material must be installed on the same 
journal. 

The red liners have a thinner wall section than 
the blue liners and provide greater clearance. A 
combination of red and blue liners may be re
quired to obtain the desired clearance. If the 
clearance is greater than specified when two 
blue liners are used, a 0.002 in. (0.05 mm) under
size liner with either a red, blue or another 0.002 
in . 10.05 mml undersize liner should be installed. 
If any of these combinations of liners do not pro
duce the specified clearance, refinish the crank
shaft and fit undersize bearings, see "Specifica
tions" - Chapter 3. 

3. Position the bearing liners in the block and caps 
and coat with oil. If the crankshaft has been re
finished fit the correct' undersize main bearing 
liners. Be sure the bearing surfaces are clean and 
the bearing liner tangs align with the slots in the 
block and cap. 

4. Align the timing mark on the crankshaft gear 
with that of the camshaft drive gear and install 
the crankshaft and all bearing caps except for the 
rear main bearing. Install the thrust bearing cap 
with the bolts finger tight. Pry the crankshaft for
ward and the thrust bearing cap rearwards to 
align the thrust surfaces and tighten the bolts to 
the specified torque, keeping the bearing cap in 
the correct position. 

5. Check the crankshaft end play with a dial in
dicator gauge, Figure 60. Move the crankshaft 
rearwards and set the dial indicator to zero. Pry 
the crankshaft forwards and if the end play ex
ceeds the limit, see " Specifications" -:- Chapter 
3, install new thrust bearing liners. If the end play 
is less than the specified limit, inspect the thrust 
bearing surfaces for burrs, scratches or dirt. If 
the thrust surfaces are not defective or dirty, re
align the thrust bearings as detailed in Step 4. 

Figure 60 
Checking Crankshaft End Play 

1. Crankshaft 2 . Dial Indicator Gauge 

6. Wipe the mating surfaces of the block and rear 
main bearing cap and apply a light coat of sealing 
compound to both surfaces. Install new side 
seals in the rear main bearing cap to project 
slightly beyond the block face of the cap and 
assemble the cap to the block, Figure 61 . 
Tighten the bearing cap bolts and cut the side 
seals to allow a projection of 0.016 in. 10.4 mm) 
above the oi l pan flange . 

7. Apply a light coating of high temperature grease 
to the rear oil seal bore, seal and journal. Use 
three flywheel retaining bolts and Tool No. 1301 
to install the seal. Tighten the bolts evenly and in 
sequence, Figure 62. 

If the tool is not available, use a piece of tubing 
with an internal diameter of 4.875 in. (124 mml 
and ca refully press the seal into the block until 
the rear face of the seal is approximately 0.06 in. 
(1.5 mml inside the rear face of the block. Mount 
a dial indicator gauge on the end of the crank
shaft, Figure 63, rotate the crankshaft and check 
the run-out of the seal which should not exceed _ 
0.015 in . (0.38 mm). 

8. Applv a liberal amount of penetrating oil to the 
side seals to cause them to swell. 

9. inste. ~i thE) correct bearing liners in the connec
ting rod ~na cap. If the journals are standard size 
select the correct bearing liners as for main bear
ings in Steps 1 and 2. 8e sure the bearing liner 
tangs locate in the slots of the rod and cap. 
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Figure 61 
Installing Rear Main Bearing Cap 

1. Rear Main Bearing Cap 

Figure 62 
Installing Rear Main Bearing 

Crankshaft Oil Seal 
1. Flywheel Retaining Bolts 
2. Tool No. 1301 

• 
[ 
o • 

10. Install the connecting rod cap bearing cap, as 
previously detailed in this Chapter, with the 
number on the cap on the same side as the 
number on the rod. Install new nuts and tighten 
to the correct torque, see "Specifications" -
Chapter 3. 
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INSTALLATION 

1. Installation of the components to effect com· -
plete re-assembly of the engine follows the 
removal procedure in reverse . 

NOTE: Flywheel to crankshaft bolts must be in
stalled using Loctite Thread Sealer and torqued 
to specifications. Use 9/ 16-18 grade 8 bolts only . 

CAMSHAFT 

REMOVAL 

NOTE: The camshaft bearings and/ or tappets can on
ly be serviced with the engine removed from the trac
tor and mounted on an engine stand. See "SEPA
RA TlNG THE TRACTOR" - Part 10. 

1. Remove the engine front cover and cylinder 
head. 

2. Remove the oil pump drive gear and shaft. 

3. Check the camshaft end playas previously 
described in this Chapter. If the clearance ex
ceeds the specified limit, see "Specifications" -
Chapter 3, install a new thrust plate during re
assembly. 

4. Invert the engine on the stand and remove the oil 
pan if the camshaft bearings and / or the tappets 
are to be removed . 

5. Remove the bolt and flat washer and remove the 
camshaft gear. 

6. Remove the bolts and lockwashers and remove 
the camshaft thrust plate. 

For engines without a gear on the rear end of the 
camshaft, the camshaft can be withdrawn from 
the front of the engine. 

7. If the camshaft is equipped with a gear to drive _ 
an engine mounted hydraulic pump, the flywheel 
and rear cover plate must be removed and the. 
camshaft rear cover driven out with a punch, 
Figure 64. Discard the cover plate 'O'-ring seal. 
Remove the key and spacer from the front of the 
camshaft and carefully withdraw the camshaft 
from the rear of the engine. 

8. Lift out the tappets and place in a numbered rack 
to facilitate re-assembly. 
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Figure 63 
Checking Rear Main Bearing 

Oil Seal Run-Out 
1. Dial Indicator Gauge 
2. Crankshaft 
3. Crankshaft Oil Seal 
4. Cylinder Block 

INSPECTION AND REPAIR 
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1. Inspect the camshaft journals and lobes for 
damage, pitting or heat discoloration. 

2. Inspect the oil pump drive gear on the camshaft 
for broken or worn teeth. Check the mating gear 
on the oil pump drive shaft. If any damage is ap
parent, install a new camshaft and/ or oil pump 
drive gear. 

3. Measure the diameter and out-af-round of the 
bearing journals . If the journals exceed the 
specified limits, see " Specifications" Chapter 3, 
install a new camshaft. 

4. Inspect the hydraulic pump drive gear (where fit
ted) for damaged or worn teeth . If either condi 
tion exists install a new gear. 

Figure 64 
Camshaft Rear Cover Plate Removal 

1. Rear Cover Plate 
2. O-Ring Seal 
3. Hydraulic Pump Drive Gear 
4. Punch 

CAMSHAFT BEARINGS 

1. Inspect the camsbaft bearings for pitting or scor
ing. Measure the clearance between the internal 
diameter of the bearings and the outside 
diameter of the respective camshaft journals. 

If the clearance exceeds the specified limit, see 
" Specifications" - Chapter 3, remove and in· 
stall new bearings, using Remover and Replacer _ 
tool No. 1443 and 1255, Figure 65. 

When installing new bearings, align the oil holes 
of the new camshaft bearing with the oil holes in 
the engine block then drive the new bearing into 
place using Tool No. 1443 and 1255. 

Check to be sure the oil hole in the liner is cor
rectly aligned with the oil passage in the cylinder 
block. 
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Figure 65 
Camshaft Bearing Removal and Installation 
1. Bearing 
2. Oil Hole 
3. Tool No. 1443 
4. Tool No. 1255 

NOTE: A positive alignment check can only be 
made with the crankshaft removed, when 0.013 
in. 14.6 mml diameter rod may be passed down 
the oil passage trom the crankshaft main bear
ing. The liner is correctly positioned when the 
end of the rod passes through the oil hole in the 
liner. 
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INSTALLATION 

1. Installation of the camshaft follows the removal -
procedure in reverse. On installation observe the 
following requirements. 

> Apply petroleum jelly to each tappet foot and 
coat the tappet body with oil. Install the tap
pets in the bores from which they were re
moved. 

• Oil the camshaft journals and apply petroleum 
jelly to the cam lobes before carefully install
ing the camshaft into the engine. 

• Install the spacer and a new key on the front 
of the camshaft. 

• Align the camshaft drive gear timing mark and 
re-check the camshaft end-play. 

NOTE: On gasoline engines, install the eccen
tric and cap screw. 

• If a hydraulic pump drive gear is fitted , posi
tion a new O-ring before installing the cam
shaft rear cover plate. 
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A . COOLING SYSTEM -
DESCRIPTION AND OPERATION 

The cooling system is of the re-circulating by-pass 
type w ith full length water jackets for each cylinder. 
The coolant is drawn from the bottom tank of the 
radiator by the water pump which passes the coolant 
to the cylinder block . The coolant flows through cored 
passages to cool the cylinder walls. At the rear of the 
cylinder block the coolant passes upwards and into the 
cylinder head. Cored passages conduct the coolant to 
the spark plug or fuel injector nozzle locations before 
reaching the thermostat . 

For all diesel engines, the thermostat is located in the 
front of the cylinder head. For all gasoline engines the 
thermostat is located in the front of the temperature 
controlled intake manifold which receives coolant 
from the cylinder head to facilitate both engine warm
up and cooling of the manifold intake ports. 

On diesel engines, if the thermostat is closed, a re
circulating by-pass is provided to allow a percentage 
of the coolant to recirculate from the head to the block 
to effect a faster warm-up. 
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On gasoline engines, if the thermostat is closed, a re
Circulating by-pass is provided to allow a percentage 
of the coolant to re-circulate from the w ater-heated in
take manifold to the cylinder head and block to also ef
fect a faster warm·up. In both cases, when the ther· 
mostat is open, the coolant flows from the outlet can· 
nection of the head or manifold to the top tank of the 
radiator. Cooling occurs as the coolant passes down 
through the radiator cores which are exposed to air 
sucked through the radiator by the fan. 

The purpose of the thermostat is to maintain suffi
ciently high operating temperature to provide max
imum combustion and engine efficiency. 

A faulty thermostat may cause the engine to operate 
at too hot or too cold an operating temperatu~e 

resulting in improper engine performance. 

NOTE: Do not operate an engine without a ther
mostat. Do not use pure water only in the cooling 
systems. A mixture of 50% glycol based anti-freeze 
should be used year around. 

The cooling system incorporates a drain cock on the 
right-hand side of the cylinder block and at the lower 
left-hand side of the radiator. 
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B. COOLING SYSTEM - OVERHAUL 

RADIATOR 

REMOVAL MODEL 555 

1. Remove the right and left hand engine side 
panels. 

2. Remove the vertical exhaust stack and air intake 
cap assembly. 

3. Remove the engine hood assembly. 

4. Drain the coolant. 

5. Drain the hydraulic oil by loosening the filter 
outlet tube at the filter , Figure 78, Part 9. 

6. Disconnect the oil return line to the cooler, 
Figure 66. 

7. Disconnect the oil inlet hose to the hydraulic 
pump, Figure 66. 

8. Remove the radiator upper support bracket, 
Figure 67. 

9. Disconnect the horn wiring at the front of the 
main wiring harness. 

10. Support the radiator shell with the oil reservoir 
tank and remove the lower radiator shell base re
taining bolts. 

11. Remove the radiator shell and reservoir as a unit. 

12. Disconnect the two transmission cooler oil lines 
at the radiator lower cooler tank. 

13. Remove the air baffle, Figure 66. 

14. Remove the upper and lower radiator hoses. 

15. Remove the radiator base retaining bolts. 

16. Remove the radiator and fan shroud as on 
assembly. 

INSTALLATION 

36 

1. Installation of the radiator follows the removal 
procedures in reverse . Observe the following reo 
quirements. 

Figure 66 
Hydraulic Pump 

1. Hydraulic Oil Cooler 
2 . Cooler Outlet to Reservoir 
3. Hydraulic Return to Cooler 
4. Hydraulic Pump 
5. High Pressure Outlet From Pump 
6. Air Baffle 
7. Pump Inlet From Reservoir 

Figure 67 
Radiator Upper Support Bracket 

1. Support Bracket 

e Be sure the correct grade and quantity of anti
freeze is added to the coolant. Use SO ISO mix· 
ture for year around use in all climates. See 
"Specif ications" - Chapter 3. 

• Run the engine for several minutes and check 
all connections for leaks . 



-------------------------------CHAPTER2-------------------------------

REMOVAL 

MODEL 550 

1. Remove the left-hand pulley guard (where fitted I 
and open the drain cocks to drain the cooling 
system. Unscrew the radiator pressure cap to 
speed draining. 

2. Remove the vertical exhaust muffler, pre
cleaner. engine hood and radiator grille. 

3. Loosen the oil cooler lock nuts and tilt the cooler 
forward. Figure 68. 

4. Remove the air baffle. 

5. Remove the radiator upper suppon. 

6. Disconnect the horn wiring at the front of the 
wiring harness. 

7. Suppon the radiator shell and reservoir and 
remove the radiator shell base retaining bolts. 

8. Remove the complete radiator shell and reservoir 
as a unit. 

9 . Loosen the retaining clamps and disconnect the 
radiator upper and lower hoses at the radiator. 

10. Remove the radiator base retaining nuts and 
washers and lift the radiator clear of the tractor. 
Remove the far. shroud. 

INSPECTION AND REPAIR 

1. Inspect the fins for damage and be sure they are 
free from obstruction. 

2. Check the radiator for leaks and. if the lower tank 
has an engine oil heat exchanger tube installed. 
check the tube for leaks. If the lower tank or heat 
exchanger tubes leak. install a new lower tank. 

INSTALLATION 

1. Installation of the radiator follows the removal 
procedure in reverse. On installation observe the 
following requirements: 

• Depending upon the weather conditions. be 
sure the correct grade and quantity of anti
freeze is added to the coolant. see "Specifica
tions" - Chapter 3. 
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• Run the engine for several minutes and check· 
the radiator and connections for leaks. 

THERMOSTAT 

REMOVAL 

1. Drain the cooling system to below the level of 
the coolant outlet connection. 

2. Remove the coolant outlet connection retaining 
bolts and slide the connection with the hose at
tached to one side. 

3. Remove the thermostat and gasket. Figure 69. 

Figure 68 
Hydraulic Oil Cooler 

1. Grill Mount Bolt Locations 
2. Baffle 
3. Baffle Mount Bolt Locations 
4. Oil Cooler Lock Nuts 
5. Oil Cooler 
6. Cooler Inlet Tube 
7. Cooler Outlet Tube 
8. Cooler Suppon Brackets 
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Figure 69 
Coolant Outlet and Thermostat 

Removal IDiesell 
1. Cylinder Head 
2. Gasket 
3. Thermostat 
4. Coolant Outlet Connection 

INSPECTION AND REPAIR 

1. Place the thermostat in a container of water and 
heat the water. If the thermostat valve does not 
open at or near the specified temperature, or fails 
to close, install a new thermostat. For opening 
temperature see " Specifications" - Chapter 3. 

INSTALLATION 
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1. Installation of the thermostat follows the removal 
procedure in reverse. On installation observe the 
following requirements: 

• Coat a new coolant outlet connection gasket 
with sealer and position on the cylinder head 
or manifold prior to installing the thermostat. 

• Coat the edge of the thermostat with grease 
and install with the heat element located in 
the cylinder head. 

WATER PUMP 

Effective with Engine Date Code 1 C23, a new desig" 
water pump assembly is used. The new water pump 
assembly has a redesigned front cover and impeller, 
and a one-piece cassette-type Seal Assembly. Internal 
parts of the new water pump are not interchangeable 
with the prior design water pump. The prior design 
parts are retained in service. However, the complete 
water pump assembly can be used as a service 
replacement for all tractors built since 1975. 

The new design changes affect the repair procedures, 
therefore both procedures are de
scribed. 

REMOVAL 

1. Drain the cooling system. 

2. Remove the fan assembly. 

3. Remove the generator/ alternator drive belt. 

4. Withdraw the four bolts which pass through the 
water pump into the block and remove the 
pump. 

DISASSEMBLY - PRIOR TO 3/23/81 
ENGINE PRODUCTION 

1. Remove the attaching bolts and remove the fan 
from the pump pulley. 

2. Use Puller Tool No. 9539 and a sleeve slightly 
smaller than the pulley shaft to remove the pump 
pulley, Figure 70 . 

3. Remove the retaining bolts then separate the 
pump covers and discard the gasket. 

4. Use a sleeve of 1,0 in. 125 mml internal diameter 
and 1.2 in. (29 mml external diameter to press 
the bearing assembly, shaft and impeller out of 
the pump front cover, Figure 71 . 

5. Support the flat side of the impeller between two 
blocks and use a sleeve Slightly smaller than the 
shaft to press out the shaft assembly. Remove 
and discard the seal. 



------------------------------CHAPTER2-------------------------------

INSPECTION AND REPAIR - PRIOR TO 3/23/ 81 
ENGINE PRODUCTION 

1. Check the impeller for worn or damaged vanes 
and inspect the seal on the rear face of the im
peller. Install a new impeller if the seat or vanes 
are damaged. 

2. Inspect the individual parts of the bearing shaft 
and slinger assembly for scoring or any other 
damage and check the position of the slinger on 
the shaft, Figure 73 . 

If the slinger is damaged or out of position, 
replace or re-Iocate. 

3. Check both parts of the pump housing for cracks 
or signs of leakage. Replace any defective parts. 

ASSEMBLY - Prior to 3/23/ 81 

With reference to Figure 72. 

1. Press a new slinger onto the shaft to the position 
shown in Figure 73. 

2. Use a piece of pipe of a suitable diameter to 
press a new seal retainer into the pump housing. 

3. Use a sleeve which passes over the shaft and 
rests on the outside diameter of the bearing to 
press the bearing shaft and slinger assembly into 
the housing until the bearing is flush with the 
face of the housing. Use a straight edge to check 
the final position . Install a new spring and seal in
to the seal retainer, Figure 74. 

4. Support the shaft on a block of wood and use a 
length of pipe of suitable internal diameter to 
press the impeller onto the shaft and flush with 
the rear face of the housing. Check the final posi
tion with a straight edge, Figure 75. 

5. Support the shaft on a block of wood and press 
the pulley onto the shaft, to the dimension 
shown in Figure 76. This dimension is from the 
rear face of the front cover to the center of the 
pulley V-groove. After installation, be sure the 
pulley runs true on the shaft. 

6. Install a new gasket and assemble the front and 
rear halves of the pump together and tighten the 
bolts to the specified torque, see "Specifica
tions" - Chapter 3. 
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Figure 70 
Water Pump Pulley Removal 

1. Pulley 
2. Puller Tool No. 9539 
3. Sleeve 
4. Pump Covers 

Figure 71 
Water Pump Bearing Shaft and 

Slinger Removal 
1. Sleeve 
2. Front Cover 
3. Support 
4. Press 
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Figure 72 
Water Pump Components 

1. Pulley 4. Rear Cover 
2. Front Cover 5. Impeller 
3. Seal Assembly 6. Bearing Shaft and Slinger 

7. Install the fan on the pulley and tighten the bolts 
to the specified torque, see "Specifications" -
Chapter 3. 

DISASSEMBLY - AFTER 3/23/81 
ENGINE PRODUCTION 
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1. Withdraw the attaching bolts and remove the fan 
from the pump pulley. 

2. Use Puller Tool No. 9539 and a sleeve slightly 
smaller than the pulley shaft to remove the pump 
pulley, Figure 70. 

3. Remove the retaining bolts, then separate the 
pump covers and discard the gasket. 

4. Use a sleeve with a diameter slightly smaller than 
the bearing shaft to press the shaft and bearing 
assembly out of the impeller and pump housing, 
Figure 77. 

5. Use a suitable sleeve (such as a 1 inch deep 
socket) and press the seal assembly out of the 
impeller side of the pump housing. Discard the 
seal assembly. 

1. Slinger 
2. Bearing 

Figure 73 
Slinger Location 

A. 0.55 in. 114 mm) 

3. Bearing Shaft 

Figure 74 
Water Pump Seal Assembly Installation 

1. Seal 
2. Spring 
3. Seal Retainer 
4. Front Cover 
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Figure 75 
Water Pump Impeller Installation 

1. Impeller 
2. Front Cover 
3. Bearing Shaft 
4. Press 

INSPECTION AND REPAIR (FIGURE 781 

1. Check the impeller-for worn or damaged vanes. 
Install a new impeller if the vanes are damaged. 

2. Inspect the bearing shaft for scoring or other 
damage. 

3. Check both parts of the pump housing for cracks 
or signs of leakage. Replace any defective parts. 

ASSEMBLY 

1. Use a suitable sleeve which passes over the shaft 
and rests on the outside diameter of the bearing 
and press the bearing shaft into the housing until 
the bearing is flush with the face of the housing, 
Figure 79. Use a straight edge to check the final 
position. 

2. Turn the pump housing over and position in a 
press with the seal bore facing upwards. 

3. Coat the outer diameter of the seal flange with a 
thin application of thread sealer (Ford Part No. 
D8AZ-19554-AI and position the seal assembly 
over the shaft in the center bore of the housing. 
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Figure 76 
Water Pump Pulley Installation 

A. 2.48 in . (63 mml 
1. Sleeve 3. Pulley 
2. Front Cover 4. Press 

Figure 77 
Water Pump Shaft and Bearing Removal 

1. Sleeve 
2. Shaft and Bearing Assembly' 
3. Impeller 
4. Support 
5. Front Housing 
6, Press 
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4. Place Tool No. 4672 over the shaft and onto the 
seal assembly . Press the seal assembly into the 
bore until the flange is flush with the top of the 
housing. see Figure 80. 

5. Support the shaft on a block of wood and use a 
length of pipe of suitable internal diameter to 
press the impeller onto the shaft and flush with 
the rear face of the housing. Check the final posi
tion with a straight edge, Figure 81. 

6. Support the shaft on a block of wood and press 
the pulley on to the shaft, to dimension shown in 
Figure 82 . This dimension is from the rear face of 
the front cover to the center of the pulley 
V-groove. After installation, be sure the pulley 
runs true on the shaft. 

7. Install a new gasket and assemble the front and 
rear halfs of the pump together and tighten the 
bolts to 14-18 lb. -ft . 119-24 Nmi torque. 

INSTALLATION 

1. Installation of the water pump follows the 
removal procedure in reverse. On installation 
observe the following requirements: 

• Adjust the alternator drive belt tension, see 
"ELECTRICAL SYSTEMS" - Part 3. 

• Install a new pump gasket. 

• After installation of the radiator, fill the cool
ing system and run the engine to check for 
leaks. 

COOLING SYSTEM TROUBLE SHOOTING 

When engine overheating is experienced, a step-by
step inspection of the cooling system should be made. 

To eliminate replacing parts or performing labor opera
tions unnecessarily, the following trouble shooting 
guide should be referred to when investigating an 
overheating complaint: 

COOLING SYSTEM LOSES WATER 
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1. Check for external leaks at all hose and gasket 
joints and water pump drain hole. 

Figure 78 
Water Pump Components 

1. Pulley 
2. Front Cover 
3. Seal Assembly 
4. Rear Cover 
5. Impeller 
6. Bearing Shaft Assembly 

Figure 79 
Water Pump Shaft and Bearing Installation 
1. Sleeve 
2. Shaft and Bearing Assembly 
3. Front Cover 
4. Press 
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2. Be sure the operator is not over filling the 
radiator to the top. The correct radiator coolant 
level when cold is from 1 to 2 inches (25.4 to 50.8 
mm) below the top of the tank. 

3. Check for internal leaks between the block or 
cylinder head and oil cavities by noting the 
crankcase oil level and condition of the oil. Gray 
color indicates coolant in the oil. 

4. Check for combustion gas leakage into the cool
ing system by placing the overflow hose in a con
tainer of water and note if air bubbles continue to 
come from the end of the hose after at least 15 
minutes of running the engine after warm-up. 
Retorque cylinder head bolts to specification. If 
the condition persists, check for a leaking 
cylinder head gasket and cracks in the head and 
block. 

TEMPERATURE GAUGE RUNS IN RED -
NO BOILING OCCURS 

1, Check battery voltage. 

2. Place the temperature sender unit with a wire at
tached in a container of boiling water and turn 
the key starter switch" on" . If the gauge reads in 
red , replace voltage stabilizer, sender unit, or 
temperature gauge. 

OVERHEATING - BOILING OCCURS 

1. Check the fan belt tension. 

2. Check grille, radiator, and other heat exchangers 
behind the grille. 

3. Check the thermostat for full opening, 5/ 16 inch 
(7.9 mm) minimum, when suspended in boiling 
water. 

4. Check the radiator pressure cap for sealing at 
specified pressure. 

5. Die.el engine: Check the injection pump fuel 
setting to specified delivery specifications. 

6. Gas engine: Check the timing. 

7. Check the water pump for bearing play. 
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Figure 80 
Water Pump Seal Installed 

1. Seal 
2. Spring 
3. Seal Retainer 
4. Front Cover 
5. Tool No. 4672 (shown cut away) 
6. Press 

Figure 81 
Water Pump Impeller Installation 

1. Impeller 
2. Front Cover 
3. Bearing Shaft 
4. Press 
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8. Check for correct number of fan blades and fan 
tip to shroud clearance. The concave side of the 
blade is always on the downstream side of the air 
flow. 

9. Check for blocked airflow from field installed 
equipment which adds heat load to the cooling 
system. 

10. Exhaust system: Make sure no obstructions ex
ist which would increase back pressure. 

11. Radiator core: Check fins per inch and tube 
rows, see specification . 

12. Check hoses for kinks or obstructions. Check for 
soft bottom radiator hose collapsing under high 
engine rpm . 

13. Check radiator minimum free flow; 3 cylinder, 25 
gpm 11.58 11. 

COLD ENGINE OPERATION 

1. Check thermostat. 
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Figure 82 
Water Pump Pulley Installation 

A. 2.48 in. 163 mml Icenter of groovel 
1. Sleeve 
2. Front Cover 
3. Pulley 
4. Press 
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ENGINE SYSTEMS 

Chapter 3 
TROUBLE SHOOTING, SPECIFICATIONS AND 

SPECIAL TOOLS 

Section 
A TROUBLE SHOOTING 
B SPECIFICATIONS 
C SPECIAL TOOLS 

A. TROUBLE SHOOTING 

Page 
45 
50 
58 

The following table lists problems and their possible causes with recommended remedial action. 

PROBLEM POSSIBLE CAUSE REMEDY 

Engine does not develop 1. Clogged air cleaner. 1. Clean or replace element . 
full power - Gasoline 
engine. 2. Improper governor linkage 2. Check and reset. 

adjustment. 

3. Carburetor and choke out 3. Check and reset. 
of adjustment . 

4. Low coil Voltage. 4. Check and replace coil 
if necessary. 

5. Improper breaker point 5. Check and reset. 
dwell or gap. 

6. Faulty ignition timing. 6. Check and reset. 

7. Improper valve lash 7. Check and reset. 
adjustment , 
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PROBLEM POSSIBLE CAUSE REMEDY 

Engine does not develop 
full power - Gasoline 

8. Worn or bent push rods. 8. Check and replace. 

engine. (Cont'd.) 9. Burned, worn or sticking 9. Check and replace. 
valves. 

10. Improper valve timing. 10. Check and reset. 

11. Blown or burned head 11. Check head flatness and 
gasket. fit new gasket. 

12. Low cylinder compression. 12. Replace piston rings or 
re-bore / re-sleeve as 
necessary. 

Engine does not develop 1. Clogged air cleaner. 1. Clean or replace element. 
full power - Diesel 
engine. 2. Fuel line obstructed. 2. Clean. 

3. Faulty injectors. 3. Clean and reset. 

4. Low cylinder compression . 4. Replace piston rings or 
re-bore l re~sleeve as 
necessary. 

5. Incorrect valve lash 5. Check and reset. 
adjustment. 

S. Burnt, worn or sticking. S. Replace valves and/ or 
valves. guides. 

7. Blown head gasket. 7. Check head flatness and fit 
new gasket. 

8. Incorrect fuel delivery. 8. Check injectors and pump. 

Engine Knocks. 1. Diluted or thin oil. 1 . Drain and refill with 
specified oil and replace 
filter. Ascertain cause of 
dilution. 

2. Insufficient oil supply. 2. Check oil level and add 
as necessary. Overhaul or 
replace pump as neces-
sary. Check pump filter . 

3. Low oil pressure. 3. Overhaul pump or relief 
valve as necessary . 

4. Excessive crankshaft end 4. Install new thrust bearing 
play. liner. 

5. Flywheel or ring gear run- 5. Reface flywheel or fit new 
out excessive. ring gear. 
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PROBLEM POSSIBLE CAUSE REMEDY 

Engine knocks. 
(Cont·d.) 6. Excessive connecting rod 6. Install new bearing inserts 

or main bearing clearance . andlor re-grind crankshaft . 

7. Bent or twisted connecting 7. Replace connecting rods. 
rods. 

a. Crankshaft journals . a. Re-grind crankshaft and fit 
out-af-round . undersize bearing inserts. 

9. Excessive piston-to- 9. Re-bore/ re-sleeve block 
cylinder bore clearance. and fit new pistons. 

10. Excessive piston ring 10. Fit new pistons and rings. 
clearance. 

11. Broken rings. 11. Fit new rings. Check borel 
pistons for damage. 

12. Excessive piston pin 12. Fit new piston pin and 
clearance. bushing. 

13. Piston pin retainer loose or 13. Install new retainer. Check 
missing. borel pistons for damage. 

14. Excessive camshaft end 14. Install new thrust plate. 
play. 

15. Imperfections on timing 15. Replace timing gear. 
gear teeth . 

16. Excessive timing gear 16. Replace timing gear. 
backlash . 

Low oil pressure. 1. Engine oil level low. 1. Add oil as necessary. 

2. Wrong grade of oil. 2. Drain and refill w ith 
correct grade of oil. 

3. Blocked oil pump screen. 3. Clean pump screen . 

4. Oil pressure relief valve 4. Install new relief valve_ 
faulty. 

5. Oil pump drive shaft worn. 5. Replace drive shaft. 

6. Excessive oil pump rotor 6. Overhaul pump. 
and shaft assembly 
clearance. 

7. Excessive main or con- 7. Install new bearing inserts 

necting rod bearing andl or re-grind crankshaft. 
clearances. 
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PROBLEM POSSIBLE CAUSE REMEDY 

Excessive oil 1. Engine oi l level too high. 1. Reduce oil level. 
consumption. 

2. External oil leaks from 2. Install new gaskets/ seals, 
engine. where necessary . Check 

mating surfaces for 
damage or distortion. 

3. Worn valves, valve guides 3. Replace. 
or seals. 

4. Head gasket not sealing. 4. Install new gasket. Check 
head for damage or dis-
tortion. 

5. Oil loss past the pistons 5. Install' new rings andl or 
and rings. re-bore / re-sleeve block as 

necessary. 

6. Oil cooler leak lif fitted) . 6. Repair / replace oil cooler 
assembly. 

Engine overheats. 1. Hose connection leaking 1. Tighten hose connection. 
or collapsed. Replace hose if damaged. 

2. Radiator cap defective or 2. Replace radiator cap. 
not sealing. 

3. Radiator leakage. 3. Repair/ replace radiator. 

4. Improper fan belt 4. Adjust fan belt. 
adjustment . 

5. Radiator fins restricted . 5. Clean with compressed air. 

6. Faulty thermostat. 6. Install new thermostat. 

7. Internal engine leakage. 7. Check for source of 
leakage. Replace gasket or 
defective parts. 

8. Water pump faulty. 8. Overhaul water pump. 

9. Exhaust gas leakage into 9. Install new cylinder head 
cooling system. gasket. Check head for 

damage or distortion. 

10. Coolant aeration . 10. Tighten all connections 
and check coolant level. 
Be sure cylinder head 
gasket has not blown. 

11. Cylinder head gasket 11. Install new cylinder head 
improperly installed. gasket . 
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PROBLEM 

Engine overheats. 
ICont'd.) 

Engine tends to keep 
firing after fuel is 
shut off. 

Oil pressure warning 
light fails to operate. 

Excessive exhaust 
smoke. 

Water temperature 
gauge fails to reach 
normal operating 
temperature. 
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POSSIBLE CAUSE 

12. Hot spot due to rust and 
scale or clogged water 
jackets. 

13. Obstruction to radiator 
air flow. 

14. Extended engine idling. 

15. Oil cooler tube blocked. 

1. Air cleaner dirty or 
restricted. 

1. Bulb burnt out. 

2. Warning light pressure 
switch faulty. 

3. Warning light circuit 
faulty. 

1. Exhaust leak on exhaust 
manifold. 

2. Air cleaner dirty or 
restricted . 

3. Excessive fuel delivery. 

1. Faulty temperature sender 
switch . 

2. Incorrect or faulty 
thermostat. 

3. Faulty water temperature 
gauge. 

REMEDY 

12. Reverse flush entire 
cooling system. 

13. Remove the obstruction. 

14. Do not allow engine to idle 
for long periods .. 

15. Clean. 

1. Clean or replace element. 

1. Replace bulb . 

2. Replace pressure switch. 

3. Check and replace wiring 
as necessary. 

1. Install new gasket. 

2. Clean. 

3. Overhaul injection pump! 
injectors. 

1. Replace sender switch . 

2. Replace thermostat. 

3. Replace temperature 
gauge. 
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GENERAL SPECIFICATIONS 

No. of Cylinders 
Displacement: 

in3 

em' 
Bore: 

in 
mm 

Stroke: 
in 
mm 

Compression Ratio: 
Firing Order 
Maximum Torque (lb tt) 

INm) 
IMkg) 

Rated Engine Speed Irev/ min) 
Idle Speed Irev/ min) 
Maximum No Load Speed (rev/ min) 

B. SPECIFICATIONS 

DIESEL 

3 

201 
3294 

4.4 
111.8 

4.4 
111.8 
16.3:1 
1-2-3 

2200 
600-700 

2425-2475 

COMPRESSION PRESSURE IAT 200 RPM) CRANKING SPEED 

With all the spark plugs removed 

Gasoline: 
Choke closed and throttle wide open ...... _ .. _ . . _ .... . _ . 

Cylinder-ta-Cylinder Variation .. ... ... . .. . . ........ _ .. _ . 

Diesel: 
With the throttle closed and stop control out: 

Cylinder-to-Cylinder Variation .. .. .................. . _ .. 

GASOLINE 

3 

201 
3294 

4.4 
. 111 .8 

4.4 
111.8 

7.75:1 
1-2-3 
158@ 
1200 

rev/ min 
214 
21.9 
2200 

600-700 
2400-2500 

160 ± 50 psi 

± 25 psi 

340 ± 50 psi 

± 50 psi 

CYLINDER BLOCK 
Taper of Cylinder Bore ......... _ . . _ ..... _ .... . .. _ .. ... . 

Cylinder Bore Out-of-round ... .. __ . . . . _ .. _ .. __ . . . .. . . .. . 

Cylinder Bore Diameters . ......... • .. • .. .. ... _ • ..•..... 
Rear Oil Seal Bore Diameter . ...... _ . .. .. _ ........ . ... . . 
Block to Head Surface Flatness ....•.. _ ..•..•.....•. 

RETAINING COMPOUND 

0.001 in. (.254 mm) Repair Limit 
0.005 in. 1.127 mm) Wear Limit 
0.0015 in . 1.0381 mm) Repair Limit 
0.005 in . 1.127 mm) Wear Limit 
4.4007-4 .4032 in. 1111.778-111.841 mm) 
5.542-5.546 in. 1140.77-140.87 mm) 
0.003 in . (0.08 mm) in . any 6 in. 1152 mm) 
or 0.006 om 10.15 mm) overall limit 

Cylinder Sleeve to Cylinder Block . .. . _ . . _ ..• .. • .. . . _. . . .. Ford Part No. ESW M2G l60A 
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CYLINDER HEAD 
Valve Guide Bore Diameter . . _ .. ......... . ............ . 
Head to Block Surface Flatness 

EXHAUST VALVES 

0.3728-0.3735 in. 19.469-9.487 mml 
0.003 in. 10.08 mml in. any 6 in. 1152 mml 
or 0.006 in . 10.1 5 mml overall limit. 

Face Angle .. . ........ . .. . ... . .....•... . . .... . ........ 44° 15'.44° 30' Relative to Head of Valve 
Stem Diameter ........... , .. . . . . . ........... . ........ Std: 0.3701 -0 .3708 19.401-9.418 mml 

0.003 in. 10.076 mml Oversize: 0.3731 · 
0.3738 in . 19.477-9.495 mml 
0.015 in. 10.38 mml Oversize: 0.3851·0 .3858 
19.781-9.799 mml . 
0.030 in. 10.76 mml Oversize: 0.4001-
0.4008 in . 110.163-10.180 mml 

Head Diameter .... . ........... . ...................... 1.495-1.505 in. 137.97-38.23 mml 
Stem-ta-Guide Clearance ........ . .. . ... . .............. 0.0020·0.0037 in. 10.051-0.094 mml 
Lash Clearance IColdl .... ... ....... . ..... . . . . . . ..... .. 0.017·0.021 in. 10.43-0.53 mml 

INTAKE VALVES 
Face Angle .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . • . . . . .. 44° 15'-44° 40' Relative to Head of Valve 
Stem Diameter .. . .... . . . ..... . . .. . .. . . .. . ....... . ... . Std: 0.3711-0.3718 in. 19.426-9.444 mml 

0.003 in. 10.076 mml Oversize: 0.3741 · 
0.3748 in . 19.502-9.520 mml 

HEAD DIAMETER 
Head Diamet~r .......... . .. .. . .. ....... .... .. . , . .... . 
Stem-ta-Guide Clearance 
Lash Clearance ......... . .. . . ....... . ... ............. . 

VALVE SPRINGS 
Number per Valve . ...... ... ... . .. . ....... . ........... . 

0.015 in. (0.381 mml Oversize: 0.3861 -
0.3868 in . 19.807-9.825 mml 
0.030 in. (0.762 mml Oversize: 0.4011-
0.4018 in . 110.188-10.206 mml 

1.800-1.810 in . 145.72-45.97 mml 
0.0010·0.0027 in. (0.025-0.069 mml 
0.014·0.018 in . (0.36-0.46 mml 

Free Length ... . .............. . .. . .. . . .. .. . . ...... .. .. 2.15 in . 154.6 mml 
Load at 1.74 in. Lengthl44.20mml ..... .. .. .. . . ..•.. . . .. 61-69 lb. 127.7·31.3 Kgl 
Load at 1.32 in. Length 133.53 mml .... . ... . ..... . .. . .. . . 125-139 lb. 157.8-63.1 Kgl 

VALVE TIMING 
Gasoline 
Intake Opening .. . .......... .. .. . . . . . .•..... . ... . ..... 14° Before Top Dead Center 
Intake Closing . . . . . . . . . . . . . . . . . . . . . .• . . .. .. . . . . .. . . . .. 38" After Bottom Dead Center 
Exhaust Opening .... .. ...................... .... ...... 41° Before Bottom Dead Center 
Exhaust Closing . . ... . ....... . ..... . ...... . .. . .. .... ... 11° After Top Dead Center 
Diesel 
Intake Opening ... ....... . ........ .. . . ... ............. 14° Before Top Dead Center 
Intake Closing . . . . . . . . . . . . . . . . . • . . . . . . . . .•. . . . . . . . . . .. 38" After Bottom Dead Center 
Exhaust Opening ..... . ... . ..... . . .. .. . . . .... . .. .. ..... 41° Before Bottom Dead Center 
Exhaust Closing . ........... .. ..... . . ... ..... . . . ... . ... 11° After Top Dead Center 
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VALVE INSERTS 

Exhaust Valve Insert Intake Valve Seat Insert 
Insert Oversize 

Counterbore Diameter Counterbore Diameter 
in Cylinder Head in Cylinder Head 

0.010 in. 10.254 mm) 1.607-1.608 in. 1.907-1.908 in . 
(40.82-40.84 mm) (43.44-43.46 mm) 

0.020 in. (0.508 mm) 1.617-1.618 in. 1.917-1 .918 in. 
(41.07-41.10 mm) (43 .69-43.72 mm) 

0.030 in. 10.762 mm) 1.627-1 .628 in. 1.927-1.928 in. 
(41.33-41.36 mm) (43.95-43.97 mm) . 

VALVE SEATS 
Exhaust Valve Seat Angle .............• . .•..•.. . ... .. .. 440 30' -450 00' 
Intake Valve Seat Angle ............ _ . .... , .. .. . •.. _ .... 440 30'-450 00' 
Seat Run Out. . ............ . .. .. . . ... • .. .. .. . ..•... 0.015 in. 10.38 mm) Total Indicator 

Seat Width 
Exhaust ..... . 
Intake ....... . .. . 

Reading Max. 

0.084-0.106 in. (2.13-2.69 mm) 
0.082-0.102 in . (2.08-2.59 mm) 

CAMSHAFT DRIVE GEAR 
Number of Teeth. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . • . . . . .. 47 
End Play ... . . . ... .. .. . ..•. . •. . .. ... ..•. . •.. , .. ... . 
Bushing Inside Diameter . ............. ... .. _ .... . . 
Adaptor Outside Diameter . .. ............... _ ....•...... 
8acklash with Crankshaft Gear ...... . . ... . .. ........ . .. . 
Backlash with Camshaft Gear ........... ... • . ... . .... . .. 
Backlash with Fuel Injection 
Pump Drive Gear . .... ..... ........ . . . . . .. ....... ... . . . 

0.001-0.011 in. (0.025-0.28 mm) 
2.005-2.0015 in. (50.813-50.838 mm) 
1.9985-1 .9990 in. (50.762-50.775 mm) 
0.001-0.009 in . (0.025-0.23 mm) 
0.001-0.009 in. (0.025-0.23 mm) 

0.001-0.012 in. (0.025-0.30 mm) 

CAMSHAFT GEAR 
Number of Teeth. . . . . . . . . . . . . . . . . . . . . . • . . •. . . • . • . . . . .. 52 
Timing Gear Backlash. . . . . . . . .• . . . . . • . . • . . •. . . . . . • . . . .. 0.003-0.008 in. 10.08-0.20 mm) 

ROCKER ARM SHAFT 
Shaft Diameter ...... .. ..... . ... .. ................... . 
Support Diameter (Internal diameter) ..... . . .... .• . .•.. . 

1.000-1.001 in. (25 .40-25.43 mm) 
1.002-1.004 in. (25.45-25.50 mm) 

ROCKER ARM 
Inside Diameter . . . . • . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . .. 1.003-1.004 in. (25.48-25.50 mm) 

TAPPETS 

52 

Clearance to Bore. . . . . . . . • . . . . . . . . . . . . • . . • . . • . . • . . . . .. 0.0006-0.0021 in. (0.015-0.053 mm) 
Tappet Diameter ...................•.. • . .. ............ 0.9889-0.9884 in . (25.118-25.130 mm) 
Tappet 8are Diameter. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.990-0.991 in . (25.15-25.17 mm) 
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CAMSHAFT 
Bearing Journal Diameter . ..... . . ................ . 
Bearing Clearance . .. ....... . . . .. . ...... _ ........ _ .... . 
End Play ..... . .. . .. .. .•..... . .. . . .. .. .. .•.....•.. . ... 

CONNECTING RODS 
Small End Bushing (Internal Diameter) 
Clearance Bushing-to-Piston-Pin ........ . ............. __ 
Side Float ........... . .. . .................. . ......... . 
Maximum Twist .......... . ....... .. .• ..•..•..•..•.... 
Maximum Bend ...... . •. . •... . .•.....•..•..• . .• . .•.... 

PISTON PIN 

2.389!>-2.3905 in. 160.693-60.719 mm) 
0.001-0.003 in. 1O.02!>-0.076 mm) 
0.001 -0.007 in. 10.02!>-0.18 mm) 

1.5003-1 .5006 in. 138.108-38.115 mm) 
0.000!>-0.0007 in . 10.013-0.018 mm) 
0.007-0.013 in. 10.18-0.33 mm) 
0.012 in. 10.30 mm) 
0.004 in. 10.10 mm) 

Outside Diameter .. . ....... . . . . . . . • . . . . . • . .• . . . . . • . . .. 1.4997-1.5000 in. 138.092-38.100 mm) 

PISTONS 
Skirt-to-Cylinder Clearanee -
Gasoline . . . . . . . . . . . . . . . . . . . . •. . .. . .. . . . . . . . .. . . . .. 0.0027-0.0037 in. 10.069-0.094 mm) 
Diesel . ... .................. •. .. ....... ••... ....... . . 0.OO7!>-0.0085 in. 10.191-0.216 mm) 
Taper 10ut-of-Round)-
Gasoline .................•.. . .. • ..•..•.. . ..•.. . ...... O.OOl!>-O.OO4O in . 10.038-0.102 mm) 
Diesel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. 0.OO2!>-0.0050 in. 10.063-0.127 mm) 
Grading Diameter 
IAt Right Angles to Piston Pin) 
Gasoline . . ........................................... 4.3970-4.3995 in. 1111 .62-111.75 mm) 
Diesel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . .. . .. 4.1927-4.1952 in. 1106.40-106.56 mm) 

in increments of 0.0005 in. 10.0127 mm) 
Piston Pin Clearance. . . . . . . . . . . . . . . • . . • . . • . . . . . • . . • . . .. 0.0003-0.0005 in. 10.0076-0.0127 mm) 

at 70" F 121· C) 
Piston Crown to Block Face 
Diesel Engine . . . . . . . . . . . . . . . . . . . • . .. . . . . . . .. . . . • . . • . .. 0.011"-0.023" above (.28- .58 mm) 
Gasoline Engine ................... . .. ................. 0.134"-0.146" below 13.40-3.71 mm) 

PISTON RINGS 
Oil Control: 
Number and Location . . . . . . . . . . . . . . .. . . . . . . . . • . . . . . . . .. 1 - Directly above Piston Pin 
Type . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . .. Slotted with Expander 
Gap Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . ... 0.01!>-0.038 in . 10.38-0.97 mm) 
Side Clearance -
Gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .. 0.0014-0.0031 in. 10.036-0.079 mm) 
Diesel ................ . ..... . . . ......•..• . .•. . • .. •... 0.0024-0.0041 in. 10.061-0.104 mm) 
Compression: Number and Location-
Gasoline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . • . . . . .. 1 - Top and 1 - Intermediate above Piston Pin 
Diesel . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . • . . . . . • . . • . . . . .. 1 - Top and 2 - Intermediate above Piston Pin 
Type -
Top .. .. . . . . ...... .. ... .. .. .. . .. .............. .... ... Parallel Sides 
Intermediate .. . ... . . _. . . . . . . • . . • . . . . . • . . • . . . . . • . . . . .. Straight Face - Inner Step 
Side Clearance: Gasoline 
Top Compression ........... .. .. . .... ... . .... . .. ..... . 0.0029-0.0046 in. 10.074-0.117 mm) 
2nd Compression . . . . . . . . . . . . .. . • . . . . . . . . •. ... . .. .. . .. 0.OO2!>-0.0045 in. 10.064-0.114 mm) 
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PISTON RINGS (Cont'dl 
Side Clearance: Diesel 
Top Compression ....... . . .. ..•.. •..• ..•.. . . .... 
2nd Compression ................................... . . 
3rd Compression . ..... . ... .. ...... _ ...... . •...... . ... 
Gap Width 
Top .. ...... ... .. . ........... .. . . ................... . 
Intermediate ......... . . .. . . . .......•.... , ...... . . ... . 

CRANKSHAFT 
Main Journal Diameter-
Blue ..................... . .. . .............. '" .•... 
Red .... . .. . . . ................................. . .... . 
Main Journal Length .... . .... . ... • ...•.. .. . .. . •..•.... 
Main Journal Wear Limits . ................... . . •..•.... 
Main and Crankpin Fillet Radius .... . ... • . .. . ... . . ..•.... 
Thrust Bearing Journal Length ......... . .. . . .. ...... . .. . 
Intermediate Bearing Journal Length ........ . ........... . 
Rear Bearing Journal Length ............• . .•. ........... 
Crankpin Journal Length ......... . ..... • .. . ......... . .. 
Crankpin Diameter-
Blue .....................• .. •.....•..•. . •.. ... • • . ... 
Red ..... . ............... . . .. . .. . . . •... ..• . . .. . •. .. .. 
End Play .............. . .. .......... .. . .. .. .. . ..•..... 
Crankpin Out·of·Round .............•....... .. .. ....... 
Taper Surface Parallel to Center 
line of Main Journal . ..... , ......... . .. . . . ..... . .• .. .. . 
Crankshaft Rear Oil Seal Journal Diameter . .. .•.. • ........ 
Crankshaft Pulley Journal Diameter . . ........• . . .. . . ..... 
Crankshaft Timing Gear Journal Diameter ..... ••... .. .... . 
Crankshaft Flange Runout .. .. ..... ....... .. •..•..... ... 

CRANKSHAFT DRIVE GEAR 

0.0044-0.0061 in. 10.112·0.155 mml 
0.0039-0 .0056 in. 10.099-0.142 mml 
0.0039·0.0056 in. 10.099-0.142 mml 

0.015-0.030 in. 10.38·0 .76 mml 
0.013-0.028 in . (0.33-0.71 mml 

3.3713-3.3718 in. (85.631-85.644 mml ' 
3.3718-3.3723 in. (85.644-85.656 mml 
1.455-1.485 in. (36.96-37.21 mml 
0.005 in . 10.127 mml Maximum 
0.12·0.14 in. (3.048-3.556 mml 
1.459·1.461 in. (37.06-37.11 mml 
1.455-1 .465 in . (38.96-37.21 mml 
1.495-1.515 in. (37 .97-38.48 mml 
1.678-1 .682 in. (42.62-42.72 mml 

2.7496-2.7500 in. (69.840·69.850 mml 
2.7500-2.7504 in. (69.850-69.860 mml 
0.004-0.008 in. (0.10-0.20 mml 
0.0002 in. 10.005 mml Total Indicator Reading 

0.0002 in. 10.005 mml 
4.608-4.814 in. (122.12-122.28 mml 
1.750-1.751 in. (44.45-44.48 mml 
1.820-1.821 in . (46.23-46.25 mml 
0.0015 in. (0.038 mml Max. 

Number of Teeth. . . . . . . . . . . . . . . . . • . . . . . . . . • . . . • . . • . . .. 26 

MAIN BEA RING 
Liner Length (except thrust linerl .................. .• . . . . 1.10·1.11 in. (27.94-28.19 mml 
Liner Length (t hrust linerl' . . . . . . . . . . . . . . . . . . . . . .. . . . . .. 1.453-1.455 in. (36.91-36.96 mml 

liner Identification 

Identifying Color Wall Specified 
Mark Code Material Thickness Clearance 

PV or G Red Copper Lead 0.1245-0.1250 in. 0.0022-0.0045 in . . 
(3.162-3.175 mml 10.056-0.114 mml 

PV or G Blue Copper Lead 0.1249-0.1254 in. 0.0022-0 .0045 in. 
(3 .172-3.185 mml (0.056-0.114 mml 

G and AL Red Aluminium Tin 0.1245-0.1250 in. 0.0022-0.0045 in. 
Alloy (3.162-3 .175 mml (0.056-0.114 mml 

G and AL Blue Aluminium Tin 0.1249-0.1254 in. 0.0022-0.0045 in. 
Alloy (3.172-3.185 mml (0.056-0.114 mml 
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CRANKPIN BEARINGS 

Liner Length .......................•.........•....... 1.40·1.41 in. 135.56·35.81 mm) 

Liner Identification 

Identifying Color Wall Specified 
Mark Code Material Thickness Clearance 

PV or G Red Copper Lead 0.0943·0.0948 in. 0.0017·0.0038 in. 
12.395·2.408 mm) 10.043·0.096 mm) 

PV or G Blue Copper Lead 0.0947·0.0952 in. 0.0017·0.0038 in. 
12.4O'r 2.418 mm) 10.043·0.09!? mm) 

G and AL Red Aluminium Tin 0.0941 ·0.0946 in . 0.0021 ·0'.0042 in. 
Alloy 12.390-2.403 mm) 10.053-0.107 mm) 

G and AL Blue Aluminium Tin 0.0945·0.0950 in. 0.0021-0.0042 in. 
Alloy (2.400-2.413 mm) 10.053·0.107 mm) 

CRANKSHAFT RE·GRINDING 

When re-grinding a crankshaft, the main and crankpin journal diameters should be reduced the same amount as the 
undersize bearings used. The following dimensions apply. The rear end of the crankshaft should be located on the 60" 
chamfer of the pilot bearing bore. 

UNDERSIZE BEARING AVAILABLE 
0.002 in. 10.051 mm) ........ . ..... . .... __ . _ ..... _ . _ ... . 
0_010 in. 10_254 mm) _ ... _ . ... .. . . .. . .. ... • .. • .......... 
0.020 in. 10.508 mm) ........ . .. • _ . . . . ... ... . . . _ .. .. ... . 
0.030 in. (0.762 mm) ..... . ..• . . . ... . .. .. . •.. .. __ ... . 
0.040 in. (1.016 mm) ... . ...... . .. .. . ..... ... . .... . ... . 

CRANKPIN JOURNAL DIAMETERS 

MAIN JOURNAL DIAMETERS 
3.3693-3.3698 in. (85.580-85.593 mm) 
3.3618-3_3623 in . (85.390-85.402 mm) 
3.3518-3.3523 in. (85.1 36-85.148 mm) 
3.3418-3.3423 in. (84.SS2-84.894 mm) 
3.3318-3.3323 in. 184.628-84.640 mm) 

0.002 in. (0.051 mm) . ... ... . ... . ......... . ...... • ...... 2.7476-2.7480 in. (69.789-69 .799 mm) 
0.010 in. 10.254 mm) _ ..... . ..... . ...... . . . ... . ... .. .... 2.7400-2.7404 in. 169.590-69.606 mm) 
0.020 in_ 10.508 mm) . _ ....... .. . . .. • .. • . . .. . . • . . . . .... . 2.7300-2.7304 in . 169.342-69.352 mm) 
0.030 in. 10.762 mm) ......... ... ... _ ...... ...... .. .... . 2.7200-2_7204 in. (69.0SS-69.098 mm) 
0_040 in. (1.016 mm) ...... .. • . ...........•..•.. • ... .. _. 2.7100-2.7104 in. (68.834-68.844 mm) 

FLYWHEEL 
Runout of Clutch Face 
(Between Outer Edge of Friction 
Surface and Mounting Bolt Holes) .. . _ . • . . . . . . • . . • . . • . . .. 0.005 in. 10.127 mm) 
Ring Gear Runout .. ...... ....... . . _ . • . . . . . . • . . • . . • . . . . 0.025 in . 10.84 mm) 

OIL PUMP 
Rotor Clearance 
Rotor-ta-Pump Housing Clearance . .... . . .. •..... • . . .. .. . 
Rotor End Play .. . ......... _ .......... . ... _ . ......•.... 
Relief Valve Pressure ... .. .... . . .. . _ ... . .. ............ . 

Relief Valve Spring Tension ....... . . ...... . .. ..... . . . .. . 
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0.001 ·0.006 in. 10.025-0.15 mm) 
0.006-0.011 in . (0.15-0.28 mm) 
0.001-0.0035 in. 10.025·0.089 mm) 
60-70 Ibfl in' (4.1·4.8 bar) 
14.2-4.9 kgf/ in') at 2000 rev / min_ 
1.07 in_ 127.2 mm) under 10.7-11.9 Ib_ 
14.85·5.4 kg) load 
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ENGINE OIL SPECIFICATIONS & USAGE RECOMMENDATION 

All diesel engines: 
Ford 300 Engine Oil Imeets ESN-M2C121-BI or API CD AND MIL-L-2104-C quality. 

All gasoline engines: 
Ford Premium or Super Premium Motor OilID3AZ-19579-A/ G/J / K/ MI or API SE/ SF quality. 

The selection of an appropriate viscosity grade for the ambient temperature is made from the following chart: 

-14°F 
-25°C 

14°F 
-10"C , 
10W 

32"F 
O"C 

10 
15 

90"F 
32"C 

W-30 
W-40---j---
20--" 
30--·1 

Note: In areas where prolonged periods of extreme temperatures are encountered, local lubricant practices are accep
table - such as use ot SAE 5W or SAE 50 grades. 

Note: Oil change intervals should be adjusted according to sulfur-content of diesel fuel. 

Sulfur Content. % Oil Change Interval 

Below 0.5 
0.5-1.0 

Above 1.0 

Normal 
1/2 Normal 
114 Normal 

The use of tuel with a sultur content above 1.3% is not recommended. 

Engine Oil & Filter Change: 
300 hours under normal ope~ating conditions. 
200 hours under continuous full load conditions. 

ENGINE OIL CAPACITIES 
Less Oil Filter ........ . ..... . . • . .•.. • ..• ..• . ... . . ...... 
With Oil Filter . ......... r ............................ . 

RADIATOR I 

6.0 U.S. qts. 4.9 imp. qts . 5.7 Liters 
7.0 U.S. qts. 5.8 imp. qts. 6.6 Liters 

Flow Capacity 17 fin per inChl 
I 

....... . ...... • .. •..• ...... 29 g.p.m. 

FAN -
6 Blade - Diesel 
7 Blade - Gasoline 
Tip to Shroud Clearance ... . .... ............. . . ... .. ... 1/ 16 - 1/4 inch. 

THERMOSTAT 
Opening Temperature .. ... . • . . .. . . ......... . .•.. ... ... H18° F 187° CI 
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WATER PUMP 
Type ................ . .. ...... . .... . • ..... . .. . • . ..... 
Drive ........... . ...... .. ... . . . . . . . . .. .. . . . ...... . 
Deflection ........ . .•..•......•.. • ........ . . ..... . ... 

COOLING SYSTEM CAPACITIES 

Centrifugal 
V·Belt 
0.5-0.75 in . (12·19 mm) Midway between pulleys 

With Heater .......... . .. . ........... . ................ 12 U.S. qts. 10 Imp. qts. 11.4 Liters 
Less Heater ...... . . .. • ..•.. . ... .. .•.. • .. • ..... • .. . ... 11 U.S. qts. 9.2 Imp. qts. 10.4 Liters 

ANTIFREEZE 

Use antifreeze to Ford specification ESEM 97B·18C. Recommended 50/ 50 mix for all climates, year round use. Max· 
imum winter protection (50/ 50 mix) - 33' F (·3SOC) . 

TORQUE VALUES lb . ft. (Nm) (Mkg) 

Main Bearing Bolts 115·125 (156·159) 116·17) 
Connecting Rod Nuts 60·65 182·88) 18·9) 
Cylinder Head Bolts Iwith Engine Cold) 105·115 1143·156) 114.5·161 
Intake Manifold· to·Cylinder Head 23·28 131 ·371 (3·3.8) 
Exhaust Manifold· to·Cylinder Head 25·30 134·401 13.5-41 
Exhaust Pipe-to' Flange 20·26 127·35) 12.8·3.5) 
Flywheel·to-Crankshaft 155-165 (21 ()"223) 121·231 
Oil Pan Drain Plug 25·35 134·47) (3.5-4.81 
Valve Rocker Cover Bolts 10·15 114-201 (1.42·21 
Crankshaft Pulley·to-Crankshaft 150·180 1203·244) 121·251 
Valve Rocker Arm-Self·Locking Screw 9·26 (12·35) (1.2·3.5) 
Injector Attaching Bolts 15-18 (20·24) 12·2.5) 
Oil Pump to Block 33·38 (45·51 ) 14.6-5.5) 
Water Pump-to· Cylinder Block 23·28 (31 ·37) (3 .2·3.9) 
Water Pump Cover·to-Pump 18·22 124·29) (2.5-3) 
Injector Line Nuts 18·22 124-29) 12.5-3) 
Injector Pump-to· Front Adaptor Plate 15·20 (20·27) (2·2.7) 
Camshaft Drive Gear·to· Block 100·105 (136·1 42) (13.8·14.51 
Front Adaptor Plate· to·Cylinder Block 12·15 (16·20) ( 1.7·21 
Front Cover·to·Front Adaptor Plate 13·18 118·24) (1.8·2.5) 
Camshaft Gear Bolts 40-45 (54-611 (5.5·6.2) 
Oil Filter Retaining Bolt 45·50 161·671 (6.2·7) 
Oil Filter Mounting Bolt Insert 20·30 127·40) (2.8-41 
Starting Motor·to-Rear Adaptor Plate 20·25 127·341 (2.8·3.51 
Governor Drive Gear Nut 85·95 (115-1281 (11.8· 131 
Oil Pump Gear Stop 65·75 (88·101) 19·10.31 
Oil Pressure Switch Assembly 20·25 (27·341 12.8·3.41 
Fan to Pulley Bolts 14-18 (19·241 (1.9·2.51 
Drive Plate to Converter 28·32 138·431 13.9·4.41 
Drive Plate to Flywheel 28·32 (38·43) 13.9·4.4) 
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The following general nut and bolt installation torque requirements (lubricated) apply to any operation not previously 
listed. 

THREAD SIZE 

INCH SERIES 
1/ 4-20 
1/ 4-28 
5/ 6-18 
5/ 6-24 
3/ 8·16 
3/ 8-24 
7/ 6-14 
1/2-20 
1/ 2-13 
1/ 2-20 
9/16-18 
5/ 8-18 

TOOL NUMBER 
NUDAY CHURCHILL 

2136 SW502 
1255 SW-16 
1443 SW506 
9539 518 
1301 SW520 
9212 625-1 
9210 630-16 
9514 T818 
2134 CT6040-B 
2134 CT6069-A 
1237 CT6067-1 

58 

lb. ft. 

6-9 
6-9 

12-15 
15-18 
20-25 
30-35 
45-50 
50-60 
60-70 
70-80 
85-95 

130-145 

C. SPECIAL TOOLS 

DESCRIPTION 
Valve Guide Reamer Kit 
Camshaft Bushing Remover/ Replacer 
Camshaft Bushing Remover/ Replacer Handle 
Adjustable Bridge Puller 
Oil Seal Installer 
Shaft Protector 
Step Plate Adaptor 
Bushing Kit 
Crankshaft Gear Remover 
Crankshaft Gear Replacer 
Crankshaft Gear Replacer Adaptor 

INm) IMkg) 

18.1-12.2) 10.83-1.24) 
18.1-12.2) 10.83-1.24) 

116-201 11 .7-2.01 
120·24) 12.0-2.5) 
127-34) 12.8-3.5) 
141-47) 14.2-4.8) 
161 -67) 16.2-7.0) 
168-81 ) 16.9-8.3) 
182-95) 18.3-9.7) 
195-108) 19.7-11.0) 

1115-128) 111.8-13.0) 
1177-196) 118.1-20.01 
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Chapter 1 
FUEL SYSTEM - DIESEL 

Section 
A. 
B. 

FUEL INJECTION PUMP - DESCRIPTION AND OPERATION 
THERMOSTART 

C. ADJUSTMENTS 

A. FUEL INJECTION PUMP -
DECRIPTION AND OPERATION 

The Ford 550 / 555 tractors use the distributor-type fuel 
injection pump, Figure 1. The pump is mounted to the 
rear of the erfgine front cover plate and is driven by the 
pump timing gear. 

The distributor-type pump, Figure 2, consists of a 
transfer pump, a pumping and distributing rotor, a 
governor with control linkage, a regulating valve and 
advance mechanism. 

The function of the transfer pump, Figure 3, is to bring 
fuel from the fuel tank and feed it into the pump rotor 
head under pressure. Inability of the transfer pump to 
deliver minimum pressure (8 psi at 100 rpm) and 
vacuum (20" Hg. in 20 sec. at 100 rpm) will result in 
poor starting and is most noticeable during hot 
weather conditions when fuel viscosity is lowest. 

Figure 1 

Page 
1 
5 
5 

The transfer pump provides extra fuel which lubricates 
and cools the injection pump. This extra fuel is recir
culated from a fitting on the pump housing to the 
return feed port of the filter. 

Distributor Type Injection Pump 
1. Excess Fuel Line 
2. Fuel Inlet Line 
3. Fuel Injector Lines 

PRINTED IN U.S.A. 1 
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Figura 2 
Sactlonal Viaw of Fual Iniaction Pump 

1. Fuel Shut-off Lever 9. Hydraulic Head 
2. Governor Spring 10. Transfer Pump Liner 
3. Fuel Shut-off Bar 11. Regulating Valve Piston 
4. Governor Weight Assembly 12. Regulating Valve Spring 
5. Drive Shaft 13. Distributing Rotor 
6. Pumping Plunger 14. Maximum Speed Adjustment Screw 
7. Advance Device Piston 15. Throttle Lever 
8. Advance Device Non-return Valve 16. Metering Valve 

The rotor head, Figure 4, consists of opposing rollers 
that rotate inside a cam ring in the pump housing, 
Figure 5. Fuel under pressure of the transfer pump 
feeds into the center of the opposing plungers, Figure 
6, forcing the plungers apart. As the rotor rotates the 
rollers ride over cam lobes and force the plungers 
together thus providing the high pressure for injecting 
fuel into the engine. 

Pump calibration is established and set with the pump 
on a calibrating test stand and no further adjustment 
should be required . 

2 

Normal wear will occur in the rotor head over a period 
of time and will require replacement when excessive. 
A faulty rotor head will result in poor starting and loss._ 
of power. Poor starting and loss of power can also 
result from many other engine malfunctions, therefore 
the decision to replace the pump or to have it checked' 
on a calibrating stand should only be made after the 
engine has been thoroughly checked out and deter
mined to be functioning properly. 

The function of the regulating valve, Figure 7, is to 
maintain a predetermined pressure to the pumping 
plungers as the speed of the pump varies. 
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Figure 3 
Transfer Pump 

1. Transfer Pump Liner 

-

Figure 4 
Rotor Head 

The transfer pump pressure acts upon the bottom of 
the piston and regulating 'spring; Figure 8. When the 
pressure reaches the predetermined setting the piston 
moves upward and permits fuel to bypass to the inlet 
side of the pump thus maintaining a maximum 
pressure in the system. 

Malfunctions of the regulator valve assembly may 
result in low transfer pump pressure and difficult star
ting and poor control of the automatic advance 
mechanism. 

PAINTED IN U.S.A. 

1. Cam Aing 

Figure 5 
Pump Cam Ring 

2. Pump Housing 
3. Advance Device Housing 
4. Piston 
5. Cam Advance Screw 

1. Aotor 

Figure 6 
Plunger Fuel Flow 

2. Pump Plungers 
3. Fuel Inlet Port 
4. Fuel Outlet Port 
5. Hydraulic Head 

3 
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Figure 8 

Figure 7 
Regulator Valve Assembly 

1. Priming Spring 7. End Plate 
2. Regulating Spring 8. Piston 
3. Washer 9. Valve Sleeve 
4. Fuel Inlet Connector 10. Spring Guide 
5. Retaining Spring 11. Copper Washer 
6. Filter 

The automatic advance mechanism, Figure 9, is 
pressure regulated from the transfer pump and 
automatically provides 8-1 / 2" - 9-1 / 4° of advance at 
2000 rpm. The pump pressure acts against the piston 
which causes the cam ring to rotate against the 
resistance of the spring located in the advance hous
ing. As the engine speed increases the pump pressure 
increases correspondingly and advances the timing. 

Pump advance and adjustments can only be determin
ed with special equipment, consequently this is done 
during normal pump overhaul and rebuilding with the 
use of the test stand. 

The governor is a mechanical (weight type) governor. 
and operates against a tension spring to regulate a 
valve and meter the amount of fuel passing into the 
pumping chamber, Figure 10. . 

Regulating Valve Operation Excessive wear in the governor control linkage may 
cause erratic governor response and failure to achieve 
full engine rpm in response to adjustment of the exter
nal high speed adjustment setting. A sticking metering 
valve will usually stick in the shut-off position preven
ting the engine from starting. 

1. Fuel Inlet Connection 6. Regulating Spring 
2. Retaining Spring 7. Piston 
3. Nylon Filter 8. Priming Spring 
4. Spring Guide 9. Piston 
5. Transfer Pump Inlet 
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Figure 9 
Automatic Advance 

1. Cam Ring 
2. Pump Housing 
3. Advance Device Housing 
4. Piston 
5. Cam Advance Screw 

B. THERMOSTART 
(OPTIONAL EQUIPMENT) 

To aid engine starting in cr:d weather conditions, a 
thermostart cold weathe ~ device incorporating a heat
ing element in the air intake manifold is available as op
tional equipment, Figure 11. Fuel is gravity fed to the 
element plug assembly and when the key-start switch 
is turned to the heat position, the element temperature 
rises to open a check valve and allow fuel to pass into 
the intake manifold. As the fuel passes the hot ele
ment, it is ignited prior to entering the manifold . 

Model 550: Figure 12. 

The model 550 tractor thermostart consists of a small 
reservoir tank connected in series with the injector 
leak-off line and the main fuel tank. Excess fuel from 
the injectors passes through the small reservoir and to 
the main fuel tank. The small reservoir supplies fuel 
through a connecting line to the cold start plug. 
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Figure 10 
Governor Assembly 

1. Shut-off Lever 
2. Throttle Lever 
3. Governor Spring 
4. Idling Spring Guide 
5. Idling Spring 
6. Control Rod and Spring 
7. Shut-off Bar 
8. Thrust Sleeve 
9. Metering Port 

10. Metering Valve 
11. Retaining Spring 
12. Governor Bracket 
13. Governor Control Arm 
14. Drive Shaft 
15. Governor Weights 

Model 555: Figure 13. 

The model 555 tractor cold start functions in the same 
manner as the model 550 tractor, except it does not 
have the small reservoir tank. A sufficient quantity of 
fuel is contained in the 555 tractor cold start fuel lines 
to supply the system and the reservoir is not required. 

C - ADJUSTMENTS 

IDLE SPEED ADJUSTMENT 

With reference to Figure 14. 

1. With the engine running and at normal operating 
temperature, disconnect the throttle linkage at 
the injection pump. 

5 
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Figure 11 
Intake Manifold Heater Plug 

1. Electric Connection to Starter Key 
2. Fire in Manifold 
3. Electric Heating Element 
4. Thermostart Assembly 
5. Fual Flow into Thermostart Assembly 

1. Reservoir 

Figure 12 
560 Thermostart 

2. Cold Start Plug 
3. Injector Leak-Off· Line 

Figure 13 
565 Thermostart 

1. Coldstart Plug 
2. Injector Leak-Off Line 

2. Loosen the locknut and adjust the idle speed 
stop screw until the specified idle speed is ob
tained, see "Specifications" - Chapter 5. 
Tighten the locknut and re-connect the throttle 
linkage. 

MAXIMUM NO-LOAD SPEED ADJUSTMENT 

With reference to Figure 14. 

IMPORTANT: The maximum no-load speed screw is 
adjusted and sealed at the factory for correct fuel 
delivery and maximum no-load speed. If the maximum 
no-load speed varies more than 50 rev/ min above or 
below the specified range, see "Specifications" -
Chapter 5, then adjustment may be made as follows. 

1. With the engine running and at normal operating 
temperature, position the hand-throttle for max
imum no-load speed. 

2. Disconnect the throttle linkage at the injection 
pump. 

3. Cut the maximum no-load speed stop screw. 
sealing wire and remove the locking sleeve. 

4. Set the throttle lever at the injection pump in the 
maximum no-load speed position then loosen 
the locknut and adjust the screw until the max
imum no-load speed is obtained. Tighten the 
locknut and secure the adjustment with a sealing 
wire and the locking sleeve. 
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5. Connect the throttle linkage to the injection 
pump. Adjust the linkage length, if necessary 
check the idle speed . 

HAND THROTTLE LINKAGE ADJUSTMENT 

With reference to Figure 15. 

1. Disconnect the throttle rod at the bellcrank and 
set the hand throttle and the throttle lever on the 
injection pump at the maximum speed positions. 

2. Slacken the locknut and adjust the length of the 
throttle rod to fit exactly between the injection 
pump and the bell-crank then tighten the lock
nut. 

3. Return the hand throttle to the idle position and 
check to be sure the engine idle speed is correct. 
If not, the throttle rod must be re-positioned in 
the alternative hole in the throttle lever and the 
procedure repeated. 

FOOT THROTTLE LINKAGE ADJUSTMENT 

With reference to Figure 15. 

Adjustment of the hand throttle should not affect the 
foot throttle. However, if foot throttle adjustment is 
required, proceed as follows: 

1. Set the hand throttle to the maximum speed 
position. 

2. Fully depress the foot throttle and connect the 
chain to the bell-crank to give minimum slack in 
the chain. 

3. Remove the remaining slack from the chain by 
adjustment of the cable attached to the lower 
end of the chain. 

BLEEDING THE FUel SYSTEM 

NOTE: The fuel system should be bled whenever fuel 
system components are removed, disconnected or re
p/aced, in order to expel any air from the system. 

1. Be sure there is sufficient fuel in the tank and all 
connections are tight. Also be sure the fuel shut
off valve is open. 
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Figure 14 
Engine Speed Adjustment 

1. Pump Stop Control Lever 
2. Idle Speed Stop Screw 
3. Stop Screw Locknut 
4. Sealing Wire 
5. Maximum No-Load Speed Screw 

Locking Sleeve 
6. Throttle Linkage 

Figure 15 
Throttle Adjustment 

1. Alternative Hole In Throttle Lever 
2. Locknut 
3. Throttle Rod 
4. Chain 
5. Bell Crank 

7 
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Figure 16 
Bleeding The Fuel System 

1. Filter Bleed Screw 

2. Remove the bleed screw(s) from the top of the 
filter( s), Figure 16, and allow the fuel to flow until 
free from air bubbles. Install the bleed screw(s) 
and tighten. 

3. Loosen the bleed screw on the injection pump, 
Figure 17. With the stop control out, turn the 
engine on the starting motor until fuel , free of 
air, is discharged from the bleed screw. Re~ 

tighten the bleed screw. 

4. Loosen the injector line connections, Figure 18. 

5. Continue to turn the engine with the stop control 
in and the throttle wide open until air-free fuel is 
discharged from the connections. Tighten each 
connection in turn while the engine is still turn
ing. 

6. Run the engine and check for leaks. 

Figure 17 
Bleeding The Fuel System 

1. Injection Pump Bleed Screw 

Figure 18 
Bleeding the Fuel System 

1. Injector Line Connections 
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A , DESCRIPTION AND OPERATION 

CARBURETOR 

The carburetor, Figure 19, is an updraft, single venturi 
type with an aluminum die cast housing. It consists of 
two major castings; the ca rburetor body and the fuel 
bowl. 

The function of the carburetor is to mix air and fuel in 
the proper proportions and to supply this mixture to 
the engine. The carbu retor is designed with four 
metering systems: the idle system, the main metering 
system, the power system, and the accelerator pump 
system. In addition, there is a float system to maintain 
the supply of fuel, and a choke system to assist in star
ting a cold engine. 

The idle system, the main metering system, the power 
system, and the pump system are contained in a 
cluster in the middle of the carburetor body and are 
entirely surrounded by fuel. By having these metering 
components positioned in this manner, the fuel tends 
to keep the components cool, thus assisting in the 
metering of. liquid fuel rather than vapors. This permits 
operation of the tractor .at extremely steep angles on 
hillsides. The carburetor is equipped with a brass float 
and stainless steel float lever and hinge pin. 

PRINTED IN U.S.A. 

FLOAT SYSTEM 

The float system, Figure 20, controls the level of fuel in 
the fuel bowl and admits fuel as required to maintain 
the proper level. The position of the fuel inlet needle is 
controlled by the float. 

As the fuel level in the bowl drops, the float drops, 
allowing the fuel inlet needle to admit fuel. As the fuel 
level rises, the float rises, closing the fuel inlet needle 
and shutting off the fuel supply. 

IDLE SYSTEM 

The idle system, Figure 21 , co ntrols the flow of the 
fuel at idle and at minimum power operation when the 
manifold vacuum is relatively high . The fuel used dur
ing idle and minimum power operation enters through 
the main fuel jet which is connected by a passage in 
the metering cluster cover to the main well. From 
there the fuel flows through the idle feed restriction 
and up the idle well. Air enters the idle air bleed in the 
lower skirt of the venturi and partially vaporizes the 
fuel. 

This mixture travels up the idle passage to the idle 
orifice where it is regulated by the idle adjusting screw. 
The flow of fuel is the result of a differential in pressure 
created by the intake vacuum, As the throttle plate is 
opened, the idle transfer orifice is exposed to the 
reduced pressure and the fuel and air mixture is dis
charged out of both ports. 

9 
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Figure 19 
Carburetor 

1. Air Horn 
2. Choke Plate 
3. Throttle Plate 

MAIN METERING SYSTEM 

The main metering system, Figure 22, supplies fuel 
during all phases of engine operation above the 
operating range of the idle system. As the throttle 
plate is opened and air flow increases, a partial 
vacuum is created in the venturi of the carburetor. 

10 

4. Main Discharge Nozzle 
5. Needle Valve 
6. Float 

When sufficient vacuum is produced, fuel flows 
through the main jet and into the carburetor main well. 
The fuel is then partially vaporized by the air entering 
through the main well or high speed air bleed in the 
lower skirt of the venturi. The air enters the main well 
through the main well tube. 
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Figure 20 
Float and Choke Systems 

1. Fuel Inlet Needle 
2. Fuel Inlet 
3. Fuel Float Hinge 
4. Fuel Bowl 
5. Fuel Float 
6. Shaft 
7. Air Valve 
8. Spring 
9. Choke Plate 

10. Main Discharge Nozzle 

This fuel and air mixture is discharged out of the main 
discharge nozzle where it is vaporized further by the air 
passing through the venturi. As the throttle plate is 
opened wider, the idle system begins to fade and the 
main metering system continues to supply a greater 
portion of the fuel. 

POWER SYSTEM 

The power system, Figure 23, is controlled by vacuum 
and is operated by a syntlietic rubber valve attached to 
the bottom end of the accelerator pump piston assem
bly. During normal load operation, the high manifold 
vacuum on the top of the pump piston is sufficient to 
compress the pump spring and hold the synthetic rub
ber valve off of the channel restriction seat . This will 
also permit the fuel to flow in through the pump inlet 
orifice, through the channel restrictor and into the 
main well, supplementing the fuel entering the main 
jet. 
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a -AIR AIR·FUEl 
MIXTURE 

Figure 21 
Idle System 

1. Idle Fuel Adjustment Screw 
2. Idle Passage 
3. Idle Well 
4. Idle Feed Restriction 
5. Main Well 
6. Air Horn 
7. Idle Air Bleed 
8. Idle Transfer Orifice 
9. Throttle Plate 

The power system is open and in operation during 
high and intermec:tiate manifold vacuum conditions 
and is closed at wide open throttle or extremely low 
vacuum operation. 

ACCELERATOR PUMP SYSTEM 

The accelerator pump system, Figure 24, is operated
entirely by manifold vacuum. During acceleration, the 
manifold vacuum drops, and the pump spring forces 
the pump piston down. Fuel is forced up the ac
celerator pump channel lifting the pump discharge 
check from its seat. The fuel then flows through a 
metering orifice and is discharged through the pump 
jet into the air stream above the venturi. When the 
throttle is closed, the high manifold vacuum over
comes the spring tension and lifts the pump piston 
pr~paring it for the next cycle. 

11 
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AIR 

Figure 22 
Main Metering System 

t~m 
AIR-FUEl 
MIXTURE 

, . In Well Tube 4. High Speed Air Bleed 
2. Main Jet 5. Air Horn 
3. Main Well 6. Main Discharge 

o 
MANIFOLD 
VACUUM 

AIR FUEl 

Figure 23 
Power System 

AIR-FUEl 
MIXTURE 

, . Pump Spring 6. Main Jet 
2. Atmospheric Pressure 7. Main Well 
3. Synthetic Valve 8. Air Horn 
4. Pump Inlet Ball 9. Pump Piston 
5. Power Valve Inlet Orifice 

o 
MANIFOLD 
VACU UM 

~ 
AIR FUEl 

Figure 24 
Accelerator Pump System 

1. Atmospheric Pressure 
2. Pump Inlet Ball 
3. Accelerator Pump Channel 
4. Pump Discharge Check 
5. Metering Orifice 
6. Pump Jet 

CHOKE SYSTEM 

-AIR-FUEL 
MIXTURE 

The manual choke system, Figure 20, consists of a 
choke plate and shaft assembly. An air valve in the 
choke plate permits the engine to breathe upon initial 
start until the choke plate can be opened. A spring on 
the shaft holds the choke plate open during operation. 
The function of the choke plate is to restrict the air 
flow into the carburetor which causes a higher · 
vacuum on the main discharge nozzle. This gives a 
richer mixture for starting the engine . 

FUEL PUMP 

The fuel pump is mounted on the engine front cover. It 
contains a screen, diaphragm, driving mechanism, 
and inlet and outlet valves. The pump is driven by an 
eccentric bolted to the engine camshaft. 
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FUEL TANK, FUEL LINES, AND FUEL FILTER 
AND SEDIMENT BOWL 

The fuel lines run from the tank outlet to the fuel 
pump, to the fuel filter and sediment bowl, and then to 
the carburetor. 

The fuel filter and sediment bowl is located between 
the fuel pump and carburetor. The bowl traps con den: 
sation and dirt particles that flow through the fuel lines 
from the tank. 

B . ADJUSTMENTS 

CARBURETOR ADJUSTMENTS 

There are two adjustments on the gasoline carburetor 
as shown in Figure 25. They are the idle fuel adjust~ 
ment and the idle speed adjustment . 

PRELIMINARY ADJUSTMENT 

1. Set the idle speed adjustment screw so the throt
tle plate is slightly open. 

2. Turn the idle fuel adjustment needle in until it is 
lightly seated and back off one full turn. 

3. Make sure that the fuel tank shut-off valve is in 
the .. 0 N" position. 

4. Pull the choke knob, turn on the ignition , start 
the engine, and push the choke knob part way in 
until the engine runs smoothly. 

5. Aher the engine has reached normal operating 
temperature, push the choke knob all the way in. 

FINAL ADJUSTMENTS 

1. Turn the idle fuel adjustment needle out 
(counterclockwise) until the engine begins to 
" roll" from too rich a mixture, then turn it inward 
slowly until the engine is running smoothly. 

2. With the hand throttle in the closed position (ful~ 
Iy forward) , turn the idle speed adjustment screw 
until the engine low idle speed is at the specified 
rev/ min. On new engin,es, it may be necessary to 
set the low idle speed slightly higher for the first 
few hours to prevent stalling. 
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Figure 25 
Carburetor Controls 

1. Idle Speed Adjustment Screw 
2. Throttle Plate Arm 
3. Choke Bracket and Screw 
4. Set Screw 
5. Fuel Inlet Fitting 
6. Idle Fuel Adjustment Needle 

3. With the hand throttle in the wide open position, 
adjust the stop screw on the throttle linkage 
bracket to obtain the specified maximum no-load 
rev/ min . (See "Specifications" - Chapter 5), 

4. If these adjustments cannot be obtained, it may 
be necessary to adjust the throttle linkage. 

CARBURETOR AND GOVERNOR 
LINKAGE ADJUSTMENT 

With reference to Figures 26 and 27. 

1. Stop the engine and move the hand throttle to 
the wide open position . 

2. Loosen the jam nut on the governor rod, Figure 
26, and disconnect the rod from the throttle plate 
lever at the carburetor. 

3. Rotate the throttle plate lever to full open. 

4. Move the governor arm toward the rear of the 
tractor to the wide open position. 

13 
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Figure 26 
Governor and Carburetor Adjustments 

A. 12.75-12.81 in. 1323.8-325.3 mml 
1. Governor Arm 5. Hand Throttle Lever 
2. Front 6. Governor Control Lever 
3. Governor Control Rod 7. Throttle Plate Lever 
4 .. Throttle Control Rod 8. Governor Rod 

5. With the governor rod and the throttle plate lever 
in the wide open position, adjust the governor 
rod clevis so the governor rod will attach to the 
throttle plate lever, then lengthen the governor 
rod one addition turn of the clevis. Connect the 
rod to the lever and tighten the jam nut. 

6. Move the hand throttle to the idle position . 

7. Remove the governor control arm from the 
governor arm and the governor control lever. 

8. Adjust the length of the rod to 12.75-12.81 in . 
1323.8-325.3 mml. Install the arm. 

9. With the hand throttle closed, loosen the jam nut 
on the throttle control rod and disconnect the 
rod from the hand throttle lever. 

14 

10. Push the throttle control rod fully forward lid Ie 
position), adjust its length to meet the attach
ment point on the hand throttle lever, then 
lengthen the rod by one additional turn of the 
clevis. Connect the rod to the arm and tighten 
the jam nut. 

11. Start the engine and allow it to reach operating 
temperature. Adjust the idle speed adjustment 
screw, Figure 27, until the engine idles at 600-700 
rev / min. 

12. Adjust the idle fuel mixture screw until the 
engine reaches its highest rev / min, then check 
the idle speed and re-adjust if necessary. 

13. Move the hand throttle to wide open. Check the 
rev/ min on the Proof-Meter. Adjust the idle 
speed adjustment screw to achieve maximum 
no-load rev/ min. See "Specifications" 
Chapter 5. 
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Figure 27 
Carburetor Adjustments 

1. Idle Speed Adjustment Screw 
2. Idle Fuel Mixture Screw 

14. Tighten the adjustment lock nut, then move the 
hand throttle to the idle position and recheck the 
idle speed. Adjust as required. 

C . CARBURETOR 

REMOVAL 

1. Turn the fuel tank shut-off valve to the "OFF" 
position. 

2. Loosen the air intake tube clamp at the car
buretor and pull the hose off the carburetor. 

3. Disconnect the fuel line at the fitting on the car
buretor. 

4 . Disconnect the throttle linkage at the carburetor. 

5. Remove the two nuts and lock washers that at
tach the carburetor to the intake manifold. 
Remove the carburetor and clean the gasket sur
faces: 

6. Clean the outside of the carburetor with solvent 
and examine it for damage . 
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DISASSEMBLY 

With reference to Figure 28. 

1. Remove the fuel inlet fitting and screen . 

2. Remove the air horn plug retaining spring and air 
horn plug. 

3. Remove the retaining screws and remove the 
fuel bowl. 

4. Remove the hinge pin and float assenibly, Figure 
29. The hinge pin is held in place by a baffle in 
the fuel bowl. When the fuel bowl is removed , 
the pin is free to be removed. 

5. Remove the fuel inlet needle. 

6. Remove the three screws retaining the ac
celerating pump cover and remove the cover and 
gasket. 

7. Using a screwdriver with a blade wide enough to 
contact both sides of the slot in the main meter
ing jet, remove the jet from the cover. 

8 . Remove the accelerator piston and pump assem
bly, Figure 30. 

9. Remove the idle adjusting screw and spring. 

10. Scribe a mark on the throttle plate so it can be re
assembled in the same position. 

11. Remove the thrott le plate screws and the throttle 
plate. 

12. Remove the throttle shaft and lever from the car
buretor body. 

13. Note the location of the choke air valve for re
assembly purposes. Remove the choke plate re
taining screws and the choke plate. 

14. Remove the choke shaft, lever assembly and 
spring. 

15. Remove the choke cable bracket and choke shaft ' 
felt seal. 

CLEANING AND INSPECTION 

1. Discard all used gaskets and seals. 

15 
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Figure 28 
Carburetor Disassembled 

Idle Fuel Adjustment Screw 7. Throttle Plate 
Carburetor Body 8. Throttle Plate Shaft Assembly 
Fuel Inlet Needle 9. Choke Assembly 
Fuel Float Assembly 10. Screened Fuel Inlet Fitting 
Fuel Bowl 11. Pump Piston Assembly 
Air Horn Plug and Retainer 12. Bronze Plug 
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Figure 29 
Removing Float. Float Valve and 

Accelerator Pump Cover 
1. Float 
2. Accelerator Pump Cover 
3. Fuel Inlet Needle Inot visible) 
4. Hinge Pin 

2. Clean all the parts of the carburetor with a good 
carburetor cleaning solution. 

3. Blowout all passages with compressed air. 

IMPORTANT: Never use a wire or drill to clean 
orifices or jets. Even small scratches will affect 
carburetor calibration. 

4. To properly service the carburetor, a repair kit 
should be installed. If a repair kit is not available: 

a. Examine the fuel inlet needle carefully for 
damage or wear. 

b. Examine the idle adjusting needle and discard 
if grooved or damaged. 

c. Examine the throttle shaft for wear. 

d. Inspect the carburetor body and fuel bowl for 
damage. 

e. Inspect the accelerator piston spring and syn
thetic rubber valve carefully for wear or 
damage. 
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Figure 30 
Accelerator Pump Removed 

1. Air Horn 
2. Orifice For Accelerator Piston 
3. Float Hinge 

ASSEMBLY 

With reference to Figure 28. 

1. Install the new felt choke shaft seal in the car
buretor body. 

2. Install the choke cable bracket . 

3. Position the choke spring on the shaft. Start the 
choke shaft into the air horn and pull the straight 
end of the spring into position above the choke 
lever stop tab. 

NOTE: The spring must be properly positioned 
to hold the choke plate in the open position. 

4. Position the choke plate I note correct position of. 
the air valve). and install the choke plate screws. 

5. Install a new felt throttle shaft seal. 

6. Install the throttle shaft into the carburetor body. 
from the left-hand to the right-hand side. as 
shown in Figure 31. 

17 
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Figure 31 
Choke Assembly 

1. Throttle Shaft 
2. Throttle Lever 
3. Choke Air Valve 

7. Install the throttle plate in relation to the 
reference mark made during disassembly and 
start the two screws. Carefully tap the plate to 
align it in the throttle bore and tighten the 
screws . 

8. Install the accelerator piston and pump assembly 
in the carburetor body. 

9. Install the main metering jet in the cover. Use a 
screwdriver with a blade wide enough to contact 
the entire slot in the jet to prevent possible 
damage to the jet. 

10. Install a new cluster cover gasket and install the 
cover. 

11. Install the fuel inlet needle in its bore in the car
buretor. 

12. Install the float and float hinge pin. 

13. Check the float setting as shown in Figure 32. 
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Adjust the float by bending the float lever to con
tact the inlet needle. See "Specifications" -
Chapter 5. 

Figure 32 
Float Setting 

A. 1.0 in. 125.4 mm) 
1. Float 

r 

14. Install a new fuel bowl gasket and install the fuel 
bowl. 

15. Install the bowl retaining screws and tighten 
them evenly to the specified torque. 

16. Install the air horn plug and retaining spring, 
Figure 33. 

17. Install the idle adjusting needle and spring. Turn 
the needle in until it is lightly seated and back off 
one full turn for the initial adjustment. 

INSTALLATION 

1. Use a new carburetor-to-manifold flange gasket 
and install the carburetor in place on the mani- . 
fold. Install the two lock washers and nuts and 
tighten them to the specified torque. 

2. Connect the fuel line to the carburetor fuel inlet 
fitting. 

3. Install the air intake tube hose on the carburetor 
and tighten the hose clamp securely. 
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IMPORTANT: Air inlet hose connections must 
be tight to prevent dirt from entering the engine. 

4. Connect the throttle rod to the throttle lever on 
the carburetor. 

IMPORTANT: Operate the throttle to be sure 
the lever adjustment will permit the throttle to 
fully open and close. 

5. Turn the fuel tank shut-off valve to the " ON" 
position . 

6. Loosen the fuel filter and sediment bowl retainer 
screw to allow fuel to fill the bowl. Tighten the 
retainer screw. 

D. FUEL TANK, FUEL PUMP 
FILTER AND LINES 

FUEL TANK 

For removal and installation of the fuel tank, see" Fuel 
Tank Removal" Part 10 - Chapter 1. 

FUEL PUMP - FILTER AND LINES 

REMOVAL 

1. Turn the fuel tank shut-off valve to the " OFF" 
position and remove the line connecting the tank 
to the fuel pump by disconnecting it at both 
ends, see Figure 34. 

2. Disconnect the line connecting the fuel pump to 
the fuel filter and sediment bowl. Then discon
nect the fuel line from the carburetor fuel inlet fit
ting and remove the line and the sediment bowl, 
Figure 34. 

3. Clean the bowl and filter and reinstall the bowl 
with a new gasket. 

4. Remove the two cap screws that retain the fuel 
pump to the engine front cover ahd remove the 
fuel pump. 

5. Remove the pin in the engine front cover that 
drives the fuel pump. It may be necessary to use 
a magnet or needle nose pliers to remove the pin. 

6. Inspect the drive pin for wear and install a new 
pin if it appears to be worn or damaged at the 
ends. 
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Figure 33 
Air Horn Plug Installation 

1. Air Horn Plug 
2. Retainer Spring 

7. Remove the pump top cover by removing the 
hex head screw at the top of the pump and 
remove the screen. Clean the pump and screen 
in solvent and dry with compressed air. Install 
the screen and cover. 

INSTALLATION 

1. Install the drive pin in the front cover. 

2. Position the pump on the mounting flange on the 
front cover and secure it with the two cap screws 
and lock washers. 

3. Connect the fuel inlet and outlet lines to the fit
tings on the pump. 

4. Connect the inlet and outlet fuel lines to the fuel 
filter and sediment bowl and tighten securely. 

NOTE: Tighten al/ fittings carefully, as over
tightening may strip the threads. 

5. Turn the fuel shut-off valve to the "ON" posi
tion . 

6. Loosen the fuel filter and sediment bowl retainer 
screw and allow the bowl to fill with fuel. Tighten 
the retainer screw. 
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Figure 34 
Gasoline Fuel System 
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FUEL SYSTEMS 

Chapter 3 
INJECTORS 

INJECTORS - DESCRIPTION AND OPERATION 
INJECTORS - OVERHAUL 

A. INJECTORS -
DESCRIPTION AND OPERATION 

The engine injectors function is to inject fuel into a 
pressurized cylinder in a fully atomised condition so 
that h may be burnt efficiently and without creating 
excessive exhaust smoke. 

Each injector consists of a nozzle assembly containing 
a needle valve, and a nozzle holder assembly housing 
the injector needle valve regulating spring, Figure 35. 

Fuel from the fuel injection pump enters the injector 
fuel inlet and passes down through a drilling in the 
nozzle holder and body, to the needle valve seat. 

Figure 35 
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The fuel, pressurized by the injection pump, lifts the 
needle valve off the seat against the action of a spring . 
The fuel is then forced, in an atomised state, through 
the four holes in the nozzle tip. When the pressure 
from the injection pump drops the needle valve snaps 
back onto the seat under pressure from the spring. 

Fuel Injector Assembly 
1. Washers 8. Nozzle Retaining Nut 
2. Spring Adjusting Nut 9. Nozzle Body 
3. Fuel Inlet 10. Nozzle Holder 

Needle Valve 
Washer 
Needle Valve Seat 

11. 
12. 
13. 

Spring 
Copper Washer 
Cap Nut 

To provide lubrication of the injector a small amount of 
fuel is permitted to leak "p between the needle valve 
and the nozzle body. The excess fuel rises to the top of 
the injector and returns to the fuel tank via the injector 
leak-off line. 

4. 
5. 
6. 
7. Nozzle Tip 14. Leak-off Une Connector 
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B. INJECTORS - OVERHAUL 

REMOVAL 

1. Clean the area around the injectors . 

2. Disconnect the fuel leak-off line and the fuel in
jection lines. 

3. Remove the nuts from the two mounting studs 
and remove the injector complete with the cork 
and copper washers. Be sure that no dirt falls in· 
to the injector seat. 

4. Test the injectors using the following procedure 
to ascertain if overhaul or replacement is nee· 
essary. Before testing clean the outside of the in
jectors with a soft wire brush, Figure 36, and a 
carbon solution. 

TESTING 
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1. Fill the injector tester with a cal ibrating type fuel 
oil, leaving the filler cap loose to prevent a 
vacuum forming during testing . 

2. Prime the tester until oil is emitted f rom the 
tester line and connect the injector. 

3. Be sure that the knob on the right hand side of 
the tester is screwed in to prevent the gauge be
ing over pressurized if the injector nozzle is 
blocked . 

4. Pump the tester and determine that the nozzle is 
free to open. Open the pressure gauge valve and 
commence injector testing . If the nozzle is block
ed or the needle jammed commence the dis
assembly procedure. 

5. NOZZLE OPENING PRESSURE: Pump the injec
tor tester, Figure 37, and observe the pressure at 
which the needle valve lifts and fuel is injected 
from the nozzle t ip. Compare with the specified 
pressure. See "Specifications" - Chapter 5. 

6. SPRAY PATTERN: Pump the tester rapidly and 
observe the spray pattern from the four holes. 
Each spray must be similar and spaced at right 
angles to each other. The spray should be well 
atomized and spread into a 3 in. (76 mm) diam
eter cone 0.375 in. (9.5 mm) from the injector 
nozzle. 

Figure 36 
Cleaning Injector Nozzle With 

Soft Wi re Brush 

Figure :r7 
Nozzle Opening Pressure Test 
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7. NOZZLE SEAT LEAKAGE: Wipe the nozzle tip 
dry and apply a pressure of 150 psi. 110 barl 
below the opening pressure to the injector. Hold 
the pressure to the injector. Hold the pressure 
nozzle tip with a sheet of blotting paper. Figure 
38. The fuel oil stain should not exceed 0.5 in. 
112.7 mml diameter . 

B. NOZZLE LEAK BACK TEST: Apply approx
imately 2300 psi. 1159 barl pressure to the injec
tor and measure the time taken for the pres
sure to fall from 2200 psi. to 1500 psi. 1152 to 103 
barsl . If this is less than 5 seconds th is indicates 
that the needle is loose or that there is dirt be
tween the nozzle and injector body faces. 

9. If the injector satisfies the preceding tests it may 
be re-installed in the engine. If it fails any of the 
above tests the injector must be disassembled . 

DISASSEMBLY 

1. Place the injector in a holding fixture, tool No. 
1719. Do not clamp the injector body in the vice. 

2. Remove the cap nut and spring adjustment nut, 
Figure 39. Remove the injector spring, washer 
and spindle. 

3. Remove the nozzle retaining nut, Figure 40, 
using tool No. 8126. Lift off the nozzle and 
needle valve and withdraw the needle valve, 
Figure 41. Place all components in clean fuel oil. 

NOTE: As the nozzles and needle valves are a 
lapped fit they are not interchangeable. 

INSPECTION & CLEANING 

1. Clean the needle valve and noozle by soaking in a 
carbon solvent and brushing with a soft wire 
brush. To prevent corrosion rinse the nozzle and 
valve in clean fuel oil after soaking in carbon sol
vent. 

2. Using the tools indicated in an injector nozzle 
cleaning kit, tool No. 1720 clean the nozzle as 
follows: 

(a) Clean the nozzle pressure chamber using 
the pressure chamber drill, Figure 42. 
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Figure 38 
Nozzle Seat Leakage Test 

---~ I 
/ 

Ibl Clean the spray holes with the nozzle 
cleaning wire held in a pin vice, Figure 43. 

lei Clean the valve seat with the valve seat 
scraper. 

Idl Clean the annular groove in the top of the 
nozzle and the groove in the nozzle pres
sure chamber using the pressure chamber 
scraper, Figure 44. 

lei The nozzle must be reverse flushed to 
remove the carbon loosened during steps 
lal to Idl . This can be achieved using a 
reverse flush nozzle adaptor on the injector 
tester, tool no. 8124. 

If I After flushing the nozzle polish the valve 
seat by placing a very small amount of 
tallow on the end of a polishing stick and 
rotate in the nozzle . 

3. Clean the tip of the needle valve using a needle 
valve scraper, Figure 45. 
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Figure 39 
Injector Components 

1. Washer 
2. Leak-Off Line Washers 
3. 
4. 

Leak-Off Line Connector 
Cap Nut 

5. Spring Adjusting Nut 
6. Washer 
7. Nozzle Holder 

4. If the nozzle leak-back test time was less than 
five seconds or the valve sticks, the valve and 
nozzle should be lapped together by placing the 
tip end of the nozzle in a drill chuck having a 
speed of 450 rev/ min or less. Apply a small 
amount of tallow to the valve and spread it over 
the surface. Insert the valve into the rotating 
nozzle keeping it central and apply slight 
pressure as the chuck turns. 
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NOTE: Do not lap the valve for more than five 
seconds at a time aI/owing the parts to cool be
tween lapping. 

If a new injector assembly, or injector nozzle is to 
be replaced the following identification chart will 
aid to identify that the correct parts are used, 
Figure 46. 

8. Nozzle Body 
9. Copper Washer 

10. Nozzle Retaining Nut 
11 . Needle Valve 
12. Spindle 
13. Spring 

The vendor part numbers for the complete injec
tor assembly is stamped on the side of the holder 
assembly, and is preceded with the letters 
" DES", Figure 47. 

The vendor part number for the nozzle is 
stamped on the side of the assembly and cannot 
be seen unless the nozzle is separated from the 
injector assembly, Figure 48. 

When an injector assembly or a new nozzle 
assembly is retained in inventory for six months 
or more, the lubricant between the needle and 
nozzle may deteriorate. This condition may 
cause the needle to stick due to a build-up in the 
needle-ta-nozzle sealing area . 

If storing the injectors causes improper opera
tion, they should be disassembled and cleaned 
using the procedure discribed in this section. 
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Figure 40 
Removing Nozzle Retaining Nut 

1. Wrench 
2. Nozzle Nut Socket 
3. Nozzle Retaining Nut 
4. Injector 
5. Holding Fixture 

Figure 41 

- ~--~*'"'" 
""th 

Removing the Needle Valve 
1. Needle Valve 
2. Nozzle Holder 
3. Nozzle 
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Figure 42 
Cleaning Nozzle Pressure Chamber 

1. Pressure Chamber Drill 
2. Nozzle 

Figure 43 
Cleaning Nozzle Spray Holes 

1. Pin Vice 
2. Nozzle Cleaning Wire 
3. Nozzle 
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Figure 44 
Cleaning Nozzle Annular Groove 

1. Carbon Scraper 
2. Nozzle 
3. Annular Groove 

Figure 45 
Cleaning Needle Valve Tip 

1. Needle Valve Scraper 
2. Needle Valve 

-. 
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Figure 46 
Vendor Identification 

Figure 47 
Vendor Identification 

.0120·.0124" 2850 
1.305-. 31 5 mmJ 

ASSEMBLY 

1. Clean all parts in fuel oil prior to assembly. Rinse 
all parts in clean fuel oil and assemble the como. 
ponents while still wet. 

2. Position the nozzle and valve assembly onto the 
nozzle holder. Be sure that the dowel pin holes 
are correctly located, Figure 49. Hold the injector 
body in the fixture, install the reta ining nut with a 
new washer and tighten to the specified torque. 
See Specifications, Chapter 5. 
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Figure 48 
Vendor Identification 

3. Install the spindle, spring disc, spring and ad
justing nut, turning the nut until spring pressure 
is felt. 

4. To set the nozzle opening pressure connect the 
injector to the injector tester. Tighten the ad
justing nut, Figure 50, until the specified opening 
pressure is achieved. 

5. Install the cap nut with a new copper washer and 
re-test the injector. If the injector fails any of the 
tests after cleaning replace the nozzle and valve. 

INSTALLATION 

,. Installation is the reverse of the removal pro
cedure. Fit new cork and copper sealing washers 
to the injector and new copper sealing washers 
to the leak-off pipe banjo fitting. Tighten the 
mounting nuts and the fuel tine nuts to the 
specified torques. 

2. Bleed the fuel system. 

3. If the injectors are to be stored before installa
tion, clean in calibrating oil. Storage for longer 
than thirty days may result in the necessity of 
disassembling and cleaning the injectors before 
installation. 
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Figure 49 
Assembling the Injector 

'. Nozzle Holder 
2. Nozzle 
3. Dowel Pin Holes 
4. Locating Dowels 

Figure 50 
Nozzle Opening Pressure Adjustment 

v 
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A. AIR CLEANER -
DESCRIPTION AND OPERATION 

The air cleaner, which is of the dry element type filters 
impurities from the air drawn in for combustion . Any 
foreign matter allowed to by-pass the air cleaner 
would be harmful to the cylinder walls and pistons. Air 
entering the cleaner passes through the outer (pri
mary) element which fi lters the dirt particles. Larger 
dirt particles fall to the bottom of the air cleaner body 
and are automatically expelled by the rubber collector 
when the engine stops. 

A restriction indicator is mounted on the intake 
manifold. As the air cleaner element becomes blocked 
the vacuum in the intake manifold increases. This in
crease in vacuum causes the red zone of the restriction 
indicator to appear indicating the need to clean or 
change the outer element. The indicator is reset by 
depressing the button. 

A secondary safety element is located within the outer 
element. The safety element will protect the engine in 
the event of dirt passing through a damaged outer ele
ment. The secondary safety element 'should be re
piaced when, after cleaning or fining a new outer ele· 
ment the red zone of the indicator continues to show 
when the engine is running. 

Service replacement stock of the inner safety elements 
are supplied by several different manufacturers. Some 
of the service replacement inner elements are pack· 
aged totally dry, whereas, .others are oil-soaked, seal
ed in plastic bags, and then packaged. Both designs 
are acceptable. 
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Before installing the oil-soaked type of inner safety ele
ment in the air cleaner assembly, any excess oil should 
be allowed to drain off_ 

B. AIR CLEANER -
OVERHAUL AND SERVICE 

REMOVAL 

1. Remove the intake pipe from the air 
assembly. 

2. Remove the bolts securing the air 
assembly to the supporting panel. 

DISASSEMBLY 

cleaner 

cleaner 

1. Unscrew the retaining wing nut and remove the 
outer filter element, Figure 51 and 52. 

2. Remove the central retaining locknut and washer 
and w ithdraw the inner safety element. 

INSPECTION 

1. Clean and examine the outer casing. Repair'anv 
damaged seams. 

2. Check the condition and security of the rubber 
dust collector. 

3. Be sure that the air cleaner restriction indicator 
operates freely. 
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Figure 51 
Air Cleaner 

550-555 1975 - July 1981 
1. Air Cleaner Assembly 
2. Element 

4. Clean the inside of the air cleaner housing with a 
damp lint-free cloth before installing the outer 
element. 

If the outer element js sooty or heavily con~ 
taminated, it may be washed using the following 
procedure. 

3. Soak the outer element in warm water (do not 
use water hotter than the hand can stand) 
containing a non-sudsing detergent for 15 
minutes . 

b. Gently agitate the element to remove dirt ac
cumulation . 

c. Thoroughly rinse the element from the inside 
to the outside with a gentle stream of water 
until the water is clear and all loosened foreign 
material is removed. Water pressure must not 
exceed 30 PSI 12.0 bar!. Allow the element to 
dry naturally. 

5. After drying check the element for damage by in
serting a lamp into the middle of the element and 
observing the element surface. An even, fine 
pattern of light indicates the element is clean and 
undamaged and is suitable for further service. 

Figure 52 
Air Cleaner 

555 - After July 1981 

Remove dust and dirt from the element by in· 
serting a compressed air hose (maximum pres· 
sure 30 psi [2.0 bar)) and blowing the ac
cumulated dust and dirt from the inside to the 
outside. 

IMPORTANT: Clean the outer element ONL Y 
when the restriction indicator light illuminates 
while the engine is running. Unnecessary and 
too frequent cleaning exposes the elements to 
handling damage which could allow dust and dirt 
to by-pass the filtering process and cause engine 
wear. 

ASSEMBLY 

Assembly of the air cleaner follows the disassembly 
process in reverse. 

INSTALLATION 

1. Install the air cleaner assembly by following the 
removal procedure in reverse. 

2. Be sure all connecting hoses are in good condi
tion and that all band clamps are secure. It is im
perative that all areas where leakage could occur 
between the air filter and inlet manifold are air 
tight. 
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A . TROUBLE SHOOTING 

TROUBLE SHOOTING TABLES 
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IMPORTANT: Whenever effecting a repair the 
resson for the cause of the problem must be in
vestigated and corrected to avoid repeat failures. 

The following table lists problems and their possible 
causes with the recommended remedial action . 

PROBLEM 

Fuel not reaching the 
carburetor. 
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GASOLINE ENGINES 

POSSIBLE CAUSE 

1. Fuel shut-off valve closed . 1. 

2. Plugged fuel line. 2. 

3. Plugged sediment bowl. 3. 

4. Plugged fuel inlet screen. 4. 

REMEDY 

Check the fuel shut-off 
valve at the fuel tank to be 
sure it is in the 'ON' posi-
tion. 

Loosen the fuel shut-off 
valve-ta-sediment bowl line 
at the bowl and be sure 
fuel is reaching the bowl. 
If not, remove and flush 
the line. 

Check and clean out sedi-
ment bowl. 

Check and clean the wire 
mesh in the fuel inlet fit-
ting at the carburetor. 
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PROBLEM POSSIBLE CAUSE REMEDY 

Carburetor floods or 1. Choke plate sticking or air 1. Be sure choke plate is free 
leaks. valve blocked. to move and the air valve 

is functioning properly. 

2. Damaged float and! or inlet 2. Remove and disassemble 
needle. the carburetor. Examine 

the float and inlet needle. 
Install new parts as re-
quired and set the level of 
the float. 

3. Carburetor main body 3. Replace faulty unit. 
and! or fuel bowl cracked 
or leaking. 

4. Carburetor joint leakage. 4. Check all gaskets. 

Fuel mixture too lean. 1. Restricted fuel lines. 1. Remove fuel lines and 
flush or replace. 

2. Faulty fuel pump. 2. Check fuel pump operation 
and overhaul or replace. 

3. Incorrect carburetor fuel 3. Check the fuel level and 
level. float setting in the car-

buretor. 

4. Restricted fuel inlet screen. 4. Check and clean the wire 
mesh in the fuel inlet fit-
ting at the carburetor. 

5. Restricted fuel passages. 5. Check fuel passages for 
gum or varnish. Remove 
obstruction and flush 
clean . 

Fuel mixture too rich . 1. Restricted air cleaner. 1. Be sure air intake is free 
from obstruction. Clean or 
replace filter element. 

2. Air bleeds plugged. 2. Check and clear idle and 
high speed air bleeds. 

3. Restricted fuel passages. 3. Check fuel passages for 
gum or varnish. Remove 
obstruction and flush 
clean. 

4. Incorrect carburetor fuel 4. Check the fuel level and 
level. float setting in the car-

buretor. 

5. Metering valve too tight. 5. Check and correctly set 
metering valve. 

32 



-------------------------------CHAPTER5 ------------------------------

PROBLEM POSSIBLE CAUSE REMEDY 

Rough idle . I. Any of the items listed 1. Check all items as listed. 
under "Fuel mixture too 
lean" . 

2. Idle fuel adjustment 2. Check and re-adjust idle 
incorrect. fuel setting . 

3. Faulty idle adjustment 3. Check the idle adjustment 
needle. needle and replace· if 

grooved, worn or 
damaged. 

4. Carburetor internally 4. Remove and disassemble 
restricted. the carburetor. Check the 

internal passages of the 
metering systems for 
restrictions and clean the 
carburetor before re-
assembly. 

Low fuel pump I. Worn cam lobe. 1. Check the cam lobe 
pressure . attached to the front of 

the camshaft gear for wear 
or grooves. Replace faulty 
unit. 

2. Faulty shaft. 2. Check the shaft that runs 
on the cam lobe for 
damage. Replace faulty 
unit. 

3. Loose or cracked fittings. 3. Check the fittings and 
tighten or replace. 

4. Ruptured pump 4. Operate the pump plunger 
diaphragm. pin with fingers over the 

fuel fittings. If a defective 
diaphragm is indicated in-
stall a new fuel pump. 

Fuel pump leaks. I. Faulty gasket. I. Check and replace the 
gasket between the two 
halves of the pump. 

2. Loose fuel line fittings. 2. Check and tighten all fuel 
line fittings. 

3. Cracked body. 3. Check fuel pump body and 
replace faulty unit. 

4. Loose retaining screws. 4. Check and tighten the 
screws retaining the two 
halves of the pump. 
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DIESEL FUEL SYSTEMS 

PROBLEM POSSIBLE CAUSE REMEDY -

Fuel not reaching 1. Fuel shut-off valve closed . 1. Check to be sure the fuel 
injection pump. shut-off valve at the fuel 

tank is in the -'ON' posi-
tion. 

2. Restricted fuel filters. 2. Check and flush the fuel 
filters clean . 

3. Air in system. 3. Bleed the fuel .filters. 

4. Fuel leakage. 4. Check the fuel lines and 
connectors for damage. 

Fuel reaching nozzles 1. Low cranking speed. 1. Check the cranking speed. 
but engine will not 
8ten. 2. Incorrect throttle 2. Check the throttle control 

adjustment. rod travel. 

3. Incorrect pump timing. 3. Check the pump timing . 

4. Fuel leakage. 4. Check the fuel lines and 
connectors for leakage. 

5. Faulty injectors. 5. See injector trouble 
shooting. 

S. Low compression. S. Check the engine com-
pression . 

Engine hard to start. 1. Low cranking speed. 1. Check the cranking speed. 

2. Incorrect pump timing. 2. Check the pump timing. 

3. Restricted fuel filters. 3. Check and flush the fuel 
f ilters clean. 

4. Contaminated fuel. 4. Check for water in the 
fuel. 

5. Low compression. 5. Check the engine com-
pression. 

S . . Air in system. 6. Check for air leaks on the 
-

suction side of the system. 

Engine starts and stops. 1. Fuel starvation. 1. Check and flush clean 
restricted fuel lines or fuel 
filters. 

2. Contaminated fuel. 2. Check for water in the 
fuel. 

3, Restricted air intake. 3. Check for restrictions in 
the air intake. 
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PROBLEM POSSIBLE CAUSE REMEDY 

4. Engine overheating. 4. Check cooling system. 

5. Air in system. 5. Check for air leaks on the 
suction side of the system. 

Erratic engine operation 1. Fuel leakage. 1. Check the injector lines 
(surge, misfiring. poor and connectors for 
governor regulation) . leakage. 

2. Fuel starvation. 2. Check and flush clean 
restricted fuel lines or 
filters. 

3. Incorrect pump timing. 3. Check the pump timing. 

4. Contaminated fuel. 4. Check for water in the 
fuel. 

5. Air in system. 5. Bleed the fuel system. 

6. Faulty or sticking injector 6. See injector trouble 
nozzles. shooting. 

7. Incorrect engine timing. 7. Check for faulty engine 
valves. 

Engine does not develop 1. Incorrect throttle 1. Check for insufficient 
full power or speed. adjustment. throttle control movement. 

2. Incorrect maximum 2. Check maximum no-load 
no-load speed. speed adjustment. 

3. Fuel starvation. 3. Check and flush clean 
restricted fuel lines and 
filters. 

4. Air in system. 4. Check for air leaks on the 
suction side of the system. 

5. Incorrect timing. 5. Check pump timing. 

6. Low compression. 6. Check engine compres-
sion . 

7. Incorrect engine timing. 7. Check for improper valve 
adjustment or faulty 
valves. 

Engine emits black 1. Restricted air intake. 1. Check for a restricted air 
smoke. intake. 

2. Engine overheating. 2. Check cooling system. 

3. Incorrect ,timing. 3. Check the pump timing. 
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PROBLEM 

Engine emits black 
smoke. 

Nozzle leak back 
excessive. 

Nozzle opening pressure 
incorrect. 

Nozzle seat leakage. 

Incorrect spray pattern. 

Fuel Tank Capacity 
Fuel Filter - Diesel 
Fuel Filter Change Interval 
Fuel Injection Pump Type 

Delivery Spec. 
Pump Timing 
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POSSIBLE CAUSE 

4. Faulty injectors. 

5. Low compression. 

6. Incorrect engine timing. 

1. 

1. 

2. 

3. 

1. 

2. 

3. 

1. 

2. 

1. 

2. 

3. 

INJECTORS 

Faulty injectors. 

Worn needle valve. 

Dirty nozzle andl or holder. 

Loose nozzle retaining nut. 

Adjusting nut loose. 

Damaged nozzle or seized 
needle valve. 

Blocked nozzle holes. 

Dirty nozzle and/ or nozzle 
holder. 

Sticking needle valve. 

Dirty nozzle andl or nozzle 
holder. 

Restricted nozzle holes. 

Damaged needle valve or 
nozzle. 

B. SPECIFICATIONS 

24 gal. (91 liters) 
Single 
600 hrs. 
Distributor 

REMEDY 

4. See injector trouble 
shooting. 

5. Check the engine com
pression. 

6. Check the engine valves. 

1. Overhaul or renew 
injectors. 

1. Renew needle valve and 
nozzle holder. 

2. Clean lap nozzle and 
holder. 

3. Tighten nut. 

1. Tighten nut. 

2. Renew needle valve and 
nozzle holder. 

3. Clean nozzle. 

1. Clean and lap nozzle and 
nozzle holder. 

2. Clean needle valve and 
nozzle holder. 

1. Clean and lap nozzle and 
nozzle holder. 

2. Clean and lap nozzle and 
nozzle holder. 

3. Replace needle valve and 
nozzle holder. 

15.1 CC (200 shots at 600 rpm) 
23" BTDC (Prior to Production Date Code IH01) 
10" BTDC (After Production Date Code IH01) 
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Fuel Injections 
Nozzle Opening Pressure 
Injector Vendor No. 
Nozzle Vendor No. 
Orifice Size 

Holley Carburetor 
Float Setting: 
Less Hillside Flooding Kit 
With Hillside Flooding Kit 
Main Jet Sizes 

Facet Carburetor 
Float Setting 
Main Jet Size 

AIR CLEANER 
Type 
Change Interval 

2850 psi 1197 bars) 
5222304 
Sn4 CF 
.0120" -.0124" 1.305-.315 mm) 

1.0 in. ± 1/ 64 in. 125.4 ± 0.39 mm) 
7/8 in. ± 1/ 64 in. (22.2 ± 0.39 mm) 

(No. 51) (No. 53) INo.61) 
0.051 in . 0.053 in. '0.061 in . 

(1.295 mm) 11.346 mm) (1.549 mm) 

1-5/ 32 ± 1/ 32 (29.4 ± 0.79 mm) 
IN029) 0.057 in. (1.45 mm) 

Dry, Dual Element 
600 hours (or more frequent when operating in 
adverse conditions) 

TEST PLAN 

DISTRIBUTOR TYPE FUEL INJECTION PUMP - TYPE NUMBER 6233F651 

All tests should be perforr:ned using Hanridge 875 or 1100 test machines. The test fuel oil should be at 104°F ± 4°F 
(4O"C ± 2"C) . 

Test No. Description r.p.m. Requirements 

Priming 100 Fuel delivery from all injectors and control cover 
vent orifice. 

2 Transfer pressure 100 8 psi . (0.55 bar) minimum 
3 Cambox pressure 600 6 to 10 psi. 10.41 to 0.69 bar) 
4 Advance setting 500 7-1/ 4°-7-3/4° (shim as required) 
5 Full advance position 1000 8-1 / 2"-9-1/4 
6 Transfer pressure 900 80 to 105 psi. (5.52 to 7.24 bar) 
7 Advance position 100 10 maximum 
8 Transfer pump vacuum 100 Note time to reach 20 in. (508 mm) 

Hg. Max time allowed 20 secs 
9 Back leakage 600 5 to 100 cc for 100 stroke time cycle 

10 Maximum fuel setting '600 Set to 14.8 .02-00 cc. Spread between lines not to 
exceed 1.2 cc 

11 Max fuel delivery check '100 Average delivery not to be less than average 
at (10) minus 3.5 cc 

12 Cut-off operation 200 Average delivery not to exceed 0.8 cc 
Shut-off lever closed 

13 Throttle operation 200 Average delivery not to exceed 1.5 cc 
Throttle lever closed 

14 Maximum fuel delivery 1100 Record average delivery 

PRINTED IN U.S.A . 37 
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TEST NO. DESCRIPTION R.P.M. REOUIREMENTS 

15 Governor setting 1240 Set throttle by maximum speed screw to give an -

average delivery between 3.6 and 4.4 cc. Lock 
maximum speed screw 

16 Delivery check 1280 With throttle set as a test (151 average delivery not 
to exceed 2.0 cc 

17 Delivery check 11 DO With throttle set as a test (151 average delivery to 
be not less than average at test (14) minus 0.4 cc 

18 Delivery check 1075 Delivery must be average delivery at test (17) ± 
0.4 cc 

19 Timing - Using outlet 'W ' (30 ats. pressurel and indexing 
tool set to 27r1', scribe line on pump housing flange 

NOTE: The governor setting speed quoted in this test plan is for test purposes only. The governor maximum speed 
screw must be finally set on the engine. 

FUEL INJECTION PUMP 
Fuel Inlet Connections 
Fuel Connection Studs (8anjol 
Governor Control Bracket Screw 

TOROUE VALUES 

Throttle and Shut-Off Shaft Retaining Nuts 

FUEL INJECTORS 
Injector Retaining Nuts 
Injector Line Nuts 
Injector Leak-off Line Bolts 
Injector Nozzle Retaining Nut 
Injector Cap Nut 

NUDAY 
1720 
8126 
8124 
1719 (NHD-l451 
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TOOL NO. 

SPECIAL TOOLS 

CHURCHILL 
SW20 
Ct-9009 
Ct-9024 

Ft.-Lbs. 
30 .0 
22 .7 
1.75 
2.5 

Ft.-Lbs . 
10-15 
18-22 
5-7 

44-56 
44-56 

(Nm) 
(40.671 
(30.77) 
(2.371 
(3.391 

(Nml 
(13.56-20371 
(24.4-29.821 
(6.78-9.491 

(59.65-75.921 
(59.65-75.921 

DESCRIPTION 
Injector Cleaning Kit 
Injector Nozzle Nut Socket 
Injector Reverse Flush Adaptor 
Holding Fixture 

(Kgm) 
(4.151 
(3.11 

10.241 
(0.35) 

(Mkg) 
(1.38-2.071 
(2.49-3.04) 

(.69-.97) 
(6.08-7.74) 
(6.08-7.74) 
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PART 3 
ELECTRICAL SYSTEM 

Chapter 1 
WIRING, LIGHTS AND CONTROLS 

Section 
A. WIRING SCHEMATICS AND DESCRIPTION 

Page 
2 
9 
12 

B. 
C. 

WIRING SCHEMATICS - CAB AIR CONDITIONING 
PRODUCTION CHANGES 

A. WIRING SCHEMATICS - DESCRIPTION 

Wiring Harnesses: 

The electrical system components for the model 555 
are essentially the same as for the model 550 with the 
exceptions as noted. 

Figure 1 shows the routing of the standard deck wiring 
harness and the engine harness . Routing of the cab 
harness is shown in Figure 2; Figure 3 shows the in
strument panel wiring; Figure 4 shows the wiring of 
the light and ignition switches; and Figure 5 shows the 
fuse location; Figure 6 is a wiring schematic with all 
optional equipment installed (except Air Condition
ingl. Provision is made for dealer installing options not 
originally installed; therefore if the tractor is not equip
ped with an option, disregard thBt circuit . Certain op
tions necessitated a change in the wiring harness as 
follows: 

• Gasoline Engine - See Figure 6, Inset A. 

• Less Turn Signal Option - See Figure 6, Inset B. 

• Diesel less Thermostart - See Figure 6, Inset C. 

PRINTED IN U.S.A. 

No special procedures are required to remove or 
replace electrical components. Refer to the ap
propriate section of this Repair Manual , for repair pro
cedures covering the starter motor, alternator, etc. 
Whenever replacing or repairing any electrical compo
nent, be careful to route wires so that the wires are not 
stretched or in contact with sharp edges. 

Each wiring harness can be removed and replaced in
dependently following normal established procedures. 
The mUlti-pin connectors which connect the wiring 
harness are located in the console compartment, 
Figure 8, in front of the transmission gear shift lever. 

The battery must always be disconnected (ground 
cable firstl before removing any parts of the electrical 
harness. 

The routing and clamping positions during removal of 
the harness. Be sure during replacement that it is well 
protected from sharp edges and in areas where 
damage could occur. 

1 
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Figure 1 
Wiring Harness Engine (Model 550) 

and Standard Deck 

1. Field Terminal (Green) 
2. A)ternator Assembly 
3. Regulator Terminal (Red) 
4. Ground Terminal (Black) 
5. Output Terminal (Brown) 
6. Right Headlamp (Green-Blue) 
7. Right Flashing Warning Light (Green-Brown) 
8. left Flashing Warning Light (Green) 
9. left Tail Light (Green-Red) 

10. left Headlamp (Green-Blue) 
11. Fuel Gauge Sender (Orange) 
12. Proofmeter Cable 
13. Ground Wire (Black) 
14. Starter (See Inset) 
15. Thermostart (Diesel) or ignition coil (Gasoline) 

(Brown-Orange) wire 

2 

16. Safety Start (Red) 
17. Horns (Blue-Yellow) (Model 555-1 -Horn) 
18. Engine Coolant Temperature Sender (Violet) 
19. Engine Oil Pressure Sender (Blue) 
20. Voltage Regulator (See Inset ) 
21. Positive Battery Cable (Black) 
22. Negative Battery Cable (Black) 
23. 4 x 4 Transmission Temperature Sender 

(11 Red-Blue and (1) Black 
24. Work Light Wire (Green-Orange) 
25. Electrical System Power Supply (Yellow-Black) 
26. Fuse Link (Marked " Fuse Link" on insulation) 
27 . Return to Dig Circuit (1) Brown-White and 

(1) Black 
28. Rear Work Light (Green-Orange) 
29. Air Restricter Indicator (Gray) (Model 555) 
30. Air Cleaner Vacuum Switch (Model 555) 
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Figure 2 
Cab Wiring Harness (Less Air Conditioning) 

1. Right Flashing Warning Light IGreen-Brown} 12. Front Wiper Motor III Green, 11} Red, & 

2. Rear Tail Light Wire (Green-Red) (11 Black 
3. Rear Work Light Wire (Green-Orange) 13. Headlights (Green-Blue) 
4. Rear Work / Tail Light l(l) Green-Red & 14. 8 Amphere Circuit Breaker 

(11 Green-Orange J 15. Wiper Power Feed Wire (Yellow) 
5. Rear Wiper Motor (Orange) 16. Cab Accessory Feed Wire (Yellow-Black) 
6. Blower (1) Red , (1) Yellow, and (1) Orange 17. P (Park Terminal) (Black) 

Wire lB. H (High Terminal) (Orange) 

7. Dome Light (Green-Whtie) 19. L (Low Terminal) (Red) 

B. 20 amp. Circuit Breaker (See Inset) 20. H (High Terminal) (Green) 

9. Blower Control Switch (See Inset) 21. L (Low Terminal) (Red) 

10. Front Wiper Control Switch (See Inset) 22. B (Power Supply Terminal) (Blue) 
11 . Left Flashing Warning Light (Green) 23. M (Medium Terminal) (Yellow) 

PRINTED IN U.S .A. 3 
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o 

o 

o o 

o 

Figure 3 
Instrument Panel Wiring IModel 550) 

1. Instrument Panel 13. Charging System Warning Light, 11) Red and 
2. Engine Oil Pressure Waoning Light, 11) Blue- 111 Yellow-Black 

Yellow and 11) Black 14. Green Wire 
3. Instrument Lights 15. Left Turn Signal Light, 111 Gray-Green and 
4. Yellow-Black Wire 111 Black 
5. Ground Terminal , 111 Black Wire 16. Green-Violet Wire 

6. Engine Coolant Temper~ture Gauge, 11) Voilet 17. Green-Gray Wire 
7. Light Green, Blue Wire 18. Green Wire 
8. Voltage Stabilizer Iconnects to 4 and 7) 19. Green-Brown Wire 
9. Flasher Switch 20. Green-Gray Wire 

10. Flasher Indicator Light 21. Right Turn Signal Light, 11) Green-Violet and 
11. Fuel Gauge, 11) Orange (11 Black 
12. Yellow-Black Wire 22. Yellow-Black Wire 

23. Green-Brown Wire 

4 
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Figure 4 
Key Starter and Light Switch Wiring 

1. Dome Light Switch 
([1) Yellow-Black [Power feed) and (1) Green
White) 

2. Horn Light Switch 
((1) Yellow-White [Power feed) and [1) Blue
Yellow) 

3. Light Switch Assembly 
4. Light Switch 

W Terminal (Worklights - Green-Orange) 
5. Light Switch 

B Terminal (Power feed - Brown) 
6. Key Starter Switch 

3 Terminal (Power feed Safety Start - Red) 
7. Key Starter Switch 

#1 Terminal (Power feed - Yellow-Black) 

PRINTED IN U.S.A. 

8. Light Switch 
H Terminal (Head & Instrument Panel Lights -
Green-Yellow and Green-Blue) 

9. Light Switch 
R Terminal (Taillights Green-Red) 

10. Key Starter Assembly 
Gasoline Engine Configuration 

11. Key Starter Switch 
#2 Terminal (Return to dig - Yellow-Black) 
(Voltage Regulator I Terminal - Yellow) 
(Ignition Coil - Brown-Orange) 
(Power supply to Light Switch - Brown) 

12. Key Starter Switch Assembly 
Less Thermostart 

13. Key Starter Switch 
#1 Terminal (Power feed - Yellow-Black) 

14. Key Starter Switch 
#2 Terminal (Voltage Regulator I Terminal 
Yellow) 
(Power supply to Warning Lights - Yellow
Black) 
(Power supply to Light Switch - Brown) 

15. Key Starter Switch 
3 Terminal (Safety Start - Red) 

16. Key Starter Switch Assembly 
With Thermostart 

17. Key Starter Switch 
#4 Terminal (Safety Start - Red) 

18. Key Starter Switch 
#3 Terminal (Thermostart - Brown-Orange) 

19. Key Starter Switch 
#2 Terminal (Voltage Regulator I Terminal
Yellow) 
(Power supply to Warning Lights - Yellow
Black) 
(Power supply to Light Switch - Brown) 

20. Key Starter Switch 
#1 Terminal (Power feed -Yellow-Black) 

5 
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18 

19'1---'-'-1.' 

Figure 5 
Fuse Box Wiring 

1. Instrument Panel Harness (Yellow) 
2. Instrument Panel Harness (Red-Blue) 
3. Transmission Ojl Temperature Warning Light 

Delay Switch 
4. Warning Light Harness Connector 
5. Instrument Panel Harness 
6. Flasher Warning Light Circuit (Green) 
7. Flasher Assembly 
8. Cab Circuit Relay 
9. Deck or Cab Harness 

10. Fuse Box (Model 550) 
11 . Engine Harness 

' 12. 3 Amp. Cab Dome Light Switch (Green-White) 
'13. 3 Amp. Warning Light Circuit (Yellow-Black) 

'Fuse Box on 550 - In Line Fuses on 555 

6 

'14. 5 Amp. Flasher Warning / Turn Signal Circuit 
(Yellow-Red) 

'15. 10 Amp. Horn Circuit (Yellow-White) 
(Model 555) 
15 Amp. Horn Circuit (Yellow-White) 
(Model 550) 

16. 30 Amp. Light Switch Circuit Breaker 
17. Light Switch 
18. Fuse Link Wire 
19. Starting Motor 
20. 8 Amp. Cab Front Wiper Switch Circuit 

Breaker 
21 . Front Wiper Switch 
22. 20 Amp. Cab Circuit Breaker 
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Figure 6 
Wiring Schematic (Less Air Conditionerl 

A. Gasoline Engine Only 
B. Hazard Warning Flasher Only (Less Turn 

Signal) 

PRINTED IN U.S.A 

C. Diesel Less Thermostart 
D. S-Position Switch with Thermostart 

7 



PART 3 - ELECTRICAL SYSTEM ------------

1. Connector, Return to Dig 32. Circuit Breaker 
2. Lights, Instrument Panel 33. Fuse Panel 
3. Turn Signal Indicator Light, Right Hand 34. Connector, Transmission Temperature Warning -
4. Turn Signal Switch Circuit 
5. Turn Signal Indicator Light, Left Hand 35. Light, Oil Pressure Warning 
6. Hazard (Flashing ! Warning Light System 36. Light, Alternator Warning 

Indicator Light 37. Voltage Regulator (Terminal Codes : 
7. Switch, Return to Dig G = Ground, A = Auxiliary; I = Output; 
8. Switch, Hazard (Flashing! Warning Light F = Field ! 

System 38. Alternator (Terminal Codes : G = Ground, 
9. Transmission Temperature W arning Sender A = Auxiliary; I = Output; F = Field! 

10. Solenoid, Return to Dig Loader Va lve 39. Cab Power Relay 
11. Starter Motor 40. Ignition Switch, Diesel with Thermostart 
12. Switch, Engine Oil Pressure Warning Light (Terminal Codes: 1 = Battery; 2 = Auxiliary; 
13. Sender, Engine Coolant Temperature 3 = Thermostart; 4 = Safety Start! 
14. Sender, Fuel Level 41. Voltage Stabilizer 
15. Switch , Transmission Temperatu re Warning 42. Gauge, Temperature 

Light 43. Fuse Link 
16. Horns 44. Gauge, Fuel 
17. Thermostart Heater 45. Ground Strap, Platform to Rear Axle 
18. Lights, Work 46. Connector, Front Harnes 
19. Lights, Head 47. Connector, Front Harness 
20. Turn Signal Light, Left Hand 48. IHnition Switch , Gasoline Engine (Terminal 
21. Turn Signal Light, Right Hand Codes: 1 = Battery; 2 = Auxiliary; 
22. Connector, Deck / Cab Harness 3 = Safety Start! 
23. Light Switch (Terminal Codes: 0 = Feed; R = 49 . Spark Plugs 

Rear Light; H = Headlight ; W = Work Light! SO. Distributor 
24. Light, Transmission Temperature W arning 51. Points, Contact Breaker 
25. Battery 52. Resistor Wire 
26. Solenoid, Starter Motor 53. Coil, Ignition 
27. Switch, Safety Start 54. Flasher, Hazard Warning 
28. Tail Light 55. Ignition Switch, Diesel Engine Less 
29. Dome Light (Cab Only! Thermostart (Terminal Codes: 1 = Battery; 
30. Power Supply (Cab Only! 2 = Auxiliary; 3 = Safety Start! 
31. Connector, Deck / Cab Harness 

Circuit No. Color Circuit No. Color 

1, 1A, 26 Green 19A, 19A1 Yellow/ Red 
1B, 1C,2 Green/ Brown 19E, 19E1 Yellow/White 
3 Green/ Red 20, 20A Red / Blue 
5, 5A Green/ Blue 21 Blue / Yellow 
6, 6A Green / Orange 22, 22A, 22B Yellow 
12 Brown/ White 23, 23A, 23B, 23C, 230, 
13 Violet 23E, 23F, 8 Black 
14 Orange 24,24A Brown 
15, 15A, 18, 25 Red 27, 27A Green / Yellow 
16 Blue 28 GreenlViolet 
17 Brown / Orange 29 Green / Gray 
19, 19B, 19C, 190, 9A Pink 
1901, 19F, 31, 32 Yellow/Black 33, 33A, 33B Gray 

8 
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G 

l-- WIRE TO TRACTOR REAR 
MAIN HARNESS 

CAB MAIN HARNESS - - - FRONT WIPER & BLOWER 
SWITCH HARNESS 

Figure 7 
Wiring Diagram Codes 

Starter Solenoid Battery Terminal 14_ Thermostatic Assembly (Evaporator Overheat 
Wire Assembly - Fuse Link Switchl 
Rear Main Harness Relay Connector - Use 15_ Temperature Control Switch 

Yellow-Black Wire Terminal only 16_ Blower Motor 
Blade Terminal to Solenoid Terminal 17_ Blower Switch 
Solenoid Assembly - Main Feed 18_ Front Windshield Wiper Switch and Circuit 
Circuit Breaker - 15 amp. Breaker Assembly 
Rear Windshield Wiper Motor 19_ Front Windshield Wiper Motor 
Solenoid Assembly - Condenser Motor and 20. Dome Light 
Compressor Clutch Feed 21. Tail Lamp 
Circuit Breakers - 20 amp. each 22 . L. H. Flasher 
Circuit Breaker Mounting Brackets 23. R.H . Flasher 
Motor Ground Wire to Circuit Breaker Mount· 24_ Rear Work Lamps 
ing Bracket 25. Headlamps 
Condenser Motors 26. Rear Main Harness Wires not used 

Compressor Clutch 27. Rear Main Harness Connectors 
28. Main Power Extension Wire 

PRINTED IN U.S.A. 9 
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Figure 8 
Electrical System -Connection 

1. Harness-Pin Connectors 

WORK LIGHTS. HEADLIGHTS. 
DIRECTION INDICATOR LIGHTS. 
REAR LIGHTS. INTERIOR LIGHTS 

The removal and bulb replacement procedures for the 
above lights follows conventional techniques. Bulb 
replacement procedures are detailed in the Operators 
Manual. 

ELECTRICAL CONTROLS 

To gain access to the electrical connections at the rear 
of the controls on the main console, remove the four 
instrument panel securing screws and lift the panel, 
Figure 9. 

To gain access to the electrical connectors at the rear 
of the switches mounted in the cab roof, remove the 
retaining screws which secure the ceiling panel to the 
cab roof trim. Figure 10. 

If an electrical component fails to function, check the 
fuses. See specifications Chapter 6 for fuse capacity 
and rating. 
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Figure 9 
Instrument Panel 

1. Instrument Panel Retaining Screws 

Figure 10 
Cab Controls 

1. Heater Fan Control 
2. Temperature Control 
3. Windshield Wiper Motor 

B. CAB AIR CONDITIONING 
ELECTRICAL SYSTEM 

The following information covers the cab electrical 
system on tractors equipped with air conditioning. ThEf 
cab wiring diagram;s shown in Figure 7. The cab main 
harness connects to the tractor rear main harness to 
operate the various lighting circuits. The cab relay used 
on tractors without air conditioning is replaced by a 
solenoid assembly to supply power to the air condi
tioning, blower and windshield wiper systems. 

Only one terminal of the relay connector is used to 
operate the solenoid when the ignition switch is in the 
"run" position. Two circuits in the relay connector and 



CHAPTER 1 ---------------

in the dome and tail light connector are not used. An 
additional harness connects to the front windshield 
wiper switch and motor and the blower switch feed 
Terminal "8" . 

CAB POWER CIRCUIT (Figure 71 

With the ignition switch in the " run" position to ac
tuate the solenoid (5), power is supplied from the 
starter solenoid battery terminal (1), through a fuse 
link assembly (2) and extension wire (28) to the 
solenoid and then to circuit breaker (61. At the battery 
terminal of the circuit breaker, separate wires supply 
power to the front w indshield wiper switch and circuit 
breaker and to the air conditioning control solenoid 
(8) . Wires connected to the circuit breaker (61 supply 
power to the rear windshield wiper motor (71 and the 
blower switch (17) , These ci rcuits are always "Hot" 
with the ignition switch on . 

AIR CONDITIONING CIRCUIT OPERATION 

When the blower switch and temperature control 
switch are turned on, power is supplied from the 
blower switch clutch terminal (171 " C" , and through 
the temperature control switch (15) and evaporator 
overheat switch (14) to the actuating terminal on the 
air conditioning control solenoid (81, closing the 
solenoid contacts. When the contacts are closed, the 
condenser fan motors (121 are turned on and the com
pressor clutch (13; is actuated. The operation of the 
condenser fans and compressor clutch are then con
trolled by the temperature control and overheat swit
ches. 

AIR CONDITIONING ELECTRICAL SYSTEM 
TROUBLE SHOOTING 

1. When an individual component fails to operate, 
check for power to the component and the com
ponent ground connection. The ground connec
tion for the solenoids, wiper motors and com
pressor clutch are at the component mounting 
bolts, thru the cab frame tq the chassis via the 
grounding strap and cab mounting bolts. The 
ground for the condenser fan motors is by a 
separate wire at the circuit breaker brackets (111. 
Figure 7. The ground circuit can be double 
checked by connecting a jumper wire from the 
component ground connection to a known good 
ground at another point on the tractor, or at the 
battery negative terminal, and operating the 
component control switch. 

PRINTED IN U.S.A. 

NOTE: If the entire cab electrical system, in
cluding lights, fails to operate, or operate inter
mittently, check the ground cab connection be-
tween the underside of the cab deck and trans
mission case. 

2. If the wiper and air conditioning system fail to 
operate, check for operation of the main power 
solenoid (51 . Check the circuit from the starter 
solenoid battery terminal (11 to the power 
solenoid and from the ignition switch to the 
solenoid actuating connector (31 and. terminal 
(4). Check the solenoid ground connection . 

3. If the front wiper does not operate, check the cir
cuit from circuit breaker (6) to the wiper switch 
(181, the switch circuit breaker, switch operation 
and voltage at the terminals; switch to motor 
wire connections and motor ground. If one of 
the motor speeds, or park, are inoperative, 
disconnect the harness at the motor connector 
and check voltage at each of the harness ter
minals to determine if the fault is in the switch or 
the motor. 

4. If the rear wiper (7) fails to operate, check the cir
cuit from circuit breaker (6) to the motor, the 
motor switch and motor ground. 

5. If the blower motor (16) fails to operate, check 
the circuit from circuit breaker (6) to the blower 
switch (17) at terminal "8". Check for voltage at 
the switch terminals with the motor wires dis
connected. Be sure the motor wires are properly 
connected. If motor speeds are incorrect, check 
that the motor wires are connected to the proper 
switch terminals. 

NOTE: Separate blower motor windings deter
mine motor speed and are so interconnected that 
system voltage WIll appear at all switch terminals 
at any switch position when the motor wires are 
connected to the switch. 

6. If there is intermittent operation of both the rear 
wiper and blower motor, check for a defective 
circuit breaker (6) or short circuits to the switch 
and motor. Check for an intermittent open circuit 
if only the wiper or blower circuit is affected . . 

7. If the air conditioning circuit does not operate, 
check for voltage at the blower switch (17) ter
minal "c" and through the temperature control 
switch and evaporator overheat switch and at 
the solenoid (8) actuating terminal. Check the 
solenoid ground. Check the circuit from circuit 
breaker (6) to the solenoid, 

" 
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NOTE: If no electrical problem is found with the 
engine stopped, check the air conditioning 
system with the engine running for possible 
over-heating at the evaporator or a temperature 
control or Dver·heat switch with a defective ther
mostat. 

8. If a condenser fan motor or the compressor 
clutch do not operate, check the circuit from the 
solenoid (81 to circuit breakers (91 and the af
fected motor or clutch circuit. Check the motor 
ground connections. Check for circuit breaker 
operation , short circuits and intermittent open 
circuits as described in Step 6, above. 

C . PRODUCTION CHANGES 

INSTRUMENT CLUSTER ASSEMBLY 

A new instrument cluster incorporating magnetic 
temperature and fuel gauges replaced the previous 
cluster with bi-metal gauges at Production Unit Code 
9E25B. The cluster styling is unchanged, however, the 
new cluster assembly is enclosed in a plastic case in· 
stead of metal. A metal plate on the back is the ground 
connection for the gauges and illuminating lights. A 
wire assembly connects the plate to the gauge ground 
terminal. A voltage stabilizer is not used. 

GAUGE OPERATION 

With the ignition switch off, the gauge pointers will 
come to rest at a random position. When the ignition 
switch is on, the fuel gauge pointer will move to the 
proper position to indicate the fuel quantity. The 
temperature gauge pointer will swing to the cold posi· 
tion and may swing behind the cluster bezel. At nor
mal operating temperature, the pointer will emerge in
to view and should rest at the first mark on the left side 
of the gauge. If overheating occurs, the pointer will 
move toward the red area on the right side of the 
gauge. At 230"-24O"F. (110"-116" C.I the pointer will 
move into the red area . 

The tachometer, hourmeter and warning lights are in 
the same location and operate in the same manner as 
in the previous duster. 

GAUGE TROUBLE SHOOTING 

If the gauge pointers do not move when the ignition 
switch is turned on, and the warning lights do not 
come on, check for a blown instrument fuse in the 
harness behind the cluster or a defective ignition 
switch. 
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• If either pointer moves all the way to the right 
when the ignition switch is turned on, check for 
a short circuit between the gauge and sender or -
a shorted sender. If the circuit and sender are 
good, replace the gauge. If the fuel gauge 
pointer moves fully to the left, or the 
temperature pointer does not move from the 
cold position as described above, check for an 
open circuit between the gauge and sender or a 
defective sender. If the circuit and sender are 
good, replace the gauge. 

New temperature and fuel senders are also used 
with the new instrument clusters. 

WIRING HARNESS 

At production code 7R258 a new main wiring harness 
was incorporated that uses in-line fuse holders, Figure 
11 . The separate fuse box previously used is removed . 

To install the new harness on previous tractors, route 
the in-line fuse section of the harness over the fuse 
box panel and attach the harness with the existing 
clamp. On tractors using the mechanical air cleaner 
restriction indicator, wrap electrical tape around the 
restriction indicator warning light socket and tape the 
socket back on the harness. 

Figure 11 
In-line Fuses (Model 5551 

1. In-Line Fuses 
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A. BATTERY
DESCRIPTION AND OPERATION 

The lead acid type storage battery is installed in a 
heavy duty compartment on the left hand subframe, 
which also forms part of the step for gaining access to 
the cab. 

The battery provides a 12 volt system and is con
structed of 6 cells, each cell producing 2.1 
volts a total battery output of 12.6 volts. 

Three different amper - hour rating batteries have 
been used in the models 550/ 555 tractors: 

• Model 550 - gas 73 amp.-hr. 

• Model 555 - gas 77 amp.-hr. 

• Model 550/555 diesel 128 amp.-hr. 

The battery has three major functions: 

• To provide a source of current for starting 
lighting and instrumentation. 

• To help control the voltage in the electrical 
system. 

• To provide current when the electrical demands 
exceed the alternator output. 

Battery construction is such that each ceU contains 
positive and negative plates alternately placed next to 
each other. Each positive plate is separated from a 
negative by a non-conducting porous separator which 
prevents the plates touching each other. If any 
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positive or negative plates touch each other within a 
cell that cell will short circuit and will no longer be 
useful. 

All the positive plates are welded to a post strap to 
form a positive group while the negative plates are 
connected to a similar strap for the negative group. 

Each positive plate is composed of a lead grid with a 
lead peroxide coating while the negative plates are 
composed of a lead grid with a spongy lead pasted in
to the grid openings. 

The liquid electrolyte in the battery is comprised of 
sulphuric acid and water mixed together to form a 
sulphuric acid solution. 

B. BATTERY
MAINTENANCE AND TESTS 

REMOVAL 

With reference to Figure 12. 

1. Remove the battery compartment lid . 

2. Disconnect the negative cable, then the positive. 

3. Remove the hold down clamp . 

4. Remove the combined foot step / compartment 
front. 

5. Lift out the battery from the compartment. 
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Figure 12 
Battery Location 

1. Hold Down Clamp 
2. Foot Step/ Compartment Front 
3. Negtive Terminal 
4. Positive Terminal 

SPECIFIC GRAVITY 

The specific gravity of battery electrolyte indicates the 
state of charge. Fully charged the specific gravity of 
the electrolyte is approximately 1.280. 

When a battery discharges, sulphuric acid in the elec
trolyte combines chemically with the plates, and this 
action lowers the specific gravity of the solution . 

A battery hydrometer, Figure 13, w ill determine the 
specific gravity of the electrolyte in a cell, and the 
amount of unused sulphuric acid in the solution is a 
measure of the degree of charge of that cell. 

The lower the temperature at which a battery is re
quired to operate the more necessary it is that the bat
tery is maintained in a fully charged condition. For ex
ample a battery with a low specific gravity of 1.225 at 
800F (27'CI will operate the starting motor at warm 
ambient temperatures but may fail, due to low~r bat
tery efficiency at a low temperature. 

The following table lists a typical range of specific 
gravities for a cell in various stages of charge based on 
the ability to turn the engine over at 8O'F 127'CI. 
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Temperature 
80' F (26.5' CI 
500 F 110.00 C) 
30' F 1- 1.00 C) 
200 F 1- 6.5' C) 
100F 1-12.00 C) 
O'F 1-17.0' C) 

-- 100 F 1- 12.0' C) 

Efficiency of a Fully 
Charged Battery 

100% 
82% 
64% 
58% 
50% 
40% 
33% 

" 
" 

1)00 

Figure 13 
Battery Hydrometer 

CHARGING 

Maximum battery life can be obtained when the cor
rect care and periodic inspection is given , It is impor
tant that output capacity should not be exceeded by 
constant and excessive overloading . and that charging 
requirements be maintained. 

When servicing a battery the following steps should be
observed: 

1. Maintain the electrolyte to the recommended 
level which is generally approximately 0.25 in, 
15.0 mml above the plates otherwise the acid will 
reach a high concentration that will damage the 
separators and impair the performance of the 
plates. 

2. Use only distilled water for refilling banery cells. 



CHAPTER 2 ----------------

3. Always keep the battery at least three-quarters 
charged otherwise the plates will become 
sulphated and loss of efficiency will result with 
probable damage from freezing during cold 
temperatures. 

4. Avoid overcharging the battery as excessive 
charging will create high internal heat that will 
expand and warp the plates. Distortion of the 
battery case and displacement of the sealing 
compound will also result. 

5. When fast charging be sure the battery 
temperature does not exceed 125°F (51.50 CI . 

6. Do not add sulphuric acid to a cell unless the 
electrolyte has been lost through spilling. Before 
replenishing be sure the solution is at the correct 
specific gravity. 

A slow charge is the only method to be 
employed to fully charge a battery. A high rate 
charger can be used to quickly boost the battery 
capacity but this must be followed by a slow 
charge rate to bring the battery to full capacity. 

Before charging a battery: 

1. Throughly clean the battery casing, cell covers 
and terminals. 

2. Check the level of the electrolyte in each cell and 
add distilled water as necessary. 

W ith a slow charger use a rate of 3 to 4 amperes 
for the time necessary to bring the battery to full 
charge. This may take 24 hours or more if the 
battery is heavily sulphated. A severely 
sulphated battery might not accept a charge. 
When the battery is fully charged the cells will 
gas freely and the specific gravity will remain 
constant. Remove the charger after three con
secutive hydrometer readings taken at hourly in
tervals indicate that the spe.cifie gravity has stop
ped rising . 

4. When using a fast or high rate of charge carefully 
follow the manufacturer's instructions. High rate 
charging raises the temperature of the electrolyte 
and, unless a charger is equipped with an 
automatic time or temperature device, the elec
trolyte temperature could exceed 125°F (51.5°CI 
which may cause violent battery gassing. 
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WARNING: When a battery is being charged an 
explosive gas is produced. Do not smoke or use 
an exposed flame when checking the electrolyte _ 
level. 

TESTS 

Before commencing battery tests check the battery for 
clogged vents, corrosion, raised cell covers or a crack
ed case. The following tests are performed using a 
hydrometer, a battery starter tester (high-rate 
discharge testerl and a battery charger. 

Specific Gravity : 

This test will determine the state of battery charge. 
Proceed as follows: 

1. With the float in the vertical position take the 
reading at the level of the bottom of the curved 
portion of the liquid. 

2. Adjust the hydrometer reading for electrolyte 
temperature variations by subtracting four points 
10.004 specific gravity) for every 1000F (5.5°CI 
below the temperature at which the hydrometer 
is calibrated and by adding four points (0.004 
specific gravity) for every 10"F (5.50 CI above 
this temperature. 

The following are examples using a hydrometer 
calibrated at B6"F (30" CI . 

Example 1: 
Temperature below aSOF (30" CI 
Electrolyte temperature B6"F (19" CI 
Hydrometer reading 1.270 
Subtract 2 x 0.004 O.OOS 

Corrected Specific Gravity 1.262 

Example 2: 
Temperature above aSOF (30" CI 
Electr~yte temperature 104°F (40" CI 
Hydrometer reading 1.270 
Add 1.a x 0.007 

Corrected Specific Gravity 1.277 

3. Use the table under to determine the state of 
charge. 
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Temperature 
80" F ( 26.5' C) 
50' F ( 10' C) 
30' F (- I' C) 
20' F (- 6.5' C) 
10' F (- 12' C) 
1.5' F (_17' C) 

Efficiency of a Fully 
Charged Battery 

100% 
82% 
64% 
58% 
50% 
40% 

-10' F (-23" C) 33% 

NOTE: Specific Gravity should not vary more 
than 0.025 points between cells. 

4. If the specific gravity is 1.280 or more, the bat
tery is fully charged and in good operating condi
tion. 

5. Should the corrected specific gravity be below 
1.280, charge the battery and inspect the charg
ing system to determine the cause of low battery 
charge. 

NOTE: If distilled water has recently been added 
the battery should be put to work for a short 
period otherwise accurate hydrometer readings 
will not be obtained. 

Capacity: 

The battery capacity test is to determine if the battery 
has sufficient discharge capacity for the load imposed 
by the electrical accessories while turning the engine. 
The voltage reading obtained is used to determine the 
battery condition. Prior to testing be sure the elec
trolyte level is correct and the specific gravity of each 
cell is 1.225 or more. The batteries may be tested on or 
off the tractor. 
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1. Set the current control switch of the battery 
starter tester (high rate discharge tester) to 'off' 
position, and the voltage selector switch equal to 
or slight)y higher than the rated battery voltage. 
Connect the tester positive leads to the battery 
positive terminal and the negative leads to the 
negative battery terminal. 

2. Turn the current control knob until the ammeter 
reading is three times the ampere-hour rating of 
the battery and take the voltage reading. 

• If the reading is 9.6 volts or more the battery 
has an acceptable output capacity and will 
readily accept a normal charge. 

• If however the reading is below 9.6, test 
charge the battery as described. 

IMPORTANT: Do not leave the high dis
charge load on the battery for periods longer 
than 15 seconds. 

Test Charging: 

This test is designed only for batteries that have failed 
the previous Capacity Test. 

1. Attach the battery starter tester (high rate 
discharge tester) positive leads to the battery 
positive terminal and the negative leads to the 
battery negative terminal. 

2. Connect the battery charger positive lead to the 
battery positive terminal and the negative lead to 
the battery negative terminal. 

3. Turn the charger timer past a '3 minutes' charge 
indication, and then back to the '3 minutes' 
mark. 

4 . Set the charging rate as close as possible to 75 
amperes. 

5. After three minutes at this fast charge take the 
voltmeter reading. 

• If the total voltage is over 15.5 volts, the bat
tery is unsatisfactory and is probably 
sulphated or worn out and should be replac
ed. 

• If the total voltage ic under 15.5 volts, test in- _ 
dividual cell voltages (if battery has external 
cell connections I with the charge still 
operating on fast charge. If cell voltages are 
uneven replace the battery. 

• If the individual cell voltages are even, within 
0.1 volt, test the specific gravity of each cell 
and re-charge the battery to the following 
scale: 
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Specific Gravity 

1.150 or less 
1.151 to 1.175 
1.176 to 1.200 
1.201 to 1.225 

Fast Charge Up To: 

50 Minutes 
45 Minutes 
30 Minutes 
15 Minutes 

(Slow charge only) 

NOTE: When battery trouble is experienced 
the fan belt tension and the complete charg
ing system should be checked. 

INSTALLATION 

1. Installation of the battery is the removal pro
cedure in reverse. 

2. When connecting the battery leads be sure the 
positive terminal is connected first. 
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MAINTENANCE 

When it is anticipated that a tractor will not be used for __ 
an extended period of time, disconnect the battery 
negative cable at the battery negative terminal. There 
is always a small current drain through the alternator 
diodes that may eventually result in a discharged bat
tery. 

DISCHARGED BATTERY 

The rate of battery self-discharge is affected by 
temperature. At BO"F (26.7° C) the electrolyte specific 
gravity is reduced 0.001, or one point, per day. At 
l000F (37.8"C) the specific gravity is reduced to 0.0025 
or 2-1/2 points. At temperatures below 5O"F (lODC), 
this loss becomes negligible. Therefore, the battery 
state-of-charge should be checked more frequently in 
seasons of high ambient temperatures. In cold 
weather a good state-af-charge must be maintained to 
prevent freezing of the electrolyte which would 
damage the case and plates. 
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A . STARTING SYSTEM -
DESCRIPTION AND OPERATION 

The starting system consists of a starting motor, star
ting relay. key starting switch and heavy duty circuit 
wiring, Figure 14. 
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DIESEL ENGINE 

The diesel engine starting motor is a 5 in . {127 mml 
diameter, four pole, four brush type using an integral 
solenoid contactar and positive engagement drive 
assembly. Figure 15. 

When the key starter switch is tu rned to activate the 
starting motor an electrical circuit is closed and the 
starting motor relay which is a remote solenoid 
operated contactor pulls a set of contacts together 
and closes a further electrical circuit which in turn links 
the electrical circuit to the starting motor solenoid. 

The starting motor solenoid incorporates two sets of 
contacts which provide two part switching. During a 
normal engagement cycle the starting motor solenoid 
pulls the pinion into full engagement with the engine 
flywheel ring gear and then the first and second part 
contacts of the solenoid for the main starter motor 
winding close simultaneously, connecting all four field 
coils to the battery and full cranking torque becomes 
available. 
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Figure 14 
Starting System 

1. Key Start Switch 
2. Safety Start Switch 
3. Field Coils 
4. Starting Motor 
5. Pull-in Coil 
6. Starting Motor Solenoid 
7. Hold-in Coil 
8. First Contacts 
9. Battery 

10. Second Contacts 

2 
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Figure 15 
5.0 In. 1127mm Starting Motor) 

1. Brush End Plate 9. Solenoid Plunger 17. Drive Assembly 
2. Springs 10. Seal Grommet 18. Drive Pinion Stop Collar 
3. Brush Cover Band 11 . Drive End Housing 19. Collar Retainer 
4. Frame 12. Bushing 20. Drive Lever 
5. Armature 13. Thrust Washers 21. Lock Nut 
6. Shim 14. Shoes 22. Lever Pin 
7. Solenoid 15. Drift Pin 23. Bushing 
8. Plunger Return Spring 16. Intermediate Plate 

As the starting motor pinion attempts to slide into 
mesh with the flywheel ring gear, its path may be 
blocked by the position of the flywheel gear teeth. If 
this occurs the solenoid plunger continues to move 
and compresses the drive engagement spring inside 
the plunger. This plunger movement allows only the 
first part of the contacts to close and' connects only 
one of the field coils to the battery, Figure 16. The 
starter armature and drive pinion then turn at low 
speed and the combined pressure of the drive engage
ment spring and the push screw assistance from the 
drive helix moves the pinion into mesh with the 
flywheel ring gear. When the pinion is fully engaged 
and the solenoid second part contacts close and the 
remaining three field coils are connected to the bat· 
ter';, Figure 17. 
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Incorporated in the drive pinion assembly is a roller 
clutch device. This device prevents the armature from 
rotating excessively if the pinion remains in mesh with 
the flywheel ring gear after the engine has started. 

When the pinion is retracted the rotating armature is 
quickly stopped by a pair of moulded shoes located in 
the brush end plate. 

NOTE: Diesel engine starter production change. 

A new 5.0 inch (127 mm) starting motor assembly was 
introduced in production at Unit Code 8D15B. This 
starting motor incorporates a new solenoid assembly 
and improved sealing against moisture entry. 
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Figure 16 
Solenoid Operation with First Part 

Contacts Closed 
1. Starting Button 
2. Battery 
3. Armature 
4. Field Coils Inot contacted ) 
5. Field Coil (in circu it) 
6. Engine Ring Gear 
7. Starting Motor Pinion 
8. Solenoid Core 
9. Engagement Spring 

10. Return Spring 
11. First Contact 
12. Second Contact 

The new solenoid incorporates changes in internal 
contact alignment and cover material to prevent con
tact welding and corrosion. 

To prevent the entrance of moisture into the motor, 
the center bearing plate has been modified to permit 
the use of a seal around the outer edge to fit between 
the motor and the drive end housing. Additional seals 
are used under the solenoid attaching nuts and 
washers and around the thru bolts between the center 
bearing plate and the drive end housing. 

The new starting motor assembly and solenoid 
assembly are interchangable with the previous motor 
and solenoid and will be the only parts serviced . 
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Figure 17 
Solenoid Operation with First and Second Parts 

Contacts Closed 
,. Starting Button 7. Starting Motor Pinion 
2. Battery 8. Solenoid Core 
3. Armature 9. Engagement Spring 
4. Field Coils lin circuit! 10. Return Spring 
5. Field Coil lin ci rcu it! 11 . First Contact 
6. Engine Ring Gear 12. Second Contact 

GASOLINE ENGINE 

The gasoline engine starting motor is a 4.5" 1114.3 
mm) four pole starter assembly. The starter solenoids 
incorporate two windings connected in parallel. One 
winding is the !c"1V resistance 'pull-in' coil, grounded 
through the motor field coils. and the other is the high 
resistance 'hold in' coil, grounded via the solenoid 
body, Figure 18. 

When the key start switch is closed, with the transmis
sion in neutral, the solenoid coils are energized and the 
solenoid plunger is magnetically attracted into the 
solenoid core. This movement, transmitted through a 
pivoted linkage mechanism, forces the drive pinion in
to mesh with the flywheel ring gear, Figure 19. On 
engagement, the solenoid plunger closes a set of con
tacts to give a direct feed from the battery to all four 
field coils and provides full power to the starting 
motor. 
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Figure 18 
Starting System Ford 2600. Gasoline Tractors 

1. Field Coils 
2. Starting Motor 
3. Field Coils 
4. Starting Motor Relay 
5. Key Start Switch 
6. Battery 
7. Safety Start Switch 

When the movable pole shoe is fully seated, it opens 
the field coil grounding contacts to allow full field 
power to the motor for starting the engine. 

When the key start switch is released, the relay is de· 
energized. The heavy duty contacts are opened and 
power to the motor is removed. The return spring 
forces the pivoting drive lever assembly to pull the 
drive pinion out of mesh and fe-close the ground con
tacts on the field coi l. 

An overrunning clutch is provided on the drive 
assembly to protect the starting motor, should the 
drive pinion remain engaged with the flywheel ring 
gear after the engine has started. 
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Figure 19 
4.5 in . 1114.3 mmJ Starting Motor 

1. Cover 
2. Return Spring 
3. Drive Assembly 
4 . Drive Lever and Movable Pole Piece Assembly 
5. Armature Assembly 
6. Brush Assembly 
7. Field Grounding Contacts 
8. Field Coil Assembly 

B. STARTING MOTOR - OVERHAUL 

STARTING SYSTEM TEST 

For easier and rapid diagnosis and for most conclusive 
test results, it is recommended that a battery·starter 
tester 1 high· rate discharge testerl incorporating a 0·20 
volt voltmeter and a 0-500 amp ammeter be used to 
diagnose starting system problems. 

When using test equipment, follow the manu· 
facturer's recommended test procedures. If test equip
ment is not available, comply with the following test 
procedures and refer to starting system specifications. 
See Chapter 5, Specifications. Using a standard 
voltmeter 10·20 voltsl and ammeter 0·500 ampsl the 
starting motor can be checked for proper operation 
without removing it from the engine, by using the 
following procedure. 
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PRELIMINARY CHECKS 

Prior to electrical testing, thoroughly inspect the star
ting system. Check all leads and connections for con
tinuity and tightness. 

1. Check the Battery - with an hydrometer, check 
the battery is at least 70% charged and in good 
condition . 

2. Check the Engine is not Seized - be sure the 
engine is free to rotate. 

INITIAL TESTS 

The initial tests may be performed without removing 
any of the starting circu it components from the tractor 
and enable the following items to be checked: 

• Starting Motor Circuit Current Draw 

• Starting System Circuit Resistance 
(Voltage Drop) 

• Battery Cables 

• Starting Motor Relay and Cable (where fitted) 

Test Equipment required: 

• Voltmeter (0-20 Volts) 

• Ammeter (0-500 Amperes) 

STARTING MOTOR CIRCUIT 
CURRENT DRAW TEST 

DIESEL ENGINE 

With reference to Figure 20. 

1. Disconnect the battery negative cable at the bat
tery. 

2. Disconnect the battery positive cable from the 
starter solenoid. Connect the ammeter positive 
lead to the battery positive terminal and the am
meter negative lead to the solenoid input ter
minal. 

3. Reconnect the battery ground '(negative) cable 
to the battery negative terminal. 
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4. Connect the voltmeter positive lead to the bat
tery positive terminal and the voltmeter negative 
lead to the battery negative terminal. 

5. Pull out the engine " Stop" control. 

6. Crank the engine while observing the voltmeter 
and ammeter readings . See Chapter 6, Specifi
cations. 

• If the current draw is within specifications, the 
starting motor is functioning properly. Pro
ceed to 'Starting System Circuit 'Resistance', 
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Figure 20 
Starting Motor No-Load Test 

1. Ammeter 
2. Variable Loael Resistor 
3. Voltmeter 
4. Jumper Cable 
5. Hand Tachometer 
6. Jumper Lead 

GASOLINE ENGINE 

With reference to Figure 21. 

1. Disconnect the battery positive cable from the 
starting motor relay. Connect the ammeter 
positive lead to the battery positive terminal and 
ammeter negative lead to the starting motor 
relay input terminal. 
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Figure 21 
Starting Motor Relay- Gasoline Tractors 

1. Battery Positive Lead 
2. Front Main Harness Feed 
3. Terminal 'I' to Ignition System 
4. Starting Motor Feed Wire 
5. Terminal '5' from Starting Circuit 
6. Relay Assembly 

2. Disconnect the battery positive cable from the 
starting motor solenoid. Connect the ammeter 
positive lead to the battery positive terminal and 
the ammeter negative lead to the solenoid bat~ 

tery terminal. 

3. Reconnect the battery negative cable to the 
negative terminal on the battery. 

4. Connect the voltmeter positive lead to the bat
tery positive terminal and voltmeter negative lead 
to the battery negative terminal. 

5. Disconnect the low tension lead at the coil. 

6. Crank the engine while observing the voltmeter 
and ammeter readings. 

If the current draw is within the specifications 
the starting motor is functioning correctly. See 
"Specifications" - Chapter 6. 

If the current draw is greater than specified, 
check the starting system circuit, as detailed in 
the "Starting System Circuit Resistance Test". 

If the current draw is less than specified the star~ 
ting motor is defective and should be 
disassembled to determine the cause. 

STARTING SYSTEM CIRCUIT RESISTANCE 
(VOLTAGE DROP TEST) 

If there is an excessive current draw, the circuit should 
be checked by recording voltage drops across the in
dividual components in the circuit as detailed. 

IMPORTANT: On gasoline engine tractors, discon
nect the low tension lead at the coil. On diesel engine 
tractors pull out the engine stop control. 

BATTERY POSITIVE CABLE 

1. Connect the voltmeter positive lead to the bat
tery positive terminal. 

2. Gasoline Tractors: Connect the voltmeter 
negative lead to the starting motor relay input 
terminal. 

3. Diesel Tractors: Connect the voltmeter negative 
lead to the solenoid battery terminal. 

4. Crank the engine while observing the voltmeter 
reading. If the voltage exceeds 0.2 volts, check 
and tighten the cable connections. Re-check the 
voltage, and if still excessive , install a new cable 
assembly. 

STARTING MOTOR RELAY - 4.5 IN. 
(114.3 MM) STARTING MOTORS 
GASOLINE ENGINES 

IMPORTANT: Be sure the starting motorrelay moun
ting surfaces are free from dirt, grease or paint. 

1. Connect the voltmeter positive lead to the star
ting motor relay input terminal. 

2. Connect the voltmeter negative lead to the star
ting motor relay output terminal. 

3. Crank the engine while observing the voltmeter 
reading . If the voltmeter reading exceeds 0.5 
volts while the engine is being cranked, install a 
new relay assemb)y. 
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STARTING MOTOR RELAY TO STARTING 
MOTOR CABLE - 4.5 IN. 1114.3 MM) 
STARTING MOTORS - GASOLINE TRACTORS 

1. Connect the voltmeter positive lead to the star
ting motor relay output terminal. 

2. Connect the voltmeter negative lead to the star
ting motor terminal. 

3. Crank the engine while observing the voltmeter 
reading . If the voltmeter reading exceeds 0.2 
volts, check and t ighten the cable connections. 
Re-check the voltage, and if still excessive, in
stall a new cable assembly. 

STARTING MOTOR GROUND CONNECTIONS: 

1. Connect the voltmeter positive lead to the star
ting motor frame . 

2. Connect the voltmeter negative lead to the 
engine block. 

3. Crank the engine while observing the voltmeter 
reading . If the voltmeter reading exceeds 0.2 
volts check the ground connections between the 
starting motor flange and the rear engine plate. 

BATTERY GROUND CABLE: 

1. Connect the voltmeter positive lead to the engine 
block. 

2. Connect the voltmeter negative lead to the bat
tery negative terminal. 

3. Crank the engine while observing the voltmeter 
reading . If the reading exceeds 0.2 volt, check 
and tighten the ground cable connections. Re
check the voltage; if it is still excessive, install a 
new ground cable assembly. 

STARTER - REMOVAL 

With reference to Figure 22. 

1. Disconnect the battery ground cable at the bat
tery. 

2. Disconnect the battery positive cable and the 
main harness feed wire at the solenoid or starting 
motor connection . 

PRINTED IN U.S .A . 

3. Disconnect the battery ground cable at the star: 
ting motor. 

4. Diesel Engines: Disconnect the safety start feed 
wire from the spade terminal connection on the 
solenoid. 

5. Remove the starting motor retaining bolts and 
lockwashers then w ithdraw the motor assembly. 

Figure 22 
5.0 in . 1127 mm) Starting Motor Installed 

DISASSEMBLY 

Diesel Engine - Starter: 

With reference to Figure 15. 

1. Install the starting motor in a vice equipped with 
soft jaws. 

IMPORTANT: Do not overtighten the vice as -
this may damage the starting motor. 

2. Remove the solenoid to starting motor connec
ting wires from the end of the solenoid. 

NOTE: On the 5 in. (127 mm) starting motor the 
copper link connecting the solenoid terminal S2 
to the motor casing must be removed. 
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3. Withdraw the solenoid by removing the nuts or 
bolts from the front of the drive end housing. 
The solenoid plunger will remain in the drive 
engagement lever. 

4. Lift the solenoid plunger up and out of the drive 
engagement lever, Figure 23. 

5. Remove the sealing grommet wedged between 
the drive end housing and the casing. 

6. Remove the motor casing, end plate and drive 
end housing through bolts. 

Remove the two recessed screws from the end 
plate. These screws retain the brush gear 
assembly to the inner face of the commutator 
end cover. 

7 . Remove the commutator end cover assembly. 

Figure 23 
Removing Solenoid and Plunger'-
4.5 in. (114.3 mm) Starting Motor 

1. Solenoid Plunger 
2. Solenoid Housing 
3. Vice 
4. Drive End Housing 
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The brush gear assembly will remain in the 
operating position on the commutator. 

Pull the commutator end of the armature shaft 
from the casing until the brush gear is fully ex
posed. Using a suitably hooked wire, lift the 
brush springs and extract the brushes from their 
holders. Remove the brush gear assembly. 

8. Withdraw the armature and drive end housing 
from the motor casing. 

9. Unscrew the drive engagement lever eccentric 
pivot pin from the drive end housing and remove 
the housing. . 

Lift the engagement lever off the drive assembly. 

10. Remove the drive assembly and center bearing 
plate from the armature shaft by driving the col
lar squarely down the shaft with a suitable 
diameter tube and then levering the snap ring 
from the groove, Figure 24. 

11. Remove any packing shims that may have been 
installed on the armature shaft between the drive 
end housing and the armature core. These shims 
control the armature end float. 

Figure 24 
Armature and Drive Assembly 

1. Collar and Snap Ring 
2. Drive Assembly 
3. Center Bearing Plate 
4. Armature 
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DISASSEMBLY 2. Loosen the brush cover band screw and remove 
the band and movable pole piece cover. 

Gasoline Engine - Starter: 

With reference to Figure 25. 

1. Install the starting motor in a vice equipped with 
soft jaws. 

3. Remove the tape covering the brush access 
holes. 

IMPORTANT: Do not overtighten the vice as 
this may damage the starting motor. NOTE: Save the tape for use on re-assembly. 

r. 
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Figure 25 
4.5 in. 1114.3 mm) Starting Motor 

1. Brush End Plate Assembly 
2. Brush Cover Band 
3. Movable Pole Piece Cover 
4. Dowel Pin 
5. Drive Lever and Movable Pole Piece Assembly 
6. Drive Actuating Return Spring 
7. Drive End Housing 
8. Stop Ring Retainer 
9. Stop Ring 

10. Drive Assembly 
11 . Armature Assembly 
12. Thrust Washer 
13. Starting Motor Frame 
14. Through Bolts 
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4. Remove the brushes from the brush end plate 
assembly by lifting the brush springs with a 
suitably hooked wire and extracting the brushes 
from their holders, Figure 26. 

~. (. ~. 
. £ -

Figure 26 
Brush End Plate Assembly 

1. Brush Springs 
2. Starting Motor Frame 
3. Brush 
4. Brush End Plate Assembly 

5. Withdraw the through bolts and separate the 
brush end plate, drive end housing and drive ac
tuating return spring from the starting motor 
frame. 

6. Extract the dowel pin and withdraw the drive 
lever and movable pole piece assembly, Figure 
27. 

7. Withdraw the armature assembly from the front 
of the frame and remove the thrust washer. 

8. Extract the stop ring retainer and stop ring from 
the armature shaft and remove the drive 
assembly, Figure 2B. 
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Figure 27 
Removing Drive Lever and Movable Pole Piece 

1. Drive Lever and Movable Pole Piece 
2. Drive Assembly 
3. Starting Motor Frame 
4. Dowel Pin 

Figure 28 
Armature Assembly 

1. Stop Ring and Retainer 
2. Armature Shaft 
3. Drive Assembly . 
4. Armature 
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INSPECTION AND REPAIR 

1. Check the movement of the brushes in their 
holders. If the brushes are sticking, clean them 
with a gasoline-moistened cloth and if 
necessary, smooth their sides with a very fine 
glass paper Inot emery cloth I and wipe clean . 

2. Check the brushes for wear. If they are worn to 
less than the specified length install new 
brushes, see "Specifications" - Chapter 6. 

3. Check the brush spring tension by positioning a 
spring scale hook under each brush spring . In
stall new springs if the tension is less than 
specified, see "Specifications" - Chapter 6. 

4. Inspect the insulation between the field brush 
holders and the brush end plate. If defective, in
stall a new end plate assembly. 

5. Inspect the armature for damage to the core and 
wire areas. If damaged, install a new armature. 

IMPORTANT: Do not attempt to machine the 
core. 

6. Inspect the surface of the commutator for burn
ed spots and , if evident, install a new armature. 

7. Check the armature and commutator for run-out 
using Vee-blocks and a dial indicator, see 
"Specifications" Chapter 6. If the run-out is 
greater than that specified or if the shaft is badly 
worn, install a new armature . 

NOTE: Commutators which are only slightly 
worn may be turned down on a lathe. Rotate the 
armature at a high speed and take light cuts with 
the tool. Then polish the surface with fine glass 
paper. Do not reduce the diameter of the com
mutator below that specified, see "Specifica
tions" - Chapter 6. 

8. Examine the armature shaft bushing in the brush 
end plate. If the bushing is worn or scored, install 
a new bushing. 

On Diesel Engine Starters, inspect the brake 
shoes in the brush end plate. If worn or damag
ed, install new brake shoes. 

Inspect the bushing in the inner plate. If worn or 
scored, install a new bushing. 
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9. Examine the bushing in the drive end housing. If 
the housing is worn or scored, install a new 
bushing. 

10. Check the operation of the drive assembly roller 
clutch. The pinion should only rotate in a clock
wise direction. If the pinion is stuck or rotates in 
both directions or if the pinion teeth are damag
ed, install a new drive assembly . 

IMPORTANT: If damaged pinion teeth are evi
dent, check the flywheel ring gear teeth, see 
"ENGINE SYSTEMS" - Part I . 

ELECTRICAL TESTS 

Starting Motor Electrical Circuit Testing: 

To facilitate testing of the starting motor electrical cir
cuits use a standard voltmeter 10-20 voltsl . 

Testing Armature for Short Circuits: 

In order to test the armature for short circuits, use 
suitable armature testing equipment or a "growler" 
and follow the manufacturers' instructions on how to 
test for short circuits. 

Testing Armature for Grounded Circuits: 

With reference to Figure 29. 

1. Attach the voltmeter negative lead to the battery 
negative terminal. 

2. Attach one end of a jumper lead to the battery 
positive terminal. 

3. Touch the armature core with the jumper lead 
while touching a commutator segment with the 
voltmeter positive lead . Test each segment of 
the commutator in this manner. Observe the 
voltmeter and, if a voltage reading occurs, the 
armature windings are grounded and a new ar
mature must be installed. 
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Figure 29 
Testing Armature for Grounded Circuits 

1. Armature Assembly 
2. Voltmeter 
3. Battery 
4. Commutator 

Testing Field Coils for Open Circuits: 

With reference to Figure 30. 

1. Connect the voltmeter positive lead to the star
ting motor field terminal. 

2. Connect the voltmeter negative lead to the bat
tery negative terminal. 

3. Attach a jumper lead between the battery 
positive terminal and to one of the insulated 
brushes. The voltmeter should indicate battery 
voltage. 

4. Repeat the complete test with jumper lead con
nected to the other insulated brush. The 
voltmeter should indicate battery voltage. 

5. On diesel engine starters, disconnect the 
voltmeter positive lead from the starting motor 
field terminal and connect it to the eyelet wire. 
Connect the jumper lead between the battery 
positive terminal and· each of the insulated 
brushes. The voltmeter should indicate battery 
voltage. 

30 

+ 

Figure 30 
Testing Field Coils for Open Circuit 

1. Eyelet Wire 
2. Voltmeter 
3. Battery 
4. Insulated Brush 

If no voltage is indicated in Steps 3, 4 or 5, an 
open circuit exists in the field coils and new coils 
must be installed. 

Testing Field Coils for Grounded Circuits: 

With reference to Figure 31. 

1. Connect the voltmeter positive lead to the star
ting motor field terminal. 

2. Connect the voltmeter negative lead to the bat
tery negative terminal. 

NOTE: On Gasoline Tractor Starters be sure the 
field coil gounding contacts are kept apart. 

3. Attach a jumper lead between the battery 
positive terminal and the starting motor casing . 

The voltmeter should indicate zero voltage if a 
reading is obtained the field coils are grounded 
and new coils must be installed. 
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Figure 31 
Testing Field Coils for Grounded Circuits 

1. Starting Motor Field Terminal 
2. Voltmeter 
3. Battery 
4. Casing 

BRUSH INSPECTION 

1. Check the movement of the brushes in their 
holders. If the brushes are sticking, clean them 
with a suitable solvent and if necessary, smooth 
the sides of the brushes with a fine abrasive or a 
smooth file. 

2. Check the brushes for wear, if they are worn to 
less than the length specified, install new 
brushes, See Chapter 6, Specifications. 

3. Check the brush spring tension by positioning a 
spring scale hook under the brush spring. Pull 
the spring scale radially. Install new springs if the 
tension is less than specified. See Chapter 6, 
Specifications. 

4. Install a new brush end plate assembly if the in
sulators between the field brush holders and the 
end plate are defective. 
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ARMATURE ASSEMBLY AND 
ARMATURE BUSHING 

1. Inspect the armature for damage to the core and 
wire areas. If damaged install a new armature; do 
not attempt to machine the core. 

2. Using 'Vee'-blocks and a dial indicator check the 
armature shaft runout. Install a new armature if 
the runout is greater than that specified or if the 
shaft is badly worn . See Chapter 6, Specifica
tions . 

3. Examine the armature shaft bushing in the brush 
end plate. If the bushing is worn or scored install 
a new bushing. 

4. Inspect the brake shoes in the brush end plate. If 
worn or damaged, install new parts. 

5. Inspect the bushing in the inner plate. If worn or 
scored, install a new bushing. 

6. Inspect the bushing in the drive end housing. If 
the bushing is worn or scored, install a new 
bushing. 

7. Clean the commutator with a suitable solvent 
and inspect the surface for pits and burned 
spots. 

8. Using "Vee' -blocks and a dial indicator, check 
the commutator runcut. If the runcut is more 
than specified, turn down the commutator using 
a lathe and sharp cutting tool. Rotate the ar
mature at a high speed and take light cuts with 
the tool. Then polish the surface with fine 
glasspaper or emergy cloth. See Chapter 6, 
Specifications. 

NOTE: Do not reduce the diameter of the com
mutator to less than the dimension specified or a 
new armature must be installed. The insulation 
slots must not be undercut. 

9. Perform the armature ground test. 

FURTHER DISASSEMBLY 

If it is necessary to extend disassembly to enable the 
brushes or field coils to be renewed, proceed as 
follows: 
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BRUSH REMOVAL 

1. Unsolder the field brush leads from the field 
coils. 

Gasoline Engine - Starters: 

2. Remove the ground brush screws and detach the 
brushes. 

Diesel Engine - Starters: 

Unsolder and remove the ground brushes from 
the brush holders. 

Figure 32 
Alternator Installed on Tractor 

1. Alternator Bolts 
2. Field Terminal 
3. Regulator Terminal 
4. Ground Terminal 
5. Output Terminal 
6. Alternator 
7. Belt Deflection 

FIELD COIL REMOVAL 

Gasoline Engine - Starter: 
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1. Remove the retainer from the starting motor ac
tuating field coil. 

2. Unsolder the field coil leads from the field ter
minal . 

3. Remove the pole shoe screws then withdraw the 
shoes and field coils from the starting motor 
frame. 

4. Remove the field terminal nut, washer, insulator 
and screw. Clean any excessive solder from the 
slot in the screw. 

Diesel Engine - Starter: 

1. Unsolder the field coil leads from the field ter
minal and the eyelet cable from the field coil con
nection. 

2. Remove the pole shoe screws. 

3. Remove the insulation band then withdraw the 
pole shoes and field coils from the starting motor 
frame. 

ASSEMBLY 

Assembly of the starting motor follows the 
disassembly procedure in reverse. When assembling 
the starting motor "bserve the following requirements: 

• Install the pole shoes retaining screws . While 
tightening the screws, tap the starting motor 
frame with a soft-faced hammer to align and set 
the pole shoes. Once installed, stake the screws 
to prevent them from loosening. 

• On Gasoline Tractor Starters be sure the ar
mature shaft splines are coated with a thin layer 
of petroleum jelly. 

• Be sure the frame of the starting motor is clean. 

• On Diesel Engine Starters, before the drive end 
housing is f'rmly seated, align the slot in the 
center bearing plate with the pin in the drive end 
housing and the slot in the starting motor frame. ·-

INSTALLATION 

Installation of the starting motor follows the removal 
procedure in reverse. Prior to installation observe the 
following setting procedures and perform the starting 
motor no-load test. 
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SETTING THE PINION CLEARANCE 

Diesel Engine - Starters: 

1. Secure the starting motor in a vice equipped with 
soft jaws. 

2. Using a 6 volt source, connect a jumper lead 
through an open switch between the source and 
the solenoid switch terminal (spade connector). 
Connect another lead from the source to the 
starting motor ground terminal. 

3. Measure the pinion clearance by inserting a 
feeler gauge, of the specified thickness, between 
the pinion gear and the armature shaft collar 
then close the switch. Lightly press the pinion 
towards the armature to take up any slack in the 
drive linkage and check the clearance. For the 
correct pinion clearance, see "Specifications" ~ 
Chapter 6. 

4. If the clearance is incorrect, loosen the drive 
lever eccentric pivot pin locknut and turn the pin 
clockwise to increase the clearance or counter
clockwise to reduce the clearance. 

NOTE: Be sure the head of the arrow marked on 
the pivot pin is set between the arrows cast on 
the drive end housing. If this condition cannot be 
achieved, renew the drive linkage assembly. 

5. After setting the clearance hold the pivot pin in 
position with a screwdriver and tighten the 
locknut to the correct torque, see "Specifica
tions" - Chapter 6. 

SETTING THE ARMATURE END PLAY 

Diesel Engine - Starters: 

1. Secure the starting motor in a vice equipped with 
soft jaws and attach a dial indicator to the drive 
end housing flange. Locate the dial indicator 
pointer on the end of the armature shaft. 

2. Move the armature shaft forward by pressing on 
the stop collar. Set the indicator dial to zero. 

3. Push the armature shaft rearwards and record 
the gauge reading. 
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4 . If the end play is greater than specified, see 
"Specifications" - Chapter 6, disassemble the 
starting motor and install shims between the ar
mature core and the center bearing plate. The 
shims are available in thicknesses of 0.005 in. 
10.127 mml and 0.010 in. 10.254 .mml. 

STARTING MOTOR NO-LOAD TEST 

With reference to Figure 20. 

NOTE: A fully-charged battery and a battery starter 
tester I high-rate discharge tester) with a carbon pile 
(variable load resistor) should be used to petform this 
test. 

1. Secure the starting motor in a vice equipped with 
soft jaws. 

2. Connect the battery negative cable to the star
ting motor mounting flange. 

3. On Diesel Engine Starters, connect a short 
jumper lead between the solenoid battery and 
solenoid switch terminals. 

4. Connect the voltmeter positive lead to the bat
tery positive terminal , the voltmeter negative 
lead to the battery negative terminal, the am
meter positive lead to the battery positive ter
minal and the ammeter negative lead to the 
solenoid battery or starting motor terminal. 

5. On Gasoline Engine Starters, actuate the starting 
motor by adjusting the carbon pile to give 12 
volts. The starting motor should draw a max
imum of 70 amperes. 

6. On Diesel Engine Starters, hold a hand 
tachometer on the end of the armature shaft. 
Actuate the starting motor by adjusting the car
bon pile to give 12 volts. When the armature 
rotates between 5500 and 7600 rev / min . the 
maximum current draw should not exceed 110 
amperes. 

7. If the starting motor does not perform to 
specifications, check for grounded field coils, a 
rubbing armature or a distorted armature shaft. 
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C. STARTING MOTOR RELAY -
DESCRIPTION AND OPERATION 

GASOLINE ENGINES 

DESCRIPTION 

The starting system for gasoline tractors, incorporates 
a starting motor relay . The relay consists of a movable 
contact with a fixed coil inside a weatherproof casing, 
Figure 21. 

The relay is internally grounded and is equipped with 
two large and two small terminals. The small terminal 
' 5 ' is for connection to the starting motor circuit and 
the small terminal '1 ' is for connection to the ignition 
system resistance wire, see 'Chapter 6'. The two large 
terminals are for connection between the battery and 
the starting motor. 

OPERATION 

Turning the keystart switch, with the transmission in 
neutral, allows current to flow through the relay coil 
via terminal 'S' to the ground point on the casing. The 
flow of current energizes the coil forming a magnetic 
field which attracts the movable contact. When the 
contacts fully close, current from the battery is allow
ed to flow to the starting motor through the relay. 

Once the key start switch is released, the flow of cur
rent to the coil is stopped thereby breaking the 
magnetic field and allowing the return spring to open 
the contacts. This action stops the current flow from 
the battery to the starting motor. 

D . STARTING MOTOR RELAY -
OVERHAUL - GASOLINE ENGINES 

NOTE: The starting motor relay is serviced only as a 
complete assembly. 

REMOVAL 

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

2. Remove the connecting wires from the relay. 

3. Extract the retaining bolts and washers and 
remove the relay from the mounting bracket. 
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INSTALLATION 

Installation of the starting motor relay follows the 
removal procedure in reverse . 

E. SAFETY START SWITCH -
DESCRIPTION AND OPERATION 

DESCRIPTION 

The Ford 550 / 555 tractors feature a safety start 
switch. The function of the switch is to allow the 
engine to be started only when the transmission is in 
the neutral position. 

OPERATION 

The safety start switche consists of a sealed container 
housing a spring loaded plunger and a set of contacts. 

During normal operation of the tractor, the spring 
holds the plunger away from the contacts, but, when 
neutral is selected (for the transmission mounted 
switch) or the clutch pedal is depressed (for the pedal 
mounted switch), the spring is compressed to close 
the contacts and complete the starting motor circuit . 

F. SAFETY START SWITCH - OVERHAUL 

NOTE: The safety start switch is serviced only as a 
complete assembly. 

For removal and replacement procedures of the safety 
start switch, see 'Transmission Systems' - Part 5. 
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G. KEY START SWITCH 

Diesel Engine: 

Diesel engines with cold start option utilize a five posi
tion switch as follows: 

Position 1 - Thermostart - Starter M otor Engage
ment . 

Position 2 - Thermostart . 

Position 3 - Off. 

Position 4 - On. 

Position 5 - Starter Motor Engagement. 
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Gasoline Engines : 

Gasoline engines prior to production date code 
OE19B utilized a three position switch as follows: 

Position 1 - Accessories On. 

Position 2 - Aux . Equip. On. 

Position 3 - Starter Motor Engagement. 

NOTE: Gasoline engine production after p;oduction 
date code OE198 utilized the five position switch to 
rep/ace the three position switch. Note the switch ter
minal numbers as the wires are removed. Connect the 
wires from terminals 1 and 2 on the four terminal 
switch to the same terminals on the five terminal 
switch. Connect the wire {rom rerminal3 to terminal4. 
Terminal 3 is not used on the five position switch. 
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Chapter 4 
CHARGING SYSTEM - ALTERNATOR 

Section 
A. CHARGING SYSTEM - ALTERNATOR 

DESCRIPTION AND OPERATION 
B. TROUBLESHOOTING - IN·VEHICLE TESTS 

a. OUTPUT AND SYSTEM CAPACITY TEST 
b . EXCITATION VOLTAGE TEST 
c. OPEN OR SHORTED DIODE OR OPEN POSITIVE DIODE TEST 
d. SHORTED POSITIVE RECTIFIER DIODE TEST 
e. OPERATION TEST 
f. REGULATOR OR REGULATOR CIRCUIT TEST 

C. CHARGING SYSTEM OVERHAUL 

A . CHARGING SYSTEM - ALTERNATOR 

DESCRIPTION AND OPERATION 

The Ford Tractors feature a negative ground alternator 
cha rging system comprising an alternator, alternator 
regulator, storage battery and the necessary wires to 
connect the circuit. 

Alternators provide a higher maximum output than the 
equivalent direct current generators and also increased 
charge rates at lower engine speeds. 

This Chapter deals with the overhaul and repair of the 
alternators featuring an external regulator. The follow
ing chart shows the options available: 

USAGE RATING 

With Air Conditioner 72 Amp 1. Regulator 

Figure 33 
Alternator Regulator 

With Cab Less Air Conditioner 51 Amp 
2. Battery Box 

Less Cab 32 Amp 
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The alternator is mounted at the front of the engine 
being belt driven from the crankshaft pulley, Figure 32. 

Identification is by means of the numbers '32', '51', 
and '72' stamped into the amp block on the nameplate 
attached to the rear housing . 

The alternator regulator is separately mounted inside 
the battery box, Figure 33. 

All three alternators are the same design and the varia
tions in the rated output is achieved by differences in 
the rotor and stator windings, otherwise the parts are 
generally interchangeable. 
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The alternator terminals are identified in Figure 34. 

With reference to Figure 35, the alternator comprises 
principally of a rotor, stator and rectifier. 
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Figure 34 
Alternator Terminal Identification 

1. Field Terminal 
2. Ground Terminal 
3. Output Terminal 
4. Regulator Terminal 

ROTOR 

The rotor and brush gear provides the magnetic field 
of the alternator unlike a direct current generator 
where the field is stationary. 

The rotor is belt driven from the engine through a 
pulley keyed to the rotor shaft which runs in heavy
duty sealed ball race bearings. An integral fan, adja
cent to the pulley, draws cooling air through the alter
nator . 

Current is supplied to, and returned from, the rotor 
field coil via two carbon brushes which tiear against 
peripheral slip rings. 

The spring loaded brushes are retained within a cover 
mounted in the rear housing. 

As current passes through the copper wire of the rotor 
field coil a magnetic field is produced and contained 
within an armature formed into pole shoes. The con
figuration of the pole shoes provides concentration of 
the magnetic field. 
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STATOR 

The stator contains the windings into which current is 
induced by the revolving magnetic field of the rotor. 

The stator is fabricated from laminations of thin steel 
pressings onto which three separate w ires are wound. 
The laminations are specifically formed to concentrate 
and collect the magnetic field . 

During each complete revolution of the rotor, all three 
stator windings have induced currents passing first in 
one direction and then the other; in other words a 
3-phase alternating current. 

Because alternating current is generated in a series of 
pulsations, the rotor features six pairs of poles to pro
vide an overall smoother output. For every revolution 
of the rotor the output characteristic of each stator 
winding completes six cycles. 

Alternating current (A .C.I is unsuitable for charging 
the battery, which requires pure direct current (O.C.I 
Therefore , the three stator windings are connected to 
a rectifier assembly which rectifies or converts the 
alternator output to direct current. 

RECTIFIER ASSEMBLY 

The rectifier assembly consists of six output and three 
field diodes, Figure 36. 

NOTE: A diode is basically an electronic "check 
valve" which allows current to flow in one direction 
only. 

Three of the six output diodes are mounted in a 
positive plate and three in a negative plate. The two 
plates are separated and one end of each of the three 
stator windings is connected to a different diode in 
each plate. 

The plates are heat-sinks which both dissipate heat 
and serve as conductors for the diodes. Two studs on 
each plate attach the assemblies to the rear housing.
One stud on the positive plate is the alternator 
regulator terminal and the other is the output terminal . 

The positive plate is insulated from the rear housing 
but the negative plate is attached and the upper stud 
serves as the alternator ground connection. 

As the rotor revolves, the diodes rectify or convert the 
alternating current of the stator to a direct current 
which may be used to effectively charge the battery. 
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Figure 35 
Alternator Disassembled 

1. Lockwasher 
2. Shaft Nut 
3. Pulley 
4. Key 
5. Fan 
6. Pulley Spacer 
7. Nuts 
8. Front Housing 
9. Front Bearing 

10. Spring Washer 
11 . Brush Cover Shield 
12. Brush Cover 
13. Screws 
14. Cover and Brush Assembly 

·15. Rear Housing 
16. Bearing Rear Retainer 
17. Rear Bearing 
18. Rectifier Assembly 
19. Stator Assembly 
20. Rotor Assembly 
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1. Diodes 

Figure 36 
Rectifier Assembly 

3. Positive Plate 
2. Negative Plate 4. Field Diode Assembly 

The three field diodes are encased in an epoxy resin 
and mounted on the positive diode plate. One end of 
each of the three stator output wires also connects to 
one of these diodes. The field diodes supply direct cur
rent to the rotor field winding and can only be replaced 
as a complete unit. 

REGULATOR 

The regulator controls and maintains the alternator 
output voltage at a safe working level. The unit con· 
sists of diodes, transistors and calibrating resistors and 
four wires connect the regulator into the charging 
system, Figure 37. 

The regulator components are sealed in epoxy resin 
and can only be replaced as a complete unit. 

The regulated voltage level is established in manufac
ture and cannot be adjusted in service. 

ALTERNATOR OPERATION· 

With reference to Figure 38. 

When the key start switch is turned on a small current 
flows from the battery through the rotor field winding . 
The circuit is made via the charge indicator warning 
light, the alternator regulator terminal, the alternator 
regulator, the alternator field terminal, the rotor field 
winding and ground. 
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Figure 37 
Alternator Regulator Assembly 

At this stage the warning light is illuminated and the 
rotor partially magnetised. 

When the engine is started and the partially magnetis
ed rotor revolves within the stator windings a 3-phase 
alternating current is generated. 

A constant portion of the generated current is con
verted to direct current by the three field diodes incor
porated in the rectifier pack. 

This direct current is fed back from the alternator 
'REGULATOR' terminal to the regulator to supple
ment the current already flowing through the rotor 
field winding. This action results in an ever-increasing 
magnetic influence of the rotor along with an 
associated rapid rise in generated output current and 
voltage. 

During the rise in generated output voltage, reflected 
at the alternator 'REGULATOR' terminal, the brilliance 
of the warning light is reduced and when the voltage 
at the 'REGULATOR' terminal equates to that al the 
battery side of the warning light, the lamp is ex
tinguished. 

The voltage continues to rise until the predetermined 
regulated voltage level is reached. 

In the event of drive belt breakage the voltage will not 
build up within the alternator and so the charge in
dicator light will r~main on to indicate failure. 
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Figure 38 
Alternator Charging Circuit 

A . To Starter Motor 5. Frame 
B . To Load 6. Stator Output Windings 
1. Solenoid 7. Rectifier Pack 
2. Battery 8. Charge Indicator Light 
3. Regulator 9. Key Start Switch 
4. Rotor Field Winding 

TROUBLESHOOTING - IN-VEHICLE TESTS 

This section describes a process for troubleshooting 
the charging system. The troubleshooting flow charts 
shows the total process for analizing the charging 
system to find the problem without removing any 
component from the tractor. The flow chart will pro
vide the service technician a quick reference to order 
or process of performing the troubleshooting tests . 
The pages following the flow chart give the detail as 
they pertain to each test as to test equipment used, 
test procedure, and test results. 

TROUBLESHOOTING 

The flow chart on the next page will aid you in alter
nator troubleshooting. Most of the testing steps are 
adequately described on the flow chart except for out
put capacity test. All tests are described following the 
flow chart. 
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PRELIMINARY CHECKS: Engine stopped, key off. 

• Inspect the electrical leads and connections. Be 
sure they are clean and tight. 

• Drive belt tension . Check both fan belt and 
separate alternator belt if so equipped. 

• Battery state of charge (must be 75% or better). 
Test battery to be sure. 

• Battery voltage test. Voltmeter positive lead to 
output terminal. negative lead to ground. Should 
read 12.0-12.6 volts. If low, check output wire to 
battery and ground circuit. 

• Shorted positive diode test. Voltmeter positive 
lead to regulator terminal , negative lead to 
ground. Should read 0.0 volts. (Be sure key is 
off) any voltage reading indicates shorted 
positive diodes. Remove alternator for repair . 
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I OPERATION TEST, ENGINE RUNNING .l2OO·RPM ] 
VOLTMETER POSITIV E LEAD TO OUTPUT, NEGATIVE LEAD TO GROUND 

t t l 
I OVER 14.6 VOLTAGE I I VOLTAGE INCREASE TO I NO VOLTAGE INCREASE 

13.9- 14.6 VOL T5 OR lESS THAN 13.9 

OVERCHARGING t VOLTS 

DEFECTIVE REGULATOR I NORMAL VOLTAGE I 
STOP ENGINE I 

! 
OUTPUT CAPACITY TEsrl 

DISCONNECT FIElO WIRE, CONNECT JUMPER W IRE 

I DOES NOT READ I 
FROM OUTPUT TO FIELD TERMINAl. SMAll SPARK 

I READS RATED CAPACITY I RATED CAPACITY 
INDICATES BRUSHES & AOTOR O.K . NO SPARK 

INDICATES OPEN CIRCUIT . STAAT ENGINE, SLOWLY 
T INCREASE RPM TO 1200. VOLTMETER POSITIVE 

I CHARGING SYSTEM O.K. I l ONE OR MORE OUTPUT I LEAD ON OUTPUT TERMINAL 
DIODES DEFECTIVE T , 

EXAMINE TRACTOR FOR t r VOLTAGE INCREASES I I VOL rAGE DOES NOT 
SOME OTHER REASON FOR I REMOVE AND REPAIR I INCREASE 

BATTERY DISCHARGE ALTERNATOR DIODES 
REMOVE J UMPER WIRE , I ' 

REPLACE FIELD WIRE. I ALTERNATOR DEFECTIVE I 

I REPAIR OR REPLACE I 
T 

LESS THAN 0.6 OPEN OR SHORTED FIEL D DIODE. OPEN 

VOLTS DIFFERENCE POSITIVE DIODE TEST . ENGINE RUNNING 

BETWEEN READINGS 1200 RPM. VOLT M ETER POSITIVE LEAD 
ON OUTPUT. NOTE READING . MOVE METER 

I ALTERNATOR GOOD I LEAD TO REGULATOR TER MINAL. 

NOTE READING 

REGULATOR OR REGULATOR t 
CIRCUIT DEFECTIVE MORE THAN 0.6 VOLTS DIFFEREN CE , HIGHER - POSITIVE RECTIFIER DIODES OPEN 

LOWER - FIELD DIODES OPEN OR SHOATED. 
DISCONNECT REGULATOR REMOVE ALTERNATOR . CHECK DIODES & REPAIR . 

TEST FDA BATTERY VOLTAGE 
IN HARNESS SIDE OF CONNECTOR 

THAT LINES UP WITH YELLOW f----l VOLTAGE LOW OR ZERO I REGULATOR WIRE KEY ON, 

ENGINE OFF 
I CHECK REGuLATOR CONTROL CIRCUIT I 

t I SHOW BATTERY VOLTAGE I VOLTAGE DROP TEST FUSE, WIRES, AND IGNITION SWITCH I 
REGULATOR DEFECTIVE 

REPLACE REGULATOR I REPLACE OR REPAIR DEFECTIVE COMPONENTS I 

IN-VEHICLE TESTS 

TEST EQUIPMENT REQUIRED 

• Voltmeter - 0-20 v. scale . 

• Ammeter - 0-6 & 0-60 A . scale. 

• Carbon Pile Reheostat. 

PRELIM INARY CHECKS 

The following preliminary checks should be made 
before beginning the diagnosis checks. 

• Wire Terminals and Connectors. Check that 
all the terminal connections at the alternator and 
regulator are clean and tight. 
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• Battery Cables. Check that the cable connec
tions at the battery terminals and the starter and 
relay terminals are clean and tight . 

• Alternator Mounting Components. The _ 
mounting bracket and belt adjusting arm provide 
the ground path for the alternator. Be sure that 
all attaching bolts are tight and tapped holes are 
clean. The areas under bolt heads and washers 
must be free of paint and corrosion. To deter
mine if a poor ground exists, connect a 10 gauge 
jumper wire from the alternator frame to the bat
tery negative terminal and recheck the alternator 
output. Be sure the drive belt is properly ad
justed, Figure 39 . 
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Figure 39 
Drive Belt Deflection 

13· 19mm 
(0 .50·0.75in) 

• Battery. Be sure that the battery is at least 
three-quarters charged. An undercharged bat
tery will adversely effect alternator tests and 
operation . Recharge the battery with a battery 
charger. If it does not recharge readily, check the 
condition of the battery. The frequent need to 
add water to maintain the electrolyte level may 
indicate an overcharging condition and the regu
lator may be at fault . If testing indicates the bat
tery condition is good, replace the regulator. 

• Regulator. The regulator controls the field 
voltage. Connect a voltmeter to the alternator 
field terminal and ground. With the ignition 
switch "ON", the meter should read 1.7 to 2.5 
volts. If the voltage is higher or lower, discon
nect the field wire and connect the voltmeter to 
the wire terminal and ground. With the switch 
"ON", the meter should read 10.5 to 11.5 volts. 
If the voltage is correct the fault is in the alter· 
nator field circuit. If the voltage is higher or 
lower, replace the regulator. If the voltage in the 
above test was zero, disconnect the regulator at 
the harness connector and connect the volt
meter to the harness connector terminal for the 
regulator yellow wire and ground. With the igni' 
tion switch "ON", the meter should read battery 
voltage . If the voltage is zero, or more than 0.5 
volts less than battery voltage, the fault is in the 
switch or the circuit to the connector. 
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• Jump Starting. When disconnecting the bat
tery jumper cables after starting from another 
battery, voltage surges may occur that may 
damage the diodes and transistors in the alter
natar and regulator. To lessen the effect of these 
surges, turn on all lights and accessories on both 
vehicles, except the radio, so that these com
ponents can absorb some of the surge. Use a 
battery charger to recharge the battery. 

WARNING: Start engine only from 
operators seat. If safety start switch is 
bypassed, engine can start with 
transmission in gear. 

If it is necessary to use jumper cables to start the trac
tor, follow the instructions below. 

1. Shield eyes. 

2. Connect one end of the jumper cable to the trac
tor battery positive ( + ) terminal and the other to 
the auxiliary battery positive (+ ) terminal. Con
nect one end of the other cable first to the aux
iliary battery ( - I negative terminal, and the 
other end to the tractor starter ground terminal. 

8. OUTPUT AND SYSTEM CAPACITY TEST 

This test will determine if the alternator is capable of 
producing maximum output. A carbon pile load is ap
plied to the system to induce maximum charging cur
rent. 

1. With the switch "OFF" and the engine stopped, 
disconnect the alternator output wire (1) , Figure 
40, at the output terminal (3). 

2. Connect the ammeter negative lead to the out
put terminal (3) and the positive lead to the oui: 
put wire 11). Connect the voltmeter negative lead 
to the alternator ground terminal (5) and the 
positive lead to the output terminal (3) . 

3. Start the engine and set the engine speed at 8p
'proximately 1000 rpm. Apply a partial load with 
the carbon pile to produce an output of 20 amps 
for a few minutes to stabilize the alternator and 
regulator component temperatures. 
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Figure 40 
Alternator Output and System Test 

1. Ammeter (0-60 Amperes) 
2. Voltmeter 10-20 Volts) 
3. Battery 
4. Carbon Pile 
5. Alternator 

4. Increase the engine speed to 1400 to 1800 rpm. 
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Increase the load, using the carbon pile, to cause 
the alternator to deliver maximum output in 
amperes. Voltage should remain between 13.0 
and 15.0 volts. The ammeter should indicate a 
rate of charging of: 

a. 25-27 amps - for 32 amp rated charging 
system . 

b. 43-46 amps - for 51 amp rated charging 
system. 

c. 65-67 amps - for 72 amp rated charging 
system. 

If capacity test results show the charging 
system is producing the above minimum rates 
- charging system is O.K. If battery drainage 
is occurring examine the tractor for some 
other reason for battery d'ischarge. Electrical 
requirement of tractor is more than capacity 
of charging system. Examples: Tractor pulling 
multiple row air planter, tractor had cab added 
with more lights, radio, air conditioner, etc. 

If capacity test results are below minimum 
rates - one or more of the alternator output 
diodes are defective. Remove and repair alter- -

nator diodes as described in alternator 
disassembly and repair chapter. 

5. Disconnect the voltmeter positive lead from the 
output terminal. 

IMPORTANT: Do not disconnect the ammeter 
positive lead while the engine ;s running as the 
alternator may be damaged. 

6. Touch the voltmeter positive lead to the battery 
positive terminal. The maximum allowable volt
age drop is 0.3 volts. If a greater voltage drop is 
obtained, check the ground circuit for loose and 
dirty connections at the alternator mounting . 

b. EXCITATION VOLTAGE TEST 

With reference to Figure 41 . 

NOTE: The results of this test will indicate if battery 
voltage and current, controlled by the key start switch, 
are passing through the voltage regulator and into the 
rotor (field) windings to provide initial excitation of the 
alternator. 
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Figure 41 
Output System Capacity Test 

1. Alternator 
2. Voltmeter 
3. Regulator Terminal 
4. Ground Terminal 
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1. Be sure the key start switch is in "OFF" position 
and the engine is stopped. 

2. Connect the voltmeter positive lead to the 
regulator terminal and the negative lead to 
ground. 

3. Turn the key start switch on but do not start the 
engine. The voltmeter should read approximately 
1.5 volts. 

If the voltmeter reading is below 1.5 volts a high 
resistance fault is indicated in the connections 
between the key start switch and the excitation 
lead of the regulator. 

If the voltmeter reading exceeds 1.5 volts a fault 
is indicated in the regulator or the rotor (field I 
windings. Bypass the regulator with a jumped 
wire to isolate the fault, Figure 42. 

4. Connect the jumper wire between the alternator 
regulator and field terminals. If the voltmeter 
registers 1.5 volts, the regulator may be at fault 
and should be replaced. Repeat the test with the 
new regulator installed. 

If the voltmeter still exceeds 1.5 volts, check the 
brushes, brush holders and slip rings for ground
ing or short circuits. Then check the current 
draw of the rotor (fieldl winding, according to 
the "Field (rotor) Circuit Test" the "Rotor Coil 
Current Draw" and " Rotor Coil (field) Ground 
Tests" detailed in this chapter. 

c . OPEN OR SHORTED FIELD DIODE, OR 
OPEN POSITIVE DIODE TEST 

With reference to Figure 43. 

This test will determine if the alternator being tested 
has any of the following features: 

1. Open Field Diodes. 

2. Shorted Field Diodes. 

3. Open Positive Rectifier Diodes. 

The test is a comparison of the voltage reading taken 
at the output terminal to the voltage reading taken at 
the regulator terminal. 
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Figure 42 
Excitation Voltage Test 

1. Voltmeter 
2. Regulator Terminal 
3. Field Terminal 
4. Ground Terminal 
5. Jumper Wire 

Procedure for performing test: 

1. " Engine running" to 1200 rpm, "key on". 

2. Voltmeter positive lead (red) to output terminal 
(4), negative lead (black) to ground terminal (3), 
Note the voltmeter reading, should be between 
13.9 and 14.6 volts. 

3. Move voltmeter positive lead (red) to regulator 
terminal (5). Note voltmeter reading . 

Compare the two voltmeter reading received. 
The voltage at both terminals should be approx
imately the same, or no more than 0.6 volts dif-" 
ference. 

Two results are possible: 

1. More than 0.6 volts difference-defective diodes, 
which diodes are defective can be determined as 
follows: 
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Figure 43 
Open or Shorted Field Diode Test, 

or Open Positive Diode Test 
1. Voltmeter 
2. Ground Terminal 
3. Output Terminal 
4. Regulator Terminal 
A. Voltmeter Positive Lead to Output Terminal 
B. Voltmeter Positive Lead to Regulator Terminal 

a. More than 0.6 volts difference and the 
regulator terminal voltage reading is higher 
than the output terminal indicates one or 
more of the output or positive diodes are open 
and must be replaced . 

b. More than 0.6 volts difference and the output 
terminal voltage reading is higher than the 
regulator terminal indicates one or more of the 
field diodes are open or shorted and must be 
replaced. 

2. Less than 0.6 volts difference alternator has now 
been completely checked out and found to be 
O.K. Nothing wrong with alternator. 
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Charging system problem on the tractor being 
tested is not in the alternator but somewhere in 
either the regulator or regulator control circuit. 
Performing Test G will determine which. 

d. SHORTED POSITIVE RECTIFIER 
DIODE TEST 

With reference to Figure 41. 

A shorted positive rectifier diode will allow output cur
rent to flow directly back to its originating phase wind
ing and lower the output of the alternator. It will also 
fail in its battery cut-out function and allow the battery 
to discharge through the alternator. This test is made 
with the ingition switch " OFF" and the engine stop
ped. 

1. Connect the voltmeter positive Ired l lead to the 
regulator terminal (3), and the negative Iblack) 
lead to the ground terminal (4) on the alternator. 

2. The voltmeter should read zero volts. If a voltage 
reading of any amount is obtained, one or more 
positive diodes are shorted and the positive 
diode assembly must be replaced. To disassem
ble, refer to "Alternator Overhaul and Bench 
Check" . 

e. OPERATION TEST 

With reference to Figure 44. 

If the desired results were obtained in Test C and Test 
D perform the operation test. This test will show the 
present operating condition of the charging system. 

Procedure for performing the operation test is as 
follows: 

1. Voltmeter positive Ired) lead to output terminal 
(3) on alternator and the negative Iblack) lead to 
ground terminal (4) . 

2. Start engine and increase speed to 1200 rpm. 
Leave key in on position. 

3. Read the voltmeter carefully and correctly. The 
reading will give one of three results. 

a. The desired reading will show a voltage in
crease between 13.9 to 14.6 volts for a 12 volt 
charging system. This is normal system 
voltage increase. Further charging system 
analysis will require Output Capacity Test be 
performed if charging system failure still 
suspected. 
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Figure 44 
Operation Test 

1. Voltmeter (0-20 Volts) 
2. Output Terminal 
3. Ground Terminal 

b. If voltmeter reading is above 14.6 volts the 
alternator is overcharging. Charging rate is 
controlled by voltage regulator which is non
repairable. Therefore if reading is above 14.6 
volts, voltage regulator is defective, must be 
replaced. 

c. Voltmeter reading does not increase or reads 
less than 13.9 volts. Further troubleshooting 
tests are required to analyze system failures. 

f. REGULATOR OR REGULATOR 
CIRCUIT TEST 

This test will determine if the ignition switch circuit or 
regulator excitation resistor is open . The test is per
formed with the engine OFF and the ignition switch 
ON. 

Test Procedure: 

1. Disconnect the regulator connector and connect 
the voltmeter positive (red) lead to the yellow 
wire terminal (harness side of the connector). 
Connect the voltmeter negative (black) lead to 
the battery negative terminal. 
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2. Turn the ignition switch to the ON position and 
read voltmeter. 

3. Results. 

a. If the voltmeter indicates battery voltage, the 
regulator is at fault and must be replaced. 

b. If the voltmeter indicates low or zero voltage, 
then the regulator is O.K. and the regulator 
control circuit is at fault, thus, further tests 
must be made at each connecto~ and compo
nent in the control circuit to isolate the prob
lem. 

4. Test the following control circuit components by 
either a voltage drop test or by using a jumper 
wire to bypass component. 

a. Alternator field fuse - in line fuse located in 
instrument harness behind instrument panel 
or in fuse block. 

b. Connecting wires in control circuit. 

c. Ignition switch. 

5. Repair failed component in control circuit . 

C. CHARGING SYSTEM - OVERHAUL 

REMOVAL 

Alternator Removal: 

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

2. Disconnect all wires from the alternator, Figure 
32. 

3. Withdraw the attaching bolts and remove the 
alternator and pulley guard (where fitted) from 
the tractor. 

Voltage Regulator Removal: 

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

2. Disconnect the wiring harness from the voltage 
regulator mounted on the hood rear support. 

3. Remove the attaching screws and withdraw the 
regulator. 
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DISASSEMBLY 

Brush Removal: 

1. Remove the two brush mounting screws then lift 
the cover and dust shield from the brush 
assembly. 

2. Grasp the field terminal and gently pull the brush 
assembly down and away from the alternator, 
Figure 45. 

Figure 45 
Alternator Brush Removal 

1. Brush Assembly 

Rear Housing Ramoval: 

1. Remove the four through bolts and square nuts, 
Figure 46. 

2. Insert two small screwdrivers in the slots be
tween the stator and front housing, Figure 47. 

NOTE: To avoid damaging the stator core and 
windings, do not insert the screwdriver blades 
deeper than 0.06 in. 11.5 mml. 
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3. Apply pressure at several points around the 
stator to extract the rotor and front housing as 
an assembly. 

Figure 46 
Removing Alternator Through Bolts 

1. 114 in . Socket 

Separating Stator from Reaf Housing: 

1. Place the stator and rear housing assembly on a 
clean, flat surface and remove the locknuts and 
insulating washers from the rectifying diode ter
minal studs. 

2. Carefully separate the diode plate studs from the 
rear housing. Do not exert unnecessary pressure 
on the stator leads. 

Pulley Fan and Spacer: 

1. Remove the shaft nut, lockwasher and pulley 
from the rotor shaft by clamping the pulley in a 
vice and using an old oversize belt to protect, -
Figure 48. 

2. Remove the fan, rotor shaft key and spacer. 

NOTE: If the key is seized in the shaft groove, 
replace the nut on the shaft and use a screw
driver to lever the key from the slot as shown in 
Figure 49. 
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Figure 47 
Separating Stator from Front Housing 

1. Stator 
2. Front Housing 

Figure 48 
Pulley Removal 

1. Oversize Belt 

Separating the Rotor from the Front Housing: 

1. Use long nose pliers to compress the ears of the 
front bearing retaining ring, Figure 50. Lift the re
tainer free of the recess. After the rotor and front 
housing are separated the retainer can be remov
ed from the shaft. 

2. Separate the housing and rotor from the bearing 
by tapping the assembly on a block of wood, 
Figure 61. If this method fails use special pullers 
but avoid damaging the housing . 
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Figure 49 
Rotor Shaft Key Removal 

1. Rotor Shaft Key 
2. Spacer 

Figure 50 
Releasing Front Bearing Retainer 

1. Front Bearing Retainer 
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Figure 51 
Separating Front Housing from Rotor 

INSPECTION AND REPAIR 

Brush Inspection: 
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1. Inspect the brushes for wear. If worn to less than 
the specified length, install new brushes, see 
"Specifications" - Chapter 6. 

2. Check for contamination and clean the complete 
assembly in cleaning solvent. Blow dry with 
compressed air. 

3. Check the brush spring pressure with a push
type spring gauge and record the spring pressure 
when the brush end is flush with the moulding. 
Install new brushes and springs if the pressure 
exceeds the specified limits, see " Specifi
cations" - Chapter 6. 

IMPORTANT: Brushes and springs should 
always be replaced in pairs. 

4. Check the insulation and continuity with a 12 volt 
test lamp or ohmmeter (single terminal assem
bly) connected as follows: 

With reference to Figure 52. 

• Insulation Test 

Connect between the field terminal and the 
bracket. 

No circuit indicates a correct assembly with 
no short circuit . 

• Continuity Test 

Figure 52 
Brush Insulation and Continuity Test Points 
1. Bracket 
2. Field Terminal 
3. Grounded Brush 
4. Insulated Brush 

Connect between the field terminal and the in
sulated brush then between the bracket and 
the grounded brush. 

A continuous circuit indicates a correct 
assembly with no open circuit. 

NOTE: In both of these tests, the resis tance 
should not vary when the brush or connecting 
lead wire is moved around. 

Rear Housing: 

1. Check the rear housing for cracks around the 
drilled openings. 

2. If the bearing bore is scuffed due to the bearing 
turning in the casting, replace the housing. 

3. Clean the housing in solvent if to be re-used . 

4. Install a new bearing retainer IO-Ring) in the bore 
recess, Figure 53. 
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Figure 53 
Rear Bearing Retainer Installed 

1. Retainer IO-Ring) 

Rectifier Diodes: 

1. Note the arrangement of the stator winding con
nections to the rectifier diode connecting pins. 
Using long nosed pliers as a heat guard and a 
lightweight soldering iron 125 wattl, unsolder the 
connections to the diodes, as shown in Figure 
54. 

Figure 54 
Soldering and Unsoldering Diode Connections 

Using Pliers as a Heat Guard 
1. Soldering Iron 
2. Place Pliers between Oiode and Solder Point 
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2. Test each of the rectifying diodes with a com
mercial diode tester or by connecting a 12 volt 
battery and test lamp in series with one of the
diodes, Figure 55. 

Figure 55 
Rectifying Diode Test 

1. Diode Connecting Pin 
2. Heat Sink 
3. Test Lamp 
4. 12 Volt Battery 

NOTE: One test lead is applied to the diode con
necting pin and the other to the heat pin into 
which the diode is mounted, Figure 56_ 

3. Note if the lamp lights. 

4. Reverse the test lead connections. 

The lamp should light during one half of this test 
only. All diodes in the same heat sink must test 
alike. If anyone diode is defective renew the 
complete assembly. 

Stetor: 

1. The alternator stator assembly, Figure fil, con
sists of three individual windings wound on a 
common core or lamination. The lamination is 
epoxy coated to provide durable insulation, 
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Diode Testing 

, . Diode Connecting Pins 
2. Do not use Studs 
3. Heat Sink 

1. Slots 

Figure 57 
Stator Assembly 

2. Winding Ends 
3. Steel Plates 
4. Windings 
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NOTE: Discoloration of the enamel on the wind
ings ;s evidence of overheating and 8 shorted 
condition. 

2. The alternators feature a "Delta" wound stator, 
Figure 58, and the ends of the three windings 
form three junctions of two conductors each. 

Figure 58 
Delta Type Winding 

1. Stator Junction 
2. Stator Junction 
3. Stator Junction 

3. Unsolder the diod~ connecting leads from the 
stator junctions, Figure 59. Separate the leads as 
shown in Figure 60. 

4. Use an ohmmeter or 12 volt test lamp to test 
each of the circuits A , Band C for faults. 

NOTE: The resistance of each winding is very 
low, being approximately O. 1 ohm. Therefore, 
the ohmmeter test will indicate continuity, open . 
circuit or ground without due reference to actual 
value or resistance. The 12 volt test lamp willalso 
indicate continuity, open circuit or ground. 

5. Rs-assemble the stator and diodes using only 
resin core solder to ensure good electrical con
nections. Route the leads in their original posi
tion for ease of assembly. 
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IMPORTANT: Use a heat shield to protect the 
diodes when re·soJdering them to the stator. 

Figure 59 
Stator Connecting Lead Junctions 

1. Diode Connecting Leads 
2. Stator 
3. Stator Junctions 

Fan, Pulley and Spacer: 

1. Inspect the fan for cracked or broken fins and 
note the condition of the mounting hole. If the 
hole is worn from running toose, install a new 
fan. 

2. Inspect the pulley for possible wear on the drive 
surfaces and check the condition of the bore and 
keyway. 

3. Examine the spacer for cracks. Install a new 
spacer if cracks are evident. 
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Figure 60 
Stator Connecting leads Separated for Test 

Purposes 
1. Circuit A 
2. Circuit B 
3. Circuit C 
4. Frame 

Rotor and Front Housing : 

1. Inspect the front bearing cavity for evidence of 
wear. Note the condition of the retainer recess 
and replace the housing if necessary. If the 
original housing is to be fe-used, clean with sol
vent then dry with compressed air. 

2. Examine both the rotor and stator poles for signs 
of rubbing indicating worn bearings. 

3. If there is no visible evidence of worn bearings, '. 
check whether the bearings allow side move
ment of the rotor shaft, if so the bearings must· 
be renewed. 

NOTE: When fully reconditioning an alternator 
the bearings should be renewed irrespective of 
apparent condition. The bearings are fully sealed 
and cannot be serviced. 
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Bearing Removal and Installation: 

1. Use Tool Nos. 9190 and 9196 to pull the front 
bearing from the rotor shaft as shown in Figure 
61. 

Figure 61 
Front Bearing Removal 

1. Puller - Tool No. 9196 
2. Step Plate 
3. Rotor 
4. Pulling Attachment - 9189 
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2. Remove the front bearing retainer from the 
shaft, inspect for distortion and replace if 
necessary. 

3. Clean the front bearing cavity and remove any 
burrs or sharp edges. 

4. Press or tap the front . bearing into the housing 
using a 1-1 / 8 in. 129 mml socket or a driver tool 
that exerts pressure on the outer race only, 
Figure 62. 

Figure 62 
Front Bearing Installation 

1. Mallet 
2. 1-1 / 8 in. 129 mml Socket 
3. Front Housing 

5. Replace the front bearing retainer in the recess, 
Figure 63. Be sure the retainer securely locks into 
the recess and the ears align with the opening in 
the housing. 

6. Use Tool Nos. 9190, 9196 and a 7/ 32 in. 155 mml 
socket to pull the rear bearing from the rotor as 
shown in Figure 64 . 

7 . Inspect the bearings for adequate lubrication. 

8. Support the front of the rotor shaft in a press. 
Use a 7/ 16 in. 112 mml socket, or suitable sleeve 
that exerts pressure on the inner race only, to 
press the rear bearing over the rotor, Figure 65. 

9. Support the base Irear bearing areal of the rolor 
in a press then place the front housing and bear
ing assembly over the shaft. 

10. Use an 11 / 16 in. 118 mml deep socket, or 
su itable sleeve contacting the inner bearing race 
only, to press the front housing and bearing over 
the rotor shaft until the bearing contacts the 
shoulder on the shaft, Figure 66. 
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Figure 63 
Front Bearing Retainer Installed 

1. Front Bearing 2. Retainer 3. Front Housing 

Figure 64 
Rear Bearing Removal 

1. Puller-Tool No. 9196 
2. 7/32 in . (5 mm) Socket 
3. Rotor 
4. Pulling Attachment- Tool No. 9190 
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Figure 65 
Rear Bearing Installation 

1. Press 
2. 7 / 16 in . (12 mm ) Socket 
3. Rear Bearing 
4. Rotor 

ROTOR ELECTRICAL TESTS 

Check the rotor assembly, Figure 67, for electrical per
formance as follows: 

Test A - Rotor Coil Current Draw 

With reference to Figure 68. 

1. Connect a field rheostat in series with an am
meter and the battery positive terminal. 

Connect the black (negative) lead from the am
meter to one of the two rotor slip rings. 
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Figure 66 
Pressing Front Housing (With Bearing Installed) 

Figure 68 
Rotor Coil Current Draw Test 

over Rotor Shaft 
1. 11/16 in. (18 mm) Deep Socket 
2. Front Housing and Bearing 
3. Rotor 
4. Press 

Figure 67 
Rotor Test Points 

1. Tests A and B 
2. Tests C and D 
3. Wear Points 
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1. Voltmeter 4. Field Rheostat 
2. Ammeter 5. Slip Rings 
3. 12 Volt Battery 

2. Connect a voltmeter between the slip rings with 
the positive lead attached to the same slip ring as 
the ammeter negative lead . 

3. Set the field rheostat to the maximum resistance 
position and attach a jumper cable from the bat
tery negative terminal to the other sl ip ring . 

4. Adjust the field rheostat until the voltmeter 
registers 10 volts. 

5. The ammeter should read 1.8 to 2.4 amps at 
700-8O"F (21°-27° C). 

Test B - Rotor Coil Resistance 

1. Use an ohmmeter to check the resistance of the 
rotor coil winding by connecting the leads to the 
two slip rings . The resistance should be 4.0-5.2 
ohms. 

If the resistance is less than 4.0 ohms, a short cir
cuit in the rotor coil is indicated. 

If the resistance is greater than 5.2 ohms, a 
broken winding or defective slip ring connection 
is indicated and the rotor assembly should be 
replaced . 



CHAPTER 4 

Test C - Rotor Slip Ring Ground Test 

1. Using a 12 volt test light, touch one test probe to 
the rotor shaft and the other probe to each slip 
ring in turn . If the light is illuminated when either 
of the slip rings are contacted, a grounded slip 
ring is indicated and the rotor assembly should 
be replaced. 

2. Clean the brush contacting surface of the slip 
rings with a gasoline-moistened cloth. 

If the slip rings are burnt and require re-finishing , 
use very fine glass paper (not emery cloth) and 
wipe clean. 

NOTE: Be sure the re-finishing glass paper is 
sufficiently fine to produce a highly polished slip 
ring surface otherwise brush wear will occur. 

3. Check for a worn key slot, bearing surfaces, 
stripped threads and scuff marks on the pole 
fingers. Replace the rotor if any of the above 
faults are observed . 

Test D - Rotor Coil (Field) Ground Test 

Defective coil or lead wire insulation allowing the wire 
to contact any metal parts of the rotor will ground the 
rotor (field) coil. Damage to the regulator can result 
and the alternator will fail to reach the rated output. By 
using a relatively high voltage for this check, slight 
leakage can be detected before actual failure occurs, 

WARNING: Avoid touching the bare test probes, as a 
severe electrical shock WIll result. 

With reference to Figure 69 . 

1. Connect a 110 volt A.C. supply operated 15 watt 
test lamp between each of the slip rings in turn 
and the rotor poles and shalt. 

The test lamp should not light. 

Replace the rotor assembly if the sl ightest glow 
is detected in the test lamp. 

ASSEMBLY 

Assembly of the alternator follows the disassembly 
procedure in reverse. On assembly observe the follow
ing requirements : 
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Figure 69 
Rotor Coil (Field) Ground Test 

1. Rotor Shaft 
2. Slip Rings 
3. 110 Volt A .C. Supply 
4. 110 Volt 15 Watt Test Lamp 

• Be sure the;: internal insulating sleeves and 
washers are correctly positioned over the rectify
ing diode studs, as shown in Figure 70. 

• Alter inserting the diode studs through the open
ings in the rear housing , position the external in
sulating washers as shown in Figure 71 . Install 
the locknuts and tighten securely. 

• Alter assembly conduct the "Alternator Bench 
Check" as follows . 

ALTERNATOR BENCH CHECK 

1. Mount the alternator in a test fixture capable of 
providing 3000-4000 alternator rev! min . 

2. Set the drive motor direction of rotation as re- . 
quired by the alternator fan to be sure of proper 
cooling . 

3. Connect the test circuit as shown in Figure 72. 

4. Switch the ammeter to show possible discharge 
during connection . Reverse the meter for the 
output test. 
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Figure 70 
Diode Insulators-Internal 

1. Insulating Sleeves and Washers 
2. Negative Diode Assembly 
3. Positive Diode Assembly 
4. Not Insulated 

5. Set the field rheostat to the maximum resistance 
before connection into the system. 

6. Start the drive motor and adjust to obtain 
3000-4000 alternator rev/ min . 

Figure 71 
Diode Insulators External 

1. Positive Diode Assembly 
2. Negative Diode Assembly 
3. Insulating Washers 
4. Not Insulated 
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Figure 72 
Alternator Bench Check (Less Regulator) 

1. Ammeter 
2. Voltmeter 
3. 12 Volt Battery 
4. Field Rheostat 

7. Reduce the resistance of the field rheostat. The 
alternator should now commence to charge. 

8. Continue to reduce the rheostat resistance until 
th~ alternator reaches the rated output, see 
"Specifications" - Chapter 6. DO NOT operate 
the alternator for more than a few minutes in this 
manner due to lack of voltage control. 

If the alternator delivers the rated current output, 
terminate the test. 

If the rated output cannot be obtained, then the 
rotor, stator or diodes are faulty. 

INSTALLATION 

Installation of the alternator is the removal procedure 
in reverse. On installation observe the following re
quirements: 

• Be sure the battery ground cable is disconnected 
from the battery when installing the alternator. 

• Adjust the alternator drive belt tension as 
previously described in this Chapter. 
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The ignition system consists of the distributor and 
distributor drive assembly, ignition coil, spark plugs, 
and wiring necessary to connect the components, see 
Figure 73. The purpose of the ignition system is to 
have available at the proper spark plug , enough 
voltage to cause a spark to jump the spark plug gap for 
ignition of the fuel -air mixture in the cylinder. 

The flow of current through the primary windings 
creates a strong magnetic field within the ignition coil. 

Two basic circuits, the primary (low voltage) circuit 
and the secondary (high voltage) circuit, are contained 
in the ignition system . 

The primary circuit consists of the battery and alter
nator, key-starter switch, ignition coil primary wind
ings, distributor contact breaker points, condenser 
and associated primary circuit wiring . The purpose of 
the primary circuit is to build up a strong magnetic 
field in and about the ignition coil secondary windings, 
and to cause the field to collapse when required . 

The secondary circuit consists of the ignition coil 
secondary windings, the ignition coil secondary lead, 
distributor rotor, distributor cap, spark plug wires, and 
the spark plugs. 

With the key-starter switch in the 'start' position and 
the distributor contact points closed, the current in the 
primary circuit flows from the battery, through the low 
tension wires, through the ignition coil primary wind
ings, through the distributor contact points, and back 
to the battery through ground. 

PRINTED IN U.S.A. 

B 

Figure 73 
Ignition System Schematic 

A. To Starter 
B. To (1) Battery Terminal 
1. Distributor 
2. Starter Relay 
3. Key Starter Switch 
4. Coil 
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When the contact points begin to open, the primary 
circuit is broken and the low voltage current flows into 
the condenser. The condenser stops the flow of the 
primary current suddenly, resulting in a quick collapse 
of the magnetic field around the coil primary windings. 

This action induces a high (secondary) voltage in the 
secondary windings of the coil. The high voltage car
ries the required current from the coil, through a high 
tension wire, to the distributor center terminal. From 
the center terminal, the high voltage is transmitted by 
the distributor rotor to the correct spark plug wire con
tact in the distributor cap, to the spark plug high ten
sion wire, and into the spark plug. The current passes 
through the spark plug and across the spark plug gap, 
where a spark occurs, resulting in the ignition of the 
fuel-air mixture in the combustion chamber. 

The spark timing is regulated by centrifugal and 
vacuum spark advance mechanisms. 

The centrifugal spark advance, Figure 74, through a 
set of weights and springs, advances the spark as re
quired for engine speed and maximum power. The 
weights are attached to the distributor cam assembly 
which rides on the distributor sh~ft. As engine speed is 
increased, the outward movement of the weights 

Figure 74 
Centrifugal Spark Advance Mechanism 

1. Distribution Cam 5. Primary Spring 
2. Secondary Spring 6. Distributor Shaft Plate 
3. Tab 7. Weight 
4. Stop 
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overcomes the spring tension and advances the cam 
assembly in relation to the distributor shaft, providing 
an earlier spark. 

The vacuum spark advance, Figure 75, provides the 
spark timing required for fuel economy under part 
throttle operations. This advance is additional to the 
centrifugal advance obtained under these conditions. 
The vacuum advance is operated by engine vacuum 
which acts on a diaphragm attached to the distributor 
breaker plate. When a vacuum is applied, the breaker 
plate is rotated against the direction of rotation of the 
cam assembly, advancing the spark. 

Figure 75 
Vacuum Spark Advance Mechanism 

1. Breaker Point Assembly 
2. link 
3. Diaphragm 
4. Flat Washer 
5. Spring 
6. Stop 
7. Breaker Plate 

B. IGNITION SYSTEM TESTS 

Trouble in the ignition system is caused by a failure in 
the primary circuit, secondary circuit, or by improper 
ignition timing. For easier and rapid diagnosis, and for 
most conclusive tests results, it is recommended that 
an oscilloscope be used to diagnose ignition system 
problems. 
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When using the test equipment, follow the manufac
turer's recommended test procedures. If test equip
ment is not available, observe the following test pro
cedures. Ignition system specifications are outlined in 
the "Specifications" - Chapter 6. 

Prior to testing the ignition system, note the following 
points: 

• To accurately check the ignition system, the bat
tery must be fully charged; otherwise, specified 
test values cannot be obtained . Check the bat
tery, see "Battery Tests" - Chapter 2. 

• In each of the ignition system checks, the engine 
must be cra nked to obtain a voltmeter reading. 

• Remove the coil-ta-distributor high tension lead 
from the distributor and ground it to prevent the 
engine from starting during cranking . 

PRIMARY CIRCUIT 

Voltage at the Coil: 

1. Attach the voltmeter positive lead to the ignition 
coil "BAT" (Battery) terminal. 

2. Attach the voltmeter negative lead to a good 
ground. 

3. Crank the engine and observe the voltage 
reading . The voltage reading should be approx
imately battery voltage . 

• If the voltage reading is approximately the 
same as battery voltage, the primary circuit 
from the battery to the coil is satisfactory. 
Proceed to " B. ignition Coil Test" . 

• If the voltage reading is more than 0.7 volt 
below battery voltage, proceed to Step 4. 

4. With the voltmeter leads still in position, attach a 
jumper lead between the battery positive ter
minal and the ignition coil " BAT" terminal. 

• If the voltage reading does not change, check 
the ground circuit. If the voltage reading does 
not exceed 0-;2. volt during the ground circuit 
test, the ignition coil is defective; if the 
voltage reading exceeds 0.2 volt, the ground 
circuit is poor. Check the connections and if 
necessary install a new cable. 
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• If the voltage reading changes to approx
imately battery voltage, there is an excessive 
voltage drop (resistance) in one or more of the- · 
components in the circuit from the battery to 
the ignition coil. Without disconnecting the 
voltmeter leads, check the -individual com
ponents by using a jumper lead to bypass 
each portion of the circuit as outlined below. 

NOTE: Install a new component if, during any 
of the checks in Step 4, the voltmeter reading 
was approximately battery voltage . . 

Ignition Coil-To-Starting Motor Relay Wire: 

Connect jumper lead between battery positive terminal 
and relay input terminal. 

Starting Motor Relay-to-Key-Starter 
Switch Wire: 

Connect jumper lead between relay input terminal and 
key starter switch " BAT" terminal. 

Key-Starter Switch: 

Connect jumper between key-starter switch " BAT" 
terminal and key-starter switch "accessory" terminal. 

Key-Starter Switch-to-Ignition Coil Wire: 

Connect jumper lead between key-starter switch " ac
cessory" terminal and ignition coil " BAT" terminal. 

Ignition Coil Test: 

If correct battery voltage is available at the ignition coil 
"BAT" terminal, check the voltage at the ignition coW 
"DIST" (distributor) terminal as follows: 

1. Attach the voltmeter positive lead to the ignition 
coil "DIST" terminal. 

2. Attach the voltmeter negative lead to a good 
ground. 

3. Reinstall the high tension lead in the distributor 
and start the engine. 
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4. With the engine idling, the voltmeter reading 
should be 9.6 volts, or more. If the voltage is less 
than 9.6 volts, install a new ignition coil as detail
ed in Section E of this Chapter. 

NOTE: A weak battery will cause a lower-than
normal voltage reading. 

Contact Breaker Point Resistance : 

1. Connect the voltmeter positive lead to the igni
tion coil "DIST" terminal. 

2. Anach the voltmeter negative lead to a good 
ground. 

3. With the contact breaker points closed, the 
voltmeter reading should not exceed 0.1 volt. If 
the reading is greater than 0.1 volt, install new 
contact breaker points as detailed in Section C of 
this Chapter. . 

NOTE: If the voltmeter indicates battery voltage 
after connecting the voltmeter leads, the points 
are open. To close the points, crank (but do not 
start) the engine using the key-starter switch. 

4. Check the condition of the contact breaker 
points, see Figure 76. 

CONDITION IDENTIFICATION DESCRIPTION OR CAUSE 

m Any discoloration other than 
BURNED a frosted slate grey shall be 

considered as humed points. 

--

~ 
EXCESSIVE Incorrect alignment. Defee-.. METAL live condenser. Extended 

e~ TRANSFER operation of the engine at 
OR PITTING speeds other than normal. 

Figure 76 
Breaker Point Inspection 

SECONDARY CIRCUIT 

Ignition Coil-To-Distributor .High Tension Lead: 
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1. Remove the ignition coil-to-distributor high ten
. sion lead from the distributor. 

2. While cranking the engine, hold the high tension 
lead approximately 0.75 in. (19 mm) from a good 
ground. 

3. Observe the spark. If the primary cirCUit IS In 

good condition, a blue spark should jump the 
gap regularly. If not, either the high tension wire 
or the secondary windings in the ignition coil are 
defective. To ;nstall a new ignition coil, refer to 
Section E of this Chapter. 

Distributor-To-Spark Plug High Tension Leads: 

Check each spark plug lead as follows: 

1. Disconnect the lead from the spark piug and 
push the lead terminal through the insulator. 

NOTE: The spark plug terminal on the high ten
sion lead must extend outside the insulator to 
properly check the gap, as outlined in Steps 2 
and 3 below. An adapter wire may be used by in
serting it into the connector inside the insulator, 
providing a good connection is made. 

2. While cranking the engine, hold the end of the 
lead (or adapter) approximately 0.5 in . (13 mm) 
from a good ground, 

CAUTION: Place the transmission selector lever 
in neutral before cranking the engine. 

3. Observe the spark. A blue spark should jump the 
gap regularly. If not, either the rotor, distributor 
cap, or the spark plug wires are defective. 

Ignition Coil Polarity 

Polarity is checked by connecting a volt-meter positive 
lead to ground and the negative lead to a spark plug 
terminal (engine running). If the voltmeter reads 
upscale, polarity is correct; if it reads downscale, it is 
reversed. If reversed polarity is detected, reverse the 
wires attached to the " DIST" and "BAT" terminals on_ 
the ignition coil. 

SPARK PLUGS 

If the checks under "Distributor-to-Spark Plug High 
Tension Leads" are satisfactory, inspect and clean the 
spark plugs. If a spark plug tester is available, check 
the plugs for compression leakage following the 
manufacturer's instructions for the use of the equip

ment. 
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INITIAL IGNITION TIMING WITH 
A TIMING LIGHT 

NOTE: Always check ignition timing with the vacuum 
line disconnected. 

1. Disconnect the No.1 spark plug wire from the 
distributor cap. Plug a timing light adapter into 
the distributor cap and into the spark plug wire. 
Connect the secondary (high tension) lead of the 
timing light to the adapter. 

2. Connect the primary negative (black) lead of the 
timing light to the battery ground terminal. Con
nect the primary positive (red) lead to the battery 
positive terminal. 

3. Start the engine and direct the timing light onto 
the flywheel housing opening. The timing should 
be as outlined in " Specifications" - Chapter 6. 

Figure 77 
Distributor Timing Clamp 

1. Timing Clamp 

4. If the timing is not correct, loosen the distributor 
timing clamp bolt, Figure n and turn the 
distributor clockwise to advance the timing or 
counter-clockwise to retard the timing. Tighten 
the timing clamp bolt after setting the timing. 

5. Reconnect the vacuum line. 
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CENTRIFUGAL AND VACUUM ADVANCE 

If it is necessary to check the distributor advance 
mechanisms, a distributor tester must be used. Follow 
the manufacturer's instructions for proper use of the 
tester. Refer to Figure 79 for the centrifugal advance 
curves, and Figure 80 for the vacuum advance curves. 

Centrifugal Advance Setting: 

If the centrifugal minimum advance setting is not 
within the specified limits. Figure 79. adjust as follows: 

1. Align the primary spring adjustment tab with the 
hole in the upper breaker plate. and bend the tab 
in the required d.irection with a screwdriver. 
Bend the primary spring adjustment tab. Figure 
78 away from the distributor shaft to decrease 
the advance, and toward the shaft to increase 
the advance . 

Figure 78 
Distributor Weight Assemblies 

1. Weight 
2. Secondary Spring 
3. Adjusting Tab 
4. Cam 
5. Weight 
6. Primary Spring 
7. Adjusting Tab 

2. After making the adjustment. recheck the 
minimum advance point. If proper adjustment 
cannot be obtained, install a new primary spring 
and readjust the spring tab as necessary. 

3, Check the maximum advance point. If the max
imum advance point is not within limits, bend the 
secondary spring adjustment tab as required, 
Figure 78, in the same manner as for the primary 
spring adjustment in Step 1. If necessary. install 
the new secondary spring and readjust the spring 
tab as required , 
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4. Recheck the complete centrifugal advance range 
to be sure the distributor is within its operating 
range at minimum, intermediate, and maximum 
advance points. 

Vacuum Advance Setting: 

If the vacuum advance is not within the specified 
limits, Figure 80, add or remove the diaphragm spring 
flat washers, Figure 75 as required. Adding washers 
between the diaphragm spring and the diaphragm 
plug decreases the advance, and removing washers in
creases the advance. 

1
', ~ 
10 
9 

X ~ 

'00 1000 1500 2000 2.500 

~----------y----------~ 

Figure 79 
Centrifugal Spark Advance Curves 

X. Distributor Advance - Degrees 
Y. Distributor - Rev / min . 

x · 

1 ! , 10 " '0 " >------------y-----------1 

Figure 80 

Vacuum Sprak Advance Curves 
X. Distributor Advance-Degrees 
Y. Distributor Speed - Rev/min. 
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CHECKING IGNITION CONTACT POINT 
DWELL ANGLE 

Dwell angle is the number of degrees of cam rotation 
in which the contact points remain closed. The dwell 
angle must be properly set so the ignition coil has time 
to build a magnetic field. Dwell angle is extremely im
portant at high engine speeds because of the reduced 
time for the ignition coil to build this magnetic field. 

At low and high speed operations, both dwell angle 
and point gap must be correctly set to prov.ide.good all 
around ignition system performance. There is a 
definite relationship between point gap and point 
dwell angle, see Figure 81. When the point dwell angle 
is increased, point gap is decreased and vice versa. 
The distributor is designed so that when dwell is pro
perly set, the gap should also be properly set. 
However, it is not sufficient to check only the dwell or 
only the gap. Several items can cause insufficient gap 
even though the dwell is properly adjusted. Among 
these are improper or wrongly positioned fiber block, 
worn cam lobes or fiber block, or the wrong type 
breaker point assembly. 

A 

Figure 81 
Distributor Point Gap and Dwell Angle 

A. Point Gap 
B. Dwell Angle 
1. Gap 
2. Points Close 
3. Dwell 
4. Points Open 

The most accurate method of checking the dwell 
angle is with an oscilloscope or a dwell meter. Several 
types of dwell meters, both electrical and mechanical, 
are available. 
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• Connect the dwell meter by following the 
manufacturer's recommendations furnished with 
the unit. 

• Record the dwell angle as indicated by the dwell 
meter. 

NOTE: Most dwell meters will not have a 3-lobe posi
tion (for 3-cylinder engines). ',herefore, it will be 
necessary to use the 6-lobe position. The 35°_38° 
dwell angle will read 70°-76° when using the 6-lobe 
position. 

Ignition point dwell angle is normally determined by 
point gap. Ignition points that are not adjusted proper
ly will cause extended or retarded dwell, and subse
quent misfiring. 

The following items should be considered when ad
justing point dwell angle. 

• Points that are pitted or corroded cannot be ad
justed properly. 

• An excessively worn f iber block will prevent pro
per point adjustment. 

• The distributor shaft must be properly aligned; a 
bent distributor shaft will caue a distorted dwell 
angle measurement. 

• The cam must be properly lubricated to allow 
proper travel of the f iber rubbing block. 

C . DISTRIBUTOR 

DESCRIPTION 

The distributor is mounted on the distributor drive 
housing and is driven at one-half 'engine speed. The 
distributor contains the distributor cap, rotor, dust 
cover, breaker points, ignition condenser, and the 
spark advance mechanisms required to properly time 
the spark. 

Distributor Cap, Rotor and Breaker Dust Cover 

The distributor cap fits over the distributor housing 
and is retained by two metal clips. Aluminum inserts 
are cast into the cap towers to hold the ends of the 
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spark plug wires. These inserts extend down inside the 
cap and make an electrical contact (through an air 
gap) with the metal strip protruding from the outer end
of the rotor. This strip serves to extend the secondary 
circuit to the applicable spark plug as the distributor 
shaft rotates and the rotor moves from plug wire con
tact to plug wire contact . 

The opposite end of the strip bears against a carbon 
button located under the center or ignition coil ter
minal of the distributor cap . 

The dust cover divides the high and low tension sides 
of the distributor and serves to seal foreign material 
and moisture from gaining access to the breaker 
points and advance mechanism. An O-ring is used at 
the outside of the cover to form a seal with the 
distributor housing and a felt washer at the center of 
the cover to form a seal with the distributor shaft. 

Breaker Points 

The function of the breaker points is to open and close 
the primary circuit to interrupt the current flow 
through the primary winding of the ignition coil, thus 
causing the coil to produce voltage high enough to 
jump the gap at the spark plugs at the desired instant 
during the compression stroke. 

Condenser 

The condenser, connected across the breaker points,. 
suddenly stops the flow of electricity in the primary cir
cuit when the breaker points begin, to open. This 
prevents arcing at the breaker points while the points 
are opening, and quickly collapses the magnetic field 
in the coil. 

Spark Advance Mechanisms 

The spark advance mechanisms time the delivery of._ 
the high voltage current to the cylinders at the exact 
instant to ignite the fuel-air mixture. The advance 
mechanisms are: 

• Vacuum advance, which regulates the spark tim
ing required for maximum economy under part 
throttle operations_ 

• Centrifugal advance, which regulates the spark 
timing required for speed and maximum power. 
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DISTRIBUTOR OVERHAUL 

REMOVAL 

1. Disconnect the primary wire from the coil "BAT" 
terminal. 

IMPORTANT: Be sure the key-starter switch is 
in the "OFF" position. 

2. Loosen the vacuum line at the intake manifold . 
Remove the vacuum line from the distributor and 
swing it out of the way. 

3. Disconnect the spark plug wires and the secon
dary high tension lead from the distributor ter
minal housing {capl. 

4 . Unsnap the distributor cap clamps and remove 
the cap from the distributor. Note the position of 
the rotor in relation to a fixed point on the 
distributor housing for installation purposes. 

5. Remove the distributor timing clamp retaining 
bolt and lift the distributor from the drive hous
ing, Figure 82. 

6. Cover the distributor hole in the drive housing to 
prevent the entry of foreign material. 

Figure 82 
Distributor Removal 

1. Distributor 
2. Timing Clamp 
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DISASSEMBLY 

With reference to Figure 83. 

1. Remove the rotor and dust cover. 

2. Remove the retaining clip that secures the 
diaphragm arm to the upper breaker plate. 

3. Remove the screw and lockwasher assembly, 
and the flat washer that secures the vacuum ad
vance assembly to the distributor base; then lift 
the diaphragm arm off the pin and· remove the 
vacuum advance assembly. 

4. Disconnect the primary wire and the condenser 
wire from the breaker point assembly. Remove 
the primary wire from the distributor housing. 
(Pull the wire from the inside to avoid damaging 
the seal). 

5. Remove the condenser and breaker point 
assemblies. Remove the ground wire from the 
lower breaker point plate. 

NOTE: Two types of breaker point assemblies 
are used on Ford Tractors; a pivoting-type and a 
non-pivoting type, see Figure 84. The function 
adjustment of both types are the same; however, 
the electrical connection on the pivoting-type is 
secured with a lock washer and nut, whereas the 
non-pivoting-type uses a screw. 

6. Remove the lubrication wick from the top of the 
cam assembly. 

7. Detach the upper breaker plate by removing the 
retaining clip, flat washer, and spring washer. 

8. Detach the bracket and clamp assemblies by 
removing the two retaining screws. 

9. Remove the lower breaker plate. Using a pair of 
needle-nose pliers, remove the cam retainer. 

10. Unhook and remove the centrifugal advance
weight spring. 

NOTE: Mark each advance spring, weight, and 
adjusting tab so they will be reassembled cor
rectly. The primary spring is the spring under 
tension when in a static position. 

11. Remove the cam assembly . 

12. Remove the distributor shaft thrust washer, 
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Distributor - Disassem bled 
1. Cap 
2. Rotor 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

Dust Cover 
Condenser 
Ground Wire 
Lower Breaker Plate 
Setll Retainer 
Seal 
" 0" Ring 
Breaker Point Assembly 
Upper Breaker Plate 
Cam Retainer 
Wick 

14. Cam Assembly 
15. Thrust Washer 
16. Weight 
17. Distributor Shaft 
18. Bushing 
19. Screw and Lock Washer 
20. Base 
21. Bracket and Clamp 
22. Vacuum Advance Assembly 
23. Driven Gear 
24. Timing Clamp 
25. Primary Wire 
26. Weight Spring 
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Figure 84 
Distributor Components 

1. Breaker Arm Terminal 
2. Primary Wire 
3. Ground Wire 
4. Lower Breaker Plate Pivot Pin 
5. Condenser 
6. Stationary Breaker Point 
7. Movable Breaker Point 
8. Adjusting Screw 
9. Non-Pivoting Type Breaker Point Assembly 

13. Remove the distributor weight retaining clips and 
remove the weights. 

14. If the gear and shaft are to be reused, mark them 
so the pin holes can be easily aligned during 
reassembly. Remove the gear by using a small 
punch to drive out the retaining pin. Press the 
gear off the shaft. 

15. Pull the shaft out of the top of the distributor 
housing. 

16. Remove the O-ring seal from the distributor 
base. 

17. Scribe a mark on the timing clamp and 
distributor housing for an aid in reassembly. 
Remove the timing clamp by removing the screw 
and square head nut and Sliding the clamp off 
the bottom of the distributor housing. 
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18. If the shaft bushing is damaged, or not within 
specified limits, remove it from the distributor 
housing. Where available, use Distributor Shaft 
Bushing Remover and Installer, Tool No. 1251, 
Figure 85. 

Figure 85 
Distributor Shaft Bushing Removal 

1. Distributor Shaft Bushing Remover and In
staller, Tool No . 1251 

INSPECTION AND REPAIR 

1. Soak all parts of the distributor (except the con
denser, breaker point assembly, lubricating wick, 
vacuum diaphragm, oil seals and electrical wir
ing) in a mild c1eaoing solvent or mineral spirits. 
With a clean dry cloth, wipe all parts mentioned 
above that cannot be immersed. 

2. After dust deposits have been loosened by soak
ing, scrub the parts with a soft bristled brush. 
Dry the parts with compressed air. 

NOTE: Do not use a wire brush, file, or other 
abrasive material to clean the parts. 

3. Inspect the cap and rotor for cracks and carbon 
tracks which will cause the high tension current 
to short out to ground. Also check these parts 
for burned terminals and any indications of ero
sion. The breaker cover should be inspected for 
breakage. If the felt and O-ring seals are damag
ed, new ones should be instailed. 
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4. Inspect the bearing surface of the distributor 
shaft for wear . Install a new shaft if it is ex
cessively worn. 

5. Inspect the distributor cam lobes for wear. If any 
lobe is scored or worn, install a new cam 
assembly. 

6. Inspect the upper and lower breaker plate 
assemblies for signs of distortion. Install new 
assemblies if they are defective. 

NOTE: New breaker points and condenser 
should be installed whenever the distributor is 
overhauled. 

7. Inspect the electrical wIring for fraying and 
breaks. Install new wires as required. 

8. Check the distributor base for cracks or other 
damage. 

9. Check the vacuum disphragm housing and arm 
for damage. Check the vacuum line fitting for 
stripped threads or other damage. Test the 
vacuum fittings, case, and diaphragm for 
leakage. Install new parts if necessary. 

ASSEMBLY 

With reference to Figure 83. 

1. Coat a new distributor shaft bushing with oil and 
install it in the distributor base using Distributor 
Shaft Bushing Remover and Installer, Tool No. 
1251 as shown in Figure 86. To prevent damag
ing the bushing, use a flat washer under the 
shoulder of the tool. 

2. Ream the bushing to the limits specified, Figure 
87. 

3. Apply a small amount of oil on the shaft and slide 
the shaft into the distributor housing. 

4. Press the gear into positi.on on the shaft . Use the 
marks on the shaft and gear to align the pin 
holes. 

5. Install the gear retaining pin. 

6. Check the shaft gear end play with a feeler gauge 
placed between the gear and distributor base, 
Figure 86. For the acceptable distributor shaft 
end play limits, see "Specifications" - Chapter 
6. 
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Figure 86 
Distributor Shaft Bushing Installation 

1. Tool No. 1251 
2. Washer 

7. Position the distributor in a vise equipped with 
soft jaws. Fill the grooves in the weight pivot pin 
with a multi-purpose lithium-base type grease. 

8. Position the. weights on the pivot pins and secure 
them with the retaining clips, Figure 78. 

9. Install the distributor shaft thrust washer. 

10. Fill the grooves in the upper portion of the shaft 
with a multi-purpose lithium-base type grease. 

11. Install the cam assembly. Make sure the slots in 
the cam base are positioned over the weights. 

12. Install the weight springs as shown in Figure 78. 

NOTE: Be sure the proper weight spring and ad
justing tab are assembled as marked when 
removed. 

13. Apply a light film of cam lubricant evenly on the 
cam surface and install the cam retainer. 

14. Saturate the lubrication wick with SAE 10W 
engine oil and install the wick in the top of the 
cam assembly. 
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15. Position the lower breaker plate in the 
distributor. Be sure the breaker plate tabs are up 
and the pivot pin located in the position shown in 
Figure 84. 

16. Position each distributor cap bracket and clamp 
assembly on the distributor housing and secure 
them to the lower breaker plate. 

17. Position the upper breaker plate over the pivot 
pin on the lower breaker plate. Install the spring 
washer (dished face up) on the pivot pin. Place 
the flat washer on the spring washer and install 
the retaining clip. 

18. Install a new breaker point assembly. 

NOTE: Two types of breaker point assemblies 
are used on Ford Tractors: a pivoting type and 
non-pivoting type, see Figure 84. The function 
and adjustment of both types are the same, 
however, the electrical connection on the 
pivoting type is secured with a nut and 
lockwasher, the non-pivoting type uses a screw, 

19. Install the ground wire. 

20. Install the condenser. 

21. Install the primary wire. Pull the wire in the 
distributor base, feeding it through the opening 
from the inside until the locating stop is flush 
with the inside of the distributor. 

22. Connect the primary wire and condenser wire to 
the breaker point terminal. 

23. Install a new O-ring seal on the vacuum advance 
assembly and position the assembly in the 
distributor base. Hook the diaphragm arm over 
the pin on the breaker.plate. Secure the advance 
assembly with the screw and lock washer 
assembly, and the diaphragm arm with the re
taining clip. 

24. Install the clamp assembly, flat side toward the 
gear, aligning the two marks previously scribed 
on the clamp and housing. 

25. Install a new O-ring seal on the distributor base. 

26. Align and set the contact points as detailed 
under "Point Alignment and Gap." 
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Figure 87 
Reaming the Distributor Shaft Bushing 

1. Bushing Reamer 

INSTALLATION 

1. Remove the No. 1 (front) spark plug and the 
valve rocker arm cover. 

2. Rotate the engine slowly until air is forced from 
the No. 1 spark plug hole. At the same time, 
check the intake and exhaust valve push rods. 
Both rods should rotate freely, indicating that 
the piston is on the compression stroke .. 

3. Continue rotating the engine slowly until the 0" 
(TOC) flywheel mark is aligned with the arrow in 
the rectangular inspection opening in the rear 
engine cover plate. 

NOTE: This inspection opening is covered up by 
a dust cap which must be removed to view the 
flywheel. 

4. With this setting, place the distributor, dust 
cover installed, in the distributor drive housing 
with the rotor pointing toward the No.1 cylinder 
distributor cap contact. In this position, the 
distributor drive gear will be meshed properly 
with the timing gear. 
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Figure 88 
Checking Distributor Shaft End Play 

1. Distributor Gear 
2. Feeler Gauge 

NOTE: When the gears are properly meshed, 
there should be an angle of approximately 60° 
between the center line of the rotor at the No. 1 
distributor terminal, and the front face of the 
cylinder block, Figure 89. 

5. Loosen the bolt holding the timing clamp to the 
distributor base and rotate the distributor hous
ing until the breaker points start. to open. 

6. Hold the distributor housing, and center the tim
ing clamp slot on the timing clamp bolt hole. 
Tighten the timing clamp bolt. 

7. Install the spark plug, spark plug wire, distributor 
cap, and valve rocker arm cover. 

8. Reconnect the spark plug wires. Connect the 
secondary wire to the distributor cap, and the 
primary wire to the coil "DIST" terminal. 

9. Check the ignition timing as outlined in Section 
B of this Chapter. 
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Figure 89 
Correct Angle for Gear Mesh 

1. Rotor 
2. 60" 
3. Front Face of Block 

CONTACT BREAKER POINTS MAINTENANCE 

Point Removal and Installation 

The distributor does not have to be removed from the 
engine to service the distributor breaker point 
assembly, Figure 84. 

NOTE: Be sure the key-starter switch is in the "OFF" 
position. 

1. Remove the distributor cap. 

2. Remove the rotor assembly and dust cover from 
the distributor shaft. 

3. Loosen the nut and lock washer lor screw) that 
secures the condenser and primary wires to the 
moveable breaker arm terminal and remove the 
wire leads, Figure 84. 

4. Remove the screws and lock washers securing 
the breaker point assembly to the upper breaker 
plate and remove the point assembly. Remove 
the screw securing the condenser to the upper 
breaker plate. 
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5. Breaker points should be inspected, cleaned, 
and adjusted. If the contacts are badly burned or 
excessive metal transfer between the points is 
evident, Figure 76, install a new breaker point 
assembly and condenser. (Metal transfer is con
sidered excessive when it equals or exceeds the 
gap setting) . Tighten the screws and make sure 
the ground wire is secured to the breaker point 
assembly rear screw. 

6. Secure the condenser lead and the primary wire 
to the ignition point primary terminal . 

7. When the point gap has been properly set, 
reinstall the dust cover, rotor, and distributor 
cap. Make sure the rotor contacts and the 
distributor cap contacts are clean. Install a new 
rotor and a new distributor cap if the contacts 
are pitted or badly worn. 

8. Check the ignition timing as detailed in Section B 
of this Chapter. Adjust as necessary. 

9. Check the dwell angle as detailed in Section B of 
this Chapter. Adjust as necessary, see Figure 81 . 

Point Alignment and Gap 
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1. To align the breaker points, rotate the cam (by 
cranking the engine) until the points are closed. 

Using a suitable tool , align the contacts by ben
ding the stationary breaker point bracket, 
Figures 90 and 91. 

2. To adjust the breaker point gap, crank the engine 
slowly until the fiber rubbing block on the mov
ing arm contact is on the high point of one of the 
distributor cam lobes, Figure 81. Turn the key
starter switch to the OFF position . 

3. Slightly loosen the two breaker point bracket ad
justing screws. Insert a screwdriver blade into 
the adjustment slots; rotate the screwdriver until 
a feeler gauge blade of the thickness specified 
can be positioned between the contacts. With 
the feeler blade in position, rotate the 
screwdriver to obtain the desired gap. 

4. Tighten the adjusting screws and recheck the 
gap. Repeat the adjustments if the point gap 
changed while tightening the adjusting screws. 

Figure 90 
Aligning and Adjusting Break er Points 

1. Bend Stationary Bracket 

{E-A 

B 

Figure 91 
Breaker Point Alignment 

A . Correct Alignment B. Misalignment of Centres 
C. Misalignment of Point Faces 

1. Contact Area Centered 
2. Contact Area not Centered 
3. Contact Area not Centered 
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Point Spring Tension (Pivot-Type Only) 

Correct breaker point spring tension is essential for 
proper engine operation and normal breaker point life. 
To check the spring tension, place the hooked end of a 
Spring Tension Scale over the end of the movable 
breaker point, Figure 92. 

Figure 92 
Checking Br~aker Point Tension 

1. Breaker Point Spring 
2. Spring Tension Scale 

Pull the scale at a right angle (9(JO) to the movable arm 
until the breaker points start to open. 

If the tension is not within specifications, adjust the 
spring tension as follows: 

, . Disconnect the primary and condenser leads 
from the breaker point assembly primary ter
minal. 

2. Loosen the nut holding the breaker point spring 
in position; move the slotted spring toward the 
breaker arm pivot to decrease tension, and in the 
opposite direction to increase tension. 

3. Tighten the lock nut; then check the spring ten
sion. Repeat the adjustment until the specified 
spring tension is obtained. 

4. Install the primary and condenser leads using the 
lock washer and nut. Tighten the nut securely. 
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D. DISTRIBUTOR DRIVE 

DESCRIPTION 

The distributor drive assembly. Figure _93. is located on 
the front right -hand side of the engine and is attached 
to the engine and front adapter plate. 

The distributor drive assembly consists of a housing, 
housing cover, gasket, and distributor drive shaft 
assembly, and is driven by the governor ddve gear 
which is keyed to the distributor drive shaft assembly. 
The gear on the drive shaft assembly meshes with the 
distributor driven gear. 

The assembly is lubricated from the engine main oil 
gallery through a tube leading into the drive housing. 

The distributor is attached to the top of the drive hous~ 
ing and is secured with a retaining bolt. The bolt also 
acts to adjust the timing by securing the timing clamp. 
Refer to Figure 94 to identify the parts of the distri
butor drive assembly. 

Figure 93 
Distributor Drive Assembly 

, . Distributor Drive Housing 
2. Attaching Bolts 
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DISTRIBUTOR DRIVE MAINTENANCE 

REMOVAL 

1. Remove the ignition coil as detailed in Section E 
of this Chapter. 

2. Remove the distributor as detailed in Section C 
of this Chapter. 

3. Disconnect the governor linkage from the gover
nor arm. Remove the governor cover bolts and 
pry the governor cover off the dowel pins. 
Remove and discard the old gasket. See 
" ENGINE SYSTEMS" - Part 1. 

4. Remove the governor outer race . 

5. Remove the left-hand threaded nut and detach 
the governor driver assembly. 

6. Disconnect the lubrication line from the engine 
block and the distributor drive housing. 

7. Remove the three bolts that attach the 
distributor drive housing to the front engine plate 
and remove the housing, Figure 93. It may be 
necessary to tap the shaft from the governor 
drive gear with a soft hammer. 

DISASSEMBLY 

1. Remove the Woodruff key from the front of the 
shaft and remove the thrust washer, Figure 94. 

2. Remove the two rear housing cover bolts and 
remove the rear cover and gasket. Discard the 
old gasket. 
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3. Remove the shaft and drive gear from the hous
ing. 

NOTE: Do not remove the roll pin to separate 
the drive gear from the shaft. The gear, thrust 
washer, and shaft are a matched set and must be 
serviced as an assembly. 

INSPECTION AND REPAIR 

1. Wash the drive housing in cleaning solvent. 
Clean the gasket surfaces. Inspect the gasket 
su rfaces for nicks or burrs. Check the lubrication 
line fitting. 

2. Check the shaft bushing in the housing, Figure 
95, for wear, score marks, or burrs. Check the in· 
ternal diameter of the bushing with an inside 
micrometer; for the correct bushing diameter, 
see "Specifications" - Chapter 6. 

3. Check the shaft assembly for wear. Be sure the 
keyway is in good condition. Check the drive 
gear for wear or broken teeth . Check the thrust 
washer and snap ring between the gear and the 
shaft for damage. If any of these conditions ex
ist, discard the shaft assembly. 

4. Check the Woodruff key and the governor gear 
thrust washer for wear or damage. 

1. Bolt 

Figure 94 
Distributor Drive Assembly 

2. Washer 
3. Bolt 
4. Housing 
5. Drive Shaft and Gear 
6. Distributor Drive Gear 
7. Thrust Washer 
8. Nut 
9. Cover 

10. Gasket 
11. Lube Tube 
12. Bushing 
13. Thrust Washer 
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ASSEMBLY 

With reference to Figure 94. 

1. If the housing shaft bushing, Figure 95, does not 
meet specifications, install a new bushing. 

2 . Install a new lubrication line fitting if the old one 
is damaged. 

3. Install the drive gear and shaft assembly in the 
housing. Use a new rear cover plate gasket. 

4. Install the front thrust washer and position the 
Woodruff key in the keyway. 

Figure 95 
Dive Shaft Bushing 

1. Bushing 

INSTALLATION 

1. Using a new gasket, position the drive assembly 
on the front engine plate . Align the key on the 
shaft with the keyway in the drive gear and start 
the shaft into the gear. Install the three drive 
housing bolts and lock washers, Figure 93 . 

2. Position the governor driver assembly on the 
shaft and start the nut on the shaft. Tighten the 
nut to draw the gear onto the shaft; then tighten 
the nut to the correct torque, see "Specifica
tions" - Chapter 6. 
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3. Install the outer race. The shaft on the outer face 
fits into the distributor drive shaft . 

4 . Using a new gasket, place the governor cover in 
position on the dowel pins and install the at
taching bolts. Tighten the bolts to the correct 
torque, see " Specifications" - Chapter 6. 

5. Connect the linkage to the arm on the governor 
front cover. See "ENGINE SYSTEMS" - Part 
1. 

6. Install the distributor as detailed in Section C of 
this Chapter. 

7. Install the ignition coil as detailed in Section E of 
this Chapter. 

E. IGNITION COil 

DESCRIPTION 

The ignition coil is a step-up transformer which in
creases the low voltage output from the battery to the 
high voltage needed to jump the gap at the spark plug 
and ignite the fuel-air mixture in the combustion 
chamber. 

Two ignition coils may be encountered in service. 
Each is identified by its length and is to be used in the 
installation listed below: 

• The 5-inch ignition coil is used with the key
starter switch-to-coil resistance wire assembly, 
and the starting motor relay-to-coil jumper wire 
assembly, see Figure 73. 

• The 5-1 /2-inch ignition coil is used with the key
starter switch-to-coil non-resistance wire 
assembly, see Figure 73. 

NOTE: To determine if the ignition coil is func
tioning properly; perform the ignition coil test as 
detailed in Section B of this Chapter. -

IGNITION COIL MAINTENANCE 

REMOVAL 

1. Turn the key-starter switch to the "OFF" posi
tion. 
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2. Disconnect the key-starter switch-to-coillead, or 
leads Icoil "BAT" terminall and the primary lead 
Icoil " OIST" terminall. Remove the high tension 
Isecondaryl lead from the coil tower. 

3. Remove the two coil bracket-ta-distributor drive 
housing cover screws. Remove the coil and 
bracket assembly. 

4. Remove the coil from the bracket. The bracket 
may be reused if it is not damaged. 

INSPECTION 

Inspect the coil for dents, cracks, or a broken or 
damaged tower terminal. Install a new coil if 
necessary. 

INSTALLATION 

IMPORTANT: The primary terminal posts of the coil 
are marked "BA T" and "DIST" to distinguish the 
positive battery terminal and the negative distributor 
terminals. Care should be exercised in connecting the 
wires to the correct terminals. If the primary ignition 
wires are incorrectly attached to the coil, the coil will 
have reverse polarity. This will result in poor engine 
performance and probably a high speed misfiring con
dition. 

1. Attach the coil and bracket assembly Itower upl 
to the distributor drive housing cover. Tighten 
the attaching screws securely. 

2. Reconnect the secondary lead to the tower, the 
distributor primary lead to the " OIST" terminal, 
and the key-starter switch Ibatteryllead or leads 
to the "BAT" terminal. 

NOTE: Do not overtighten the " Distributor" and 
UBattery" terminal nuts. Make sure the secon
dary lead is properly fitted in the tower. 

F. SPARK PLUGS AND WIRES 

DESCRIPTION 

The spark plugs are located in the engine head and are 
easily accessible for removal and installation. 
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The purpose of the spark plug is to provide a proper 
gap, in the combustion chamber, across which a spark 
can be made to jump and ignite the fuel-air mixture
under all engine speed and load conditions . 

The heat range of a spark plug refers to the heat 
dissipation properties of the plug or the temperature 
limits within which a particular plug operates most effi
ciently, depending upon its ability to dissipate the heat 
of combustion. If the electrodes do not sustain a suffi
ciently high temperature, these deposits would ac
cumulate to the extent of fouling the plug. ' lf excessive 
heat is retained by the plug rather than dissipated 
through the plug shell and cylinder head to the engine 
water jacket, the insulator tip w ill become heated to 
the point of glowing and cause preignition . This is a 
premature ignition of the mixture by incandescence of 
the plug rather than by the correctly timed spark jump
ing the gap. 

The swi rling action of the gases minimize the forma
tion of carbon deposits at low speed by cleaning the 
inside of the plugs. The net result is a spark plug which 
resists low speed fouling, will not cause deterioration 
and provides improved service life. 

The spark plug gap must be large enough to provide 
an ample spark for idle and low speed operation but 
not so large as to prevent a spark at high speed and 
heavy load conditions. 

Spark plugs may become fouled by carbon from leak
ing or stuck valves, over rich carburation, an improper 
point gap setting, or oil. See Figure 96 for fouling con
ditions. 

Spark plugs should be cleaned and the gap checked 
Iwith a wire gaugel every 300 hours. Under normal 
operating conditions, new spark plugs should be in
stalled every 600 hours, or sooner if necessary. 

SPARK PLUG MAINTENANCE 

REMOVAL 

1. Remove the spark plug wire and seal assemblies 
from the cylinder head. 

2. Loosen each plug about one turn (counter
clockwise) to break free any accumulation of car
bon. dirt or gravel which may be lodged around 
the shell of the plug: 

", 
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Figure 96 
Spark Plug Inspection 

IMPORTANT: Use the correct size deep socket 
to avoid slipping and breakage of the spark plug 
insulator. 

3. Blowout spark plug ports with compressed air to 
remove dirt or gravel which may have collected 
around the base of the plug. 

4. Remove spark plugs and sealing washers and 
place them in a suitable holder in the order they 
were removed from the engine. 
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INSPECTION 

Spark plug testing consists of a careful visual inspec
tion and a comparison test in a pressure type tester (if 
available). 

Carefully inspect each plug for damage as outlined 
below_ Damaged or defective plugs should be discard
ed_ 

• Cracks and chips on the insulator inside and out
side, and loose terminals. 

• Blow-by marks on the outside of the insulator. 

• Excessive electrode erosion. 

• Blistering and erosion of the insulator tip. 

• Black carbon or oil deposits on insulator tip. 

A white deposit and blistering on the insulator and ex
cessive wear of the electrodes is usually caused by a 
spark plug that is loose in the cylinder head, a cracked 
or loose insulator, a leaking intake manifold gasket, or 
a lean air-fuel mixture (carburetor adjustment). 

An oily carbon deposit on the inside of the insulator 
would indicate excessive oil in the combustion 
chamber _ This could be caused by weak or worn rings_ 
A dry, fluffy, black deposit could be caused by a rich 
fuel-air mixture (carburetor fault) or an ignition failure. 

If a spark plug shows signs of operating. too hot or is 
accumulating carbon and oil deposits, find the cause 
before installing a new spark plug . 

If the plugs have operated at normal temperatures the 
condition of the electrodes usually indicates the extent 
and amount of service they have been subjected to. If 
the ground electrode is worn thin or the center elec
trode is worn down SO the gap is difficult or impossible 
to adjust the spark plug should be removed and a new 
plug installed _ 

Inspect the spark plug wires for frayed or cracked in
sulation, oil impregnation, or any indications of short
circuiting. New wires should be installed if any of 
these conditions exist. Also check the insulator seal to 
make sure it is effectively sealing foreign matter and 
water from the spark plug bore in the cylinder head_ 
Install a new seal if necessary. 
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CLEANING AND ADJUSTING 

1. Remove and examine the spark plugs. 

2. If the insulator and firing end of a plug is oily, 
clean by brushing with a suitable solvent and an 
air blast. Failure to do this before cleaning with 
an abrasive blast will cause abrasive to pack in 
the shell of the plug and make cleaning difficult. 

3. Clean the plug, preferably in an abrasive blast 
type cleaner. Follow the manufacturer's instruc
tions for the use of the equipment. Limit the 
cleaning time to about 3 seconds. Rotate the 
plug while it is being subjected to the abrasive 
blast. If upon inspection the plug is not found to 
be entirely clean it may be placed in the abrasive 
blast again for not longer than 3 seconds. Pro
longed use of the abrasive blast will wear away 
the insulator . 

4. 8e sure to remove all traces of the cleaning 
abrasive with the air blast . 

5. Clean threads of plugs by brushing with a wire 
brush. 

6. File the end of the center electrode until flat. File 
the sparking areas of the ground electrode to ob
tain a fiat, parallel surface. Less voltage is re
quired to fire the spark plug and the gap can be 
more accurately adjusted if the electrodes are 
flat. If the ground electrode is filed too thin it 
may cause pre- ignition . 

7. Check the gap with a wire gauge held parallel to 
the gap surface, Figure 97. A light drag should 
be felt when the wire gauge passes through the 
gap. Adjust the gap by bending the ground elec
trode to the center electrode. Do not move the 
center electrode as the insulator tip may be 
damaged. 

INSTALLATION 

Before installing a new plug or one that has been 
cleaned, always be sure the gap has been set to 
specifications. 

1. Check the threads in ttie cylinder head. It should 
be possible to seat a new plug by hand. If 
threads require cleaning, apply a few drops of 
penetrating oil or kerosene on the threads . Db-
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tain an old plug of the same size, inspect the plug 
threads to make sure they are in good conditio~ 
and screw this used plug into the cylinder head 
as far as it will go. Work the plug in and out until 
it can be seated by hand. 

2. Check tapered seat surface on both the cylinder 
head and spark plug shell. The seat must be 
clean and free from dirt to assure proper seating 
of the spark plug . 

3. Install a new sealing washer. 

4. Install the spark plugs by hand to make sure 
plugs seat properly. 

5. Tighten each plug to specified torque. 

6. Install the spark plug wires and seal assemblies . 

Figure 97 
Checking Spark Plug Gap 

1. Wire Gap Gauge 
2. Side Electrode 



PART 3 
ELECTRICAL SYSTEM 

Chapter 6 
TROUBLE SHOOTING, SPECIFICATIONS 

AND SPECIAL TOOLS 

Section 
A. 
B. 
C. 

TROUBLE SHOOTING 
SPECIFICATIONS 
SPECIAL TOOLS 

A . TROUBLE SHOOTING 

INSTRUMENT AND EQUIPMENT TROUBLE SHOOTING GUIDE 

PROBLEM 

Warning Lights and Gauges 
Inoperative. 

Temperature Gauge or Fuel Gauge 
Erratic or Inoperative. 

Oil Pressure or Charging Lights 
Inoperative. 

POSSIBLE CAUSES 

1. Key-Starter switch faulty. 
2. Fuse(s) burned out. 

1. Loose or broken wiring . 
2. Defective gauge. 
3. Defective sender unit . 

1. Loose or broken wiring . 
2. Bulb burnt out. 
3. Defective sender unit. 
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Rear Work Lights. Interior Lights 
and Horn. 

1. Fuse burned out (if both units inoperative) 

Heater Motor. Front and Rear 
Wiper Motors and Stop Lights . 

Individual Warning Lights. 
Control Console Lights. Work 
Lights Burn out Repeatedly. 

ENGINE STARTING SYSTEM 

PROBLEM 

Engine Will Not Crank and 
Solenoid Does Not Engage. 

Engine Will Not Crank but 
Solenoid Engages. 

2. Defective bulb or motor . 
3. Loose or broken w ires . 

1. Fuse burnt out (if ali units inoperative) 
2. Defective bulbs or motor. 
3. Loose or broken wires. 

1. Loose or corroded terminals. 
2. Alternator output regulator faulty. 

POSSIBLE CAUSES 

1. Battery discharged. 
2. Key Starting Switch inoperative. 
3. Starting motor relay inoperative. 
4. Starting circuit open or has high resistance. 

1. Battery discharged. 
2. Defective starting motor. 
3. Defective starting motor connection or loose bat

tery connections. 
4. Engine seized . 
5. Burnt solenoid contacts. 
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PART 3 - ELECTRICAL SYSTEM 

ENGINE STARTING SYSTEM (Cant. I 

PROBLEM 

Starting Motor Turns but does not 
Crank Engine. 

Engine Cranks Slowly. 

CHARGING SYSTEM TROUBLE SHOOTING GUIDE 

PROBLEM 

Battery Low in Charge . 

Alternator Charging at High Rate 
(Battery Overheatingl 

No Output from Alternator. 

Intermittent or Low Alternator 
Output. 

ALTERNATOR TROUBLE SHOOTING GUIDE 

PROBLEM 

Warning Light Dims and l or 
Battery Low. 

Warning Light Goes Out 
Becomes Bright with Speed. 

Warning light Normal but 
Battery Boiling. 

Warning Light Normal 
but Flat Battery. 

Warning Light Illuminated 
Continuously and / or Flat Battery. 
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POSSIBLE CAUSES 

1. Defective starting motor drive assembly. 
2. Defective flywheel ring gear. 

1. Discharged battery. 
2. Excessive resistance in starting circuit. 
3. Defective starting motor or solenoid. 
4. Tight engine. 

POSSIBLE CAUSES 

1. Poor Battery Condition will not accept or hold a 
charge. Electrolyte level low. 

2. Loose or worn alternator drive belt. 
3. Excessive resistance due to loose charging system 

connections. 
4. Defective temperature sensor. 
5. Defective alternator. 

1. Defective battery. 
2. Defective temperature sensor. 
3. Defective alternator. 

1. Alternator drive belt broken. 
2. Loose connection or broken cable in charging 

system. 
3. Defective alternator. 

1. Alternator drive belt slipping . 
2. Loose connections or broken cables in charging 

system. 
3. Defective temperature sensor. 
4. Defective alternator. 

POSSIBLE CAUSES 

1. External charging circuit connections. 
2. Rotor slip rings or brushes. 

1. External charging circuit connections. 
2. Rectifier. 

1. Regulator. 
2. Battery temperature sensor. 

1. Regulator. 
2. Stator. 
3. Rectifier. 

1. Surge protection diode. 
2. Temperature sensor. 
3. Rotor, slip rings or brushes. 
4. Regulator. 
5. Stator. 
S. Rectifier. 
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ALTERNATOR TROUBLE SHOOTING GUIDE (Cont.) 

PROBLEM 

Warning Light Extinguished 
Continuously and/or Flat Battery. 

Warning Light Flashes Intermittpntly. 

Warning Light Dims Continuously 
and! or Flat Battery. 

POSSIBLE CAUSES 

1. Warning light bulb. 
2. Alternator internal connections. 
3. Regulator. 
4. Rotor, slip rings or brushes. 
5. Stator. 

1. External charging circuit . 
2. Alternator internal connections. 

1. Rotor. slip rings or brushes. 
2. Regulator. 

B. SPEC IFICATIONS 

Battery - 12 Volt 
Capacity - Amp. Hr. . . . . .• . . . . .• . . • . . • . . . . . . . . . . . . . . .. Diesel 128 

Gas (550) 73 
Gas (5551 77 

Ground Terminal. 

Alternator - 12 Volt 
Rating - With Air Conditioning ....•.....•............. 

Less Air Conditioning ............... • .. . ...... 
Less Cab ...................... . . . ...... . ... . 

Less Cab .................... . ....... . . ........... ... . 
Field Resistance . ... . ............. .... ....... ... . . ... . 
Field Current ..... . ... . .. . ..... . .....•......... ..•.... 
Brush Length .... ............ ..• . . • . .•..•..... •. 
Brush Spring Tension INewl ... ..... .. . . . .... ....... . .. . 

Voltage Regulator 

Negative 

72 Amp. 
51 Amp. 
32 Amp. 
32 Amp. 
6 ohm 
1.8-2.4 Amp. 
3116 in. 14.8 mm) 
4 oz. f. 1113 gmsl 

Output Voltage at 10 amp load: . ........•.. ............ .. 
40" F I 4' C) .......... .. ............................ . 

32 and 51 amp alternator Alt . 72 amp alternator 
4.6-15.3 . . . . . . . . . . . . . . .. 14.2-15.0 

60' F (16'C) .... . .... .. . .. . ......... . ............ . .. . 14.0-14.6 ..... . .......... 14.1 -14.9 
80' F (27'C I . ... ... . . .. .. .. . . . .. . . . ..•. . •.. . . .. . . . ... 

100' F (38'CI .......... .... ................ .. ....... . . 
13.6-14.3.... .. . . . . .. . . . 13.9-14.7 
13.2-14.0 . . . . . . . . . . . . . . . 13.8-14.6 

120' F 149'CI .......... .... . . ... . .................... . 12.8-13.7 ................ 13.6-14.4 

Starting System 
Gasoline 
4.5 in . 

No Load Draw (Max.) ......... .. ......... . .. ........... 70 Amp . .. .. ........ . 
Starter Installed Warm Engine. . . . . . . . . . . . . . . . . . . . . . . . . .. 150-200 Amp ..... . 
Brush Length IMin.) .................................. . 0.25 in. 16.3 mm) ..... . 
Brush Tension (New) .............. .• ..•.. . ..•. . •.. .. .. 40 oz. 11052 gms) ........ . 
Armature Shaft End Play IMax.) .. .. . . . ..• . . ...• ... . .. .. . 0.058 in. 11.48 mm) ...... . 
Armature Shaft Runout ·(Max.1 . . . . . . . . . . • . . • . . • . . • . . . . .. 0.005 in. 10.13 mm) ...... . 

PRINTED IN U.S.A. 

Diesel 
5.0 in . 
100 Amp. 
250-300 Amp. 
0.31 in . 17 .9 mm) 
42 oz . 11188 gms) 
0.020 in. 10 .51 mm) 
0.005 in. 10.13 mm) 
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SPECIFICATIONS ICont.1 

Ignition System 
Basic Timing at 600·650 rpm: 
With Vacuum Line Disconnected . . . . . . . . . . . . . . . . . . . . . . .. 4° ± ZO 
Breaker Arm Tension: 
IMeasured at end of Contact Pointsl .....•.... . ... ....... 17·21 oz. 1481 ·595 gmsl 
I Measured through hole I ............ . ... . . . . . .. • .. . .. . . 15-18 oz . 1425-510 gmsl 

Point Gap. . . . . . . . . . . . . . . . . . . • . . • . . . . • . . • . . • . . • . . • . . .. 0.024-0.026 in. 1.609-.660 mml 
Cam Dwell Angle . . . .. ..........•.... . ..... . .......... 35°-38" 
Distributor End Play . . . . . . . . . . . . . • . . . . . • . . . . • . . • . . • . . .. 0.029-0.042 in . 10.73-1 .05 mml 
Distributor Shaft Bushing Dia .... . • .. •. . .....•..• . .•.. . . 0.468-0.469111 .90-11 .91 mml 

Condenser: 
Resistance IMax.) ...... • . .•. . .. .. . ... . . .•...... .. ..... 0.9 ohms. 

Coil: 
Primary Resistance @ 75°F ± 5°F 
123.SOC ± 15°CI ........ .... .........• . .. . .. . . . . .. . ... 1.4-1 .5 ohms 

Secondary Resistance 
@ 75°F ± 5° F 
123.SOC ± 15° C) . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . . .. 8000-8700 ohms 

Current Draw with Engine Stopped 
Breaker Points Closed .. .. .............• .. •.. .. .•.. . . . .. 4.5 amps 

Primary Circuit Resistor 
@75°F ± 5°FI23.SOC ± 15°CI .. . . . . . ...... ............ . 1.30-1.40 amps 

Spark Plugs: 
Make . . . . . . . . . . .. . .. .. .. . .. • .. . . . .. . . . .. .. . . .. .. . . . Motorcraft AG5 
Heat Range . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . • . . • . . . .. Normal 
Size ............. . ..... . ... ... . . • . . .. . . .....•. . •... .. 14 mm 
Gap . ............... .. ............ .. .. .... ..... . ..... 0.023-0.027 in. 10.584-0.686 mml 
Torque lOry Threadl ......... .. . .... ................... 26-30 lb.-ft . 136-41 Nml 

Key Start: 
Amperes a 13.5 volts ................ . .. . .. . . . . . . .. . ... 20 amp. 
Positions Gas and Diesel Less Thermostart . . . . . . . . . • . . • . .. 3 
Diesel With Thermostart .. .. . . . . . . . . . . . . . . . . . . . . • . . • . . . 5 



CHAPTER 6 -------------__ 

FUSE CHART 

CIRCUIT 

Alternator Warning light 
Trans . Temperature Warning light 
Voltage Stabilizer {Fuel & Temp. Gaugesl (75/ 5-791 
Air Cleaner Restriction Sensor (6-76/-) 
Engine Oil Pressure Warning light 
Return to Dig Solenoid 

Horn (Single Horn) 
(Double Horn) 

Hazardous Warning Lights 

Cab Dome light 

TORQUE SPECIFICATIONS 

4.5 in. (114 mm) Starting Motor Through Bolts 
5.0 in. (127 mm) Starting Motor Through Bolts 
Starting Motor-to-Flywheel Housing Mounting Bolts 
5.0 in. (127 mm) Starting Motor Solenoid Terminal Nuts 
5.0 in. (127 mm) Starting Motor Solenoid Securing Nuts 
Starting Motor Drive Lever Eccentric Pivot Pin 
Locknut With Minimum of 4-112 Threads in Mesh 
Coolant Temperature Sender 
Air Cleaner Restriction Indicator Switch 
Oil Pressure Sender Switch 
Battery Terminals 
Key Start Switch Mounting Nut 
Light Switch Mounting Nut 
Front to Rear Main Harness Connector Securing Bolt 
Worklight Switch Retaining Nut 
Mounting Nut 
Heater Blower Switch Retaining Nut 
Windshield Wiper / Washer Switch Retaining Nut 
Heater Blower Assembly Retaining Screw and Washer Assemblies 
Heater Blower Motor Bracket Mounting Nuts 
Windshield Wiper Motor and linkage Assembly Mounting Bolts 
Windshield Wiper Motor Spindle Retaining Nut 
Fuel Tank Sender Retaining Nuts 
Cab Implement Lamp Mounting Nut 
Cab Implement Lamp Mounting Lock Nut 
Alternator Rear Cover Fixing Screws 
Starting Motor Ground Cable Securing Nut or Bolt 
Spark Plugs (Dry Threads) 
Governor Drive Gear Nut 
Governor Housing-ta-Engine Front Cover Bolts 
Alternator Regulator Attaching Screws 
Alternator Terminal Nuts 
Turn Signal Switch Retaining Nut 
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Lb. Ft. 

5 
8 

20-25 
2-3 
4.5 

15-17.5 
20-30 

5-7 
20-25 

4-6 
4-7 
4-7 
2-3 
3 
2 
2 
2 

1.5 
2-3 

7-9 .5 
4-5 

1.5-2 
2.5 

18-22 
1.8-2.2 

4.6 
26-36 
95-105 
10-23 
3-4.5 
4-5 
3 

AMP 

5 

10 
15 

5 

3 

Nm. 

6.8 
10.9 

27-34 
2.7-3.7 

6.1 

20-23 
27-41 

6.8-9.5 
27-34 

5.4-8.1 
5.4-9.5 
5.4-9.5 
2.7-3.7 

3.7 
2.7 
2.7 
2 .7 
2 .0 

2.7-3.7 
9.5-13 
5.5-7 

2.1-2.8 
3.4 

24-30 
2.5-3.0 
5.4-8.1 
35-41 

129-142 
13.6-32 
3.7-6.1 
5.4-6.8 

3.7 

Mkg. 

0.69 
1.11 

2.8-3.5 
0.3-0.4 

0.6 

2.1-2.4 
2.8-4.2 
0.7-1.0 
2.8-3.5 
0.6-0.8 
0.6-1.0 
0.6-1.0 
0.3-0.4 

0.4 
0.28 
0.28 
0.28 
0.21 

0.3-0.4 
1-1.3 

0.6-0.7 
0.2-0.3 

0.35 
2.5-3.1 

0.26-0.31 
0.6-0.8 -
3.5-4.2 

13.1-14.6 
1.4-2.1 
0.4-0.6 
0.6-0.7 

0.4 
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TORQUE SPECIFICATIONS (Cont.) 

Hazard Warning Light Mounting Nut 
Cab Headlamp and Utility Lamp Mounting Nuts 
Cab Rear Lamp Mounting Nut 
Headlamp Retainer Securing Nut (Less Cab) 
Flasher Lamp Mounting Nuts 

Lb. Ft. 

5-10 
10-14 
10-15 
10-14 
12-24 

Nm. 

6.S-13.6 
13.6-19.0 
13.6-20 

13.6-19.0 
16-33 

Mkg . 

0.7-1.4 
1.4-1.9 
1.4-2.1 
1.4-1.9 
1.6-3.3 

The following general nut and bolt installation torque requirements (lubricated) apply to any operation not previously 
listed. 

Size 

METRIC BOLTS 
M4 
M5 
M6 
M8 
Ml0 
M12 

INCH BOLTS 
6-32 
6-40 
8-32 
8-36 
10-24 
10-32 
1/ 4-20 
1/ 4-28 
5116-18 
5/ 56-24 
3/ 8-16 
3/ 8-24 

DESCRIPTION 

Distributor Shaft Bushing Remover and 
Installer (Gasoline Only) 
Step Plate Adaptors 
Pulling Attachments (Small) 
Puller Reversible Arm (Small) 
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C. SPECIAL TOOLS 

NUDAY TOOL NO. 

1251 (SW.503) 
9210 (630S) 
9190 (951) 

9196 (10011 

Lb . Ft. 

2 
4.0-4.5 

6-S 
16-1S.5 
30-37 
52-66 

1 
1.5-2.0 
1.5-2.0 

2-3 
2.5-3.5 
5-7.5 
6-8 

11 -15 
12-16 
20-26 
21-29 

Nm. Mkg. 

2.7 0.28 
5.0-6.2 0.55-0.62 

8.5-10.6 0.9-1.1 
21-25 2.2-2.5 
41-51 4.2-5.1 
70-90 7.2-9.1 

1.4 0.14 
1.5 0.15 

2.1-2.9 0.21 -0.28 
2.1-3.1 0.21 -0.28 
3.0-4.2 0.28-0.41 
3.3-4.8 0.35-0.48 

6.S-10.1 0.7-1.0 
7.8-11.6 0.8-1.1 

15-20 1.5-2.0 
17-21 1.6-2.2 
28-35 2.8-3.5 
29-39 2.9-4.0 

CHURCHILL TOOL NO. 

630S 
951 
1001 
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PART 4 
CLUTCH 

Chapter 1 
CLUTCH OVERHAUL 

CLUTCH - DESCRIPTION AND OPERATION 
CLUTCH LINKAGE IFREE TRAVELI ADJUSTMENT 
CLUTCH REMOVAL AND INSTALLATION 

D. CLUTCH PRESSURE PLATE AND COVER OVERHAUL AND ADJUSTMENT 

A. CLUTCH -
DESCRIPTION AND OPERATION 

Ford 550/ 555 tractors equipped with the standard 6 x 4 
manual reversing transmission are equipped with a 13" 
organic disc clutch . Tractors equipped with a clutch 
have the clutch pedal 171. Figure 1. on the left side of 
the console and the brake pedals 15 and 61 located on 
the right side of the console. 

The clutch linkage, shown in Figure 2, is composed of 
a clutch pedal assembly 111. a drop rod 181. return 
spring (7), bell crank 191, and adjusting link 151 and 161. 

The 13" diameter clutch disc incorporates friction lin
ings on each side of the splined hub which locates the 
disc on the transmission input shaft. 

The hub of the clutch disc incorporates torsion 
damper springs in the hub, Figure 3. The torsion 
da mper springs protect the transmission and rear axle 
from shock loading when the clutch is engaged. 

Figure 1 
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B. CLUTCH LINKAGE 
(FREE TRAVEL) ADJUSTMENT 

1. If the linkage has been dismantled, adjust the 
drop rod 171 to a length of 34.60 in. 1878. 1 mml 
191, as shown in Figure 2. 

6 x 4 Manual Reversing 
Transmission Controls 

2. Lengthen or shorten the short horizontal ad
justing link, 161. Figure 2, until clutch resistance 
is felt when the pedal is depressed 1.6 in. 140 
mm). Tighten aU locknuts after adjustment. 
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1. Shift Pattern Decal 
2. Gearshift Lever 
3. Range Shift Lever 
4. Brake Pedal Lock 
5. Right Brake Pedal 
6. Left Brake Pedal 
7. Clutch Pedal 
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C. CLUTCH 
REMOVAL AND INSTALLATION 

REMOVAL 

1. Separate the engine and front axle assembly 
from the transmission as described in Part 10, 
"Separating the Unit". 

2. Remove the bolts securing the clutch pressure 
plate and cover assembly to the flywheel and 
remove the pressure plate assembly together 
with the clutch disc. Loosen the bolts pro
gressively across the clutch cover to avoid distor
ting the cover plate. 

3. Remove the spacers installed between the clutch 
cover and the flywheel and store for re
assembly. 

INSPECTION 

1. Inspect the clutch disc to make sure that the lin
ings are not loose, cracked, worn or oil soaked, 
and that the rivets are secure. The disc should be 
discarded and a new one installed if there are 
signs of overheating due to clutch slippage or ex
cessive wear, or if the friction faces are con
taminated with oil. Investigate the source of any 
oil or grease on the facings and rectify before in
stalling a new disc. 

2. Examine the pressure plate assembly to be sure 
the release levers are free to operate smoothly, 
and that the pressure plate and springs are not 
discolored due to overheating. Check the face of 
the pressure plate for cracks, scoring and distor
tion. 

NOTE: Do not attempt to disassemble, re
assemble or adjust the clutch cover assembly 
without the use of the recommended service 
tools as described in Section D. 

INSTALLATION 

2 

1. If a new pressure plate or cover assembly is to be 
installed, the friction fa~e of the pressure plate 
must be wiped with a cloth dipped in white spirit. 
This is to remove a protective film which would 
contaminate the disc suriace if not removed. 

Figure 2 
Clutch Linkage 

A . 34.60 in. 1878.8 mml 
B. 1.6 in. (40.6 mml 
1. Clutch Pedal 
2. Clutch Pedal Pivot 
3. Drop Rod Top Clevis 
4. Drop Rod Adjuster 
5. Drop Rod Lower Clevis 
6. Pedal Free Travel Adjuster 
7. Return Spring 
8. Drop Rod 
9. Bell Crank 

1. Friction Lining 
2. Splined Hub 

Figure 3 
Clutch Disc 

3. Torsion Damper Springs 

1 



--------------- CHAPTER 1 

New pressure plate and cover assemblies must 
be adjusted using the Universal Clutch Fixture as 
described in Section D, before installation. 

2. Lightly lubricate the hub splines of the transmis
sion input shaft with the specified grease, see 
Specifications, Chapter 3. 

3. Position the clutch disc on the flywheel with the 
marked face and the damper springs towards the 
flywheel. Center the disc using locator Tool 
No. 1262, Figure 4. 

4. Locate the clutch assembly on the flywheel, in
stalling the spacers between the flywheel and the 
clutch cover, Figure 4. Install the bolts, washers 
and tighten to the specified torque, see Chapter 
3. 

5. Remove the locator tool from the clutch. 

6. Re·connect the engine and front axle assembly 
to the transmission as described in Part 10. 
Check and if necessary adjust the clutch pedal 
free playas described in Section B. 

D. CLUTCH - PRESSURE PLATE 
AND COVER - OVERHAUL 

Figure 5 illustrates the Universal Clutch Fixture Tool 
No. 2142. 

NOTE: Additional components are supplied with the 
fixture for performing maintenance on other clutches 
used in Ford Products. 

1. Insert the serrated end of the Fixture Spindle, 
Tool No. 1285, Figure 5, into the hub of the Fix
ture Base, Tool No. 1283. Position the fixture 
base on edge and install the Washer, Tool No. 
1286 (not shown) on the end of the spindle that 
protrudes from the bottom of the base. Tighten 
the nut until the spindle bottoms in the hub. 

2. Bolt the assembled Fixture Base, Tool No. 1283, 
to a work bench. 

IMPORTANT: It is essentiai that the mounting 
area be level and the mounting bolts be torqued 
equally to eliminate the possibility of warping the 
fixture. It is also essential that the mating sur
faces on the fixture base and fixture components 
be kept clean. 

3. Thoroughly clean the mating surfaces on the 
clutch pressure plate and cover assembly in addi
tion to cleaning the fixture base. 
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1. Spacer 

Figure 4 
Installing Clutch Disc 

2. Clutch Cover 
3. Tool No. 1262 

4. Place the assembled clutch pressure plate and 
cover assembly on the fixture base. Install the 
adapter plate, the bridge, the thrust washer, and 
the spindle nut as shown in Figure 6. Relieve the 
spring tension on the release levers by tightening 
the spindle nut until the clutch cover is drawn to 
the fixture base. During disassembly it will not be 
necessary to install the clutch cover-ta-flywheel 
bolts. To prevent distorting the top of the clutch 
cover, do not overtighten the spindle nut. 

NOTE: The step on the base of the fixture 
substitutes for the clutch disc assembly, there
fore, the disc is not required when using the 
Universal Clutch Fixture. 

5. Remove the locking ferrule bolts before remov
ing the eyebolt nuts. Remove the four release 
lever eyebolt nuts, Figure 10, after first "clean
ing" the staked portion of the nuts from the slot 
in each eyebolt. Failure to "clean" the slots may · 
result in stripped threads. Remove the drive strap 
locking ferrule bolts, shown in Figure 10, in addi- . 
tion to removing the eyebolt nuts. 

NOTE: The clutch cover, the clutch pressure 
plate, and the release levers must be marked for 
identification purposes before the clutch is taken 
apart. Doing this will enable the parts to be re
installed in their original position and will main· 
tain the balance built into the clutch. 
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6. Separate the clutch cover from the pressure 
plate by removing the spindle nut, the thrust 
washer, the bridge, and the adapter plate, Figure 
6. 

7 . Remove the clutch pressure release springs from 
the pressure plate, then remove the release lever 
struts, the eyebolts, and the release levers by ap
plying pressure to the levers and eyebolts as 
shown in Figure 7. Remove the eyebolts from the 
levers, and the pivot pins from the eyebolts. 

INSPECTION 

Examine the pressure plate for signs of binding or 
overheating which would be indicated by surface dis
coloration and check for cracks, scores or distortions. 
Check for distortion using a straight edge and feeler 
gauge. Examine the release levers and eyebolts for 
cracks, distortion and wear and discard any faulty 
part. 

Pressure springs which show signs of discoloration 
due to overheating or which do not meet the required 
length specifications should be discarded, see 
"Specifications" - Chapter 3. 

ASSEMBLY 

The follow ing parts should be lightly coated with a 
silicon grease prior to reassembly: the plain end of the 
eyebolts, the eyebolt nut seals in the cover, the overall 
length of the release lever pivot pins, the contact 
edges of the release lever struts, and the release lever 
tips when release lever thrust plate is installed. 
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1. Insert the pivot pin in the eyebolts, then insert 
the threaded end of the eyebolts up through the 
release levers. 

2. Place the release levers, eyebolts, and struts in 
position under the pressure plate lugs as shown 
in Figure 7. Apply pressure to the levers and 
eyebolts as shown, then slip the struts into 
place . Figure 8, illustrates the levers, eyebolts 
and struts correctly installed. 

3. Place the assembled clutch pressure plate on the 
Fixture Base, Tool No. 1283, Figure 5, then place 
the springs on the bosses of the plate as shown 
in Figure 9. 

Figure 5 
Tool No. 2142 

Universal Clutch Fixture 
Component No., Description, Quantity 

1. 1283 Base-Fixtu re 1 
2. 1289 Plate-Adapter 1 
3. 1268 Bridge-Spring Compressor 1 
4. 1285 Spindle-Fixture 1 
5. 1272 Spacer-Gauge 1 

'6. 1271 Spacer-Gauge 1 
7. 1270 Spacer-Gauge 1 
8. 1273 Spacer-Gauge 1 
9. 1269 Spacer-Gauge 1 

10. 1274 Spacer-Gauge 1 
11. 1267 Gauge-Release Lever 1 
12. Washer-Amplex Thrust 1 
13. 1280 Nut-Spindle 1 
14. 1288 Spacer-Shim 8 

1294 Nut-Jam (Not Shown) 1 
1295 Washer (Not Shown) 1 

'Used when adjusting the 13 in. 
(33.0 em) clutch assembly. 

Position the clutch cover over the eyebolts and 
springs so the eyebolts pass through the holes in 
the cover and so the springs are seated in the 
"cups" of the cover. Check the anti-rattle 
springs, Figure 10, to see that they are seated 
against the release levers. 
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Figure 6 
Servicing Clutch With Tool 

No. 2142 
1. Bridge 
2. Adapter Plate 
3. Fixture Base 

4. Rotate the assembly on the fixture base until the 
bolt holes in the clutch cover are in line with the 
mating holes in the fixture base, then drop the 
clutch cover-to· flywheel bolts, into place. The 
bolts are to be used as guides during this stage of 
assembly and need not be tightened . It will be 
necessary to install one Shim Spacer, Tool No. 
1288, under the clutch cover at the location of 
each clutch cover-ta-flywheel bolts, as shown in 
Figure 10, before dropping the bolts into plate. 
The drive strap locking ferrules as well as the fer
rule bolts should also be installed, but not 
tightened. 

5. Install the adapter plate, the bridge, the thrust 
washer, and the spindle nut, as shown in Figure 
6. Slowly draw the clutch cover down over the 
pressure plate by tightening the spindle nut until 
the cover contacts the fixture base. Exercise care 
to prevent the lug~ on the pressure plate, from 
catching on the cover. To prevent distorting the 
top of the clutch cover, do not overtighten the 
spindle nut. 
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Figure 7 
Removing Release Lever 

1. Eye Bolt 
2. Pressure Plate Lug 
3. Strut 
4. Release Lever 

6. After the clutch cover has made contact with the 
fixture base, complete the installation of the 
clutch cover-to-flywheel bolts, by torquing the 
bolts equally in a diagonally staggered manner, 
torque the drive strap locking ferrule bolts, 
Figure 10. See Specifications Section for torque 
values. 

7. After torquing the bolts, remove the spindle nut, 
the thrust washer, bridge, and the adapter plate, 
Figure 6. Install the gauge spacer INo. 12711 and 
the release lever gauge No. 1267 as shown in 
Figure 10. Install the gauge spacer so the identi
fying number is " up". 

8. Install the release lever eyebolt nuts and adjust 
each eyebolt nut to obtain the correct release 
lever height. See Adjusting Procedure. 

9. After the levers are adjusted, stake the cylindrical 
portion of each eyebolt nut into the slot of each 
eyebolt. Recheck with feeler gauge after staking 
and if necessary, readjust the nuts until the 
runout on the thrust plate is within .015 in. 10.381 
mml on each lever. 
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Figure 8 
Clutch Pre8Sure Plate With 

Soma Springs In Place 
1. Pressure Plate 
2. Eye Bolt 

10. Remove the release lever gauge and the gauge 
spacer, Figure 10. Reinstall the adapter plate, 
bridge, thrust washer, and the spindle nut as 
shown in Figure 6. Tighten the spindle nut finger 
tight, then remove the clutch cover-to-flywheel 
bolts. After removing the bolts, remove the 
clutch from the fixture by removing the spindle 
nut, the thrust washer, the bridge, and the 
adapter plate. The clutch is now ready for in
stallation on the flywheel. 

ADJUSTING PROCEDURE 

NOTE: Parts stock clutch assemblies must be checked 
and adjusted on the universal clutch fixture before in
stal/ation. Preservative on the pressure plate and on 
the pad faces should be thoroughly cleaned off with 
solvent. 

8 

1. When checking release lever or thrust plate ad
justment of a new parts stock cover and plate 
assembly, or a rebuilt assembly, the release 
levers should be fully depressed five or six times 
to make sure the lever ' struts, pivot pins, 
eyebolts, etc., are "bedded in" and working 
freely without binding. With the cover and plate 
assembly mounted on the tool, this may be done 
by: 

Figure 9 
Clutch Pressure Spring Identification 

A . light Greenl lavender Colored Spring 
B. Buff/ Black Colored Spring 
C. None 

Figure 10 
Adjusting Release Levers 

1. Release Lever Gauge 
2. Release Lever Plate 
3. Retaining Springs 
4. Release Lever Eye Bolt Nut 
5. Drive Strap Locking Ferrule Bolt 
6. Shim Spacers 
7. Identification Marks 
8. Anti-Rattle Spring 
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a. Placing the flat face of the Bridge Tool, 1268, 
against the lever of the lever thrust plate. 

b. Positioning the Adapter Plate, 12B9, over the 
spindle and down against the legs of the 
bridge. 

c. By threading the Nut, 1280, down and up to 
operate the release levers. see Figure 11 . 

NOTE: If the bridge or adapter plate tilt while 
depressing or raising the levers, it could mean 
an eyebolt is binding in the pressure plate or 
that springs do not have the proper tension. In 
chis case, disassemble and check for the 
cause. 

2. Clutch adjustment is correct if two conditions are 
met: 

3. The lever height must be within the tolerance 
shown below in the "Spacer Gauge Thickness 
and Tolerance" column. 

b. The release lever height runout must not ex
ceed 0.015 in. This can be checked, using 
feeler gauges, as shown in Figures 12 and 13. 

3. Experience shows that when adjusting the 
release lever thrust plate height, it is necessary to 
use feeler gauges because adjusting by " feel" of 
the height gauge is not accurate enough. The 
recommended procedure is: 

a. Make the rough setting height adjustment us
ing the "feel of the height gauge as it rubs 
over the release thrust plate. 

b. Make a " fine" adjustment by using a 0.003 
inch feeler gauge between both the height 
gauge and the thrust plate, and between the 
height gauge and the spacer gauge, as shown 
in Figures 12 and 13. When the feeler gauge 
will not enter at four check points, 90' apart, 
the adjustment is good. 

c. Check again after staking the adjusting nuts 
to be sure the adjustment was not changed by 
the staking. 

PRINTED IN U.S.A. 

Figure 11 
Release levers Depressed 
1. Nut 3. Bridge Tool 
2. Plate 

Figure 12 
Checking Adjustment 

1. Height Gauge 
2. Feeler Gauge 
3. Spacer Gauge 
4. Lever Thrust Plate 
5. Tool Base No. 1283 
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Figure 13 
Checking Adjustment 

1. Height Gauge 
2. Feeler Gauge 
3. Spacer Gauge 
4. Lever Thrust Plate 
5. Tool Base No. 1283 

Cover and Plate Assembly 

Springs 

Part No. Identification 
& & 

Size Location Code Code Color Quantity 

It 0 Lt . Green/ Lavndr. 
8 

C5NN :;p. ,,-oe~ C5NN-7572-G 

7583 AD 0 Buff / Black 
4 ---t-:~ C5NN-7572-H 13" Dia. 

~~~ 133.0 em) • None 

Disc Assemblies 

Spacer 
Gauge 

Part No. Hub Type Thickness Shim 
& & Flywheel & Spacer 

Type Direction Spacer Tolerance Usage 

Flywheel Hub Use 
D1NN Direction Damper C5NN 1271 
7550 B 

~ ~ 
Springs 7N596-B 0.·' 92 
Toward 4 Req'd . 124.942 mm) Use 

13" Dia. Flywheel ± 0.017" 
133.0 em) 0.090-0.100" (0 .431 mml 

12.28-2.54 mm) 
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Chapter 2 
SERVICING CLUTCH ASSOCIATED PARTS 

Section 
A. 
B. 
C. 

CLUTCH PILOT BEARING - DESCRIPTION AND OVERHAUL 
CLUTCH RELEASE BEARING - DESCRIPTION AND OVERHAUL 
CLUTCH RELEASE SHAFT BUSHINGS - OVERHAUL 

D. CLUTCH PEDAL BUSHINGS - OVERHAUL 

A . CLUTCH PILOT BEARING -
DESCRIPTION AND OVERHAUL 

DESCRIPTION 

A pre-lubricated ball bearing assembly is installed at 
the rear end of the engine crankshaft within the fly
wheel to support the front end of the transmission in
put shaft. 

The area to the front of the bearing within the flywheel 
should be packed with a suitable high melting point 
grease whenever overhauling or installing the bearing. 

REMOVAL 

Figure 14 

Page 
9 
9 

10 
10 

1. Remove the clutch, see Chapter 1, Section C. Pilot Bearing and Retainer 

2. Remove the pilot bearing retainer, Figure 14, and 
use puller no. 9527 and 9565 to extract the bear
ing from the crankshaft. 

INSTALLATION 

1. Use step plate adaptor, tool no 9210 to install the 
bearing . 

1. Retainer 
2. Pilot Bearing 

B. CLUTCH RELEASE BEARING -
DESCRIPTION AND OVERHAUL 

DESCRIPTION 

2 . Re-install the pilot bearing retainer and flywheel 
and tighten the seGuring bolts to the specified 
torque. See " Specnications" - Chapter 3. 

3. Replace the clutch, see Chapter 1, Section C. 

The 550/ 555 tractor utilizes a greaseable type clutch 
throwout bearing. An external greaser is mounted in 
the front end of the transmission housing and is con
nected to the release bearing hub by a flexible tube, 
Figure 15. 
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REMOVAL 

1. Separate the engine from the transmission. See 
"Separating the Tractor" - Part 10. 

2. Disconnect the front end of the clutch control 
rod from the clutch release shaft assembly. 

3. Disconnect the external greaser flexible tube 
from the release bearing hub, Figure 15. 

4. Remove the bolt securing the clutch release 
shaft fork to the shaft, Figure 15. 

5. Remove the fork and withdraw the release bear
ing assembly. 

NOTE: Do not attempt to remove the bearing 
from the hub 8S these components are serviced 
as a complete assembly. 

INSTALLATION 

Installation of the clutch release bearing follows the 
removal procedure in reverse. On installation observe 
the following requirements: 

Lubricate the hub bore with a high melting point 
grease. 

Tighten the release shaft fork bolt to the specified tor
que. See " Specificat ions" - Chapter 3. 

After installation be sure that the release bearing 
operates correctly when the clutch pedal is depressed. 

Check and if necessary, adjust the clutch pedal free 
playas detailed in Chapter 1, Section B. 

C. CLUTCH RELEASE SHAFT 
BUSHINGS OVERHAUL 

REMOVAL 

10 

1. Remove the clutch release shaft as described in 
Chapter 1, Section C. 

2. Use Bushing Kit Tool No. 9514 to drive the 
bushings out of the transmission housing. 

INSTALLATION 

1. Use Bushing Kit Tool No. 9514 to install the new 
bushings, chamfered ends first into the transmis
sion housing. On installation be sure the bush
ings are flush with the outside edge of the hole. 

2. Re·install the clutch release shaft as previously 
described in Section "8". 

D. CLUTCH PEDAL AND 
LINKAGE OVERHAUL 

The clutch pedal and linkage, Figure 16, consists of 
the clutch pedal assembly, a control rod assembly, 
bellcrank, and a pair of clevises. 

Overhaul and repair of the linkage is limited to replace
ment of damaged or worn parts. 

Replace parts as required and adjust the control rod as 
described in Chapter 1 - Section "B". 

Figure 15 
Front End Components 

1. Clutch Release Hub and Bearing 
2. Front Mainshaft 
3. Clutch Release Shaft 
4. Clutch Release Fork 
5. Front Support Plate 
6. Clutch Release Bearing Hub Support 
7. Grease Tube 
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Figure 16 
Clutch Linkaga 
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Chapter 3 
SPECIFICATIONS AND SPECIAL TOOLS 

Section 
A. SPECIFICATIONS 
B. SPECIAL TOOLS 

A. SPECIFICATIONS 

Clutch Disc Dia meter . ........................ .. ...... . 
Cover Assembly Pressure Springs ......... . 

Spring Length 

13 in . 1330 mml 
8 Light Green! Lavender 
4 Buff! Black 

Pag.e 
13 
13 

Light Gr.i Lavender ........ . ........... . .. . .......... 1.69 in . 142.93 mml 105 lb. 147.6 Kg} Load 
Buff-Black .... . .. . .............. . . . ..... . .. . .. .. ... 1.69 in . 142.93 mml 185 lb. 183.9 Kg} Load 

Clutch Pedal Free Travel . . . . . . . . . . . . . . . . . . . . . .. 1.6 in . 140.6 mm} 
Clutch Linkage Drop Rod Length . . . . . . . . . . . . . . . . . . . . . . . . 34.6 in. 1878.8 mm} 

Grease for coating parts prior to re-assembly ... . ... • .. . ... Ford M1C137-A 
Clutch Release Bearing Grease ........ . ........ . . . .. . ... Ford M1C87-A 

Clutch Coverto Flywheel Bolt Torque .................... 23-29 Ft .-lb. 131 .18-39.32 Nm} 
Pressure Plate Drive Strap Locking Ferrule Bolt Torque . . . . 20-25 Ft .-lb. 127.12-33.90 Nm} 

B. SPECIAL TOOLS 

DESCRIPTION 
Clutch Fixture .. . .. ...... .. ... ... .... . . ... . ........ . 
Clutch Disc Plate Locator .... . ..... . . .. . . .............. . 
Universal Bushing Driver Kit .... • .. . .. .. .... • . . ...... •.. 
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NUDAY 
2142 
1262 
9514 

TOOL NO. 
CHURCHILL 

ISW-12B} 
ISW-13-1} 

IB18} 
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MANUAL REVERSING TRANSMISSION 

Chapter 1 
OVERHAULING THE TRANSMISSION 

Section 
A. MANUAL REVERSING TRANSMISSION -

DESCRIPTION AND OPERATION 
B. INTRODUCTION TO OVERHAULING THE TRANSMISSION 
C. GEARSHIFT COVER OVERHAUL 
D. FRONT END OVERHAUL 
E. REAR END OVERHAUL 
F. COMPLETE OVERHAUL 
G. COMPONENT INSPECTION AND REPAIR 

A. MANUAL REVERSING TRANSMISSION 
- DESCRIPTION AND OPERATION 

2 

R2 Rl 

3 

Page 

1 
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4 
4 
6 
9 

14 

l 

The six by four manual reversing transmission pro
vides six forward and four reverse ratios. These ratios 
are selected by two gearshift levers on the gearshift 
cover. The long (main) lever selects the forward and 
reverse ratios. The short (high-Iowl lever selects the 
high or low range. Refer to Figure 1 for the gearshift 
pattern and Figures 2 to 6 for power flows. ----------------------~ N 

All gears are of the spur type. with the exception of 
the helical gear drive to the main countershaft. Sliding 
splined couplings are used with connectors to engage 
the gears. 

The couplings are splined internally to the connectors 
and slide over the engaging teeth on the side of each 
gear when the gearshift lever is moved. 

As a safety feature, the transmissions incorporate a 
starter safety switch wired in series with the starting 
circuit. The switch on the high-low shift rail allows the 
engine to start only when the high-low gearshift lever 
is in the neutral position. 
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Figure 1 
Gearshift Pattern 
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Figure 2 Figure 4 
Power Flow - 1st and 4th Gear Power Flow - 3rd and 6th Gear 

1. Output Gear 1. Output Gear 
2. Output Shaft 2. Output Shaft 
3. Countershaft Rear Bearing 3. Countershaft Rear Bearing 
4. Countershaft Secondary Gears 4. Countershaft Secondary Gears 
5. Spacer 5. Countershaft Main Gears 
6. Countershaft 6. Front Mainshaft 
7. Countershaft Main Gears 7. Mainshaft Gear 
8. Countershaft Front Bearing 
9. Front Mainshaft 

10. 1st and 4th Gear 

Figure 5 
Figure 3 Power Flow - Reverse 1st and 3rd Gear 

Power Flow - 2nd and 5th Gear 1. Output Gear 
1. Output Gear 2. Output Shaft 
2. Output Shaft 3. Power Flow - Reverse 3rd Gear 

3. Power Flow - 5th Gear 4. Power Flow - Reverse 1 st Gear 

4. Power Flow - 2nd Gear 5. Countershaft Secondary Gears 

5. Countershaft Secondary Gears 6. Rear Reverse Idler 

6. Countershaft 7. Countershaft 
7. Countershaft Main Gear 8. Countershaft Main Gears 

8. Front Mainshaft 9. Front Mainshaft 
9. 2nd and 5th Gear 10. 1st and 3rd Reverse Gear 

10. Mainshaft Gear 11. Mainshaft Gear 

II, High-Low Sliding Coupling 12. High-Low Sliding Coupling 
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Figure 6 
Power Flow - Reverse 2nd and 4th Gear 

1. Output Gear 
2. Output Shaft 
3. Power Flow - Reverse 4th Gear 
4. Power Flow - Reverse 2nd Gear 
5. Countershaft Secondary Gears 
6. Countershaft 
7. Front Reverse Idler 
8. Countershaft Main Gears 
9. Front Mainshaft 

10. Mainshaft Gear 
11 . High-Low Sliding Coupling 

B. INTRODUCTION TO OVERHAULING 
THE TRANSMISSION 

The arrangement of the procedures in this chapter per~ 

mits servicing the transmission with minimum dis
assembly. The procedures are sepa rated into four 
groupings as covered below. Each grouping includes 
the components that can be serviced under the condi
tions established. In the case of Condition 4 it is 
necessary to follow the procedures in each of the 
preceding groupings to completely disassemble the 
transmission. A 5th grouping, covering detailed ser
vice procedures for the inspection and repair of com
ponents, is also included. 

CONDITION 1 

Assemblies Serviced with Transmission Installed: 
Refer to Section C. 

• Gearshift Cover and Levers. 
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CONDITION 2 

Assemblies Serviced with Transmission Front End- 
Overhaul: Refer to Section D. 

• Clutch Release Hub and Bearing . 

• Clutch Release Bearing Hub Support. 

• Front Support Plate. 

• Front Mainshaft Bearing Retaine~ P.late and 
Front Mainshaft. 

CONDITION 3 

Assemblies Serviced with Transmission Rear End 
Overhaul: Refer to Section E. 

• Rear Support Plate. 

• Secondary Countershaft. 

CONDITION 4 

Assemblies Serviced with Complete Overhaul: Refer 
to Section F. 

• Rear Support Plate . 

• Secondary Countershaft and Output Shaft. 

• Gearshift Mechanism. 

• Mainshaft. 

• Reverse Idlers and Transmission Countershaft. 

CONDITION 5 

Component Inspection and Repair: refer to Section G. 

When servicing the transmission, always work in clean 
surroundings and with clean tools. Thoroughly clean 
the transmission case to prevent dirt entry. Use lint
free towels when wiping parts or your hands. lay-
cleaned parts out on new paper so that a thorough in
spection can be made. 

When installing the transmission components, care 
must be exercised not to use force. If the parts do not 
assemble freely , examine them for the cause of dif
ficulty . Always install new gaskets and seals. Coat 
new gaskets with a thin film of petroleum jelly or 
grease to hold them in position. Do not use regular 
bolts in place of self-locking bolts. 
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C. GEARSHIFT COVER OVERHAUL 

GEARSHIFT COVER AND LEVERS 

DISASSEMBLY 

1. Remove the cab floor mat and the control con~ 
sale lower panel. Remove the transmission ac
cess plate lrom the cab floor. 

2. Remove the nine bolts and lock washers from 
the cover, and remove the cover and gearshift 
levers as an assembly . Disconnect the starter 
safety switch wires. Remove the gasket. 

3. Remove the shift lever stop plate. Figure 7 by 
removing the four self-locking bolts . 

4. Unscrew the ball lrom each gearshilt lever. 

5. Remove the snap ring from the groove in each 
lever. Remove the spring and retainer from the 
levers and remove the levers. 

6. Refer to Section G for inspection and repair of 
the gearshift cover component parts. 

Figure 7 
Gearshift Cover 

1. Gearshift Lever 
2. Locating Pin 
3. Gearshift Lever Stop Plate 
4. Safety Starter Switch Wires 
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ASSEMBLY 

1. Insert the gearshift levers through the bottom of -
the gearshift cover. Place the retainer and spring 
over each lever and retain them by installing a 
new snap ring in the groove of each lever. Instali 
the bali, Figure 7, on each lever. 

2. Instali the shift lever stop plate, Figure 7, and 
tighten the four sell locking bolts to the specified 
torque, see Chapter 2. 

3. Connect the starter safety switch wires after 
placing a new gasket on the cover and instali the 
cover so the gearshift levers engage with the 
connector and shift forks in the transmission. 
Secure the cover by installing the nine bolts and 
lock washers. Tighten the bolts to the specified 
torque. 

4. Instali the transmission access plate to the cab 
floor and console lower panel. Replace the cab 
II oar mat. 

D. FRONT END OVERHAUL 

DISASSEMBLY 

1. Drain the oil from the transmission by removing 
the drain plug. 

2. Separate the engine and Iront axle assembly 
from the transmission as described in Part 10 
"SEPARATING THE UNIT". 

3. Clutch Release Hub and Bearing: Remove the 
adaptor from the end of the grease tube outside 
the case. 

4. Remove the bolt and nut from the fork and puli 
the clutch release shaft from the case, Figure 8. 
Remove the fork from the case. 

5. Remove the clutch release hub and bearing and 
grease tube as an assembly. 

6. Clutch Release Bearing Hub Support: Remove 
the five bolts lrom the clutch release bearing hub ' 
support, Figure 8, and remove the support from 
the transmission. Remove the gasket. 

7. Front Support Plate: Remove the seven bolts 
from the front support plate, Figure 8. Pry the 
plate loose and remove it from the transmission. 
Remove the gasket. 
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Figure 8 
Front End Components 

1. Clutch Release Hub and Bea ring 
2. Front Mainshaft 
3. Clutch Release Shaft 
4. Clutch Release Fork 
5. Front Supp0l1 Plate 
6. Clutch Release Bearing Hub Support 
7. Grease Tube 

8. Front Mainshaft Bearing Retainer Plate and 
Front Mainshaft: Remove the three attaching 
nuts, Figure 9, from the front mainshaft bearing 
retainer plate bolts, Figure 10, and remove the 
bolts. Remove the self-locking bolt and pull the 
plate and front mains haft as an assembly from 
the transmission. 

INSTALLATION 

1. Front Mainshaft Bearing Retainer Plate and 
Front Mainshaft: Place the front mains haft bear
ing retainer plate, Figure 10, in the transmission 
and tap it rearward so the front reverse idler shaft 
enters the hole in the plate as shown. 

IMPORTANT: Be sure the flat spot on the front 
reverse idler shaft is positioned against the 
machined flat on the rear of the retainer plate. 
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Figure 9 
Front Mainshaft Bearing Retainer Plate 

1. Securing Nuts 

Figure 10 
Front Mainshaft Bearing Retainer Plate 

1. Securing Bolt - Long 
2. Self Locking Bolt 
3. Front Reverse Idler Shaft 
4. Front Mainshaft Bearing Retainer Plate 
5. Front Mainshaft 
6. Securing Bolts - Short 
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2. Secure the retainer plate in the transmission by 
installing the bolts, Figure 10. Tighten the bolts 
to the specified torque, then install the three at
taching nuts, Figure 9, and tighten them to the 
specified torque, see Chapter 2. 

3. Front Support Plate: Place a new gasket on the 
front support plate, Figure 8. 

4. Install the plate and secure it in place with the 
seven bolts. Tighten the bolts to the specified 
torque, see Chapter 2. 

5. Clutch Release Bearing Hub Support: Place a 
new gasket on the clutch release bearing hub 
support, Figure 8, and install the support over 
the front mains haft so the drain hole is toward 
the bottom of the case. Exercise care to prevent 
damaging the oil seal in the support. Install the 
five bolts and tighten them to the specified tor
que, see Chapter 2. 

6. Clutch Release Hub and Bearing: Install the 
clutch release hub and bearing and grease tube, 
Figure 8, as an assembly over the clutch release 
bearing hub support. 

7. Insert the tube through the case and install the 
adapter. Tighten to the specified torque, Chapter 
2. 

8. Reconnect the grease tube. 

9. Start the clutch release shaft, Figure 8, through 
the case and install the fork on the shaft. 

10. Position the fork in the slots in the hub. Slide the 
shaft through and install the bolt and nut. 
Tighten to the specified torque, see Chapter 2. 

11. Install the transmission drain plug. 

12. Transmission Installation: Join the engine and 
front axle assembly to the transmission as de
scribed in Part 10 "SEPARATING THE UNIT". 

13. Remove the oil filter plug and fill the transmission 
with the specified oil, see Chapter 2, until the oil 
is level with the mark on the dipstick. 
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E. REAR END OVERHAUL 

REMOVAL 

1. Drain the oil from the transmission by removing 
the drain plug. 

2. Separate the rear axle center housing from the 
transmission as described in Part 10 " SEPA
RATING THE UNIT". 

3. Rear Support Plate : Remove the ten rea(support 
plate attaching bolts, Figure 11 and pry the plate 
loose. Remove it from the transmission . 

4. Remove the four bolts from the output shaft 
bearing retainer, Figure 12. Remove the retainer 
and shims from the plate. 

5. Secondary Countershaft and Output Shaft: Par
tially w ithdraw the secondary counters haft, 
Figure 13, from the transmission until the output 
shaft can be removed. Remove the outpu t shaft, 
then the secondary countershaft. 

6. Remove the high/ low sliding coupl ing, Figure 
14, from the rear of the main shaft. 

Figure 11 
Rear Support Plate 

1. Securing Bolts 
2. Output Shaft 
3. Rear Support Plate 
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Figure 12 
Removing Rear Support Plate 

1. Output Shaft 
2. Shims 
3. Secondary Countershah 
4. Output Shah Bearing Retainer 
5. Rear Support Plate 

INSTALLATION 

1. Secondary Countershaft and Output Shah: 
Place the high-low sliding coupling, Figure 14, in 
position on the rear of the mainshaft so the 
highllow shift fork is engaged with the coupling. 

2. Place the assembly in the rear of the transmis
sion so it rests in the bottom of the case, Figure 
13. Install the output shaft and push it into posi
tion. Then raise the secondary countershaft and 
tap it into position. 

3. Place a new gasket on the rear support plate and 
install the plate so the two locating dowels in the 
plate, Figure 15, mate with the holes in the rear 
face of the transmission case; then install the ten 
bolts. Tighten the bolts to the specified torque, 
see Chapter 2. 
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Figure 13 
Removing the Secondary Countershaft 

and Output Shaft 
1. Output Shah Rear Bearing 
2. Secondary Countershah 
3. Secondary Countershaft Rear Bearing 
4. Output Shah 

• 

• .. 
Figure 14 

Transmission Rear Components 
1. High-Low Shih Fork 
2. High-Low Sliding Coupling 
3. Coupling 
4. Mainshah 

J 
./ 
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Figure 15 
Rear Support Plate 

1. Securing Bolt 
2. Output Shaft 
3. locating Oowel 
4. Output Shaft Bearing Retainer Plate 
5. Shims 
6. Locating Dowels 

4. Output Shaft Pre-Load: Pre-load on the output 
shaft is governed by means of shims located be
tween the mating surfaces of the output shaft 
bearing retainer and the rear support plate, 
Figure 15. Determine the shims required to give 
the specified pre-load, as follows: 

a. Place approximately 0.060 in. (1.524 mm) 
shims on the output shaft bearing retainer and 
install the retainer. 

b. Install the four attaching bolts and tighten 
them to the specified torque, see Chapter 2. 

c. Mount a dial indicator over the end of the out
put shaft as shown in Figure 16. The indicator 
must be readable within the 0.001 in. (0.025 
mm). 

Figure 16 
Measuring Output Shaft Pre-load 

1. Output Shaft 
2. Magnetic Base for Dial Indicator 
3. Dial Indicator 

d. Push the output shaft forward and zero the 
dial indicator; then pull the shaft rearward and 
note the reading on the indicator. The reading 
determines the thickness of shims that must 
be removed. 

IMPORTANT: If necessary, shims may be 
removed that total a maximum thickness of 
0.002 in. 10.051 mm) more than the indicator 
reading. However, never remove shims that 
tora/less than the indicator reading 8S this will 
result in end play instead of pre-load. 

5. Remove the output shaft retainer and the 
necessary shims as determined in Step 4. 

6. Install the retainer with the remaining shims. In
stall the attaching bolts and tighten them to the 
specified torque, Chapter 2. 

7 . Install the transmission drain plug. 

8. Join the rear axle center housing to the transmis
sion as described in Part 10 "SEPARATING THE 
UNIT". 

9. Remove the oil filter plug and fill the transmission 
with the specified oil, Chapter 2, until the oil is 
level with the mark on the dipstick. Install the 
plug. 
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F. COMPLETE OVERHAUL 

REMOVAL 

1. Drain the oil from the transmission by removing 
the drain plug. 

2. Separate the engine and front axle assembly and 
the rear axle center housing from the transmis
sion as described in Part 10, "SEPARATING 
THE UNIT'. 

3. Remove the gearshift cover and levers as 
described in Section C. 

4. Remove the clutch release hub and bearing, and 
the clutch release bearing hub support as 
described in Section C. 

5. Remove the front support plate as described in 
Section D. 

6. Remove the rear support plate as described in 
Section E. 

7. Secondary Countershaft and Output Shaft: Par
tially withdraw the secondary counters haft, 
Figure 13, from the transmission until the output 
shaft can be removed. Remove the output shaft, 
then the secondary countershaft. 

8. Remove the highllow sliding coupling, Figure 
14, from the rear of the main shaft. 

9. Front Mainshaft Bearing Retainer Plate and 
Front Mainshaft: Remove the front mains haft 
bearing retainer plate and front mainshaft as 
described in Section D. 

10. Gearshift Mechanism: Remove the detent 
plungers and springs, Figure 17. 

11 . Using a magnet, remove the detent balls, Figure 
17. If a magnet is not available, the balls can be 
removed after the gearshift rails are removed . 

12. Loosen the lock nut and remove the reta ining 
screw from the high/ low shift fork, Figure 14. 
Slide the rail forward enough to remove the fork 
from the rail. If necessary, loosen the gate 
nearest the starter safety switch, Figure 18, to 
allow the rail to move forward. 
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Figure 17 
Detent Plungers, Springs and Balls 

1. 1 st, 4th and Reverse 
1st and 3rd Gear Rail Plunger 

2. Spring 
3. 3rd and 6th Gear Rail Plunger 
4. 2nd, 5th and Reverse 2nd 

and 4th Gear Rail Plunger 
5. High-Low Rail Plunger 
6. Detent Ball 

13. Loosen the lock nut and remove the reta ining 
screw from the connector, Figure 18. Remove 
the connector and pull the rail from the transmis
sion. 

14. Loosen the lock nuts and remove the retaining 
screws from the remaining shift forks and gate, 
Figure 18. Remove the forks and gate while pull
ing the rails from the transmission. After remov
ing the 3rd-6th gear rail remove the arm assem
bly. 

15. Remove the detent balls, Figure 17, if not 
previously removed. 

16. Remove the interlock bore plug, Figure 19, from 
the left-hand side of the transmission case and 
remove the interlock plungers from the bore . 

17. Mainshaft: Remove the snap ring and thrust 
washer, Figure 20, from the front of the main
shaft. 

9 
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Figure 18 
Gearshift Mechanism 

1. Connector 
2. Starter Safety Switch 
3. Gearshift Gate 
4. Shift Fork 
5. Arm Assembly 
6. 3rd and 6th Gear Rail 
7. 1st, 4th and Reverse 1st and 3rd Gear Rail 
8. 2nd, 5th and Reverse 2nd and 4th Gear Rail 
9. Shift Fork 

10. High·Low Rail 

18. Pull the mains haft rearward, removing the gears, 
thrust washers, connectors and couplings in
dividually. 

19. Reverse Idlers and Transmission Countershaft: 
Remove the reverse idler shaft retaining bolt, 
Figure 19, from the left-hand side of the transmi
sian case. 

20. Remove the shift fork shaft, and the shift fork, 
Figure 21, from the case. 

21. Pull the rear reverse idler shaft, Figure 22, from 
the rear of the transmission and remove the rear 
reverse gear and bushing. 

22. Pull the sliding gear coupling, Figure 21, from the 
rear of the transmission counters haft and 
remove the snap ring that retains the counter
shaft rear bearing, Figure 23. 
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Figure 19 
Transmission Case Side 

1. Interlock Bore Plug 
2. Reverse Idler Shaft Retaining 80lt 

23 . Using Tool No. 9210, and a suitable drift, drive 
the transmission countershaft Figure 24, rear
ward until the countershaft main gear contacts 
the front reverse idler gear. Continue to drive the 
countershaft rearward, until the countershaft 
rear bearing is free, Figure 23. The front bearing 
might remain in the web of the transmission 
case. 

24. Remove the countershaft from the rear of the 
transmission and lift the front counter gears, 
Figure 22, from the transmission. 

25. Using a suitable drift, drive the straddle and front 
reverse idler gear, Figure 22 and 25, rearward un· _ 
til free of the transmission case, then remove the 
assembly from the transmission. 

26. Remove the front reverse idler gear from the 
straddle by removing the front reverse idler 
shaft, Figure 25. 

27. Remove the snap ring from the web of the 
transmission case and drive the countershaft 
front bearing rearward until free of the web, 



------------------------------ CHAPTER 1 ------------------------------

Figure 20 
Mainshaft Components 

1. Mainshaft 
2. Gear - 43 Teeth 
3. Coupling 
4. Gear - 33 Teeth 
5. Coupling 
6. Gear - 35 Teeth 
7. Gear - 25 Teeth 
8. Snap Ring 
9. Thrust Washers 

• • 
Figure 21 

Shift Fork and Shaft 
1. Sliding Gear Coupling 
2. Shift Fork 
3. Shift Fork Shaft 
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Figure 22 
Reverse Idlers and Transmission Countershaft 
1. Straddle 
2. Front Reverse Idler Gear 
3. Main Gear 
4. Transmission Counters haft 
5. Countershaft Gear 
6. Rear Reverse Idler Gear 
7. Idler Shaft Bushing 
8. Rear Reverse Idler Shaft 

Figure-23 
Countershaft Rear Bearing 

1. Snap Ring 
2. Countershaft Rear Bearing 

11 
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Figu re 24 
Cou nters haft Front Bearing 

1. Main Gear 
2. Front Reverse Idler Gear 
3. Snap Ring 
4. Countershaft Front Bearing 
5. Countershaft 

Figure 25 
Front Reverse Idler Gear and St raddle 

1. Straddle 
2. Front Reverse Idler Gear 
3. Front Reverse Idler Shaft 

12 

INST ALLATION 

Lubricate all bearings, bushings, and gears with 
transmission oil of the specified grade, see Chapter 2, 
before installing them in the t ransmission. 

1. Reverse Idlers and Transmission Countershaft: 
Instali the front reverse idler gear (34 teeth!, 
Figure 25, in the straddle and retain it in place by 
installing the front reverse idler shaft. Be sure the 
shaft is installed so the flat on one end is toward 
the front of the straddle. 

2. Install the assembled straddle and gear, Figure 
25, in the transmission case so the shaft pro
trudes through the small opening in the left side 
of the case webbing and so the flange of the 
straddle starls into the large opening. Align the 
bolt holes in the straddle with those in the web. 

NOT E: In order to get the front reverse idler 
through the small opening, it will be necessary to 
turn the straddle upside down so the gear will 
clear the web that houses the reverse idler shaft 
bushing. 

3. If not previously removed, remove the counter· 
shaft front bearing snap ring from the transmis
sion case. Position the front bearing in the trans
mission from the front and gently tap it into 
place. Install the snap ring. Refer to Figure 24. 

4. Place the transmission countershaft main gear, 
Figure 22, in the transmission so the helical gear 
is positioned in f ront of the front reverse idler 
gear. 

5. Place the 3O-tooth gear, Figure 22, behind the 
main gear and insert the t ransmission counter· 

. shaft, from the rear, through the gears. Place 
Tool No. 530-5 in the rear of the shaft and drive 
the shaft forward. Drive the straddle in until the 
snap ring can be instalied behind the counter
shaft rear bearing. 

6. Align the hole in the rear reverse idler shaft 
bushing, Figure 22, with the reverse idler shaft 
retaining bolt hole, Figure 19. Position the rear 
reverse idler gear (30 teeth), Figure 22, behind 
the bushing and instali the rear reverse idler 
shaft. Align the hole in 1he shaft with the hole in 
the bushing, then install the reverse idler shaft 
retaining bolt, Figure 19. T ighten the bolt to the 
specified torque. 
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NOTE: Be sure the rear reverse idler gear is in
stalled so the bearing that protrudes from the 
gear is toward the front. 

7. Place the gear, Figure 22, on the rear of the 
transmission countershaft. Install the sliding gear 
coupling, the shift fork on the coupling and the 
shift fork shaft, Figure 21 . 

8. Mainshaft: Place the 43-tooth gear, Figure 20, in 
the transmission so it rests on the gear. Figure 
22. Be sure the connector teeth on the 43-tooth 
gear are toward the front . 

9. Place a thrust washer, Figure 20, on the main
shaft. Start the shaft through the 43-tooth gear 
and install the remaining thrust washers, con
nectors, and couplings in the following se
quence: 

• Thrust Washer. 

• Connector and Coupling (recess in connector 
toward rear). 

• Thrust Washer. 

• 33-Tooth Gear (connector teeth rearward). 

• Thrust Washer. 

• 3&-Tooth Gear (connector teeth forward) . 

• Thrust Washer. 

• Connector and Coupling (recess in connector 
toward rear). 

• Thrust Washer. 

• 2&-Tooth Gear (connector teeth rearward) . 

• Thrust Washer. 

• Snap Ring . 

10_ Gearshift Mechanism: Install the interlock 
plungers and plug in the interlock bore, Figure 
19. 

11. Position the 1 st - 4th l R 1-R3 shift fork, Figure 
26 over the sliding coupling on the mainshaft. In
sert the 1st- 4th/ R1-R3, ra il through the third 
bore from the right-hand side of the transmission 
case and slide it forward through the fork and in-

PRINTED IN U.S.A. 

to the front bore. Secure the fork on the shaft by 
installing the fork retaining bolt and lock nut. 
Tighten the bolt and lock nut to the specified tor
que, Chapter 2. 

NOTE: Make sure one in terlock plunger is in 
each side of the Ist - 4thI RI - R3 rail therefore 
sliding the rail into the front bore. Refer to Figure 
27. 

12. Insert the 2nd-5th/ R2 - R4 rail , Figure 26, 
through the second bore from the right-hand 
side of the transmission case, installing the gate 
and shift fork as the rail is moved forward. Be 
sure the lst - 4th / R1 - R3 rail is in the neutral 
position , otherwise the interlock plunger will pre
vent the 2nd - 5th / R2- R4 rail from entering the 
front bore. Install the fork and gate retaining 
bolts and lock nuts and tighten them to the 
specified torque, see Chapter 2 . 

NOTE: Make sure the interlock. plunger is on the 
left side of the 2nd-5thI R2- R4 rat! before 
sliding the rail into the front bore. 

Figure 26 
Gearshift Mechanism 

1. Connector 
2. Starter Safety Switch 
3. Gearshift Gate 
4. Shift Fork 
5. Arm Assembly 
.6. 3rd and 6th Gear Rail 
7. 1 st, 4th and Reverse 1 st and 3rd Gear Rail 
8. 2nd, 5th and Reverse 2nd and 4th Gear Rail 
9. Shift Fork 

10. High-Low Rail 
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13. Install the highllow rail, Figure 26, in the bore 
nearest the right·hand side of the transmission 
case, Install the fork and connector and the safe
ty starter switch. Install the retaining bolts and 
lock nuts. Tighten the bolts and lock nuts to the 
specified torque, Chapter 2. 

14. Install the arm assembly in the shift fork in the 
bottom of the case. 

15. Install the 3rd - 6th rail, Figure 26, in the bore 
nearest the left-hand side of the case. Install the 
arm assembly on the rail, keeping the arm en
gaged in the shift fork. Install the retaining bolt 
and lock nut and tighten them to the specified 
torque, Chapter 2. Install the detent ball, spring 
and plunger for each rail. 

NOTE: Make sure all interlock plungers are posi
tioned correctly, Figure 27. 

ft-= 
2 ~

-----

---- -
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Figure 27 
Interlock Plungers 

1. Interlock Plungers 
2. Gearshift Rails 
3. Interlock Plug 

16. Front Mainshaft Bearing Retainer Plate and 
Front Mainshaft: Install the front mainshaft bear
ing retainer plate and front mainshaft as de
scribed in Section O. 

17. Secondary Countershaft and Output Shaft: 
Place the high / low sliding coupling, Figure 14, in 
position on the rear of the mainshaft so the 
high/ low shift fork is engaged with the coupling. 

18. Place the countershaft 'assembly in the rear of 
the transmission so it ~ests in the bottom of the 
case, Figure 13. Install the output shaft and push 
it into posit ion, then raise the secondary counter
shaft and tap it into position. 
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19. Rear Support Plate: Install the rear support plate 
as described in Section E. 

20. Check the ou tput shaft pre-load as described in 
Section F. 

21. Install the front support plate as described in 
Section D. 

22. Install the clutch release bearing hub support, 
and the clutch release hub and bearing as de
scribed in Section O. 

23 . Install the gearshift cover and levers as described 
in Section C. 

24 . Install the transmission drain plug. 

25 . Join the engine and front axle assembly and the 
rear axle center housing to the transmission as 
described in Part 10, "SEPARATING THE 
UNIT'. 

26 . Remove the oil filter plug and fill the transmission 
with the specified oil , Chapter 2, until the oil is 
level with the mark on the dipstick. Install the 
plug . 

G. COMPONENT INSPECTION AND REPAIR 

1. Starter Safety Switch: Check the starter safety 
switch for operation by connecting the switch to 
a s.uitable bulb and battery as illustrated in Figure 
28 . 

2. Depress and then release the operating button, 
Figure 28. The switch is operating correctly if the 
light comes on when the button is depressed and 
goes out when the button is released. If the 
switch is faulty, install a new switch. 

3. Gearshift Levers: Inspect the gearshift lever' 
locating pins, one in each socket of the cover, 
for excessive wear (flat spots). If necessary, 
remove the pins by driving them from the cover 
with a suitable punch and install new pins. If the 
pins are removed, or jf a leak is evident at the pin 
locations, seal the holes with an oil resistant, 
natural rubber base sealant. 

Place the cover on it5_ side with the hole to be 
treated facing up. Locate the pin in the hole. 
Remove all traces of oil , and fill the hole with 
sealant. Let the cover stand for at least ten 
minutes to allow the sealant to harden. 
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Figure 28 
Checking Starter Safety Switch 

1. Switch 
2. Bulb 
3. Battery 

NOTE: If both gearshift lever locating pin holes 
are treated, treat each separately and aI/ow ten 
minutes for each hole. 

4. Inspect the spherical end of each gearshift lever 
for excessive wear or damage. Install new parts if 
necessary. 

5. Clutch Release Hub and Bearing: Inspect the 
clutch release hub and bearing and related parts 
for wear or damage. If any of the parts require 
replacement refer to Part 4 "CLUTCHES". 

6. Clutch Release Bearing Hub Support: Inspect 
the oil seal in the clutch release bearing hub sup
port, Figure 29, for wear or damage. If neces
sary, remove the seal usin~ Tools Nos. 9507, 
9567 and 9564, as shown in Figure 29. 

7. Apply a light film of oil on a new oil seal and in
stall the seal using Tool No. 9210 and a suitable 
driver. Be sure the sealing lip is toward the rear 
of the support. 

8. Front Support Plate: Inspect the front support 
plate for cracks or other damage. If necessary, 
install a new plate during assembly. 
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Figure 29 
Removing Hub Support Oil Seal 

1. Clutch Release Bearing Hub Support 
2. Oil Seal 
3. Tool No. 9507 
4. Tool No. 9567 

9. Front Mainshaft Bearing Retainer Plate and 
Front Mainshaft: Remove the inner snap ring 
from the front mainshaft and press the shaft 
from the retainer plate using Tool Nos. 9526, 
9162,9521,9207,9537 and 9506 shown in Figure 
30. 

10. Inspect the bearing in the retainer plate for wear 
or damage. If necessary. remove the outer snap 
ring and drive the bearing from the retainer using 
Tool No. 9211 and a soft-faced mallet. Install a 
new bearing using Tool No. 9211. Secure the 
bearing in place by installing the outer snap ring . 

NOTE: Transmissions have a pilot bearing press
ed in the rear of the front mainshaft. Inspect the 
bearing for wear and damage. If necessary, drive 
the bearing from the shaft as shown in Figure 31. 
Install a new bearing using Tool No. 9211 and a 
soft-faced mallet. 

11 . Insert the front mains haft through the retainer 
plate. Using Tools Nos. 9516 and 9212, complete 
the installation as shown in Figure 32. Secure the 
shaft in place by installing the inner snap ring . 

15 
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Figure 30 
Removing Front Mainshaft from Bearing 

Retainer Plate 
1. Tool No. 9506 
2. Tool No. 9207 
3. Tool No. 9537 
4. Front Mainshaft Bearing Retainer Plate 
5. Tool No. 9526 
6. Front Mainshaft 
7. Tool No. 9521 
8. Tool No. 9162 

12. Rear Support Plate: Inspect the output shaft oi l 
sea l and bea ring cup in the output shaft bearing 
retainer for wear or damage. If necessary, drive 
the oil seal , then the bearing cup, from the front 
of the retainer using a suitable punch. 

13. Apply a light film of oil on a new seal and install 
the seal in the retainer using Tool No. 9210 and a 
soft-faced mallet as shown in Figure 33. Install a 
new bearing cup in the same manner using Tool 
No. 9211. 
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Figure 31 
Removing Front M ainshaft Pilot Bearing 

1. Front Ma inshaft 2. Pilot Bearing 3. Punch 

Figure 32 
In sta lling Front Mainshaft into Retainer Plate 

1. Tool No. 9516 3. Front Mainshaft 
2. Retainer Plate 4. Tool No. 9212 
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Figure 33 
Installing Output Shaft Oil Seal 

1. Soft Faced Mallet 
2. Oil Seal Retainer 
3. Tool No. 9210 

14. Secondary Countershaft and Output Shaft: In
spect the front and rear bearings on the seeon· 
dary countershaft for wear or damage. If neces
sary, remove the rear bearing with Tool Nos. 
9516, 9526, 9210, and 9212. Remove the front 
bearing using Tool Nos. 9516, 9190, 9210, 9212 
and two steel rods of the appropriate diameter 
and length, as shown in Figure 34. 

15. Install new bearings using Tool Nos. 9516, 9190, 
9212 and 9210. 

16. Inspect the output shaft pilot bearing and rear 
bearing for wear or damage. If necessary, pull 
the rear bearing . thrust washer, and gear from 
the shaft in one operation using Tool Nos. 9516 
and 9212, as shown in Figure 35. If necessary, 
pull the pilot bearing from the shaft using Tool 
Nos. 9198, 9190 and 9212, as shown in Figure 36. 

17. Place the output shaft gear, thrust washer, and 
rear bearing on the output shaft . Then draw the 
rear bearing into place using Tool Nos. 9516, 
9526, 9212 and a sleeve of the appropriate 
diameter and length, as shown in Figure 37. 
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Figure 34 
Removing Secondary Counters haft 

Front Bearing 
1. Tool No. 9516 
2. Step Plate Adaptor 
3. Front Bearing 
4. Tool No. 9190 
5. Rear Bearing 
6. Steel Rods 
7. Shaft Protector 

Figure 35 
Removing Output Shaft Gear, Thrust Washer 

and Rear Bearing 
1. Tool No. 9516 4. Rear Bearing 
2. Thrust Washer 5. Tool No. 9212 
3. Output Shaft Gear 
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Figu re 36 
Removing Output Shaft Pilot Bearing 

1. Tool No. 9198 
2. Tool No. 9190 
3. Pi lot Bearing 
4. Shah Protector 

Figure 37 
Installing Output Shaft Gear, Thrust Washer 

and Rear Bearing 
1. Tool No. 9516 5. Tool No. 9526 
2. Shah Protector 6. Sleeve 
3. Output Shah Gear 7 . Rear Bearing 
4. Thrust Washer 
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18. Install a new pilot bearing on the output shaft 
and drive i~ into place using a softfaced mallet 
and sleeve of the appropriate diameter and con
venient length , 1.062 in. 127 mml Internal 
Diameter and 1.25 in . (32 mm) Outside Diameter. 

19. Gearshih Mechanism: Inspect the shift forks, 
connectors and couplings for excessive wear or 
damage. Damaged or excessively worn parts 
may cause binding. 

20. Inspect the detents in the shift rails for excessive 
wear. Check the rails for straightness by roll ing 
them on a flat surface. 

21. Check the detent balls, springs, and plungers for 
free movement in their bores. If necessary, clean 
the plungers with fine abrasive paper. 

22. Mainshaft: Inspect the mainshaft rear bearing for 
excessive wear or damage. If necessary, remove 
the bearing using Tool Nos. 9516, 9190 and 9212, 
as shown in Figure 38. 

Figure 38 
Removing Mainshaft Rear Bearing 

1. Puller Tool No. 9516 
2. Rear Bearing 
3. Tool No. 9190 
4. Mainshaft 
5. Tool No. 9212 
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23. Inspect the output shaft pilot bearing cup in the 
rear of the mainshaft for excessive wear or 
damage. If necessary, remove the cup using a 
suitable punch as shown in Figure 39. 

NOTE: The mainshaft rear bearing must be 
removed before the pilot bearing cup can be 
removed. 

Figure 39 
Removing Output Shaft Pilot Bearing Cup 

from Mainshaft 
1. Mainshaft 
2. Driving Hole 
3. Punch 

24. Install a new mainshaft rear bearing, if removed, 
on the mainshaft using Tool Nos. 9516, 9190, 
9210 Isetl and a sleeve of the appropriate 
diameter and convenient length as shown in 
Figure 40. 

25. Install a new pilot bearing cup, if removed, in the 
mainshalt using Tool Nos. 9198 and 9210 as 
shown in Figure 41. 

26. Inspect the mainshaft rear bearing cup, Figure 42 
for excessive wear or damage. If necessary, 
remove the cup using Tool Nos. 9507 and 9567 
as shown. 
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Figure 40 
Installing Mainshaft Rear Bearing 
1. Tool No. 9516 4. Mainshaft 
2. Rear Bearing 5. Sleeve 
3. Tool No. 9190 6. Step Plate 

Figure 41 
Installing Output Shaft Pilot Bearing 

Cup in Mainshaft 
1. Tool No. 9198 
2. Mainshaft 
3. Tool No. 9210 
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Figure 42 
Removing M ainshaft Rear Bearing Cup 

1. Bearing Cup 
2. Tool No. 9507 
3. Tool No. 9567 

27. Install a new mainshaft rear bearing cup if 
removed, and drive it into place with a soft metal 
drift. 

28. Place the mainshaft gears on the mainshaft and 
check for excessive play between the gear 
bushings and mainshalt. Replace the gear and 
bushing assemblies if excessive wear exists. 
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29. Reverse Idlers and Transmission Countershaft: 
Inspect the seal on the reverse idler shaft retain
ing bolts, Figure 19, lor damage. II necessary, in
stall a new seal. 

30 . The front and reverse idler gears contain two 
bearings with a snap ring and spacer between 
them, Inspect the bearings for excessive wear or 
damage. If necessary, work the first bearing 
from the front gear by driving against the spacer 
with Tool No. 9514 bushing set. After the lirst 
bearing is removed, remove the spacer and drive 
the second bearing lrom the gear with Tool No. 
9515 bushing driver set. 

31. Remove the first bearing from the rear reverse 
idler gear in the same r:nanner as for the front 
bearing, but with Tool Nos. 802 and 813. Use 
Tool No. 9210 to remove the second bearing. 

32. Inspect the rear reverse idler shaft bushing, 
Figure 22, for wear or damage. If necessary, 
remove the bushing and install a new one. The 
chamfered end goes toward the rear. 

33. Inspect the transmission countershaft rear bear
ing for wear or damage. If necessary, remove the 
bearing using Tool Nos. 9516, 9190 and 9521 
Iset!. 

34. Inspect the t ransmission countershaft front bear
ing for wear or damage. If necessary, install a 
new bearing during assembly. 

35. Transmission Case: Thoroughly clean the inside 
of the transmission case to remove any foreign 
particles. Inspect the case for cracks or other 
damage, and, il beyond repair, install the 
transmission components in a new case. 



PARTS 
MANUAL REVERSING TRANSMISSION 

Chapter 2 
SPECIFICATIONS AND SPECIAL TOOLS 

Section 
A. SPECIFICATIONS 
B. SPECIAL TOOLS 

Page 
21 
22 

A. SPECIFICATIONS 

Gearbox Ratios ...... .. .. . . ... . .... .... , ......... , ... . 

Oil Specification . . . .. . ... . .. . . . . . . . . . . . . . 
Capacity . . . . . . . . . .. . .. . .. . .. . .. . . • ... ... . . .. . . . 
Clutch Release Bearing Greaser . . . .... . .. . .. . .... . 

Gearbox Output Shaft Pre-load .. 
Shim size available ..... . ..... .. . . 
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1st - 8.82:1 
2nd - 5.03 :1 
3rd - 3.69: 1 
4th - 2.47: 1 
5th - 1.41:1 
6th - 1.03: 1 
R1 - 7.48:1 
R2 - 4.14:1 
R3 - 2.10:1 
R4 - 1.16:1 

Ford M2C85-A 
13.3 U.S. qts. 122 Imp. Pints 12.5 liters} 
High temperature Lithium based grease 
- Ford M1C87-A 
0.000 to 0.0002 in. (0.510 mm) Compression 
0.003 in. 10.076 mm} 
0.005 in. 10.127 mm} 
0.012 in. (0.305 mm) 

21 
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TORQUE VALUES Ib '/ ft . (Kgm) 
Gearshift Lever Stop Plate Bolts . 
Gearshift Cover Bolts ......... . 
Front Mainshaft Bearing Retainer Plated Bolt .. ... . 
Front Mainshaft Bearing Retainer Plate Nuts 
Front Support Plate Bolts ........ . 
Clutch Release Bearing Hub Support Bolts ...... . . 
Greaser tube . . . . . . . . . . . . . . . .... . 
Clutch Release Bearing Fork Bolt and Nut .....•.....• . .... 
Rear Support Plate Bolts . . ................ . •. . . ..• ..... 
Output Shaft Bearing Retainer Bolts .................... . 
Reverse Idler Shaft Retaining Bolt ..................... . 
Shift Fork, Connector and Gate Bolts and Lock Nuts ....... . 

Ib '/ ft. 
14-17 
30-35 
40-50 
18-25 
23·29 
23-29 
15-18 
30-36 
24-30 
24-30 
15-19 
20·25 

Kgm. 
(2.0-2.3) 
(4.2-4.8) 
(5.6·6.9) 
(2.5-3.4) 
(3.2-4.0) 
(3.2-4.0) 
(2.1-2.4) 
(4.2-4.9) 
(3.4·4.1) 
(3.4-4.1 ) 
(2.1 -2.6) 
(2.8-3.4) 

B. SPECIAL TOOLS 

22 

NUDAY 
TOOL NO. 
9162 .......... ... . 
9212 (set) . . . ......... . 
9210 (set) . . . .•.•.... 
9537 ................. .. 
9521 . . ... . . . 
9207 
9506 
9507 ........ . ..... . 
9567 
9564 .... ... ............ .. 
9190 . . ...... .. ........ . 
9526 ............ ... ..... . 
9198 .... . . . .. .•.. .... 
9516 ........•..•......... 
9514 (set) ....•..•......... 
9515 (set) . ...•.. •... .... . . 

CHURCHILL 
TOOL NO. 
P61 .... . ........... . 
625A .... .. .............. . 
6305 .. . .... ... . 
924 .... . .. . ... .......... . 
93OB .... . ....... .. .... . 
930E ....... . ..•. 
938 ................... _ .. 
943 .. ................... . 
943S .. 
FT943 
951 .. . ..... .. . .. . . •. 
952 ......... ... ...... .. 
1002 ... .•. . • .. • . 
1003 ... .•..•..•..... . 
818 ..................... . 
T818 ..... .... . ... ... ... .. 

DESCRIPTION 
Heavy Duty Ratchet 
Shaft Protectors 
Step Plate Adaptors 
Double Threaded Adaptors 
Push/ Puller Legs 
Push/ Puller Legs 
Push / Puller 
Internal/ External Puller 
Slide Hammer 
Internal Puller Adaptors 
Pulling Attachment 
Pulling Attachment 
Puller/ Reversible Arm 
Puller/ Single End Arm 
Bushing Driver Set 
Bushing Driver Set 

Nm. 
(19.0-23.0) 
(4O.7-48 .0) 
(54.2-67.8) 
(24.0-33.9) 
(31.2-39.3) 
(31.2·39.3) 
(20 .3-24.4) 
(4O.7-48.8) 
(32.5-4O.7) 
(32.5-4O.7) 
(20.3-25.8) 
(27.1 -33.9) 
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POWER REVERSING TRANSMISSION OVERHAUL 

Section 
A. POWER REVERSING TRANSMISSION -

OESCRIPTION AND OPERATION 
B. INTRODUCTION TO OVERHAULING THE TRANSMISSION 
C. GEARSHIFT COVER OVERHAUL 
D. FRONT END OVERHAUL 
E. REAR END OVERHAUL 
F. COMPLETE OVERHAUL 
G. COMPONENT OVERHAUL 

Chapter 2 

Page 

12 
14 
19 
25 
28 
31 

TROUBLE SHOOTING SPECIFICATIONS AND 
SPECIAL TOOLS 

Section 
A. TROUBLE SHOOTING 
B. SPECIFICATIONS 
C. SPECIAL TOOLS 
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Chapter 1 
POWER REVERSING TRANSMISSION OVERHAUL 

Section 
A. 

GENERAL 

B. 
C. 
D. 
E. 
F. 
G. 

POWER REVERSING TRANSMISSION 
DESCRIPTION AND OPERATION 
INTRODUCTION TO OVERHAULING THE TRANSMI SSION 
GEARSHIFT COVER OVERHAUL 
FRONT END OVERHAUL 
REAR END OVERHAUL 
COMPLETE OVERHAUL 
COMPONENT OVERHAUL 

A . POWER REVERSING TRANSMISSION -
DESCRIPTION AND OPERATION 

POWER REVERSING TRANSMISSION 75 /4-81 

The transmission consists of a 2.2: 1 ratio torque con· 
verter. an internal gear-type hydraulic pump, an o il 
distributor, a blocker valve assembly, two hydraulically 
operated clutch assemblies within a single housing, a 
4-speed constant mesh gearbox. a transmission case, 
and cooler tub"s. 

POWER REVERSING TRANSMISSION 4-811 

Page 

1 
12 
14 
19 
25 
28 
31 

This new transmission has a higher ' .p.m. stall speed 
and provides more horsepower than the previous 
design transmission. The transmission consists of a 
2.78:1 ratio torque converter, an internal gear type 
hydraulic pump, a redesigned oil distributor, a 
modulator type valve assembly, two new redesigned 
hydraulically operated clutches, a larger capacity cool
ing system, a redesigned reverse gear support and a 
four speed constant mesh gear t ransmission. 

Figure 1 
Transmission Controls 

1. Power Reversing Lever 
2. Gearshift 

PRINTED IN U.S.A. 1 
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The case serves as an oil reservoir for the converter 
and clutch assemblies. A conventional clutch is not 
used with this transmission. 

The gearbox receives power from the engine by means 
of oil reaction in the torque converter and hydraulic 
clutch assemblies. 

The front clutch provides power for forward travel and 
the rear clutch power for reverse travel. Engagement 
of the front or rear clutch is controlled by the operator 
through the movement of a hand-operated power re
versing lever, shown in Figure 1. 

The gearshift lever, shown in Figure 1, is used to select 
anyone of four gear ratios for forward or reverse 
travel. Figure 2 illustrates the gearshift pattern. In any 
given gear ratio the operator need only move the 
power reversing lever after decreasing engine speed 
and stopping the tractor, to change direction of travel. 

As a safety feature, the transmission incorporates a 
starter safety switch, w ired in series with the starting 
circuit. The switch allows the engine to start only 
when the gearshift lever is in the neutral position . It is 
recommended that the power reversing lever also be in 
neutral before starting the engine . After the engine is 
started, a gear ratio should be selected with the gear
shift lever and then the power reversing lever moved 
to the desired position for forward or reverse travel. 

POWER REVERSING LEVER 

The power reversing control lever and linkage shown 
in Figure 3 and 4, provides engagement of the forward 
and reverse hydraulic clutches and is controlled by the 
operator . 

Because of the operational design of the transmission 
blocker valve used on transmissions produced prior to 
4-81, the power reverser lever may be shifted only at 
engine speeds under 1200 r.p.m., (with transmission 
oil at normal operating temperature). Under cold 
weather conditions, higher than normal oil pressures 
exists within the transmission and may prevent shift
ing at any engine speed. Under cold weather condi
tions, tractors should be warmed up at idle speeds 
until oil temperatures approach normal operating 
temperature. 

Tractors equipped with the modulator control valve do 
not function in this manner and therefore may be 
shifted at all engine speeds. However for reasons of 
operator and equipment safety, the power reverser 
should not be shifted at engine speeds above 1200 
r.p.m . 
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GEARSHIFT LEVER 

POWER REVERSING 4TH 1ST 
LEVER 

C? C? 
FR ONT I 

FORWARD ... I (-, 
......... ::: ...... , I I , , I 

NEUTRAL ' , I 
C ..... ,. "'~~I ~- ---1 

// 
/ / 

/ / 
/ / 

/ / 
1'- ",'" 

'-' 
REVERSE 

I 
I .... 

REAR I 

6 
2ND 

Figure 2 
Gearshift Pattern 

B 

Figure 3 
Power Reversing Lever linkage 

14-81 /- ) 
1. Power Reversing Lever 
2. Power Reversing Lever Linkage 

I 
I 
I 
I 

6 
3RD 

3. Power Reversing Control Valve Lever Rod 
4. Control Rod Link Arm 



---------------- CHAPTER 1 

o 

Figure 4 
Power Reversing Lever Linkage 

175/ 3-81) 
1. Power Reversing Lever 5. Control Rod 
2. Collar 6. Lower Shaft Arm 
3. Lower Support 7. Shift Rod 
4. Clamp Bolt 

Fig",,, 5 
Torque Converter 

1. Front Cover 
2. Turbine 
3. Rear Cover and Impeller 
4. Stator 
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Under cold weather conditions this transmission 
should also be warmed up by idling the tractor until 
the transmission oil approaches normal operating 
temperature. 

TORQUE CONVERTER 

The main parts of the torque converter are the. impeller 
(pump), the turbine, the stator, and the front and fear 
covers, Figure 5. The impeller is integral with the rear 
cover and is driven by the engine flywheel by means of 
a drive plate. The turbine, splined to the front input 
shaft, is splined to a stationary shaft (stator support) 
through a one-way clutch that permits the stator to 
rotate only in the same direction as the impeller. All of 
the converter parts are enclosed in an oil-filled hous
ing . The front and rear cover, being welded together, 
form the housing. 

When the engine is running, the oil in the converter 
flows from the impeller to the turbine and back to the 
impeller through the stator. The oil flow produces 
maximum torque when the turbin e is installed . When 
enough oil flow is developed by the impeller, the tur
bine begins to rotate, driving the fron t input shaft. The 
torque mu ltiplication gradually decreases as turbine 
speed approaches impeller speed , and becomes 1 to 1 
when the turbine is being driven at 9/ 10 impeller 
speed . 

W hen the turbine is rotating less than 9/10 impeller 
speed, the converter is multiplying torque through the 
Betion of the stator. This action , produced by oil act
ing on the front f ace of t he stator blades, tends to 
ic tz:te the stator in the opposite direct lon of the im
(JE.'!L::;i and '!.:uibine , '-Iowever, the one-way clutch pre
~f!:;tS this o!)posite rotation and allows the sta-i:.cr to 

:ji:,=?c.:"~ oil ~::'r:f( to the impeller thereby producing tor
.;~: ',".:.ult!piic~ri:io!1. 

F;'c;\' "d>,'~ tI"ll"b:i~le ls rotating aI approximately 9/10 im
,n"!::::" a~e€::-i; -;:h~ converter stops multipiying torque 

becQt\se the oj! is now acting on the rear face of the 
stator bl~des . The act ion of the oil on the rear face of 
tho;;; stator unlocks the one-way clutch, permitting the 
stator t o rotate in the same direct ion as the turbine and 
impeller. Through this action the converter becomes 
an efficient flu id coupling by transmitting engine tor
que f rom the impeller to the turbine. 

3 
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Figure 6 
Transmission Hydraulic Pump 

,. Drive Gear Bushing 
2. Stator Support 
3. Securing Screw 
4. Drive Gear 
5. Driven Gear 
6. Pump Body 
7. Front Cover Oil Seal 
8. Front Cover Bushing 

TRANSMISSION HYDRAULIC PUMP 

The transmission hydraulic pump, Figure 6, consists of 
a stator support, a drive gear, a driven gear, and a 
pump body. The stator support does not rotate, but 
serves as a support for the one-way clutch in the tor· 
que converter. The drive gear is driven by the rear hub 
of the torque converter. This gear, in turn drives the 
driven gear. The two gears, being separated by a di
vider in the pump body, mesh at one side only . Oil is 
picked up from the sump through the outlet of the oil 
distributor, Figure 7, by the rotating gears, and is 
forced through the outlet in the stator support back in
to the oil distributor inlet. An oil passage in the stator 
support, Figure 5, directs distributor oil to the torque 
converter. 

An oil seal in the pump body prevents oil from leaking 
past the rear hub of the converter. Oil from the con
verter returns through the stator support and is di· 
rected to the oil cooler by way of the oil distributor. 

4 

OIL DISTRIBUTOR 

The oil distributor, Figure 7, consists of a pressure 
regulating valve, a bypass valve, a control valve and a 
series of oil passages for oil distribution . Oil from the 
transmission hydraulic pump enters the oil distributor, 
under pressure, through the inlet passage, Figure 7, 
and is directed to the pressure regulating valve, the 
bypass valve, and the control valve by means of inter
nal passages, Figure 7 insert. 

The pressure regulating valve regulates oil pressure to 
the control valve . The control valve, in turn, directs 
this pressure regulated oil to the hydraulic clutch 
assemblies. 

The bypass valve, working in conjunction with the 
pressure regulating valve, bypasses oil back to sump; 
thereby limiting maximum oil pressure for torque con
verter operation. 

PRESSURE REGULATING VALVE AND 
BYPASS VALVE 

Oil from the transmission hydraulic pump enters the 
valve bore area of the pressure regulating valve be
tween lands "S" and " C" , Figure 7 insert . The area of 
the lands being equal, the valve will not move; 
however, land " 6 " incorporates a drilled passage or 
orifice that allows oil to enter the valve bore between 
lands " A" and "S". 

The area of land "S" is greater than land "A"; 
therefore when the pressure between the lands 
reaches approximately 95 psi, it overcomes the 
spring and causes the valve to move downward. 

This downward movement allows the valve to direct 
oil into the converter passage while maintaining a 
minimum pressure of 95 psi (6.65 kg / em'). A pair of 
flats on the circumference of land "e" causes the 
valve to move down farther as pump flow increases . 

This causes regulated pressure to increase with engine 
speed. 

Because pressure to the control valve and clutches is 
higher than the pressure desired for converter opera
tion. The bypass valve functions to limit maximum 
pressure to the converter at high pump flow. 
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Figure 7 
Oil Distributor 

1. Detent Spring 
2. Control Valve 
3. Cap and O-Ring Seal 
4. Detent Sleeve 
5. 
6. 
7. 
8. 
9. 

Lower Caps and O-Ring Seals 
Bypass Valve Balls 
Pressure Regulating Valve 
Socket Head Plug 
Outlet To Pump 

10. Oil Pump Gasket 
11. Valve Body Mating Surface 
12. Elbow 
13. Inlet From Pump 
14. Upper Cap and O-Ring Seal 
15. Detent Cups 
16. Outlet to Converter 
17. Outlet to Control Valve 
18. Outlet to Sump 

5 
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Figure 8 
Oil Distributor With Blocker Valve 

1. Inlet From Pump 
2. To Converter 
3. Pressure Regulating Valve 
4. Bypass Valve 
5. Outlet To Pump 
6. From Converter 
7. Control Valve 
8. Blocker Valve Body 

The bypass valve will open at approximately 75-80 psi 
(5.25-5.60 kg.icm.'l to bypass oil back to sump; 
thereby preventing excessive pressure in the con· 
verter . Oil leaking past land " A" of the regulating valve 
also returns to sump. 

POWER REVERSING TRANSMISSION 1975/ 3-81 

CONTROL VALVE AND BLOCKER 
VALVE FUNCTION AND OPERATION 

The blocker valve is mounted on top of the oil dis
tributor assembly, Figure 8. 

The blocker valve consists of a body, two blocker pins, 
two blocker valves and springs, Figure 9. 
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1. Cover 

Figure 9 
Blocker Valve Body 

2. Blocker Valves 
3. Upper Gasket 
4. Lower Gasket 
5. Blocking Pins 
6. Blocker Valve Body 
7. Springs 
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Figure 10 
Control Valve and Blocker Valves 

1. Blocker Valves 5. High Pressure Inlet 
2. Blocking Pins 6. Outlet To Rear Clutch 
3. Outlet To Sump 7. Outlet To Sump 
4. Outlet To Front Clutch 8. Control Valve 

The function of the blocker valve is to prevent shifting 
the power reverser transmission at high engine r.p.m. 
that may cause damage to the tractor power train. 

When the engine is operating at high speeds (above 
1200-1500 rev./min.I, and the control valve is in the 
neutral position as shown in Figure 10, lands "c" and 
.. D" prevent pressure regulated oil from reaching the 
oil passages that lead to the hydraulic clutch assem
blies. The oil does, however, flow to the blocker 
valves. The area on top of the valves, being greater 
than the area at the bottom, causes the valves to com
press the springs and push the blocking pins into the 
control valve bore between lands "C" and "0". 
Therefore, with the control valve in neutral at high 
engine speeds, the clutch assemblies can not be 
engaged because the control valve cannot be moved 

PRINTEO IN U.S.A. 

from the neutral posItIon . However, at low engine 
speeds (below 1200-1500 rev./ min .1 oil pressure is 
reduced and the spring, along with the reduced oil 
pressure acting on the bottom of the blocking pins, 
cause the valves and blocking pins to move up out of 
the valve bore, permi,ting the control valve to be 
moved in either direction . 

Moving the power reversing lever forward for forward 
travel at low engine speeds will move the control valve 
to the right, as shown in Figure 10 (insertl . Land "C" 
will then be positioned under blocking pin " A". Land 
" 0 " will uncover the oil passage "4" leading to the 
iront hydraulic clutch assembly, passage "N" leading 
to the underside of blocker valve "A", Figure 10, and 
blocking the sump port "3"; causing the front clutch 
to engage. 

7 
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As engine speed increases, regulated oil pressure will 
also increase causing blocker valve " B" to push the 
blocking pin into the control valve bore. However, 
high pressure oil in passage "N" will force blocker 
valve " A" to remain in the up position . 

This will permit movement of the control valve to 
neutral, but prevent movement into reverse or back to 
forward from neutral, until engine speed is reduced. 

Operation of the control valve and blocker valves for 
reverse travel is just the opposite of that described 
above. 

The large annual groove at each end of the control 
valve bore 1" 3" and " 7" in Figure 101 connects with 
openings in the back of the oil distributor that lead to 
sump. Oil that is exhausted from the hydraulic clutch 
assemblies is returned to sump through these open
ings. 

POWER REVERSING TRANSMISSION 4-81 1 

CONTROL VALVE AND MODULATOR 
VALVE FUNCTION AND OPERATION 

The modulator valve assembly is mounted on top of 
the distributor assembly, Figure 11 and consists of two 
pressure regulator valves and two accumulator valves 
and springs, the valve body and cover, Figure 12. 

The function of the modulator valve is to provide a 
cushioned engagement for the forward and rearward 
clutches during shifting. The cushioning is accom
plished by controlling the rate at which the clutches 
apply. The action of the modulator valve requires ap
proximately 1 to 2 seconds for the clutch to lock up 
thus providing the cushioned lock up of Jhe clutch. 

One set of pressure regulator and accumulator valves 
is used for the operation of each of the two clutch 
packs. The operation and function of each set is iden
tical. 

As soon as the engine is started, pump pressure is 
directed to the rear face of the accumulator valve and 
forces it forward compressing the spring. This is also 
the position of the valves when the transmission shut
tle lever is in neutral or is in the engaging position of 

. the opposite clutch pack, Figure 13 and 14. 
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Figure 11 
Modulator Valve Installation 

1. Control Valve Spool 6. Pressure Regulating 
2. Modulator Valve Valve 
3. 
4. 

Control Valve Detent 
Pressure Check Line 

7. Pressure Test Port 
8. By-Pass Valve 

5. Pump Bolts - Long 9. Transmission Pump 
Pump Bolts - Short 10. 

Figure 12 
Modulator Valve "- Components 

1. Valve Body 4. Springs 
2. Pressure Regulator Valves 5. End Plate 
3. Accumulator Valves 
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PRESSURE 
MODULATING 
VALVE ASSY. 

rn~w[~jjp~n VAL VE 

TO CLUTCH 
CONTROL 
(PRESSURE 

REGULATING) -_I~~~~= 
VALVE 

TO CLUTCH 

SHUTTlE 
CONTROL 

VALVE 

OIL 
DISTRIBUTOR ---FT'r--=Ti=-J 

TO 
INTERMEDIATE 

ACCUMULATOR 
VALVE 

Figure 13 
Modulator Valve Oil Flow 

• 

Figure 14 
Modulator Valve (Sectional View) 

Neutral Position - Engine Running 
1. Regulator Valve 
2. Accummulator Valve 
3. Pump Pressure 
4. Orifice 
5. Common Port to Orifice 
6. Pump Pressure 
7. To Clutch 
8. To Sump 
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When the control valve is shifted to engage one of the 
clutch packs, oil is directed to the regulator valve 
Ipassage "A") and to the clutch pack via passage 
"8", Figure 14. This provides an initial shot of oil to 
the clutch for a fast initial engagement. Oil also flows 
to the rear face of the regulator valve spool via an in
ternal drilling in the spool. This action causes the spool 
to move forward against the spring resistance, Figure 
15. 

As the regulator valve spool moves forward, the land 
on the spool restricts the oil flow to the clutch pack 
and paltially opens passage "C" at the rear end of the 
spool land diverting some oil to sump, Figure 15. 

Pump oil also flows around the regulator valve spool 
into passage" 0 " where it acts upon the rear face of 
the large land of the accummulator valve spool. Oil in 
passage " D" also flows through orifice "F" and 
pressurizes the spring end of both the valves . The oil 
passing through the .039-.040" orifice has a 5Ib./ in.' 
pressure drop. The force of the oil pressure and the 
springs causes the valve spools to move rearward . As 
the accummulator valve moves rearward the spring 
force reduces and the regulator valve spool moves to 
reduce the return to sump oil flow and increases the oil 
pressure to the clutch. When the accummulator valve 
reaches the end of its stroke, oil flow through the 
orifice ceases and full pump pressure is then exerted 
on the spring end of the regulator valve spool and 
causes it to move the spool to the rear and cut off the 
return to sump passage " C", Figure 16. Full pump 
pressure is then applied to the clutch pack to complete 
the engagement. 

The accummulator valve action provides a cushioned 
engagement of the clutch , thereby permitting forward 
and reverse shifting of the power reversing transmis
sion at all engine r.p.m.'s. 

NOTE: For operator safety, engine speed should be 
reduced to approximately 1200 r.p.m. before shifting 
the power reversing transmission. 

HYDRAULIC CLUTCH ASSEMBLIES 

The hydraulic clutch assemblies used in this transmis
sion are of the type similar to those used in automatic 
transmissions. They incorporate a housing, a hub, and 
a series of bronze and steel plates that are engaged 
through the action of the piston when hydraulic pres
sure is applied . The front clutch hub, Figure 17, being 
splined both externally and internally, is splined to the 
rear input shaft and to the bronze clutch plates. How-

9 
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Figure 15 
Modulator Valve ISectional View) 

Initial Clutch Engagement 
1. Pressure Regulator Valve 
2. Pump Pressure 
3. Accummulator Valve 
4. Orifice 
5. Pump Pressure 
6. To Clutch 
7. To Sump 

ever, the rear input shaft is not splined to the front in
put shaft. Therefore, when the clutch housing I driven 
by the front input shaft) is rotating the bronze plates, 
the front hub, and the rear input shaft will not rotate 
until hydraulic pressure is applied against the piston . 
The plates are lubricated through oil supply holes in 
the front and rear hubs, Figu re 17. 

When hydraulic pressure is applied to the front clutch 
for forward travel , the piston is actuated, locking the 
steel plates to the bronze plates. The steel plates, be
ing driven by the clutch housing, transmit power to 
the bronze plates. The bronze plates -then drive the 
front hub which, in turn , drives the rear input shaft, 
thereby transmitting power to the countershaft 
through the forward gear, Figure 20. 

When hydraulic pressure is applied to the rear clutch 
for reverse travel, the plates in the rear clutch are lock
ed together to drive the rear hub Ireverse idler input), 
Figure 17. The rear hub is not splined to the rear input 
shaft; however I it does mesh with the reverse idler 
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Figure 16 
Modulator Valve ISectional View) 

Full Clutch Engagement 
1. Pressure Regulator Valve 
2. Accumulator Valve 
3. To Sump 
4. To Clutch 
5. Pump Pressure 

gear that is in turn meshed with the reverse gear on 
the countershaft. It is through this reverse idler gear 
that power is transmitted to the countershah. Because 
the countershaft is being driven by the reverse idler 
gear and not the rear inr>ut shaft, the countershaft will 
rotate in the opposite direction as it does for forward 
travel. 

OIL FLOW 

Oil flow for the blocker valve type transmission is from 
the reservoir (sump) through the oil strainer and oil 
distributor, Figure 18, by the transmission hydraulic 
pump. Oil is then directed back into the oil distributor 
at " A" where it flows to the pressure regulating valve 
at " 8 ", the control valve and the bypass valve "C". 
The pressure regulating valve serves to maintain oil 
pressure for hydraulic clutch operation and the bypass 
valve functions to prevent excessive pressure from 
reaching the torque convli!rter. 
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The control valve is positioned manually to direct oil to 
the clutch positions, Figure 18. Oil from the control 
valve is directed to the front clutch through the hollow 
center of the rear input shaft " 0" and to the rear 
clutch through the same shaft, but through, a 
separate passage "E" . When either clutch is released, 
oil from the clutch flows back to the control valve 
through these same passages where it is directed to 
sump. 

Oil flow for the modulator valve type transmission 
from the reservoir to the distributor where it then flows 
to both the control valve and modulator valve 
assembly as previously described. 

Oil from the distributor bypass valve flows between 
the stator support (hydraulic pump shaft) and torque 
converter hub into the torque converter "F". Oil from 
the converter then flows back to the oil distributor be
tween the stator support and front input shaft "G". It 
is then picked up by the cooler tube on the left side of 
the transmission case " Hit and directed to the cooler. 
The cooler is located in the radiator bottom tank, 
Figure 19. 

Oil from the cooler is returned to the transmission 
through a tube fitted to the top of the transmission 
case, insert, Figure 18. The tube leads to the reverse 
idler gear retainer, and the lubrication passage" J" 
under the tube leads to the bearings in the rear clutch 
hub and rear input shaft. The lubrication passage, be
ing smaller than the tube, will act as an orifice and 
cause a pressure buildup. When the pressure reaches 
approximately 5 psi 10.35 kg .!cm.' ), the spring-loaded 
washer will move UP. allowing oil to return to sump 
"K" . 

OIL COOLER 

Tractors incorporating the modulator valve type 
transmission with the higher stall speed torque conver
tor have a larger capacity oil cooler in the radiator bot
tom tank. 

The transmission cooling system, Figure 19. consists 
of a filter, a cooling unit, and tubes and fittings. The oil 
is filtered after leaving the cooler . The filter incor
porates a bypass valve that is set to open at 7 to 9 psi 
10.49 to 0.63 kg.!cm.') should the filter become clogg
ed. 

Oil from the torque converter enters the cooler inlet 
tube, Figure 19, on the left side of the transmission 
case, passes through the cooler and filter, and is 
returned to the lubrication circuit and sump through 
the return fitting on top of the case. 
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Figure 17 
Hydraulic Clutch Assembly and Input Shaft 
1. Lubrication Holes 
2. Hydraulic Clutch Assembly 
3. Clutch Plate Lubrication Oil Supply Hole 
4. Reverse Idler Gear 
5. Rear Clutch Hub 
6. Front Clutch Hub 
7. Rear Input Shaft 
8. Bronze Plate 
9. Steel Plate 

10. Front Input Shaft 

POWER FLOWS 

Power for all four forward gear ratios is transmitted 
from the front hydraulic clutch to the rear input shaft. 
The rear input shaft then transmits power to the 
countershaft forward gear and the countershaft in turn 
transmits power to the output shaft. Figures 20 to 23 
illustrate the power flows. 

Power flow for all four reverse gear ratios is the same 
as for all four forward gear ratios except that the rear 
clutch is engaged to transmit power to the reverse 
idler gear. The reverse idler gear in turn transmits 
power to the reverse gear on the countershaft. 

Because power is being transmitted through the 
reverse idler gear, the countershaft and output shaft 
will rotate in the opposite direction as for forward gear 
ratios. The rear input shaft will also rotate in the op
posite direction. 

11 
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GENERAL 

Figure 18 
Oil Flow - Blocker Valve Type Transmission 

1. Oil Cooler Return Line 7. Stator Support 
2. Clutch Pistons 8. Torque Converter Hub 
3. Oil Strainer 9. Control Valve 
4. Oil Distributor 10. Passage to Blocker Valve 
5. Hydraulic Pump 11. Rear Input Shaft 
6. Front Input Shaft 

B. INTRODUCTION TO OVERHAULING 
THE TRANSMISSION 

The arrangement of the procedures in this chapter per
mits servicing the 4-speed power reversing transmis
sion with minimum disassembly. The procedures are 
separated into five groupings as covered below. Each 
grouping includes the components that can be ser-

viced under the conditions established. In the case of 
Condition 4 it is necessary to follow the procedures in 
each of the preceding groups to completely disassem
ble the transmission. The fifth grouping covers detail
ed seNiee procedures for the inspection and repair of 
sub-assemblies. Chapter 2 covers trouble shooting, 
specifications and special tools. 

12 
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4\.----------'"1, 

Figure 19 
Transmission Cooling System 

1. Return Oil Fitting 5. Oil Tubes 
2. Transmission Housing 6. Radiator 
3. Filter Adaptor 7. Oil Temperature Sensor 
4. Filter 

CONDITION 1 

Assemblies Serviced with Transmission Installed: 
Refer to Section C. 

• Gearshift Cover and Levers. 

• Blocker Valve or Modulator Valve Access Cover. 

• Power Reversing Linkage . 

CONDITION 2 

Assemblies Serviced with Transmission Front End 
Overhaul : Refer to Section D. 

• Torque Converter. 

• Transmiss ion Hydraulic Pump and Oil 
Distributor . 

• Front Input Shaft and Clutch Housing. 
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• Rear Input Shaft, Idler Gear Retainer, and 
Countershaft Reverse Gear. 

CONDITION 3 

Assemblies Serviced with Transmission Rear End 
Overhaul: Refer to Section E. 

• Gearshift Mechanism. 

• Output Shaft Bearing Retainer and Oil Seal. 

CONDITION 4 

Assemblies Serviced with Complete Overhaul: Refer 
to Section F. 

• Output Shaft and Countershaft Gear 
Assemblies. 

• Countershaft Pre-Load. 

• Output Shaft Pre-Load. 

13 
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Figure 20 
Power Flow - 1st Gear Forward and Reverse 

1. 1st Gear - Drive Gear 6. Reverse Gear 
2. Output Shaft 7. Reverse Idler Gear 
3. Countershaft 8. Rear Input Shaft 
4. Sliding Coupling 9. Rear Clutch Hub 
5. Forward Gear 10. Sliding Coupling 

Figure 21 
Power Flow - 2nd Gear Forward and Reverse 
1. Output Shaft 
2. 2nd Gear - Drive Gear 
3. Sliding Coupling 
4. Forward Gear 
5. Reverse Gear 
6. Reverse Idler Gear 
7. Rear Input Shaft 
8. Rear Clutch Hub 
9. 2nd Gear - Driven Gear 

10. Sliding Coupling 
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CONDITION 5 

Component Inspection and Repair (Sub-Assembly 
Dverhaull: Refer to Section G. 

When servicing the transmission, always work and 
clean surroundings and with clean tools. Thoroughly 
clean the transmission case to prevent dirt entry. Use 
lint free towels when wiping parts or your hands. Lay 
cleaned parts out on clean paper so a thorough inspec
tion can be made. 

When installing the transmission components, do not 
use force. If the parts do not assemble freely. examine 
them for the cause of difficulty, and coat them with a 
film of petroleum jelly or transmission fluid to facilitate 
assembly. Also lubricate all shafts, bearings, oil seals, 
and gears with a film of transmission oil before install
ing them in the transmission. 

C. GEARSHIFT COVER, 
BLOCKER VALVE OR MODULATOR 

VALVE ACCESS COVER AND 
POWER REVERSING LINKAGE 

GEARSHIFT COVER AND LEVERS 

REMOVAL 

1. Remove the cab floor mat and the rubber shroud 
from around the gearshift lever. 

2. Remove the console lower cover situated in front 
of the gearshift lever. Remove the bolts securing 
the transmission access plate to the cab floor 
and lift off the access plate. 

3. Remove the dipstick from the gearshift cover 
and disconnect the wiring to the starting safety 
switch. 

4. Remove the bolts securing the gearshift cover to 
the transmission. Note that the two long bolts 
which pass through the reinforcing bar are lo
cated at the rear of the cover. 

5. Lift the gear shift cover from the transmission. 

DISASSEMBLY 

1. Unscrew the starter safety switch from the top of 
the cover and remove the switch plunger from 
the switch retainer, Figure 24. 
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2. Using a screwdriver, or suitable spring com
pressor, compress the spring enough to remove 
the spring seat. Remove the seat. 

3. Pull the rubber seal from the shift lever socket on 
top of the cover, then pull the shift lever from the 
cover. Remove the spring and shifter latch. 

INSPECTION 

1. Inspect the conical end (pointed) of the switch 
plunger for nicks and burrs. If nicks and burrs 
exist that cannot be removed by polishing, install 
a new plunger. 

2. Inspect the spherical diameters of the shift lever 
for excessive wear (flat spots). If excessively 
worn, install a new lever, Figure 26. 

3. Inspect all weld joints on the cover to see if they 
are intact. Also check all rivets for looseness and 
cracks. Repair cracked welds and loose rivets as 
required . 

4. Check the starter safety switch for operation by 
connecting the switch to a suitable bulb and bat
tery as illustrated in Figure 25. 

5. Depress and then release the operating button. 
The switch is operating correctly if the light 
comes on when the button is depressed and 
goes out when the button is released. If the 
switch is faulty, install a new switch. 

ASSEMBLY 

1. Install the shifter latch between the stop plate 
and switch retainer, Figure 24. 

2. Place the spring between the latch and cover, 
then install the shift lever. 

3. Using a screwdriver, or suitable spring com
pressor, compress the spring enough to install 
the spring seat. Install the seat, being sure the 
spring is seated around the step in the seat. 

4. Install the switch plunger in the switch retainer 
so the conical end (pointed) is toward the shifter 
latch, then install the starter safety switch . 

5. Position the rubber cover over the shift lever 
socket on top of the cover. 
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Figure 22 
Power Flow - 3rd Gear Forward and Reverse 
1. Output Sheft 
2. 3rd Gear - Drive Gear 
3. Sliding Coupling 
4. Forward Gear 
5. Reverse Gear 
6. Reverse Idler Gear 
7. Rear Input Shaft 
8. Rear Clutch Hub 
9. 3rd Gear - Output Gear 

10. Sliding Coupling 

Figure 23 
Power Flow - 4th Gear Forward and Reverse 
1. Output Shaft 
2. Sliding Coupling 
3. 4th Gear - Drive Gear 
4. Forward Gear 
5. Reverse Gear 
6. Reverse Idler Gear 
7. Rear Input Shaft 
8. Rear Clutch Hub 
9. 4th Gear - Output Gear 

10. Sliding Coupling 
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INSTALLATION 

1. Apply gasket adhesive, to the specification -
Chapter 2, to the surface of the gasket. Im
mediately apply the gasket to the gearshift 
cover. pressing the gasket firmly against the 
cover. 

2. Remove excess adhesive from the cover and 
place the cover on the transmission, be sure that 
the gearshift lever engages with the gearshift rail 
and shifter plate. 

3. Place the reinforcing bar in position at the rear of 
the cover. Apply thread sealant as specified in 
Chapter 2, to the securing bolts and threaded 
holes and install the bolts with lock washers. 
Note the two longer bolts are installed in the two 
rear holes. 

4. Starting at the rear securing bolts, torqu e the 
bolts to the value as specified in Chapter 2. 

5. Install the transmission access plate to the cab 
floor, the console lower cover and cab floor mat. 
Replace the rubber gearshift lever shroud. 

BLOCKER VALVE OR MODULATOR VALVE 
ACCESS COVER 

REMOVAL 

1. Remove the fuel tank as described in Part 10 
"Separating the Unit". 

2. Remove the lower linkage from the power 
reverser control valve shaft arm and from the 
shift lever control rod assembly, Figure 3 and 4. 

3. Remove the blocker valve access cover bolts, 
Figure 27, and lift the access cover from the 
transmission. 

NOTE: The blocker valve and modulator valve 
may be removed from this opening. 

For overhaul of the Blocker Valve or Modulator 
Valve refer to Section G. 

INSTALLATION 

1. Position the valve access cover on the transmis
sion case and install the cover retaining bolts. 
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Figure 24 
Gearshift Cover 

1. Filler Tube 5. Stop Plate 
2. Gearshift Lever 6. Shift Latch 
3. Spring 7. Starter Safety Switch Retainer 
4. Spring Seat 

3 

+ 

1. Switch 
2. Bulb 
3. Battery 

Figure 25 
Starter Safety Switch 

2 
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Figure 26 
Reversing Linkage Coupling 

1. Coupling 
2. Sliding Lock 
3. Ball 

Figure 27 
Blocker Valve Access Cover 

1. Cover Plate Securing Bolt 
2. Blocker Valve Access Cover Plate 
3. Blocker Valve Clevis Pin 
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2. Install the control valve actuating linkage. Figure 
3 and 4. 

3. Install the fuel tank as described in Part 10 
"Separating the Unit". 

POWER REVERSING LINKAGE -
MODEL 565 4-81 1 

REMOVAL 

1. Remove the brake pedal pads. 

2. Remove the lower console panel to gain access 
to the lower section of the control rod assembly. 

3. Remove the steering wheel. 

4. Remove the four screws from the instrument 
cluster panel and remove the cluster assembly. 

5. Remove the control valve lever rod from the lever 
link arm, Figure 3. 

6. Remove the control rod lower support bearing 
assembly accessible from underneath the trac
tor. 

7. Remove the control rod upper bearing. 

8. Loosen the control and support bracket and slide 
it up off the steering column. 

9. Remove the roll pins from collars and the univer
sal joint, Figure 3 to remove the upper control 
rod shaft from the instrument panel. 

10. Inspect the shaft and bearing's and replace as re
quired. 

NOTE: If the control valve lever rod is removed, 
readjust the rod length to 11. 72" (29.77 em) 
before installing, Figure 3. 

ASSEMBLY 

Reassemble the control linkage following the removal 
procedure in reverse order. 

POWER REVERSING LINKAGE 
MODEL 550/ 556 - 75/ 3-81 

REMOVAL 

1. Remove the brake pedal pads. 
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2. Remove the lower console panel to expose the 
lower support bearing. 

3. Remove the tractor hood for access to the con· 
necting lever at the lower end of the power rever
sing lever . 

4. Remove the clamping bolt and nut from the con
necting lever 111, Figure 4. 

5. Remove the pin from the power reversing lever 
upper collar 121 and slide the lever upwards out 
of the connecting lever and the lower support 
131, Figure 4. 

6. Remove the lower support and bearing. 

NOTE : On tractors prior to 3-19- 79 (date code 
9C19) the lower support bearing was retained in 
the support by a tabbed cage. If one or more of 
the tabs brake off the lower bearing could come 
out and cause free movement and wobble of the 
linkage. A new replacement bearing and support 
was released effective 3-19-79 to prevent this 
condition from occurring. See Service Bulletin 
2-80. 

New Parts Consist of: 

1 - DSNN-7416-AA - Support 
1 - DSNN-7K360-AA - Bearing 
2 - 304624-536 - Bolts 
2 - 34975-57 - Nuts 

INSTALLATION 
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1. Install bearing DSNN7K360-AA into the support. 
DSNN-7416-AA and secure with new bolts and 
locknuts. Tighten the bolts to 5-7 ft .-Ibs. 16.S-9.5 
Nml torque. 

2. Install the assembled bearing and support to the 
firewall with the two bolts, lock washers and 
nuts. Tighten the bolts 10 10-;3 ' ft. -Ibs. 113.6-
17.6 Nml torque. 

3. Slide the power reversing lever down through 
the new bearing and into the connecting lever. 

4. Secure the upper collar to the power reversing 
lever with the pin and retighten the connecting 
lever clamping bolt to 15-20 Ibs. ft. 120.25 to 
27.00 Nml torque. 

5. Readjust the linkage as follows: 

• With the engine running, and the transmis
sion in neutral, cycle the power reversing lever 
to the forward, neutral and reverse positions, 
noting the detent feel for each position. The 
lever should fall firmly in place in each posi
tion. 

• Move the lever to the neutral position, then 
gently move the lever in each direction against 
the detent stops and observe for excessive 
free travel in the linkage. If the linkage has 
more than 1/ 2" 112.7 mml total free travel, 
measured at the lever knob, the free travel is 
excessive. If free travel is excessive, deter
mine the cause and replace parts or repair as 
required . 

• Check the position of the lever. When in 
neutral , the lever should be approximately 
parallel to the upper and lower edges of the in
strument panel. 

• If the lever is out of adjustment, loosen the 
connecting lever clamping bolt 4, Figure 4 and 
disconnect the verticle control rod (5) at the 
lower shaft arm 161 . Remove the rod and con
necting lever assembly. Check the rod length 
and adjust to 14.3S" 1365.3 mml center to 
center of the end pivots. Check the rod 
upper end connecting stud. Be sure it is 
threaded fully into the connecting lever. 
Check the locknut 141 for tightness 12S-36 
ft.-lbs.1 137.S-48.6 Nml. 

• Reinstall the vertical control rod and connec
ting lever assembly to the lower shaft arm and 
to the power reversing lever. Tighten the con
necting lever bolt (4). Figure 4 to 15-20 ft .-Ibs. 
120.3-27.0 Nml torque. 

• Recheck the position of the power reversing 
lever when in neutral position. If readjustment 
is needed, disconnect the shift rod 171 at the 
lower shaft arm 161 on the right side of the 
transmission. Lengthen or shorten the shift 
rod as required until the power reversing lever 
is parallel to the upper and lower edges of the 
instrument panel. Reconnect the shift rod to 
the lower shaft arm. 

6. Reinstall the brake pads, lower console panel, in
strument cluster panel, and engine hood. 
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D. FRONT END OVERHAUL 

ASSEMBLIES SERVICED WITH TRANSMISSION 
SEPARATED FROM ENGINE 

• Torque Converter. 
• Transmission Hydraulic Pump and 

Oil Distributor. 
• Front Input Shaft and Clutch Housing. 
• Rear Input Shaft Idler Gear Retainer and 

Countershaft Reverse Gear. 

SEPARATING THE TRANSMISSION 
FROM THE ENGINE 

1. Drain the oil from the transmission by removing 
the drain plug. 

2. Disconnet the cooler tubes and power reversing 
lever linkage from the transmission. 

3. Separate the transmission from the engine as 
described in Part 10 "SEPARATING THE UNIT", 

DISASSEMBLY 

Torque Converter 

1. Rotate the flywheel until the drain plug in the tor
que converter, Figure 28. is toward the bottom. 
Drain the converter by removing the plug, then 
re-install the plug . 

2. Remove the torque converter and drive plate 
from the flywheel by removing the eight at
taching bolts, washers and spacers. 

3. Remove the drive plate from the converter by 
removing the six attaching bolts and washers. 

4. Normally, it is not necessary to ~emove the con
verter pilot hub, Insert , Figure 28. However, if 
pilot hub is damaged it can be removed by re
moving the six self-locking bolts. 

CAUTION: The six bolts securing the converter 
PI'lot hub to the flywheel also hold the flywheel to 
the crankshaft. Before removing the six bolts, 
make sure the flywheel is sufficiently supported 
to prevent i t f rom falling. 

5. Refer to Section G for servicing the torque con
verter . 
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Figure 28 
Torque Converter Attached to Flywheel 

1. Drain Plug 4. Spacer 
2. Torque Converter 5. Flywheel 
3. Drive Plate 6. Converter Pilot Hub 

TRANSMISSION HYDRAULIC PUMP AND 
OIL DISTRIBUTOR 

1. Remove the transmission hydraulic pump Figure 
36, from the oil distributor by removing the four 
attaching bolts and sealing washers. 

2. Refer to Section G for disassembly of the pump. 

3. Disconnect the pressure check tube, Figure 36, 
from the elbow in the oil distributor. Remove the 
tube by removing the two attaching bolts and 
clips. Sealing washers are located behind the 
clips. Also remove the access cover from the 
bottom of the transmission case. 

Blocker Valve Removal 

4. Remove the blocker valve from the distributor by 
removing the four bolts and star washers. 
Remove the blocker valve body gasket and pull 
the blocker pins from the oil distributor with a 
magnet. 

Refer to Section G for disassembly of blocker 
valve body. 
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Modulator Valve Removal 

5. Remove the three Allen head bolts and remove 
the modulator valve body and gasket from the 
distributor. 

Refer to Section G for disassembly of the 
modulator valve body. 

6. Unscrew the detent sleeve, Figure 29, from the 
oil distributor and pull it back until the pin in the 
control valve is disconnected from the control 
valve arm , as shown. 

7. Remove the oil transfer bolt and adapter, Insert, 
Figure 29, from the leh side of the transmission 
case. Pull the transfer tube from the oil distri
butor, Figure 30. 

8. Screw the detent sleeve, Figure 29, back into the 
oil distributor, then remove the distributor from 
the transmission by removing the remaining 
bolts and sealing washers. 

9. Refer to Section G for disassembly of the oil 
distributor , 

FRONT INPUT SHAFT AND 
CLUTCH HOUSING 

1. Remove the front input shaft and bearing 
assembly from the clutch housing by removing 
the snap ring , Figure 31. 

2. Pull the clutch hub, along with the fiber thrust 
washer, from the rear input shaft, Figure 32, 
then remove the clutch plates. 

NOTE: Note that the blocker valve type 
transmission has six steel and six bronze plates. 
All the steel plates are "dished" and are installed 
with the " dished" side facing the open end of 
the clutch housing. 

The modulator type transmission has five steel 
and five graphite bronze plates . All the plates are 
"flat". The friction plates are 0.090"-0.094" 
thick, or approximately 0.020" thicker than the 
blocker valve type transmission . 

3. Remove the snap ring that is located behind the 
clutch hub. Then, pull the clutch housing along 
with the thrust washer, reverse idler input gear. 
bearings, and spacer from the rear input shaft . 
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Figure 29 
Control Valve Linkage Disassembled 

1. Detent Sleeve 
2. Hydraulic Pump Seal 
3. Oil Cooler Return Pressure Regulator 
4 . Oil Transfer Bolt 
5. Oil Distributor 
6. Control Valve Shaft 
7. Control Valve Arm 
8. Control Valve 

? 
' 0 J r Po 

Figure 30 
Transfer Tube Assembly 

1. Transfer Tube 3. Oil Transfer Bolt 
2. Adaptor 
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Figure 31 
Front Input Shaft and Clutch Housing 

1. Snap Ring 3. Bearing Assembly 
2. Front Input Shaft 4. Clutch Housing 

Figure 32 
Rear Input Shaft and Clutch Housing 

1. Fiber Thrust Washer 
2. Rear Input Shaft 
3. Clutch Hub 
4. Oil Screen Tube 
5. Flat Head Screw 
6. Internally Splined Bronze Clutch Plate 
7. Clutch Housing 
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4. Refer to Section G for disassembly of the rear 
clutch. 

5. Remove the oil screen assembly from the 
transmission by removing the flat head screw, 
Figure 33, and by gently tapping the oil screen 
tube rearward until free of the case. 

REAR INPUT SHAFT, IDLER GEAR 
RETAINER, AND COUNTERSHAFT 
REVERSE GEAR 

1. Remove the countershaft reverse gear, Figure 
33, from the front of the countershaft by remov
ing the cotter pin , nut , and flat washer. 

2. Remove the cooler return regulator block, and 
the spring and washer, Figure 34. 

3. Remove the idler gear retainer, along with the 
rear input shaft and spacer, by removing the four 
attaching bolts and star washers, Figure 33. 

4. Refer to Section G for disassembly of the rear in
put shaft and idler gear retainer. 

ASSEMBLY 

REAR INPUT SHAFT, IDLER GEAR RETAINER, 
AND COUNTERSH AFT REVERSE GEAR 

1. Assemble the rear input shaft and idler gear re
tainer as described in Section G. 

2. Install the assembly in the transmission and 
secure it in place with the four attaching bolts 
and star washers, Figure 33. Tighten the bolts to 
the specified torque, Chapter 2. 

3. Place the countershaft reverse gear on the 
countershaft , and secure it in place with the 
washer and nut. Tighten the nut, as required , to 
install the cotter pin . 

NOTE: If necessary, the nut may be backed off 
slightly to install the cotter pin. However, the 
washer must be snug between the nut and the 
shoulder of the shaft, and not free to rotate. 

4. Place the washer, Figure 35 Iflat side down) , 
over the cooler return passage in the idler gear 
retainer. 

21 



--------- PART 6 - POWER REVERSING TRANSMISSION ---------

Figure 33 
Suction Screen and Tube 

1. Idler Gear Retainer 
2. Countershaft Reverse Gear 
3. Retaining Nut 
4. Suction Screen 
5. Suction Screen Retaining Screw 

Figure 34 
Cooler Return Adaptor and Bypass Valve 
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5. Place the spring on the tube of the cooler return 
block , and install the block so the tube passes 
through the washer. Do not tighten the regulator 
block until after the transmission is attached to 
the engine and the cooler lines are connected. 

FRONT INPUT SHAFT AND 
CLUTCH HOUSING 

1. Install the oil screen assembly in the transmission 
so the oil screen tube, Figure 33, protrudes from 
the case as shown. Install the flat head screw. 

2. Assemble the rear clutch as described in Section 
G. 

3. Install the partially assembled clutch housing 
over the rear input shaft w hile exercising care to 
prevent damaging the roller bearings . Make sure 
the spacer, Figure 35, is installed on the rear in
put shaft. 

4. Retain the clutch on the shaft by installing the 
appropriate snap ring. 

5. Place the clutch hub and fibre thrust washer, 
Figure 32, on the rear input shaft, then install the 
twelve clutch plates, one by one, starting with a 
steel plate then a bronze plate. 

NOTE: The blocker valve type transmission clut
ches contain six udished" steel plates and six 
bronze plates. The modulator type transmission 
clutches contain five "flat" steel plates and five 
bronze plates. 

IMPORTANT: Make sure that the " dished" 
steel plates are installed facing the open end of 
the clutch housing. 

6. Coat the two cast iron sealing rings on the front 
of the rear input shaft with petroleum jelly to 
hold them in position. Then , ca refully install the 
front input shaft, Figure 31. Secure the shaft to 
the clutch housing with the snap ring. 

IMPORTANT: Do not force the fron t input shaft 
over the rear input shaft, Figure 32. If difficulty is 
encountered, one of the sealing rings could have 
dropped out of position. If necessary, remove 
the front input shaft and reposition the sealing 
rings. 
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TRANSMISSION HYDRAULIC PUMP AND 
OIL DISTRIBUTOR 

1. Assemble the oi l distributor as described in Sec
tion G. 

2. Coat the rear mating surface of the oil distributor 
w ith a film of petroleum jelly and install a new 
gasket on the greased surface so all holes are 
aligned. 

3. Make sure the sealing rings on the front input 
shaft are locked in place, then install the oil 
distributor, Figure 29, exercising care to prevent 
breaking the sealing rings on the front input 
shaft. Secure the distributor in place with six of 
the eight attaching bolts and new sealing 
washers, leaving out the two bolts that retain the 
pressure check tube clips. Tighten the bolts to 
the specified torque, Chapter 2. 

4. Place two new O-rings on the oil transfer bolt, 
Figure 30. Insert the bolt through the adapter 
and install two more '0' ring seals on the bolt -
one on the outside diameter and one in the inside 
diameter. 

5. Insert the plain end of the transfer tube into the 
transfer bolt , Figure 30. Place a new '0' ring seal 
on the shouldered end of the tube, then install 
the assembly so the tube enters the oil distri
butor. Do not tighten the transfer bolt until after 
the transmission is attached to the engine and 
the cooler lines are installed . 

6. Unscrew the detent sleeve, Figure 29, from the 
oil distributor and pull it back as shown. 

7. Start the control valve shaft through the 
transmission case, then install the control valve 
arm flat side up. Secure the arm to the shaft with 
the roll pin . 

8. Screw the detent sleeve back into the oil 
distributor so the pin in the end of the control 
valve engages with the control valve arm. 
Securely tighten the detent sleeve . 

9. Connect the pressure check tube to the elbow in 
the oil distributor. Install the tube retaining clips 
with a sealing washer between the clips and oil 
distributor. Secure the clips and sealing washers 
in place with the attaching bolts. Tighten the 
bolts to the specified torque, Chapter 2. 
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Figure 35 
Counters haft Reverse Gear 

and Idler Gear Retainer 
1. Spring 
2. Securing Bolts - Long 
3. Rear Input Shaft 
4. Countershaft Reverse Gear 
5. Thrust Washer 
6. Securing Bolts - Short 
7. Idler Gear Retainer 
8. Washer 

10. Assemble the transmission hydraulic pump as 
described in Section G. 

11 . Place a new hydraulic pump gasket on the oil 
distributor, then install the assembled pump. 
Secure the pump in place with the four attaching 
bolts and sealing washers, Figure 36. Tighten the 
bolts to the specified torque, Chapter 2. 

12. Lubricate the seal in the pump with petroleum 
jelly to facilitate installation of the torque con
verter. 

Torque Converter 

1. Secure the drive plate to the torque converter, 
Figure 37, with the six attaching bolts and flat 
washers. Tighten the bolts to the specified tor
que, Chapter 2. 
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Figure 36 
Transmission Pump and Oil Distributor 

1. Pressure Check Tube 
2. Hydraulic Pump Securing Bolts - Long 
3. Access Cover 
4. Transmission Hydraulic Pump 
5. Oil Distributor 
6. Control Valve Arm 
7. Control Valve Shaft 
8. Hydraul ic Pump Securing Bolts - Short 
9. Blocker Valve Body 

2. Install the torque converter drain plug, if not 
previously installed, then push the assembled 
converter over the protruding end of the pump, 
Figure 36 . Exercise care to prevent damaging the 
oil seal in the pump. Rotate the converter so the 
tangs on the hub engage with the lugs on the 
pump drive gear, 

CONNECTING THE TRANSMISSION 
TO THE ENGINE 

1. Carefully move the engine towards the transmis
sion making sure the converter pilot hub, Figure 
37, is aligned with the pilot of the torque con
verter. 

2. Install the transmission to engine attaching bolts 
and washers. 
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3. Rotate the flywheel until the eight holes in the 
drive plate, Figure 37, align with the holes in the 
fl ywheel. 

4. Working through the transmission top access 
opening install the attaching bolts, and washers 
finger tight. Rotate the flywheel as required until 
all eight bolts and washers are installed . 

5. Rotate the flywheel approximately two full turns 
with the starting motor to center the drive plate, 
then tighten the eight drive plate attaching bolts 
to the specified torque, Chapter 2. 

Blocker Valve Installation 

Place a new blocker valve gasket on the oil 
distributor, making sure that the four small 
passages in the distributor are exposed. Install 
the two blocking pins, then install the blocker 
valve body, Figure 36, so the number on the 
body is toward the front. Secure the body in 
place with the four attaching bolts and star 
washers . Tighten the bolts to the specified tor
que, Chapter 2. 

Figur,e 37 
Torque Converter Attached to Flywheel 
1. Drain Plug 4. Spacer 
2. Torque Converter 5. Flywheel 
3. Drive Plate 6. Converter Pilot Hub 
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Figure 38 
Modulator Valve 

1. FOlWard Test Port 3. Mounting Bolts 
2. Reverse Test Port 4. Oil Cooler Return 

Modulator Valve Installation 

Place a modulator valve gasket on the oil 
distributor, making certain all oil passages are ex· 
posed. Install the three Allen type bolts, Figure 
38. Torque bolts to the specified torque, Chapter 
2. 

6. Reconnect the reversing linkage and adjust as 
described in Section C. 

7. Install the fuel tank and other anciliary equip
ment as described in Part 10, "SEPARATING 
THE UNIT". 

8. Fill the transmission with oil, as specified in 
Chapter 2. 

E. REAR END OVERHAUL 

Assemblies serviced with transmission separated from 
rear axle center housing: 

• Gearshift Mechanism 

• Output Shaft Bearing 
Retainer and Oil Seal 
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SEPARATING THE TRANSMISSION 
FROM THE REAR AXLE 

1. Drain the oil from the transmission by removing 
the drain plug . 

2. Separate the transmission from the rear axle as 
described in Part 10 "SEPARATING THE UNIT" . 

COMPONENT REMOVAL 

GEARSHIFT MECHANISM 

1. Remove the gearshift cover and gasket, by 
removing the nine attaching bolts and lock
washers. 

2. Remove the detent spring and detent ball from 
the bore in the top of the transmission case. If a 
magnet will not lift the detent ball from the bore, 
the ball can be removed after the 1 st-3rd shift rail 
is removed, Figure 39. 

Figure 39 
Gearshift Components 

1. Shifter Plate 
2. Rear Clutch Hub 
3. Shifter Plate Pivot Hole 
4 . 2nd and 4th Gearshift Fork 
5. Locknut 
6. 2nd and 4th Gearshift Rail 
7. Output Shaft 
8. 1st and 3rd Gearshift Fork 
9. locknut 

10. 1st and 3rd Gearshift Rail 
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3. Loosen the Ist-3rd gear shift fork lock nut, and 
remove the nut and screw from the fork. 
Remove the fork and the Ist-3rd gear shift rail by 
sliding the rail rearward . If the detent ball was 
not previously removed, exercise care to prevent 
the ball from falling into the transmission case. 

4. Remove the shifter plate by removing the two 
shifter plate pivot bolts, Figure 40, and spacers. 
(One in each side of case). Exercise care to pre
vent the spacers from falling into the transmis
sion case. 

5. Remove the detent spring seat, spring and ball 
from the right side of the transmission case, Use 
a magnet to remove the ball. 

6. Loosen the 2nd-4th gear shift fork lock nut, and 
remove the nut and screw from the fork, Figure 
39. 

7. Grasp the 2nd-4th gear shift rail cap, Figure 40, 
with a pair of pliers and remove the cap by 
pushing down on the pliers . Do not try to remove 
the cap by twisting. 

8. Remove the 2nd-4th gear shift rail by sliding the 
rail rearward. 

9. Before the 2nd-4th gear shift fork, Figure 39, can 
be removed, the countershaft bearing cap, 
Figure 40, must be removed. Removing the cap 
will permit the countershaft to "drop", providing 
the necessary clearance for removal of the fork. 

IMPORTANT: Keep the countershaft bearing 
cap and shims as a matched set. If the same cap 
and shims are not used during assembly, the 
countershaft pre-load must be checked. Check
ing pre-load requires that all components except 
the countershaft, be removed from the transmis
sion. 

OUTPUT SHAFT BEARING RETAINER 
AND OIL SEAL 

1. If the output shaft oil seal, shows evidence of oil 
leakage, remove the seal, along with the retainer 
and shims, by removing the four attaching bolts 
and star washers. 
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IMPORTANT: Keep the retainer and shims as a 
matched set so the same retainer and shims can 
be installed during assembly. If the same retainer 
and shims are not used during 8ssembly, the out
put shaft pre-load must be checked. 

2 . Support the rear of the retainer on suitable 
blocks. Install Tool No. 9210 (large end down I in 
the retainer as shown in Figure 41, so the tool is 
centered over the seal, then press the seal from 
the retainer . 

INSTALLATION 

OUTPUT SHAFT BEARING RETAINER 
AND OIL SEAL 

1. Install a new output shaft oil seal in the output 
shaft bearing retainer by driving the seal in place 
with Tool No. 9210 (large end against sea II and a 
soft faced mallet. Make sure the seal is installed 
with the identifying number facing rearward and 
so the rear face of the seal is flush with the rear 
face of the retainer. 

2 . Position the output shaft bearing retainer, Figure 
40, along with the shims that were removed dur
ing disassembly, over the output shaft so the 
relief groove in each shim is toward the bottom. 
Secure the retainer in place with the four at
taching bolts and star washers. Tighten the bolts 
to the specified torque, Chapter 2. 

IMPORTANT: Make sure the mating surfaces 
of the retainer, shims and transmission case are 
clean. Particles of grit between the surfaces will 
reduce pre-load on the output shaft. Refer to 
Section F for output shaft pre-load information. 

GEARSHIFT MECHANISM 

1. Install the 2nd-4th gear shift fork, Figure 39, so it 
straddles the sliding coupling on the transmis
sion countershaft. 

2. Position the countershaft bearing cap, Figure 40, 
along with the shims that were removed during 
disassembly, over the .countershaft so the flat 
side of the cap and each shim is toward the top. 
Secure the cap in place with the four attaching 
bolts and star washers. Tighten the bolts to the 
specified torque, Chapter 2. 
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Figure 40 
Transmission Rear End Components 

1. Shifter Plate Pivot Bolt 
2. Shims 
3. Output Shaft Bearing Retainer 
4. 2nd and 4th Gearshift Rail Cap 
5. Countershaft Bearing Cap 
6. Shims 
7. Output Shaft 
8. 1st and 3rd Gearshift Rail Bore 

IMPORTANT: Make sure the mating surfaces 
of the cap, shims, and transmission case are 
clean. Particles of grit between the surfaces will 
reduce pre·/oad on the countershaft. Refer to 
Section F for countershaft pre-load information. 

3. Insert the 2nd-4th gear shift rail through the rear 
of the transmission case so it passes through the 
2nd-4th gear shift fork, Figure 39. Align the holes 
in the rail and fork , and install the lock screw and 
nut. Tighten the screw and nut to the specified 
torque, Chapter 2. 
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4. Place a new seal on the detent spring seat and in
stall the detent ball, spring, and seat in the right 
side of the transmission case. 

5. Using a soft-faced mallet, tap the 2nd-4th gear 
shift rail cap over the end of the rail , Figure 40. 

6. Position the shifter plate, Figure 39, in the 
transmission so the "arm" of the plate engages 
with the " notch" in the 2nd-4th gear shift rail. 
Retain the plate in position by installing the 
shifter plate pivot bolts (with new gasketsl and 
spacers. Exercise care to prevent the spacers 
from falling into the transmission case. Tighten 
the pivot bolts to the specified torque, Chapter 2. 

7. Hold the 1 st-3rd gear shift fork in position over 
the sliding coupling on the output shaft, then in
stall the 1st-3rd gear shift rail. Align the holes in 
the rail and fork, and install the lock screw and 
nut . Tighten the screw and nut to the specified 
torque, Chapter 2. 

8. Install the detent ball and spring in the detent 
bore on top of the transmission case. 

Figure 41 
Output Shaft Bearing Retainer 

1. Bearing Retainer 
2. Step Plate - Tool No. 9210 
3. Support Blocks 
4. Press 
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9. Install the gearshift cover as described in Section 
C. 

CONNECTING THE TRANSMISSION 
TO THE REAR AXLE 

, . Connecting the transmission to the rear axle as 
described in Part 10 "SEPARATING THE UNIT". 

2. Install the transmission drain plug. 

3. Remove the filler I dipstick and fill the transmis
sion with the specified oil, Chapter 2, until the oil 
is level with the mark on the dipstick. Install the 
filler plug. 

4. Circulate the transmission oil through the con
verter, oil distributor, and cooler lines by starting 
the engine (transmission in neutral) . Allow the 
engine to idle for approximately two minutes. 
Turn the engine off and repeat Step 3. 

F. COMPLETE OVERHAUL 

Assemblies serviced with transmission removed from 
tractor. 

• Output Shaft and Countershaft 
Gear Assemblies 

• Countershaft Pre-load 

• Output Shaft Pre-load 

SEPARATING THE TRANSMISSION FROM 
THE ENGINE AND REAR AXLE 

1. Drain the oil from the transmission by removing 
the drain plug . 

2. Disconnect the cooler tubes and power reversing 
lever linkage from the transmission . 

3. Separate the transmission from the engine and 
rear axle, as described in Part 10 "SEPARATING 
THE UNIT". 

COMPONENT REMOVAL 

1. Remove the transmission hydraulic pump and oil 
distributor as described in Section D. 

2. Remove the front input shaft and clutch housing 
as described in Section D. 

3. Remove the rear input shaft, idler gear retainer, 
and countershaft reverse gear as described in 
Section D. 

4. Remove the gearshift components as outlined in 
Section E. 
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OUTPUT SHAFT AND COUNTERS HAFT 
GEAR ASSEMBLIES 

1. Remove the output shaft bearing retainer and 
shims, Figure 40, by removing the four attaching 
bolts and star washers. 

2. Lift the output shaft and gear assembly from the 
transmission, front end first, as shown in Figure 
42. Remove the 2nd-4th shift fork, Figure 39, 
from the sliding coupling on the countershaft. 

3. Remove the countershaft bearing cap and shims, 
Figure 40, by removing the four attaching bolts 
and star washers. 

4. Move the countershaft and gear assembly rear
ward until the front bearing is free of the bearing 
cup in the transmission case; then lift the 
assembly, front end first, from the case. 

5. Refer to Section G for disassembly of the output 
shaft and gear assembly, and for the disassembly 
of the countershaft and gear assembly. 

INSTALLATION 

COUNTERSHAFT AND GEAR ASSEMBLY 

1. Assemble the countershaft and gear assembly as 
described in Section G. 

2. Install the assembled countershaft and gear 
assembly through the gearshift cover opening, 
rear end first, so the rear bearing protrudes from 
the rear of the case. 
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Figure 42 
Output Shaft Removal and Installation 

1. Output Shaft and Gear Assembly 
2. Countershaft Bearing Cap 

3. Move the assembly forward so the front bearing 
is positioned in the bearing cup. Hold the 
assembly in place, then install the countershaft 
bearing cap and shims, Figure 40. Secure the 
cap and shims in place with the four attaching 
bolts and star washers. Tighten the bolts to the 
specified torque, Chapter 2. 

NOTE: Make sure the flat side of the bearing cap 
and shims is toward the top. 

COUNTERSHAFT PRE-LOAD 

Pre-load on the countershaft is governed by means of 
shims located between the mating surfaces of the 
countershaft bearing cap and transmission case. The 
load must be checked with all components removed 
from the transmission except the countershaft. The 
pre-load must be checked if any of the following parts 
are replaced with new parts. 
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• Countershaft Front Bearing 
• Countershaft Gears 
• Countershaft Rear Bearing 
• Countershaft 
• Countershaft Bearing Cap 
• Transmission Case 

Determine the shims required to give the specified pre· 
load, Chapter 2, as follows: 

1. Make sure the countershaft bearing cap at
taching bolts are tightened to the specified tor
que, Chapter 2, and that the sliding coupling on 
the shaft is in the neutral position . 

2. Using a cord and pull scale, as shown in Figure 
43, determine the pull required to turn the 
countershaft. If the pull is below specification, 
Chapter 2, remove shims as required and repeat 
the procedure. If the pull is higher than specified 
add shims as required and repeat the procedure. 

NOTE: Make sure the cord is wrapped around 
the counters haft in the area just ahead of the rear 
bearing in a manner simIlar to that shown for 
output shaft pre-load, Figure 44. Note rhat the 
cord does not overlap. 

OUTPUT SHAFT AND GEAR ASSEMBLY 

1. Install the 2nd-4th gear shift fork, Figure 39, so it 
straddles the sliding coupling on the counter
shaft. 

2. Assemble the output shaft and gear assembly as 
described in Section G. 

3. Install the assembled output shaft and gear 
assembly as shown in Figure 42, so the helical 
gear on the front of the shaft meshes with the 
small helical gear on the the countershaft. 

REMAINING ASSEMBLIES 

1. Install the gearshift components as outlined in 
Section E. 

2. Install the rear input shaft, idler gear retainer, 
and countershaft reverse gear as described in 
Section D. 

3. Install the front input shaft and clutch housing as 
described in Section D. 
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Figure 43 
Checking Countershaft Pre-Load 

1. Pull Scale 
2. Countershaft Bearing Cap 
3. Shims 

4. Install the transmission hydraulic pump and oil 
distributor as outlined in Section O. 

5. Install the torque converter as described in Sec
tion D. 

6. Check the output shaft pre-load as described in 
the following procedure. 

OUTPUT SHAFT PRE-LOAD 

Pre-load on the output shaft is governed by means of 
shims located between the mating suriaces of the out
put shaft bearing retainer and transmission case. The 
load can be checked with all components installed pro
viding the shift rails and forks are in the neutral posi
tion . The load must be checked if any of the following 
parts are replaced with new parts. 
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Figure 44 
Checking Output Shaft Pre-Load 

1. Pull Scale 
2. Output Shaft 

• Idler Gear Retainer 
• Rear Input Shaft Rear Bearing 
• Rear Input Shaft ' 
• Output Shaft Front Bearing 
• Output Shaft Rear Bearing 
• Output Shaft 
• Output Shaft Bearing Retainer 
• Transmission Case 

Determine the shims required to give the specified pr&
load, Chapter 2 as follows: 

1. Check the 1 st-3rd gear and the 2nd-4th gear shift 
forks, Figure 39, to make sure they are in the 
neutral position . 

2. Make sure the output shaft bearing retainer and 
idler gear retainer attaching bolts are tightened 
to the specified torque, Chapter 2. 
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3. Using a cord and pull scale, as shown in Figure 
44, determine the pull required to turn the output 
shaft. If the pull is below specifications, Chapter 
2, remove shims as required and repeat the pro
cedure. If the pull is higher than specified add 
shims as required and repeat the procedure . 

CONNECTING THE TRANSMISSION 
TO THE REAR AXLE AND ENGINE 

1. Connect the transmission to the rear axle as 
described in Part 10 " SEPARATING THE UNIT" . 

2. Connect the transmission to the engine as 
described in Section D. 

G. COMPONENT OVERHAUL 

• Torque Converter 
• Transmission Hydraulic Pump 
• Blocker Valve Body Assembly 
• Modulator Valve Body Assembly 
• Oil Distributor Assembly 
• Front Input Shaft and Rear Clutch Assembly 
• Rear Input Shaft and Idler Gear Assembly 
• Output Shaft and Gear Assembly 
• Countershaft and Gear Assembly 

TORQUE CONVERTER 

The torque converter, Figure 45, is a welded unit and 
cannot be disassembled. The only maintenance per
formed on the converter, other than the stall test 
covered in Chapter 2, is cleaning and visual inspection. 
A commercial torque converter cleaner may be used to 
clean the converter. However, if a commercial cleaner 
is not available, the converter should be cleaned as 
outlined below. 

NOTE: At unit production code 9£09, an improved 
durability torque converter was incorporated into pro
duction. This converter ;s interchangeable and is used 
as a service replacement for prior power reversing 
transmissions. 

At unit production code ID09 a new heavy duty tor
que converter was incorporated in production. This 
torque converter has higher stall speeds and a higher 
torque multiplication (2.78: 1) and is not inter
changeable on prior transmissions. 
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1. If not previously drained, remove the drain plug, 
Figure 45, and drain as much oil as possible from 
the converter by tilting the converter in all direc
tions . 

2. Install the drain plug, then fill the converter 
about half full , through the hub, with paraffin 
base solvent or any cleaning solvent specified for 
cleaning transmissions. 

3. Plug the opening in the hub, then circulate the 
solvent inside the converter by shaking. 

4. Remove the drain plug and the plug from the hub 
opening. Drain the solvent from the converter. 

5. Repeat Steps 1 to 4, as required , until the solvent 
that is drained from the converter is clean. 

6. Install the drain plug . 

INSPECTION 

Inspect the tangs on the converter hub for wear or 
damage and the weld joints for cracks. If the hub is 
worn or damaged and/ or the weld joints cracked, a 
new converter should be installed. A new drive plate 
should also be installed if it is warped . 

Figure 45 
Torque Converter and Drive Plate 

1. Torque Converter 
2. Tangs 
3. Drive Plate 
4. Drain Plug 
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TRANSMISSION HYDRAULIC PUMP 

DISASSEMBLY 

1. Remove the stator support from the pump body 
by removing the flat head screw, Figure 46. 

2. Remove the drive gear and driven gear from the 
pump body. 

3. Do not attempt to remove the bushing from the 
drive gear or the bushing from the pump body, 
as they are not serviced separately. 

4. Do not remove the oil seal from the front cover 
plate unless the seal is damaged. If damaged, 
drive the seal from the cover with a punch and 
hammer. 

INSPECTION 

1. Thoroughly clean the pump components, Figure 
46, with suitable solvent, then blow dry with 
compressed air. 

2. Inspect the components for wear or damage, 
paying particular attention to the seal and 
bushings. If damage or excessive wear is evi
dent, a new pump assembly must be installed, as 
the component parts (except the seal) are not 
serviced separately. 

ASSEMBLY 

1. If it was necessary to remove the oil seal from the 
front cover plate, Figure 46, install a.new seal us
ing Tool No. 9211 and a press as shown in Figure 
47. 

2. Place the driven gear, Figure 46, in the circular 
groove of the pump body, then install the drive 
gear so the lugs are positioned toward the front 
of the body. 

3. Install the stator support so the screw hole in the 
support aligns with the hole in the pump body. 
Secure the parts together with the flat head 
screw. 
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Figure 46 
Transmission Hydraulic Pump 

1. Drive Gear Bushing 
2. Stator Support 
3. Securing Screw 
4. Drive Gear 
5. Driven Gear 
6. Front Cover Plate 
7. Front Cover Oil Seal 
8. Front Cover Bushing 

Figure 47 
Installing Transmission l:\ydraulic Pump Oil Seal 

1. Step Plate - Tool No. 9211 
2. Oil Seal 
3. Front Cover Plate 
4. 'Press 



-------------------------------CHAPTER1 

BLOCKER VALVE BODY 175/2-81) 

DISASSEMBLY 

1. Remove the cover and upper gasket from the 
blocker valve body, Figure 48, by removing the 
two round head screws from the attaching holes 
in the cover. 

2. Remove the blocker valves and springs from the 
blocker valve body. 

INSPECTION 

1. Thoroughly clean the blocker valve components, 
Figure 48, with suitable solvent, then blow dry 
with compressed air. 

2. Inspect the blocker valves and blocking pins for 
nicks and burrs. If nicks and burrs cannot be 
removed by polishing, install new parts during 
assembly. 

ASSEMBLY 

1. Place a new upper gasket, Figure 48, on the 
valve body making sure the small passage in the 
oval recess of the body is exposed, then install 
the springs and blocker valves in the body. 

2. Place the cover over the blocker valves, com
pressing the springs enough to start the two 
round head attaching screws into place. 

3. Make sure the small end of each blocker valve is 
started into its respective bore in the body, then 
draw the cover into place by tightening the two 
round head attaching screws. 

4. Installation of the lower gasket and blocking pins 
is covered in Section O. 

MODULATOR VALVE BODY 13-81/-) 

DISASSEMBLY 

1. Remove the cover and gasket, Figure 49 by 
removing the five bolts from the cover. 

2. Remove the four springs and four valve spools. 
Note that the two heavier springs are positioned 
in the outer spool location and the two lighter 
springs are positioned with the inner spools. 
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Figure 48 
Blocker Valve Body 

1. Cover 
2. Blocker Valves 
3. Upper Gasket 
4. Lower Gasket 
5. Blocking Pins 
6. Blocker Valve Body 
7. Springs 

'\ 
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INSPECTION 

1. Throughly clean the modulator valve com
ponents, Figure 49, with a suitable solvent, then 
dry with compressed air. 

2. Inspect the spools and spool bores for excess 
wear, grooves or scratches that may cause the 
spools to malfunction. If scratch marks cannot 
be removed by polishing, install new parts during 
assembly. 

ASSEMBLY 

1. Position the two accummulator valve spools in 
the two outer bores. 

2. Position the two regulator valve spools in the 
two inner boxes. 

3. Position the heavy springs in the pocket of the 
accummulator spools and the light springs in the 
pocket of the regulator spools. 

4. Position the gasket onto the valve body. 

5. Position the cover in place making certain the 
valve springs are seated in their respective 
pocket in the cover. 

6. Install the center bolt only, Figure 50, and tighten 
the bolt while keeping the cover in alignment 
with the valve body. 

CAUTION: Be sure the pressure regulator valve 
springs do not slip out of their pocket while the 
cover is being drawn down. 

7. Install the remaining cover bolts and torque to 
specifications. 

NOTE: The two longer bolts are installed in the 
top outer locations. 

OIL DISTRIBUTOR 

DISASSEMBLY 

1. If not previously removed, remove the cotter pin 
and flat head pin from the clevis end of the con
trol valve, Figure 51. 
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Figure 49 
Modulator Valve 

1. Valve Body 
2. Pressure Regulator Valves 
3. Accumulator Valves 
4. Springs 
5. End Plate 

Figure 50 
Modulator Valve Cover Bolts 

1. Cover Bolts 
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Figure 51 

Oil Distributor 
1. Detent Spring 
2, Control Valve 
3. Cap and O-Ring Seals 
4. Detent Sleeve 
5. Lower Caps and O-Ring Seals 
6. Bypass Valve Ball 
7. Pressure Regulating Valve 
8. Socket Head Plug 

2. Unscrew the detent sleeve and O-ring from the 
distributor housing, then pull the sleeve, along 
with the control valve, from the housing. 

3. Remove the cap and '0' ring seal from the detent 
sleeve, then push the control valve from the 
sleeve, exercising care to prevent the spring
loaded detent cups from "flying out" . 

4. Remove the pressure regulating valve and spring 
by removing the lower cap and '0 ' ring seal. 
Remove the upper cap and O-ring. 
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9. Outlet to Pump 
10. Oil Pump Gasket 
11 . Valve Body Mating Surface 
12. Elbow 
13. 
14. 
15. 

Inlet From Pump 
Upper Cap and O-Ring Seal 
Detent Cups 

5. Remove the by-pass spring and valve by remov
ing the cap and 0-rin9. 

6. Remove the oil pump gasket, socket head plug, 
and elbow from the distributor housing. It will 
not be necessary to remove the control valve seal 
unless it is damaged or worn. If necessary, pry 
the seal from the distributor with a screwdriver. 

7. Remove the '0' ring seals from the caps and de
tent sleeve. 
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INSPECTION 

1. Thoroughly clean the oil distributor components, 
Figure 51 , with suitable solvent, then blow dry 
with compressed air. Use compressed air to 
clean the oil passages in the distributor housing. 

2. Inspect the pressure regulating valve and the 
control valve for nicks and burrs, paying par
ticular attention to the lands on the control valve. 
Remove nicks or burrs from the control valve 
lands with a fine pumice stone. 

NOTE: If the lands are nicked or burred to the 
extent that cleaning with a stone will leave the 
lands distorted, a new control valve should be in
stalled. 

3. Check the pressure regulating valve spring and 
bypass spring for " set" by comparing them with 
new springs. Refer to Chapter 2 for spring speci
fications. If the springs have taken a " set", in
slall new springs. 

4. Inspect the bypass valve for flat spots, nicks and 
burrs. If necessary, install a new valve during as
sembly. 

5. Inspect the control valve seal for damage or 
wear. If necessary, pry the seal from the distri
butor. 

ASSEMBLY 

1. Install new '0 ' ring seals on the caps and detent 
sleeve, Figure 51. 

2. Install the bypass valve and spring (long spring) 
in the distributor housing, then install the cap 
and '0' ring seal. 

3. Install the pressure regulating valve and spring 
(short spring) in the distributor, and retain the 
parts in place by installing upper and lower caps 
and O-rings. 

4. If it was necessary to remove the control valve 
seal, tap a new seal into position so the sealing 
lip is flush with the face of the distributor hous
ing. 

5. Start the clevis end of the control valve through 
the cap end of the detent sleeve, then install the 
detent spring and cups. Holding the spring and 
cups in place, push the valve into the sleeve. 
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6. Install the cap and '0 ' ring seal in the detent 
sleeve, then install the assembly into the distri
butor housing. Tighten the detent sleeve finger 
tight. 

7. Place a new hydraulic pump gasket on the 
distributor and install the elbow and socket head 
plug. 

8. Installation of the oil distributor is covered in 
Section D. 

FRONT INPUT SHAFT AND REAR 
CLUTCH ASSEMBLY 

DISASSEMBLY 

1. Normally it is not necessary to remove the ball 
bearing from the front input shaft, or the needle 
bearing from the rear face of the shaft. If the ball 
bearing is worn or damaged, it can be removed 
as shown in Figure 52. To remove the needle 
bearing, collapse the inner race with a hammer 
and chisel, then pull the outer race from the shaft 
with Tool Nos. 9516 and 9190. 

Figure 52 
Front Input Shaft Bearing Removal 

1. Puller Tool No. 9516 
2. Front Input Shaft 
3. Oil Passages 
4. Front Input Shaft Bearing 
5. Pulling Attachment Tool No. 9190 
6. Sealing Rings 
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Figure 53 
Rear Clutch Assembly 

1. Rear Clutch Assembly 
2. Spacer 
3. Needle Bearings 
4. Clutch Drive Plate 
5. Internally Splined Bronze Clutch Plate 
6. Externally Splined Steel Clutch Plate 
7. Oil Passage 
8. Clutch Housing 
9. Piston 

10. Bronze Thrust Washer 

2. Unlock the sealing rings by squeezing them 
together, then remove them from the shaft. 

3. If not previously removed, .pull the bearings and 
spacer from the rear clutch hub (reverse idler in
put), Figure 53, and remove the gear from the 
clutch plates in the housing. Rernove the bronze 
thrust washer. 

4. Rernove the large snap ring, clutch drive plate 
and internal plates from the forward c!utch and 
the snap ring, hub and internal plates from the 
rear clutch . 
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5. Using a press and Tool No. 1312 along with a 
suitable size washer as shown in Figure 54, com
press the spring enough to remove the snap ring 
with a screwdriver. Gradually, relieve pressure 
on the spring, then remove the spring seat and 
spring . 

6. Turn the clutch housing over and remove the 
snap ring. spring seat, and spring from the other 
end of the housing by repeating Step 5. 

7. Remove the piston (one in each end of the clutch 
housing) by directing compressed air into the oil 
passage in the hub of the clutch housing, Figure 
53. 

8. Remove the outer '0' ring seal from each piston 
and the inner ' 0 ' ring seals from the hub of the 
clutch housing. 

Figure 54 
Clutch Housing Inner Snap Ring Removal 

1. Press Attachment - Tool No. 1312 
2. Screw Driver 
3. Clutch Housing 
4 . Snap Ring 
5. Washer - Appropriate Size 
6. Press 
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INSPECTION 

1. Thoroughly clean the front input shaft and bear
ings, Figure 52, and the clutch components, 
Figure 53, with suitable solvent, then blow dry 
with compressed air. Use compressed air to 
clean out the oil passages in the input shaft and 
clutch housing. Do not spin the bearings with 
compressed air. 

2. Check the ball bearing on the front input shaft, 
Figure 52, for smooth rotation. If the bearing is 
worn, a new one should be installed during 
assembly. Also check the needle pilot bearing in 
the rear face of the shaft, Figure 55, for smooth 
rotation. 

3. Inspect the front shaft sealing rings, Figure 52, 
for cracks and wear, and the sealing ring grooves 
for wear. Install new parts as required, during 
assembly. Check the shaft oil passages to be 
sure they are clean. 

4. Inspect the working surface of the clutch 
pistons, Figure 53, for scoring. If scored, fine 
emery cloth may be used to smooth the surface. 
Be sure the '0' ring seal grooves are clean and 
that burrs do not exist. 

5. Transmission used prior to unit code 1009 have 
six dished steel externally splined clutch plates 
and six internally splined bronze plates. 

Using a feeler gauge, check the "dish" of the 
steel plates by placing them on a flat surface, as 
shown in Figure 56. 

The plates are "dished" 0.015-0.020 in. 
(0.381-0.508 mml. Install new plates if they are 
warped or dished less than 0.015 in. (0.381 mml. 

Transmissions used after unit production code 
1009 have five externally· splined flat steel plates 
and five internally splined graphite-bronze plates. 
These plates are not interchangeable with the 
prior clutch plates . 

6. Check all of the plates for warpage or distortion. 
Install new plates if they have taken a set. 

7. Check the clutch housing and bushing for hole 
alignment and wear. 
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Figure 55 
Front Input Shaft and Pilot Bearing 

1. Front Input Shaft Assembly 
2. Pilot Bearing 

Figure 56 
Checking " Dishing" of Steel Clutch Plates 

1. Feeler Gauge 
2. Steel Clutch Plate 



----------------------------- CHAPTER 1 -----------------------------

ASSEMBLY 

1. Install new '0' ring seals on the clutch pistons, 
Figure 53, and on the hub of the clutch housing. 
Coat the '0' ring seals with grease, then install 
the pistons (one in each end of the housing I so 
they are seated against the center web of the 
housing. 

2. Position the spring and spring seat on the piston, 
then compress the spring with a press, Tool No. 
1312, and a suitable washer, as shown in Figure 
54, so the snap ring can be installed. Make sure 
the snap ring is fully seated before relieving 
pressure on the spring. 

3. Turn the clutch housing over and install the 
spring, spring seat, and the snap ring in the other 
end of the housing by repeating Step 2. 

4. Place the bronze thrust washer, Figure 53, on the 
flat hub of the clutch housing (the hub in the 
front of the housing is recessed), then install the 
rear clutch hub (reverse idler input), bearings, 
and spacer. Install the clutch plates, one by one, 
starting with a steel plate then a bronze plate. 

CAUTION: Make sure that clutch assemblies 
using the "dished" plates have the "dished" side 
facing the open end of the clutch housing. 

5. Install the clutch drive plate and retain it in place 
by installing the appropriate snap ring. 

6. If it was necessary to remove the ball bearing 
from the front input shaft, drive or press a new 
bearing into place using a hammer or press, and 
a sleeve of the appropriate diameter and convan· 
ient length, 2.0 in . inside diameter (50.8 mml, 
2.187 in. outside diameter 155.6 mml . If the 
needle bearing was removed from the rear face 
of the front input shaft, press a new bearing into 
place using a step plate from Tool No. 9210. 

7. Install the three sealing rings on the front input 
shaft, making sure each ring is locked in place . 

8. Installation of the clutch housing and front input 
shaft is covered in Section D. 
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REAR INPUT SHAFT AND 
IDLER GEAR RETAINER 

DISASSEMBLY 

1. Remove the thrust washer (11, Figure 57, from 
the rear input shaft. Then pull the shaft from the 
idler gear retainer. 

2. Unlock the three large sealing rings by squeezing 
them together, then remove them from the 
shaft. 

3. Remove the two small sealing rings from the 
front of the shaft by carefully spreading them 
apart and sliding them over the end of the shaft. 
The rings are very brittle and they will break if 
spread too far. 

4. Normally, the rear input shaft bearing need not 
be removed. If the bearing is worn or damaged it 
can be removed by clamping the shaft between 
two blocks of wood, as shown in Figure 58, and 
driving the bearing from the shaft with a punch 
and hammer. If the bearing is removed, a new 
one must be installed as the cage will be damag
ed during removal. 

NOTE: If the rear input shaft bearing is removed, 
the bearing cup must also be removed. Figure 59 
illustrates removal of the cup. 

5 . Modulator Type Transmission - The reverse 
idler gear retainer in transmission production 
after 4/ 9/ 81 (Code 10091 utilized two oil seals on 
the rear input shaft to prevent loss of lubrication 
oil pressure to the clutch packs, Figure 50, 
remove the seals. 

Also the idler gear retainer does not have the in
put shaft spacer as used in the previous trans
mission as shown, Figure 61 . 

6. Remove the reverse idler gear by supporting the 
idler gear retainer on blocks, as shown in Figure 
61. Then drive the idler gear shaft through the 
gear just enough to remove the gear. The shaft 
need not be driven from the retainer. 

7. Remove the gear, two fiber spacers (one on each 
side of the gearl , and the bearing from the re
tainer. 
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8. Blocker Valve Type Transmission - On units 
produce~ before pro.duction date code 1009 
check the input shaft spacer, if damaged, it may 
be removed by driving it from the retainer with a 
punch and hammer. 

INSPECTION 

1. Thoroughly clean the rear input shaft, bearing 
and idler gear retainer, Figure 57, with suitable 
solvent, then blow dry with compressed air. Use 
compressed air to clean out the oil passages in 
the rear input shaft, Figure 58. Do not spin the 
bearing with compressed air. 

2. Check the bearing on the rear input shaft, Figure 
57, for smooth rotation . If the bearing is worn, a 
new bearing should be installed during assembly. 

NOTE: If a new bearing is to be installed, a new 
bearing cup must also be installed, Figure 59. 

3. Inspect the sealing rings, Figure 57, for cracks 
and wear, and the sealing ring grooves in the 
shaft for wear. Install new parts as required dur
ing assembly . 

4. Inspect the gear teeth 8':ld the splines on the rear 
input shaft for burrs. Remove burrs with fine 
emery cloth or a fine stone. 

5. Inspect the reverse idler gear, Figure 61 , for burrs 
and the idler gear retainer for cracks. Also check 
the idler gear for smooth rotation . If the bearing 
is worn, remove the gear and install a new bear
ing . 

6. Inspect the input shaft spacer for scoring on 
units produced prior to 1009. If scored, install a 
new spacer during assembly . 

ASSEMBLY 

40 

1. If it was necessary to remove the bearing from 
the rear input shaft, Figure 58, drive or press a 
new bearing into place using a hammer or press, 
and a sleeve of appropriate diameter and con· 
venient length, 1.5 in. inside diameter (38.1 mm), 
1.812 in . outside diameter (46.0 mml. 

Figure 57 
Rear Input Shaft and Idler Gear Retainer 

1. Thrust Washer 4. Id ler Gear Retainer 
2. Sealing Rings 5. Rear Input Shaft Bearing 
3. Sealing Rings 6. Rear Input Shaft 

Figure 58 
Rear Input Shaft Bearing Removal 

1. Punch 3. Oil Passage 
2. Wooden Block 4. Rear Input Shaft Bearing 
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Figure 59 
Rear Input Shaft Bearing Cup Removal 

1. Idler Gear Retainer 
2. Rear Input Shaft Bearing Cup 
3. Puller Attachment Tool No. 9507 
4. Slide Hammer Tool No. 9567 

Figure SO 
Rear Input Shaft and Idler Gear 

Retainer and Seals 
1. Seals 
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2. Install the three large sealing rings, Figure 57, on 
the rear input shaft, making sure each ring is 
locked in place. Install the two small sealing rings 
on the front of the shaft by carefully spreading 
them apart and sliding them over the end of the 
shaft. 

3. Prior to 4-9-81 (Code 1009) - Install the input 
shaft spacer, Figure 61 , by driving it into the re
tainer with a soft-faced mallet. 

4. After 4-9-81 (Code 1009) - Use tool adapter set 
no . 9515 to install new oil seals in the retainer. In
stall seals with seal ing lips facing inward, Figure 
SO. 

5. If the reverse idler gear shaft was driven from the 
idler gear retainer, start the shaft into the rear 
face of the retainer so it protrudes into the idler 
gear cavity approximately 0.031 in. 10.79 mml. 

6. Position the retainer so the idler gear cavity is 
facing up, then place a fiber spacer over the 
shaft. Install the idler gear and bearing, and place 
the second fiber spacer on top of the gear. 

7. With all parts aligned , drive the retainer, spacers, 
and bearing over the shaft by driving against the 
front face of the idler gear cavity with a soft
faced mallet. Be sure the head of the idler gear 
shaft is seated in the rear face of the retainer. 

8. Insert the rear input shaft through the idler gear 
retainer as shown in Figure 57, and install the 
spacer on the shaft . 

9. Installation of the rear input shaft and idler gear 
retainer is covered in Section D. 

OUTPUT SHAFT AND GEAR ASSEMBLY 

OISASSEMBlY 

1. Remove the output shaft oil seal sleeve, rear 
bearing, thrust washer, 1st gear, connector and 
coupling, and 3rd gear, Figure 62, using Tool 
Nos. 9516 and 9212, as shown in Figure 63. 

2. Removal of the outputshaft front bearing, thrust 
washer, 4th gear, and 2nd gear, Figure 62, is the 
same as Step 1 except that Tool No. 9198 is used 
in place of Tool No. 9516. 
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'-- ---

Figure 61 
Reverse Idler Gear Removal 

1. Step Plate - Tool No. 9210 
2. Reverse Idler Gear 
3. Idler Gear Retainer 
4. Input Shaft Spacer 

INSPECTION 

1. Thoroughly clean the output shaft components, 
Figure 62, with suitable solvent, then blow dry 
with compressed air. Do not spin the bearings 
with compressed air. 

2. Check the front and rear bearings for smooth 
rotation . If the bearings are worn install new 
bearings during assembly. 

3. Inspect the output shaft gears for cracks, burrs, 
or chipped teeth. Remove burrs with fine emery 
cloth or a fine pumice stone. If the gears are 
chipped or cracked, new gears should be install
ed. 
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4. Place the 1 st and 3rd gears on the output shaft 
and check for excessive play between the gear 
bushings and shaft. If the play feels excessive, 
new gears should be installed, as the bushings 
are not serviced separately. 

ASSEMBLY 

1. Install the 2nd and 4th gears, Figure 62, on the 
output shaft so the hubs of the two gears face 
each other. 

2. Place the thrust washer and front bearing on the 
shaft, then drive or press the bearing into place 
using a hammer or press, and a sleeve of the ap
propriate diameter and Gonvenient length, 1.0 in . 
inside diameter (25.4 mm), 1.187 in. outside 
diameter (30.2 mm) . 

Figure 62 
Output Shaft and Gears 

1. Connector and Coupling 
2. Oil Seal Sleeve 
3. Rear Bearing 
4. Thrust Washer 
5. 1 st Gear Output Gear 
6. 3rd Gear Output Gear 
7. 2nd Gear Output Gear 
8. 4th Gear Output Gear' 
9. Front Bearing 

10. Thrust Washer 
11. Output Shaft 
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Figure 63 
Output Shaft Rear Bearing Removal 

1. Puller - Tool No. 9516 
2. Shaft Protector - Tool No. 9212 
3. 1st Gear Output Gear 
4. Rear Bearing 

3. Install the 3rd gear, connector and coupling, and 
1st gear, Figure 62, on the output shaft so the 
connector teeth of the gears face the connector 
and coupling. 

4. Place the thrust washer and rear bearing, on the 
shaft, then press the bearing into place, as 
shown in Figure 64, using Tool No. 9210 and a 
sleeve of the appropriate diameter and conve
nient length 1.562 in . inside diameter 139.7 mm) , 
1.75 in. outside diameter 144.5 mm) . Be sure the 
assembly is supported at the 2nd gear as shown. 

NOTE: If a new rear bearing is installed, install a 
new bearing cup in the output shaft bearing re
tainer. 
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Figure 64 
Output Shaft Rear Bearing Installation 

1. Step Plate - Tool No. 9210 
2. Rear Bearing 
3. 2nd Gear Output Gear 
4. Sleeve 
5. Press 

5. Place the oil seal sleeve, Figure 62, on the output 
shaft so the taper on the sleeve is to the rear. 
Press the sleeve into place with the same size 
sleeve that was used for installing the rear bear
ing, Step 4. 

6. Installation of the ' output shaft and gear 
assembly is covered in Section F. 

COUNTERSHAFT AND GEAR ASSEMBLY 

DISASSEMBLY 

1. Remove the countershaft front bearing, forward 
gear, 4th gear, connector and coupling, and 2nd 
gear, Figure 65, using Tool Nos. 9516 and 9212 
as shown in Figure 66. 
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Figure 65 
Countershaft and Gears 

1. Connector and Coupling 
2. 3rd Gear Drive Gear 
3. Rear Bearing 
4. 1st Gear Drive Gear 
5. 2nd Gear Drive Gear 
6. 4th Gear Drive Gear 
7. Forward Gear 
B. Front Bearing 
9. Countershaft 

NOTE: The connector and coupling assembly 
are a matched set, selected to provide free 
sliding with o.()()() to .0025 in backlash. The 
coupling and connector are etched with timing 
marks for proper mating. Be sure that upon 
reassembly the coupling and connector are pro~ 

perty mated and that the timing marks are align
ed. 

2. Normally, the countershaft rear bearing, Figure 
65, need not be removed, however, if the bear
ing is worn or damaged it can be removed with a 
punch and hammer. If the bearing is removed, a 
new one must be installed as the cage will be 
damaged during removal. 
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NOTE: If the countershaft rear bearing is replac
ed, the bearing cup in the countershaft bearing 
cap, Figure 43, must also be replaced. 

INSPECTION 

1. Thoroughly clean the countershaft components, 
Figure 65, with suitable solvent, then blow dry 
with compressed air. Do not spin the bearings 
with compressed air. 

2. Check the front and rear bearings for smooth 
rotation. If the bearings are worn, install new 
bearings during assembly. 

3. Inspect the countershaft gears for cracks, burrs, 
or chipped teeth. Remove burrs with fine emery 
cloth or a fine stone. If the gears are chipped or 
cracked, new gears should be installed. 

4. Place the 2nd gear on the countershaft and 
check for excessive play between the gear 
bushing and shaft. If the play feels excessive a 
new gear should be installed, as the bushing is 
not serviced separately. 

Figure 66 
Countershaft Front Bearing Removal 

1. Puller - Tool No. 9516 
2. Countershaft 
3. Front Bearing 
4. Shaft Protector - Tool No. 9212 
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Figure 67 
Countershaft Front Bearing Installation 

1. Step Plate - Tool No. 9210 
2. Front Bearing 
3. 3rd Gear Drive Gear 
4. Sleeve 
5. Press 

3. Position the front bearing on the shaft, then 
press it into place, as shown in Figure 67, using 
Tool No. 9210 and a sleeve of the appropriate 
diameter and convenient length, 1.375 in. inside 
diameter (34.9 mml, 1.562 in . outside diameter 
(39 .7 mm). Be sure the assembly is supported at 
the 3rd gear as shown. 

NOTE: If a new front bearing is installed, install a 
new bearing cup in the transmission case. The 
old cup can be removed using Tool Nos. 9527 as 
shown in Figure 68. Install a new cup and tap it 
into position with a soft-faced mallet. 

4. If it was necessary to remove the counters haft 
rear bearing , Figure 65, press a new bearing into 
place with the same size sleeve that was used for 
installing the front bearing, Step 3. Also install a 
new bearing cup in the countershaft bearing cap, 
Figure 43. 

5. Installation of the countershaft and gear 
assembly is covered in Section F. 

• 

• ASSEMBLY 

1. Install the 2nd gear, connector and coupling, and 4th 
gear, Figure 65, on the countershaft so the con· 
nector teeth of the gears face the connector and 
coupling. 

2. Install the forward gear on the countershaft so 
the large hub faces toward the 4th gear. 
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• 
Figure 68 

Countershaft Front Bearing Cup Removal 
1. Front Bearing Cup 
2. Puller - Tool No. 9527 
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B. SPECIFICATIONS 
C. SPECIAL TOOLS 

A. TROUBLE SHOOTING 

GENERAL 

After the transmission has been overhauled, the tests 
outlined in this chapter should be performed to deter
mine if the hydraulic pump, the blocker valves, or 
modulator valve, the bypass valve, the regulating 
valve, the torque converter, and the hydraulic clutch 
assemblies are operating satisfactorily. If at all possi
ble, the tests should also be performed before servic
ing the transmission to help diagnose problems. The 
tractor engine and brakes must be in satisfactory 
operating condition for the stall test to be effective. If 
the engine is in need of attention or the brakes need 
adjusting, the stall test should not be performed until 
after the necessary repairs are made. 

The diagnosis guide, at the end of this section, lists 
the possible causes of the conditions that may be en
countered during the tests. The trouble shooting guide 
lists other problems, not relating to the tests. Making 
use of these guides will help eliminate unnecessary 
trial-and-error methods when trouble shooting the 
power reversing transmission. 
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1. BLOCKER VALVE TRANSMISSION 
(75/ 3-81) 

LINE PRESSURE TEST 

The purpose of this test is to determine if the transmis
sion hydraulic pump and pressure regulating valve are 
operating satisfactorily to produce the pressure re
quired for hydraulic clutch operation. This test should 
be performed first . 

1. Remove the access cover from the bottom of the 
transmission case and attach a pressure gauge, 
Tool No. 0074, to the pressure check tube as 
shown in Figure 69. 

2. Operate the tractor engine at B00-1000 rev/ min. 
until the transmission oil temperature reaches 
100"F ± 10"F 137"C ± 6"C) . 

NOTE: The transmission Oil temperature can be 
checked by insening a thermometer through the 
transmission oil filler plug hole. Make sure the 
engine is not operating when checking the oil 
temperature. 
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3. With the power reversing lever and gearshift 
lever in the neutral positions, start the engine 
and set the engine speed at 800 rev / min. After 
one minute of operation, note the reading of the 
pressure gauge. The gauge should register 
95-115 psi (6.6-7.9 bar) with the oil temperature 
at 100"F ± HJOF (37'C ± SOC!. 

4. Increase engine speed to 1500 rev / min. and 
again note the reading of the gauge. It should 
register 145-170 psi. (10.0-11.7 bar!. 

NOTE: If the pressures noted in Steps 3 and 4 
are low, the transmission hydr.ulic pump and/ or 
the pressure regulating valve are not operating 
satisfactorily, Refer to the diagnosis guide for 
possible causes, 

5. After performing the test, remove the gauge and 
reinstall the access cover. 

BLOCKER VALVE TEST 

The purpose of this test is to determine if the blocker 
valves are operating satisfactorily. The valve should 
prevent movement of the power reversing lever from 
forward to reverse or vice-versa at high engine speeds, 
but permit movement at low engine speeds . 

1. With the gearshift lever and power reversing 
lever in their neutral positions, start the engine 
and set its speed at 900 rev /min . The power 
reversing lever should move freely from forward 
into reverse and vice~versa with the transmission 
oil temperature at 100"F ± 10'F (37' ± SOC) . 

2. Position the power reversing lever in the forward 
or reverse position and increase engine speed to 
1600 rev / min. The lever should now move freely 
from forward or reverse into neutral , but be 
prevented from moving out of neutral. 

3. Decrease engine speed to 900 rev / min. The 
power reversing lever should again move freely 
from neutral to forward or reverse and vice~ 

versa. 

4 . Once the oil in the transmission is heated to nor
mal operating temperature (approximately 16O'F 
(71'C), the power reversing lever should move 
freely from neutral to forward or reverse and 
vice-versa, at engine speeds up to 1500 rev/ min . 
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Figure 69 
Line Pressure Test 

1. Tool No. 1552 
2. Tool No. 0074 

NOTE: If the power reversing lever will not move 
as specified in this test, and the 'Line Pressure 
Test ' was satisfactory, refer to the diagnosis 
guide for possible causes. 

OIL-TO-COOLER TEST 

The purpose of this test is to determine if the bypass 
valve and regulating valve are operating satisfactorily, 
and that the cooler tubes, the filter and the internal oil 
passages are free of obstructions . 

1. Remove the temperature sending unit, from the 
oil transfer adapter on the left side of the 
transmission case, and install a reducer (0.5 in. 
NPT male to 0.25 in . NPT female) in its place. 
Connect a zero to 100 psi. (7.0 bar) pressure 
gauge and hose to the reducer. 

2. With the gearshift lever and the power reversing 
lever in their neutral positions, operate the 
engine at 800-1000 rev/ min. until the transmis
sion oil temperature reaches l00"F ± 10'F (37'C 
± SOC)' 
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NOTE: The transmission oil temperature can be 
checked by inserting a thermometer through the 
transmission 011 filler plug hole. Make sure the 
engine is not running when checking the oil 
temperature. 

3. Increase engine speed to 16(X) rev / min. and note 
the reading of the pressure gauge. The gauge 
should register 25-40 psi. 11.7-2.7 bar!. If the 
reading is not within the range specified, refer to 
the diagnosis guide for possible causes. 

4. Stop the engine and disconnect the oil return 
tube from the fitting on top of the transmission 
case. Connect a suitable hose to the end of the 
tube so that return oil can be collected in a clean 
container that will hold approximately 5 U.S. 
gallons, 119 liters 4.5 Imp. Gals.) 

5. Place the hose in the container and start the 
engine. Increase speed to HiCK} rev/ min. and 
hold for one minute. Stop the engine and check 
the quantity of oil in the container. The quantity 
of oil should be 2.5-4.0 U.S. Gal. 115-.14 Liters, 
2.0-3.3 Imp. GaL) 

6. Pour the oil back into the transmission, and 
repeat Step 5 with an engine speed of 800 
rev / min. The quantity of oil collected into one 
minute should be 2.3 U.S . Gal. 17.57-11 .36 
Liters) 1.5-2.5 Imp. Gal.) Pour the oil into the 
transmission; remove the hose, and reconnect 
the oil return line. 

NOTE: If the quantities collected in Steps 5 and 
6 are not within the gallons specified, refer to the 
following diagnosis guide for possible causes. 

INTERNAL LEAKAGE TEST 

The purpose of this test is to determine if the sealing 
rings on the front and rear input shafts are sealing 
properlY· 

1. If not previously installed, remove the 
temperature sending unit, from the oil transfer 
adapter on the left side of the transmission case, 
and install a reducer 10.5 in. NPT male to 0.25 in . 
NPT female) in its place. Connect a zero to 100 
psi 17.0 bar) pressure gauge and hose in the 
reducer. 
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2. With the gearshift lever and power reversing 
lever in the neutral positions, start the engine 
and set the engine speed at 800 rev / min. Note 
the reading of the pressure gauge, then move 
the power reversing lever to its forward and 
reverse positions, noting the pressure drop in 
each case. If the pressure drop is greater than 3 
psi 10.21 bar), refer to the diagnosis guide for 
possible causes. 

STALL TEST 

The purpose of this test is to determine if the torque 
converter and hydraulic clutch assemblies are 
operating satisfactorily. For the test to be conclusive, 
the transmission hydraulic pump and pressure 
regulating valve must be operating correctly. They can 
be checked by performing the 'Une Pressure Test' as 
described at the begi~ning of the Section. The engine 
and brakes must be in good working order. 

1. Check the coolant level in the radiator and the oil 
level in the transmission. If low, add fluid as re
quired to bring it to the correct level. 

2 . With the gearshift lever and the power reversing 
lever in their neutral positions, start the engine 
and allow it to run at 800-1000 rev / min . until nor
mal operating temperature is obtained (approx
imately 16O"F-7IJOC)' 

3. Lock the brakes and move the gearshift lever to 
the fourth gear position. Increase engine speed 
to approximately 900 rev / min. then move the 
power reversing lever to the forward travel posi
tion . This will position the control valve so as to 
direct high pressure oil to the front clutch. 

4. Be sure the brakes are locked so the unit will not 
move, gradually depress the foot throttle to the 
wide open position. Wait 5 seconds for engine 
speed to stabilize, then note the engine speed 
and immediately close the throttle. Move the 
power reversing lever to the neutral position. 

IMPORTANT: To prevent the transmission 
from overheating, do not allow the engine to 
operate at wide open throttle for more than 15 
seconds. 

5. Check the rear hydraulic clutch by repeating 
Steps 3 and 4, but with. the power reversing lever 
in the rearward position, then cool the transmis
sion by allowing the engine to operate at approx
imately 1000 rev/ min. for one minute. 
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6. The engine speed noted in Step 4 Istall speed) 
for both the front and rear clutch assemblies 
should be within 1500 to 1850 rev/min. If the stall 
speed is not within these limits, refer to the 
diagnosis guide for possible causes. 

7. With the gearshift lever and power reversing 
lever in their neutral positions, set the engine 
speed at 600·800 rev / min ., then shift into any 
gear ratio. If the gears clash, either the front or 
rear hydraulic clutch assembly is transmitting 
power, even though the power reversing lever is 
in neutral. 

NOTE: If the unit creeps forward and the gears 
clash, the front clutch is at fault. The rear clutch 
;s at fault if the unit creeps backward. If the unit 
does not creep and the gears still clash, move the 
power reversing lever to neutral and shift into 
first gear. Push the unit forward and then back· 
ward. If it moves forw~rd more easily than back· 
ward, the front clutch is at fault. The rear clutch 
is at fault if the unit moves backward more easily 
than forward. 

2. Modulator Valve Transmission (4-81 /- ) 

LINE PRESSURE TEST 

• Remove the access plate from the bottom of the 
transmission housing and attach a gauge to the 
pressure test tube connection. 

• Operate the tractor engine 800·1000 rpm until the 
transmission oil reaches 1400F. 

• Run the first check at 800 rpm . After one minute 
of operation , note the reading of the pressure 
gauge. It should register 90 psi with the oil 
temperature at 14O"F. 

• Run a second check at 1600 rpm and again note 
the reading on the gauge. )t should register 135 
psi minimum. 

• Run a third check at 2100 rpm . The gauge should 
register 145-165 psi maximum. 

MODULATING VALVE CHECK 

1. Remove the access cover from the top of the 
transmission. Attach a 0 to 200 psi pressure 
gauge to the forward test port on the pressure 
modulating valve, Figute 38. 
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2. Operate the tractor engine at 800· 1000 rpm until 
the transmission oil temperature reaches 14QOF. 

3 . With the power reversing lever and gearshift 
lever in their neutral positions, start the engine 
and set the engine speed at 1800 rpm. The gauge 
should read zero (O) psi. 

4. Shift the shuttle lever into the Forward position 
and record the time it takes the forward clutch 
pressure to reach 110 psi. The clutch pressure 
should reach 110 psi within 1.3 to 1.7 seconds. 

5. With the shuttle lever still in the forward posi· 
tion, note the maximum reading on the gauge. It 
should register 132 to 160 psi . 

NOTE: The maximum pressure should be reach· 
ed within 2 seconds following shuttle lever 
engagement. 

6. Attach the gauge to the reverse test port on the 
pressure modulating valve . Repeat steps 2 
through 5, shifting the shuttle lever from neutral 
to the reverse position . The shift times and 
pressures should be the same as when shifting 
forward. 

OIL·TO·COOLER TEST 

• Install a low pressure gauge in the oil cooler 
return line connector on the side of the transmis
sion and run a pressure test. 

• Run these tests with the oil temperature at 
14O"F. 

• Run the first pressure test at 1600 rpm. The 
pressure gauge should register 40·60 psi. 

• Run a second pressure test at 2100 rpm . The 
gauge should read 50-70 psi. 

• Flow Test - Measure the volume of oil flowing 
through cooling system. 

• Run the first flow test at 1600 rpm for 15 seconds 
only. Stop the engine and check the quantity of 
oil in the container (or flow meter). The quantity 
of oil should be 0.75 U.S. gallons to 1.0 U.S. 
gallons in 15 seconds or 13-4 gpm). 
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• Run the second flow test at 2100 rpm. The quan
tity of oil collected in 15 seconds should be 1.0 
U.S . gallons to 1.25 U.S. gallons in 15 seconds 
or (4-5 gpm). 

INTERNAL LEAKAGE TEST 

• If the pressure drop is greater than 2 psi, refer to 
the diagnosis guide. 

STALL TEST 

The purpose of this test is to determine if the torque 
converter and hydraulic clutch assemblies are oper
ating satisfactorily. For the test to be conclusive, the 
transmission hydraulic pump and pressure regu
lating valve must be operating correctly. They can be 
checked by performing the "Line Pressure Test ." The 
tractor engine and brakes must also be in good work
ing order. 

1. Check the coolant level in the radiator and the oil 
level in the transmission. If low, add fluid as re
quired to bring it to the proper level. 

2. With the gearshift lever and the power reversing 
lever in their neutral positions, start the engine 
and allow it to run at 800-1000 rpm until the 
transmission temperature reaches 85 to 95°F. 

3. Lock the brakes and shift into fourth gear, in
crease engine speed to approximately 900 rpm, 
then shift the power reversing lever to the for
ward position. This will position the control valve 
so as to direct high pressure oil to the front 
clutch. 

4. Being sure the brakes are locked so the tractor 
will not move, gradually depress the foot ac
celerator to the wide open position. Wait five 
seconds for engine speed to stabilize, then note 
the rpm and immediately let up on the ac
celerator. Move the power reversing lever to the 
neutral position. 

IMPORTANT: To prevent the transmiSSion 
from overheating, do not allow the engine to 
operate at wide open throttle for more than fif
teen seconds. 

5. Allow the transmission oil to cool to 85 to 95°F. 
Check the rear hydraulic clutch by repeating 
steps 3 and 4, but with the power reversing lever 
in the rearward position. Again , cool transmis
sion oil by allowing the engine to run at approx
imately 1<X>O rpm for one minute . 

DIAGNOSIS GUIDE 

TEST CONDITION CAUSE 

Line pressure test. 1. Low line pressure. • Inaccurate proof-meter 
worn or damaged trans-
mission hydraulic pump. 

• Sticking regulating valve or 
valve spring is too weak. 

• Worn or damaged control 
valve lands. 

• Clogged oil distributor 
passages. 

• Clogged sump oil strainer. 

2. High line pressure . • Inaccurate proof-meter. 
• Sticking regulating valve or 

valve spring is too strong. 

Blocker valve test. 1. Power reversing lever will • Inaccurate proof-meter. 
not move from forward to • Burred blocking pins or 
reverse or vice-versa at 900 blocker valves. 
rev / min. • Burred control valve lands. 

• Blocker valve springs too 
weak or broken. 
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TEST CONDITION CAUSE 
Blocker valve test. 2. Power reversing lever • Inaccurate proof-meter. 

moves from neutral to • Burred blocking pins or 
forward or reverse at 1600 blocker valves. 
rev/ min. • Blocker valve springs too 

strong . 
• Gasket between blocker 

valve body and oil 
distributor installed incor-
rectly. 

• Low line pressure. 
• Clogged oil passages in 

blocker valve body. 

Modulating valve test. ,. Abrupt or erratic shift. • Intermediate accumulator 
valve spring broken. 

• Clutch control (pressure 
regulating) valve spring 
broken. 

• Orifice clogged. 
• Intermediate accumulator 

valve stick. 
2. No shift or slipping clutch. • Pressure regulating valve 

stuck (gauge will read zero 
(O) psi or low psi). 

Oil-To-Cooler test. , . low pressure. • Inaccurate proof-meter. 

• Bypass valve spring too 
weak. 

• Worn or damaged 
transmission hydraulic 
pump. 

• Excessive leakage in con-
trol valve, clutch, or con-
verter circuit. 

2. High pressure. • Inaccurate proof-meter. 

• Bypass valve sticking 
closed or valve spring too 
strong. 

• Clogged or restricted 
cooler lines. 

• Clogged cooler oil filter. 
• Cooler return regulator 

block spring too strong. 

3. Low gallonage output. • Damaged or worn 
transmission hydraulic 
pump. 

• Bypass valve spring too 
weak. 

4. High gallonage " utput. • Bypass valve spring too 
strong. 
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TEST 

Intern81 leakage test. 

Stall Test. 

CONDITION 

1. Transmission overheats. 

2. Slow acceleration 
(Driving Tractorl. 

3. No drive in any gear. 

4. Oil leak at transmission 
bell housing. 

5. Temperature warning 
light remains on. 
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CONDITION CAUSE 

1. Excess pressure drop. • Sealing rings on I rOnt or 
rear input shaft broken or 
worn. 

• Damaged O-rings in clutch 
housing. 

• Cracked clutch housing. 

1. Low stall speed. • Hydrau lic clutch not 
releasing. 

• Stator support broken. 

• Defective torque con-
verter. 

• Low engine power. 

2. High stall speed. • Hydraulic clutch not apply-
i.ng or is slipping. 

• Low line pressure. 

• Sealing rings on rear input 
shaft broken. 

• Defective torque con-
verter. 

TROUBLE SHOOTING GUIDE 

CAUSE 

• Low engine coolant level. 
• Low transmission oil level. 
• Hydraulic clutch slippage. 
• Clogged cooler filter. 
• Defective one-way clutch in torque converter. 
• Excessive countershaft and/ or output shaft pre-load. 
• Operating in a gear range too high for load requirement 

causing low torque converter efficiency. 

• Poor engine performance. 
• Defective torque converter. 
• Brakes dragging. 
• Broken sealing rings on 

rear input shaft. 

• Hydraulic clutch not applying. 
• Broken shifter forks. 
• Broken front or rear input shaft, output shaft, or traction 

coupler. 

• Transmission hydraulic pump gasket leaking . 
pump gasket leaking. 

• Transmission hydraulic seal leaking. 
• Engine rear main bearing leaking . 
• Torque converter leaking . 
• Blocker or modulator valve gasket leaking. 

• Transmission overheated. 
• Defective temperature sending unit. 
• Short circuit. 
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TRANSMISSION OIL LEAKS 

On some early production (prior to 7-5-78) 4 x 4 power 
reversing transmissions, oil transfers from the 
transmission to the rear axle. The oil leaks through the 
clearance between the upper shift rail (1st and 3rd 
gear) and the housing bore. Also, oil leaks may occur 
at the blocker valve cover bolts. These leaks are caus
ed by pressurization of the non-vented transmissions 
under working conditions. 

To overcome the leakage, a vent has been provided in 
the oil filler plug and indicator assembly. 

To correct this condition install vent plug 21T·4022 as 
shown in Figure 70 below. 

o o o 
GEARSHIFT 

EXISTING LEVER BOSS 
BOL T HOLE DRIll AND TAP / 

,/ "," PIPE THREA80 , 

o JL -O~ 0 
1-2.,116 ..... 1 I 

o @ ""' '" '''''" ~""'" 
o 

+ 

Figure 70 
Transmission Cover 

o 

o 

B. SPECIFICATIONS 

GEAR RATIOS 
1st. . . . . ....•.... . 6.24:1 
2nd .............. . . . . .. . ... .. 3.83:1 
3rd .... . . . ... . .. . .. . . .. . ...... 2.13:1 
4th ..... • . .•....... .....•. ... . 0.94:1 
Rl ...........•..•...... • ..... 6.29: 1 
R2 .............. • ............ 3.86:1 
R3 .. , , , •............•. .. . ' .. , 2,15: 1 
R4 " " .. ........... .. .. ...... 0.95:1 

LUBRICANT 
Type .. ,.,., .. . • ..• . .. . . .. . ". Ford M2C41·A 
Capacity ..... , . .. , .. . •• ' . . . , . . 36.5 U.S. Pts. 

30.4 Imp. Pts. 
18.0 liters 

GASKET ADHESIVE 
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Gearshift Cover Gasket .. , . . .. , . . Part No. COAX·19552·A 
(Ford Automotive) 
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THREAD SEALANT 
Gearshift Cover Bolts .... _ . . . . .. Ford ESE-M4G203-A Type II , 

Part No. 251152 

PRE-LOAD 
Output Shaft ... . . . 
Countershaft ................. . 
Pre-Load Shims Available . ... . . . 

27-46 lb. Pull 112.25-20.B7 kg.) 
14-27 lb . Pull (6 .35-12.25 kg .) 
0.003 in . 10.076 mm) 
0.005 in. (0.127 mm) 
0.012 in . (0.305 mm) 

MODULATING VALVE SPRING DATA 

Accumulator Valve Spring (2) 

Outside Diameter , ...... . ..... . 
Free Length (Approx.) .. . 
Maximum Solid Height ......... . 
Height Under 27.4-29.4 lb . 
112.33-13.23 kg) load .... . .... . . . 

0.605-0.625 in . 115.37-15.88 mm) 
2.40 in . (60.96 mm) 
0.95 in . (24.13 mm) 

1.11 in . (2B.19 mm) 

Pressure Regulating Valve Spring (2) 

Outside Diameter . ....... . ...... 0.460-0.480 in . (11.68-12.19 mm) 
Free Length (Approx .) . . ........ 2.05 in . (52.07 mm) 
Maximum Solid Height .. . . . .. . .. 2.B6 in . (72.6 mm) 
Height Under 1.46-1.60 lb. 
0.66-0.73 kg. load. . . . . . . . . . 0.420 in. (10.67 mm) 

BLOCKER VALVE SPRINGS 
Outside Oiameter . . . . . . . . . . . . . 0.364-0.376 in . (9.25-9.55 mm) 
Free Length (Approx. ) .. . .... . .. 1.53 in . (38.86 mm) 
Maximum Solid Height .... .. . ... 0.63 in. 116.00 mm) 
Height Under 12.0-13.0 lb. 
Load (5.44-5.90 kg.) .. . ......... 0.77 in . (19.56 mm) 

BYPASS VALVE SPRING 75/ 3-81 
Outside Diameter .... . ... . .. .. . . 0.520-0.540 in. (13.21 -13.72 mm) 
Free Length (Approx. ) . . ... . .... 2.62 in. (66.55 mm) 
Maximum Solid Height. . . . . . . . . . 1.30 in . (33.02 mm) 
Height Under Load 
1B.6-17.0 lb . (8 .44-7.71 kg .).. 1.88 in . (47 .75 mm) 
30.4-33.6 lb. 113.79-15.24 kg .) .... 

REGULATING VALVE SPRING 
Outside Diameter .. .. . .. . ....... 0.600-0.620 in. (15.24-15.75 mm) 
Free Length (Approx .) ........ .. 2.39 in. (60.71 mm) 
Maximum Solid Height. . . . . . . . .. 1.20 in . (30.48 mm) 
Height Under Load 
11.6-12.8Ib. (5.26-5 .81 kg .) .. . .. . 2.00 in. 150.80 mm) 
19.1-20.9 lb. (B.66-9.48 kg.) ... . . . 1.75 in. 144.45 mm) 
11.9-13.1 lb. (5.4-5.94 kg .) . .... . . 
17.9-19.1Ib. IB.12-B.66 kg .) ..... . 
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4-81 / -
0.540 in . 113.21-13.72 mm) 
2.64 in . 167.0 mm) 
1.4 in. 135.6 mm) 

1.88 in. 147.55 mm) 

0.600-0 .620 in . 115.24-15.75 mm) 
2.52 in. 164.0 mm) 
1.00 in . 125.4 mm) 

2.00 in. 150.8 mm) 
1.75 in. (44.4 mm) 
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CLUTCH PISTON SPRINGS 
Outside Diameter . .... 
Free Length IApprox.) 
Maximum Solid Height . .. . ..... . 
Height Under 200-225 Lb . Load 
190.72-102.06 kg .) ... 
Height Under 250 Lb. Load 
1113.40 kg.) .. . ....... . 

3.106-3.145 in. 178.89-79.88 mm) 
2.34 in . 159.44 mm) 
1.047 in. 126.59 mm) 

1.188 in. 130.18 mm) 

1.100 in . 127.94 mm) 

COOLER RETURN REGULATOR SPRING 
Outside Diameter .. ......... .... 0.725 in. 118.42 mm) 
Free Length IApprox.) .......... 1.87 in. 147.50 mm) 
Maximum Solid Height . . . . 1.375 in. 134.93 mm) 
Height Under Load 
4.0 Lb.11.81 kg.1 ........ 1.625 in. 141.28 mml 
9.5-10.5 Ib .. . . .. . . ...... . 
14.31-4.76 kg.1 

HYDRAULIC TESTS - MODULATING TRANSMISSION 

Oil Temperature . . . . . . . . .. 14O'F 160'CI 

Line Pressure Test 
800 rpm . . . . . . . . . . . . . . . . . . . . . .. 90 psi 1621 Kpa) min. 
1800 rpm ........... . ...... . . . . 135 psi 1931 Kpal min. 
2100 rpm ....... ... . ... .. . ... .. 145-165 psi 1999-1137 Kpal max. 

Internal Leakage 
800 rpm . . . . . . . . . .. 2 psi 114 Kpal pressure drop-max. 

Cooler Pressure Test 
1800 rpm ..... 
2100 rpm .. . ............. . .. . 

Cooler Flow Test 
1800 rpm 115 seconds I 
2100 rpm 115 seconds) 

Modulator Valve Pressure Test 

40-60 psi 1176-413 Kpa) 
50-70 psi 1345-482 Kpa) 

0.75-1.0 U.S. gal. 12.85-3.81 liters) 
1.0-1.25 U.S. gal. 13.!;-4.75 liters) 

800-1000 rpm .. ................ 110 psi 1758 Kpa) in. 1.3-1.7 sec . 
when clutch is engaged 
132-160 psi 1910-1103 Kpa) Max. 
when clutch is engaged 

Stall speed ..... . .. ......... . .. 1900-2100 rpm 
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3.106-3 .145 in. 178.89-79.88 mm) 
2.34 in. 159.44 mml 
1.047 in. 126.59 mml 

1.188 in. 130.18 mml 

1.100 in . 127.94 mm) 

0.725 in. 118.42 mm) 
2.04 in. 151.8 mml 
1.022 in. 125.96 mm) 

1.75 in . 144.5 mm) 
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HYDRAULIC TESTS - BLOCKER VALVE - TRANSMISSION 

Oil Temperature .......... . ... . . 100"F ± 10" F 137"C ± SO C) 

Line Pressure Test 
800 rpm . . . .• . . .. . .. 95-115 psi 1650-793 Kpa) min. 
1500 rpm . .... . .. . . .. .. • ....... 145-170 psi 11000-1172 Kpa) max. 

Internal Leakage 
800 rpm . . . . . . . . . . . . . . . • . . . . . .. 3 psi 121 Kpa) max. 

Cooler Pressure Test 
1600 rpm ...... . . .. . . ... ..• . . .. 25-40 psi 1172-276 Kpa) 

Cooler Flow Test 
1600 rpm 11 -minute) . .. . .. ••. ... 
800 rpm 11-minute) . . . ... . •. .. . 

Blocker Valve Test 

2.5-4.0 U.S. gal. 19.46-15.14 liters) 
2-3 U .S. gal. 17.57-11.36 liters) 

900-1500 rpm _ . . . . . . . . . • . . • . . . . power reversing lever should move 
freely from neutral to forward and 
reverse positions 

1600-up rpm . . . . • . . • . . . . . . . . . . . power reversing lever should lock 
valve in neutral position 

Stall speed . . . . . • . . . . . . • . . . . . .. 1500-1850 rpm 

Lubrication Circuit -
By-Pass Valve Opening -
Modulating Transmission ........ 18-20 psi 1124-138 Kpa) 
Blocker Valve Transmission . . . . .. 5 psi 135 Kpa) 
Oil Filter By-pass Opening .... . .. 7-9 psi 148-62 Kpa) 
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TORQUE 
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Gearshift Cover Bolts (9) 
Idler Gear Retainer Bolts (4) ..... . 
Oil Distributor Bolts (8) ......... . 
Modulator Valve Bolts . ........ . 
Modulator Valve End Plate Bolts .. 
Blocker Valve Body Bolts (4) ..... 
Transmission Hydraulic Pump 
Bolts (4) ........... ......... . . 
Drive Plate-to-Converter Bolts (6) . 

Orive Plate-to-Flywheel Bolts (8) .. 

Output Shaft Bearing 
Retainer Bolts (4) ...... . ....... . 

Countershaft Bearing Cap Bolts (4) 

Shifter Plate Pivot Bolts (2) ..... . 

Shift Fork Screws and Nuts (2·) . . . 

23-29 Ibs. ft . (31.-39 . Nm) 
75 Ibs. ft . (101. Nm) 
50 Ibs. ft. (67. Nm) 
11-15Ibs. ft. (15.-20. Nm) 
11-15 Ibs. ft . (15.-20. Nm) 
17 Ibs. ft . (23. Nm) 

17 Ibs. ft. (23. Nm) 
28·32 Ibs. ft. 
(38.-43. Nm) 
28.32 Ibs. ft. 
(38.-43 . Nm) 

23-30 Ibs. ft. 
(31.·40. Nm) 
23·30 Ibs. ft . 
(31. -40. Nm) 
28-32 Ibs. ft . 
(38.-43. Nm) 
20-25 Ibs. ft . 
(27.-33. Nm) 

C. SPECIAL TOOLS 

NUDAY NO. 
9210 (Set) 
9211 (Set) 
9212 (Set) 

9507 
9567 
9190 
9198 
9516 
0074 
1312 
1552 

9515 (Set) 

CHURCHILL NO. 
630S 
630T 
625 A 

943 
943 S 

951 
1002 
1003 

N 774-1 
N 775 

N 774-2 
T 818 

DESCRIPTION 
Shaft Protector 

Step Plate 
Step Plate 

Bearing Cup Pulling Attachment 
Slide Hammer 

Bearing Pulling Attachment 
Grip·o·matic Puller 
Grip-o·matic Puller 

Pressure Gauge 
Spring Compressor 

Hose 
Driver (Setl 
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A. REAR AXLE -
DESCRIPTION AND OPERATION 

The rear axle contains the differential, brakes, final 
reduction gears, axle 'shafts and the differential lock, 
Figure 1. 

Power from the transmiSSion output shaft is trans
mitted to the pinion by the drive shaft coupling. The 
spiral bevel pinion is held by preloaded opposed taper 
roller bearings. The differential ring gear is bolted to 
the differential case and the drive from the case is 
transmitted through a conventional four pinion dif
ferential to two sun gear shafts which are splined into 
the side gears of the differential. 

The differential lock sliding coupling is located on the 
splines of the differential side gear, Figure 2. The 
coupling has dog teeth which match with the dog 
teeth on the differential lock adaptor. The adaptor dog 
teeth are in constant mesh with similar teeth machined 
in the differential case. 

The differential lock operating spring separates the 
sliding coupling and adaptor. Depressing the differen
tial lock pedal moves the differential lock fork which 
forces the sliding coupling into mesh with the adaptor, 
thus locking the side gear to the differential housing. 
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The transmission hand operated brake assembly is 
mounted on the differential drive pinion shaft, Figure 
l. Refer to Chapter 2 for details and overhaul pro
cedures. 

A common supply of oil is used for lubricating the rear 
axle and differential assemblies. The differential ring 
gear and differential assembly is partly immersed in oil 
providing adequate lubrication for bearings and bush
ings. 

In each rear axle assembly a shaft projects through the 
side gear. This shaft terminates in a spur gear which is 
the sun gear of the planetary reduction gear system. 
The planetary ring gear is pressed into the rear axle 
housing. The three planet gears are mounted in a car
rier and are positioned around the sun gear and within 
the planetary ring gear, Figure 5. 

The planet gears are mounted to the carrier by shafts 
and rotate on uncaged needle bearings, Figure 14. The 
carrier has internal splines into which the rear axle 
shaft locates. As the sun gear is driven by the differen
tial, the planet gears are forced to revolve inside the 
stationary planetary ring gear and force the carrier to 
revolve at a lower speed than. the sun gear. 
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Figure 1 
Rear Axle Sectional View 

1. Rear Axle Center Housing 15. Planet Gear Carrier 
2. Hand Brake Operating Mechanism 16. Rear Axle Shaft 
3. Drive Pinion Bearing Retainer 17. Axle Shaft Outer Bearing 
4. Differential Lock Operating Shaft 18. Rear Wheel Securing Studs 
5. Planet Gear 19. Rear Wheel Flange 
6. Sun Gear and Shaft 20. Axle Shaft Oil Seal 
7. Ring Gear 21. Axle Shaft Housing 
8. Differential Lock Assembly 22. Axle Shaft Inner Beraing 
9. Differential Bearing 23. Brake Discs 

10. Differential Assembly 24. Brake Actuating Rod 
11. Differential Ring Gear 25. Hand Brake Actuating Rod 
12. Differential Bearing 26. Drive Pinion Bearing Preload Adjuster 
13. Brake Outer Housing 27. Transmission Coupling 
14. Brake Actuating Discs 

The rear axle shaft is also held in opposed .taper rolier 
bearings and the end play is adjusted by means of 
selective shims held under the retaining bolt. The shaft 
terminates in a flange to which the rear wheel is 
bolted, Figure 1. 

are connected by suitable linkage with the appropriate 
foot-brake pedal. 

Operation of the foot-brake pedal causes the rear 
brake actuating discs to rotate and the balls to rotate 
up the ramped 'pockets'. This expands the actuating 
discs and in so doing the actuating discs force the rear 
brake disc assemblies into contact with the inter
mediate disc, the actuating discs,- and the inner and 
outer brake housings. Rotation of the stationary com
ponents of the brake unit is prevented by a large 
diameter torque pin held in the outer brake housing, 
Figure 4. 

The disc brakes consist of two sets of stationary and 
revolving discs. The revolving discs are splined to the 
shaft of the sun gear, located either side of an actuator 
assembly, Figure 4. The actuator assembly consists of 
two thrust plates with ramped 'pockets' in which steel 
bails are located, Figure 21 . The actuating discs are 
held in contact with the balls by four coil springs and 

2 
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Figure 2 
Differential Lock Assembly 

1. Differential Lock Fork 
2. Lever 
3. Adjustable Rod and Clevis 
4. Pedal Lever 
5. Coupling 
6. Adaptor 
7. Differential Side Gear 
8. Differential Housing 
9. Spring 

10. Fork Retaining Bolt 

PRINTED IN U.S.A . 3 
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DIFFERENTIAL LOCK OPERATION 

When one rear wheel of a unit encounters a soft patch 
of ground and spins, the normal type differential ac
tion allows virtually all the drive to be applied to this 
wheel and a little to the opposite rear wheel which may 
be on firm ground. The result is that the unit is either 
brought to a complete halt or considerably slowed 
down . 

When a differentlal lock is fitted, improved traction is 
possible because the lock enables traction to be ob
tained from the wheel which is Qn firm ground, thus 
enabling the unit to pull through the soft ground con
ditions. 

Basically, the locking device consists of a dog type 
coupling which is splined t o, but free to slide em the 
differential side gear, and is designed to positively lock 
the differential side gear to the differential case. The 
connection is made through the differential lock adap
tor which has dog teeth on both side faces. The teeth 
on the inside engaging with teeth machined on the dif
ferential case and the teeth on the outside with the dif
ferential lock coupling, Figure 23. 

In operation, depression of the foot pedal first moves 
the coupling into contact with the adaptor and then 
compresses the spring in the operating rod assembly, 
Figure 36. As the teeth of the coupling come into 
alignment with the tooth spaces in the fixed adaptor, 
the spring tension will move the coupling into engage
ment with the adaptor. The fact that the spring sup
plies the final operating force prevents the possibility 
of damage should excessive force be applied to the 
foot pedal. 

When full engagement has taken place (this will be 
noticeable by the reduced pedal pressure) the foot 
pedal should be released. The coupling and adaptor 
teeth side forces, resulting from the transfer of power 
from one wheel to another, will keep the coupling and 
adaptor teeth in mesh. As the drive becomes more 
equally distributed, the compressed operating spring 
overcomes the reduced teeth side forces and auto
matically disengages the differential lock. 

B. REAR AXLE SHAFT 
ASSEMBLY OVERHAUL 

REMOVAL 
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, . Remove the backhoe or rear counterweight as 
described in Part 9, Chapter 2. 

2. Remove the rear axle from the unit as described 
in Section C of Part 10, separating the Unit. 

3. Support the rea r axle housing and remove the 
bolts and nuts which secure the axle housing to 
the center housing. 

4. Separate the axle housing from the center hous
ing. If the left hand axle housing has been re
moved lift out the differential to prevent it falling. 

DISASSEMBLY 

1. Remove the large ' 0 ' ring seal from the axle 
housing . 

2. Left Hand Axle Housings - Remove the two 
bolts securing the differential ring gear thrust 
block to the axle housing and remove the thrust 
block. 

3. Right Hand Axle Housing - Remove the dif
ferential lock fork by loosening the differential 
lock fork screw and locknut Figure 3 and remove 
the differential lock lever shaft. 

Figure 3 
Differential Lock Operating Fork 

1. Operating Fork -
2. Shaft 
3. Locknut 
4. Securing Bolt 
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Figure 4 
Rear Axle Brake Assembly 

1. Inner Brake Housing 
2. Rotating Discs 
3. Fixed Disc 
4. Actuating Discs 
5. Outer Brake Housing 
6. Torque Pin 
7. Seal 
8. Axle Housing Assembly 

4. Remove the eight nuts that retain the inner disc 
brake housing assembly in the axle housing. Lift 
the brake housing out of the axle housing, Figure 
4. 

5. Remove the brake control rod fastener. Remove 
the brake rod seal if damaged. To remove the 
seal, place a sharp tool between the seal flange 
and the rear axle housing and pry the seal out. 
Remove the brake disc assemblies, intermediate 
discs, and actuating disc assembly, Figure 4. 

6. Lift the sun gear out of the planet gear carrier, 
Figure 5. 

7. Remove the outer brake housing from the axle 
housing, Figure 4. 

8. Remove the axle shaft bolt lock, axle shaft re
taining bolt, axle shaft retaining washer, and 
selective spacer. The planet gears may have to 
be rotated to permit removal of the bolt lock, 
Figure 5. 

Lift the planet gear carrier assembly out of the 
axle housing. 

9. Separate the seal retainer, Figure 5, from the end 
of the axle housing, by tapping down the staking 
with a copper drift and hammer. Remove the 
axle shaft from the axle housing. 

PRINTED IN U.S.A. 

INSPECTION AND REPAIR 

1. Clean and repair all parts and install new parts 
where worn or damaged. 

2. If necessary remove the axle shaft cone and 
roller assembly, seal and seal retainer as shown 
in Figure 6. 

3. If necessary remove the axle shaft Quter bearing 
cup from the housing as shown in Figure 7. 

ASSEMBLY 

1. Position a new oil seal and retainer assembly on 
the axle shaft. Use a 2.68 in. 168.2 mml inside 
diameter and 3. 12 in. 179.4 mml outside diameter 
sleeve of a suitable length to install the new outer 
bearing assembly onto the axle shaft. Apply a 
coat of petroleum jelly to both the seal and cone 
and roller assembly prior to installation. 

2. Install the axle housing on the axle shaft and 
wedge a wood block between retainer and wheel 
flange to compress the retainer gasket. With a 
hammer and drift stake the seal retainer to the 
housing in four equally spaced places. 

3. Place the planet gear carrier assembly in the axle 
housing so that the planet gears mesh correctly 
with the planetary ring gear. 

5 
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Figure 5 
Axle Housing Assembly-Exploded View 

1. Axle Shatt Outer Bearing 10. Brake Actuating Rod 
2. Axle Shaft 11. Brake Actuating Discs 
3. Spacer 12. Inner Brake Housing 
4. Bearing 13. Rotating Brake Discs 
5. Planet Gear Carrier 14. Fixed Brake Discs 
6. Retaining Washer 15. Outer Brake Housing 
7. Retaining Bolt 16. Ring Gear 
8. Lock Plate 17. Axle Housing 
9. Sun Gear and Shaft 

Axle Shaft Bearing Pre-Load c. Set the dial indicator to zero and lift the axle 
housing. This can be done by prying up 
against the outer surface of the axle housing. 
Lifting the housing will result in a reading on 
the dial indicator. This is the free movement 
between the inner and outer bearing cone and 
roller assemblies and their cups. 
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NOTE: It will be necessary at this stage to adjust 
the axle shaft bearing pre-load for which the fol
lowing procedure should be adopted. 

a. Using the largest spacer available, .089 in. 
(2.261 mml, fit the spacer, retaining washer 
and tighten the axle shaft bolt. 

b. Set up a dial indicator, as shown in Figure 8. It 
will be necessary to use an extended plunger 
on the dial indicator to enable a reading to be 
taken from the top of the axle shaft bolt . 

d. To determine the correct bearing pre-load the 
reading obtained should be subtracted from 
the spacer size fitted, at 0.089 in. (2.261 mml, 
and with the resulting figure, from the table 
below, the correct spacer may be selected. 
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Figure 6 
Removing Axle Shaft Outer Bearing 

and Oil Seal 
1. Tool No . 9506 6. Oil Seal Retainer 
2. Tool No. 9207 7. Outer Bearing 
3. Tool No . 9537 8. Tool No. 9521 
4. Axle Shaft 9. Tool No. 9162 
5. Tool No. 9526 

Figure 7 
Axle Housing Bearing Cup Removal 

1. Puller, Tool No. 9507 
2. Axle Housing 
3. Bearing Cup 
4. Slide Hammer, Tool No. 9567 

PRINTED IN U.S.A. 

Figure 8 
Checking Axle Shaft Bearing Pre-Load 

1. Axle Housing 3. Dial Indicator 
2. Magnetic Base 

SPACER FITTED 
READING OBTAINED 
RESULTANT FIGURE 

0.089 in. (2.261 mml 
0.026 in. (0.660 mml 
0.063 in . (1.600 mml 

FROM TABLE BELOW THE CORRECT SPACER 
TO BE USED : 0.065 in. (1.651 mm) 

RESULTANT 
FIGURE 

0.051-0.054 in. 
(1.295-1.371 mml 

0.055-0.058 in. 
(1.397-1.472 mm) 

0.059-0.062 in. 
(1.499-1.575 mml 

0.063-0.066 in. 
(1.600-1.676 mm) 

0.067-0.070 in . 
(1.702-1 .778 mm) 

0.071-0.074 in. 
(1.803-1.880 mm) 
(0.075-0.078 in. 

(1.905-1.988 mm) 
0.079-0.082 in . 

(2.007-2.083 mm) 
0.083-0.086 in . 

(2.108-2.1B4 mm) 
0.087-0.090 in. 

(2.210-2.286 mm) 

Figure 9 

SPACER TO BE 
FITTED 

0.053 in. 
(1.346 mml 

0.057 in . 
(1.448 mml 

0.061 in . 
(1. 549 mml 

0.065 in. 
(1 .651 mml 

0.069 in. 
(1.753 mm) 

0.073 in. 
(1.855 mm) 

0.077 in. 
(1.956 mm) 

0.081 in . 
(2.057 mm) 

0.085 in. 
(2.159 mm) 

0.089 in. 
(2.261 mm) 

Axle Shaft Bearing Pre-Load Spacer 

7 
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4. Position the selective spacer, shaft retaining 
washer and tighten the axle shaft bolt to the 
torque specified in the Specifications Section, 
Chapter 3. To position the bolt lock may require 
that the bolt be tightened slightly so that the lock 
notches will fit the bolt head corners . Be sure the 
bolt has the correct torque when the lock is in- CD 
stalled. 

5. Install the disc brake outer housing and brake 
torque pin. 

Differential Bearing Pre-Load 
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NOTE: Prior to installing the sun gear and brake 
discs in the left hand axle housing, it Will be 
necessary to carry out the differential bearing 
pre-load adjustment if any of the following parts 
have been replaced with new components. 

• Rear axle housing 

• Planetary ring gear 

• Outer brake housing 

• Inner brake housing 

The bearing pre-load adjustment is made by add
ing or subtracting shims between the differential 
bearing cup and the inner brake housing. The 
bearing pre-load should be made to the left hand 
axle housing. 

a. Install the inner brake housing in the axle 
housing and secure with the eight nuts. 

b. Remove the differential bearing cup, together 
with the shims, from the inner disc brake 
housing, Figure 10. 

c. Position the gauge ring Tool No. 2141 (Nu
dayi or SINl (Churchilli in the inner disc brake 
housing. Be sure that the gauge ring seats 
correctly in the bearing cup recess, Figure 11 . 

d. Line up the pads of the bridge bar wit;l three 
holes in the axle housing flange and, bolt the 
bridge bar to the axle housing flange. 

()Oo 00() 

Figure 10 
Removing Bearing Cup from 

Inner Brake Housing 
1. Tool No. 9162 
2. Tool No. 9506 
3. Tool No. 9554 
4. Tool No. 9521 
5. Tool No. 9507 
6. Tool No. 9472 
7. Bearing Cup 

e. Using a feeler gauge measure the gap be
tween the bridge bar and the gauge ring, 
Figure 11. 

f . With the resulting gap reading the shim to be 
installed can be selected from table A or table 
B depending on which tool was used, 2141 
Nuday or SWl Churchill. 

IMPORTANT: Be sure Co use the correcC 
table. 

g. Remove the bridge bar and gauge from the 
axle housing. . 

h. Install the selected shim together with the dif
ferential bearing cup in the inner disc brake 
housing. 
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TABLE A - Use with Nuday Tool No. 2141 

Shim Size Shim Part No. 
Gap Measured To Be Installed To Be Installed 

0.037-0.042 in , 0,038-0.040 in. C5NN-4548-A 
10.94-1.08 mml 10.965-1.016 mml 
0,043-0,048 in , 0,044-0.046 in. C5NN-4548-B 
11,09-1.23 mml 11.118-1,168 mml 
0.049-0,054 in. 0,050-0.052 in. C5NN-4548-C 
11,24-1.38 mml 11.270-1.321 mml 
0,055-0.050 in , 0,056-0.056 in. C5NN-4548-D 
11.39-1 .53 mml 11.422-1.473 mml 
0.061-0.066 in. 0,062-0.064 in . C5NN-4548-E 
11.54-1.68 mml 11,575-1.626 mml 
0,067-0.072 in, 0,068-0 ,070 in. C5NN-4548-F 
11.69-1,83 mml 11.727-1.778 mml 
0,073-0.078 in, 0,074-0 .076 in, C5NN-4548-G 
11.84-1,98 mml 11.880-1.930 mml 
0.079-0.084 in . 0,080-0,082 in . C5NN -4548-H 
11.99-2,13 mml 12.032-2,083 mml 

TABLE B - Use with Churchill Tool No. SW7 

Part Number 
of Shim to 

Gap Reading be fitted Shim Thickness 

0.012-0.017 in, C5NN-4548-A 0.038-0.040 in, 
10.305-0.432 mml 10.965-1.016 mml 

0,018-0.023 in. C5NN-4548-B 0.044-0.046 in, 
10.457-0.584 mml 11,118-1.168 mml 

0.024-0.029 in. C5NN·4548-C 0.050-0.052 in, 
10,610-0.737 mml 11.270-1.321 mml 

0,030-0.035 in. C5NN-4548-D 0,056-0.058 in, 
10.762-0.BB9 mml 11.422-1.473 mml 

0.036-0.041 in. C5NN-4548-E 0.062-0.064 in, 
10.914-1.041 mml 11.575-1.626 mml 

0,042-0.047 in . C5NN-4548-F 0.068-0.070 in. 
11.067-1. 194 mml 11.727-1.778 mml 

0.048-0.053 in. C5NN-4548-G 0,074-0,076 in . 
11.219-1.346 mml 11.BBO-1.930 mml 

0.054-0.059 in, C5NN-4548-H 0.080-0.082 in, 
11.372-1.499 mml 12,032-2.083 mml 

i. Remove the inner disc brake housing from the 
axle housing and proceed as follows. 

6. Position the sun gear in the planet gear carrier. 

7. Install the brake assembly in the following order. 

a. Brake disc assembly. 

PRINTED IN U.S .A. 

Figure 11 
Checking Differential Bearing Pre-Load 

1. Bolt 
2. Feeler Gauge 
3. Gauge Ring 
4. Pre-Load Gauge - Tool No. 2141 

Figure 12 
Installing Brake Actuating Mechanism 

1. Actuating Discs 
2. Actuating Link 
3. Axle Housing 

9 
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b. Intermediate disc with notch on the torque 
pin. 

c. Brake disc assembly . 

d. Brake actuating disc assembly with the con
trol rod passing through the brake control rod 
seal assembly, Figure 12. Position the notch 
over the torque pin. If the brake control rod 
seal assembly has been removed, install a new 
seal by tapping it into the rear axle housing 
and locking the seal in the annular groove on 
the brake control rod . Secure a new control 
rod fastener. 

e. Brake disc assembly. 

f . Intermediate disc with notch on the torque 
pin . 

g. Brake disc assembly. 

NOTE: Prior to installing the inner disc brake 
housing. Be sure the intermediate discs and 
actuating disc assembly are correctly 
centered. This will permit easier installation of 
the housing. 

8 . Install the inner disc brake housing and secure 
with eight nuts and tighten the nuts to the torque 
stated in SPECIFICATIONS, Chapter 3. 

9. Position the differential ring gear thrust block 
and secure with two bolts and lockwashers. In
stall a new large '0' ring seal on the axle housing . 

10. Right Hand Axle Housing: Install the differential 
lock fork and differential lock lever. Tighten the 
screw and lock nut, Figure 3. 

INSTALLATION 

1. Left Hand Axle Housing: Install the differential 
assembly into the center housing . 

2. Install the axle housing to the center housing. 
Tighten the securing nuts and bolts to the torque 
specified in Chapter 3. 

3. Install the rear axle assembly to the transmission 
as described in Part 10. , 
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4. Reconnect the brake linkage and adjust the 
linkage to provide the specified free pedal travel, 
Figure 13, see Specifications, Chapter 3. 

5. Install the rear wheels and the rear ",xle drain 
plug. Refill the rear axle with the specified oil , 
see Chapter 3. 

C. PLANETARY REDUCTION GEAR 
ASSEMBLY AND AXLE 
HOUSING OVERHAUL 

REMOVAL 

1. Remove the axle housing as described in Section 
B and remove the planetary reduction gear 
assembly. 

\. ADJUSTING 
NUT 

PIN & BRACKET 
ASSY. -:---;PUL~~r -

~ ~ ; 

LOCK NUT 

Figure 13 
Brake linkage 

J ., 
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DISASSEM BL Y 

1. To disassemble the planetary gear assembly 
bend up one end of the planet gear shaft retain
ing ring and remove the retaining ring . Push the 
planet gear shafts from the carrier and remove 
the planet gears complete with needle roUer 
bearings and thrust washers, Figure 14. 

2. If the beariny on the planet gear carrier requires 
replacing remove the roller and inner race 
assembly using Pulling attachment Tool No. 
9526 and Puller Tool No. 9516 or hydraulic press, 
Figu re 15. 

INSPECTION AND REPAIR 

1. Clean and inspect all parts and install new parts 
where worn or damaged. 

2. If necessary remove the inner bearing cup from 
the axle housing using Puller, Tool Nos. 9507 
and 9567 . Install a new race, Figure 10. 

3. Inspect the planetary ring gear located in the axle 
housing. If damaged or worn replace as follows: 

a. Remove the axle shaft from the axle housing. 

b. Position Tool No. 2122, behind the ring gear 
and tighten the retaining nuts, Figure 16. 

C. Place the axle housing on a press beam with 
the large end down. Insert a bar of suitable 
length into the small end of the housing and 
place one end of the bar against the Tool No. 
2122. Position the other end of the bar under 
the press ram and press out the ring gear. 

d. Clean the new ring gear and the housing 
shoulder and position the ring gear in the axle 
housing, ensuring that the studs in the hous
ing are aligned with the holes in the ring gear. 

e. Place the axle housing on a press beam with 
the large end up. Position Tool No. 2122 on 
the ring gear, Figure 17 and press the ring 
gear into the housing. Be sure the ring gear is 
pressed squarely into the housing. 

f. To check that the ring gear is seated correctly, 
use a feeler gauge to ascertain if there is a gap 
between the ring gear and housing shoulder. 

PRINTED IN U.S.A. 

Figure 14 
Planet Gear Carrier Assembly 

1. Carrier 5. Needle Rollers 
2. Bearing 6. Spacer 
3. Planet Gear Shaft 7. Retaining Ring 
4. Thrust Washer 

Figure 15 
Planet Gear Carrier Cone and 

Roller Assembly Removal 
1. Step Plate - Tool No . 9211 
2. Socket 
3. Planet Gear Shaft 
4. Puller - Tool No. 9526 
5. Cone and Roller Assembly 
6. Plate 
7. Slave Ring - Tool No. 8060 
8. Press 

11 
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Figure 16 
Removing Planetary Ring Gear 

1. Tool No. 2122 
2. Ring Gear 

ASSEMBLY 

1. Coat the spacers in grease and position in the 
planet gears. Install sixteen needle rollers each 
side of the spacer in the planet gears and place a 
grease coated thrust washer on each end of the 
planet gears, Figure 14. 

2. Place the three planet gears, complete with 
thrust washers, in the carrier. Align the bores in 
the planet gears with the bores in the carrier. 

3. Insert all three planet gear shafts in the carrier 
housing. Position the shafts so that the flat por
tion of the shaft head is outward from the center 
of the carrier housing, Figure 18. 

4. Install the planet gear shaft retainer, bending the 
ends of the retainer into the recess, Figure 19. 

5. If the axle housing inner bearing race has been 
removed install a new race using a hollow sleeve 
of suitable internal diameter. 

INSTALLATION 

1. Re-assemble the rear axle following procedures 
described in Section B. Fill the rear axle with the 
specified lubricant and recheck the oil level after 
operation. 
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Figure 17 
Installing Planetary Ring Gear 

1. Tool No. 2122 
2. Ring Gear 

NOTE: If a new planetary ring gear has been in
stalled in the left hand axle housing the differen
tial bearing pre-load must be checked as de
scribed in Section 8 . 

D. REAR WHEEL BRAKE ASSEMBLY 
- OVERHAUL 

REMOVAL 

1. Remove the rear axle housing as described in 
Section B. 

2. Remove the brake assembly from the axle hous
ing as described in Section B. 

DISASSEMBLY 

1. Detach the brake actuating rod and actuating 
links by removing the cotter pins, clevis pins and 
nuts, Figure 20. 

2. Remove the four actuating disc return springs 
and separate the actuating discs, Figure 21. 

3. Remove the six steel balls. 
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Figure 18 
Plate Gear Carrier Assembly 

1. Planet Gear Shaft 
2. Planet Gear 
3. Planet Gear Shaft Retainer 

INSPECTION AND REPAIR 

1. Inspect the steel fixed plates for wear and warp. 
The inspection should include the inner and 
outer brake housings. Replace parts which are 
scored or warped. 

2. Inspect the rotating discs for wear and warp. 
Replace the discs if the friction material has worn 
to the bottom of any grooves, or if the plates are 
warped more than maximum specified - see 
Specifications, Chapter 3. 

3. Replace the actuating rod seal. 

ASSEMBLY 

1. Place one actuating disc with the pockets upper
most on a flat surface and position a steel ball in 
each pocket. 

2. Position the other actuating disc over the first 
with the pockets locating on the steel balls. The 
actuating lugs should be approximately 1 in. 
125.4 mm) apart. 

3. Install the four actuating disc return springs on 
the lugs on the inner edge of the actuating discs . 

PRINTED IN U.S.A. 

Figure 19 
Planet Gear Carrier Ring Replacement 
1. Carrier Assembly 3. Planet Gear 
2. Gear Shaft 4. Retaining Ring 

4. Install the actuating links and secure using the 
clevis pins, cotter pins and nuts, Figure 22. 

INSTALLATION 

1. Install the brake actuating assembly and disc 
assemblies as described in Section B. 

2. I nstall the axle housing to the rear axle center 
housing, and install the rear axle assembly as 
described in Part 10. 

3. Reconnect the brake actuating linkage and ad
just the brake linkage as follows: 

Refer to Figure 13 and 34. 

- Depress the right pedal 1.5 inch (38.1 mml. 

- Loosen the right brake pedal pull rod lock nut 
and adjust the pull rod to remove all linkage 
slack. Tighten the lock nut. 

- Repeat the preceding two steps for the left 
brake. 

- Recheck pedal free travel to be sure it is 1.5 
inch (38.1 mm). 

13 
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Figure 20 
Brake Actuating Components 

1. Fixed Disc 
2. 
3. 
4. 
5. 

Outer Brake Housing 
Rotating Disc 
Actuating Discs 
Brake Housing Securing Studs 

6. Torque Pin 
7. Brake Inner Housing 
8. Actuating Rod Seal 
9. Actuating Rod 

10. Actuating Discs Return Springs 

E. DIFFERENTIAL AND DIFFERENTIAL 
LOCK ASSEMBLY OVERHAUL 

REMOVAL 

1. Remove the left hand axle housing as described 
in Section B and lift out the differential .assem
bly. 

DISASSEMBLY 

,. Remove the differential lock ring that secures the 
sliding coupling to the side gear. Remove the 
stop washer, sliding coupling, coupling spring 
and gear case adaptor, Figure 23. 

2. Mark the two halves of the differential case so 
that the two halves may be reassembled in the 
same relative position. 
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3 . Loosen the securing bolts and separate the two 
halves of the differential case as the bolts are 
loosened. 

4. Remove the bolts which secure the differential 
ring gear to the differential case and separate the 
ring gear from the case. 

INSPECTION AND REPAIR 

1. Thoroughly clean and inspect all parts. Install 
new parts where worf} or damaged. 

NOTE: If 8 new differential ring gear is installed a 
new drive pinion must also be fitted as outlined 
in . Section F. 



--------------------------------CHAPTER1--------------------------------

Figure 22 
Brake and Actuating Linkage 

1. Actuating Rod 
2. Actuating Link 

Figur.e 21 
3. Seal 

Brake Actuating Discs 
1. Actuating Disc 3. Return Spring 
2. Actuating Ball 

Figure 23 
Differential Assembly-Exploded View 

1. Bearing 6. Bearing 11. Adaptor 
2. Ring Gear 7. Spring 12. Securing Bolt -
3. Thrust Washer 8. Stop Washer 13. Differential Case 
4. Side Gear 9. Lock Ring 14. Side Gear 
5. Thrust Washer 10. Sliding Coupling 15. Pinion Gears 

PRINTED IN U.S.A. 15 
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Figure 24 
Removing Differential Bearing 

1. Tool No. 9516 
2. Tool No. 9526 
3. Bearing Assembly 
4. Tool No. 9210 

Figure 25 
Replacing Differential Bearing 

1. Press 
2. Tool No. 9210 
3. Differential Case 
4. Bearing Assembly 
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2. If necessary to replace the differential case 
bushings drive out the old bushings using a 
suitable drift. Install new bushings from the in
side face of the case. 

3 . If it is necessary to remove the differential bear
ing roller and race assembly from the differential 
case use Tool Nos. 9526, 9516 and suitable size 
step plate, Figure 24. Install new bearings using a 
press and suitable size step plate, Figure 25. Coat 
the bearings with petroleum jelly prior to installa
tion . Install the differential case bolts before in
stalling the right hand bearing. 

4. The right hand differential bearing outer race, 
located in the rear axle center housing, can be 
removed using slide hammer Tool No. 9507 and 
9567. 

5. The left hand differential bearing outer race 
located in the brake housing can be removed us
ing Tool Nos. 9507 and 9567. Replace the shims 
that are positioned behind this bearing race. 

ASSEMBLY 

1. Install the bolts which secu re the differential ring 
gear to the differential half case and tighten the 
nuts to the specified torque - see Specification 
Chapter 3. Be sure that the ring gear locates 
securely on the differential case. 

2 . Assemble the pinions and thrust washers onto 
the spider, Figure 26. Install the side gear and 
thrust washer into the ring gear half of the dif
ferential case. Locate the other side gear and 
thrust washer on top of the assembly. 

3. Assemble the two halves of the differential case, 
aligning the marks made prior to disassembly. 
Tighten the securing bolts evenly and finally tor
que to the specified value - see Specifications 
Chapter 3. If the differential bearing is installed 
use a crowfoot adaptor to enable a torque 
wrench to be used with the bearing in position, 
Figure 27 . 

4. Lubricate the assembly and turn the gears to 
check freedom of movement. 

5. Install the differential lock gear case adaptor, 
coupling spring, sliding coupling and stop 
washer and retain with a new lock ring, Figure 
23. 
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Figure 26 
Differential Spider and Pinions 

1. Spider 
2. Pinion Gears 
3. Thrust Washer 

INSTALLATION 

1. Position the differential assembly in the rear axle 
center housing. 

2. Re-assemble the left hand housing as described 
in Section B. Refill the axle with the correct lubri
cant as specified in Chapter 3. 

F. DRIVE PINION ASSEMBLY OVERHAUL 

REMOVAL 

1. Separate the rear axle from the unit.as described 
in Section C of Part 10. 

2. Remove the handbrake components, as describ
ed in Chapter 2, from the drive pinion. 

3. Remove the left hand axle housing and lift out 
the differential assembly. 

4. Remove the bolts that secure the drive pinion 
assembly to the rear axle center housing. Use 
two of the securing bolts as jacking screws install 
them in the drive pinion retainer, Figure 28. 
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Figure 27 
Tightening Differential Case Bolts 

1. Torque Wrench 
2. Adaptor 
3. Differential Case 
4. Differential Case Bolts 

Figure 28 
Removing Drive Pinion Assembly 

1. Drive Pinion Shaft 
2. Bearing Retainer 
3. Jacking Bolts 
4. Bearing Pre-Load Adjuster 
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Figure 29 
Drive Pinion Assembly - Exploded View 

1. Lock Ring 
2. Pilot Bearing 
3. Rear Bearing 
4. Front Bearing 
5. Bearing Pre-Load Adjuster 
6. Thrust Washer 
7. Drive Pinion Retainer 
8. Drive Pinion Shaft 

5. Tighten evenly the two jacking screws and 
remove the drive pinion assembly. 

DISASSEMBLY 

1. Loosen the clamp bolt on the bearing pre-load 
adjuster, Figure 29, and unscrew the adjuster 
from the shaft. Remove the thrust washer from 
the shaft. 

2. Remove the front pinion bearing and the housing 
from the pinion shaft. 

3. Remove the lock ring from the rear end of the pi
nion gear and using Tool Nos. 9198 and 9190 pull 
the pilot bearing off the end of the shaft, Figure 
30. 
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INSPECTION AND REPAIR 

1. Thoroughly clean and inspect all parts and install 
new parts if worn or damaged. 

2. If necessary, to remove the rear pinion bearing, 
use Tool Nos. 9516 and 9190 as shown in Figure 
31 . To install a new bearing use the same tool in 
conjunction with a sleeve of suitable size, Figure 
32, to press the inner bearing race squarely 
against the pinion gear. 

3. To remove the bearing outer races from the bear
ing housing use Slide Hammer and pulling at
tachment Tool Nos. 9507 and 9567. 

NOTE: If a new drive pinion is to be installed a 
new differential ring gear must also be installed. 
Refer to Section E for overhaul procedures. 
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Figure 30 
Removing Drive Pinion Pilot Bearing 

1. Tool No. 9198 
2. Pilot Bearing 
3. Tool No. 9190 
4. Drive Pinion Shaft 

Figure 31 
Removing Drive Pinion Rear Bearing 

1. Tool No. 9516 
2. Drive Pinion Shaft 
3. Bearing Assembly 
4. TIlol No. 9190 
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Figure 32 
Installing Drive Pinion Rea r Bearing 

1. Tool No . 9190 
2. Drive Pinion Shaft 
3. Sleeve 
4. Rear Bearing Assembly 
5. Tool No. 9516 

ASSEMBLY 

1. Install the pilot bearing on the pInion using a 
suitable sleeve . Install a new lock ring . 

2. Position the pinion shaft and rear bearing 
assembly in the bearing housing. Install the front 
bearing and the thrust washer onto the shaft. 

3. Install the bearing pre-load adjuster onto the 
shaft up against the thrust washer. The adjuster 
must be positi9ned to pre- load the bearings to 
the specif ied load. Use a pu ll scale together with 
a piece of cord wrapped around the splines of 
the pinion shaft, Figure 33. The correct bearing 
pre-load is specified in Chapter 3. 

4. When the correct bearing pre-load is achieved 
clamp the adjuster by tightening the clamp lock 
bolt to the specified torque - see Specifications 
Chapter 3. 

INSTALLATION 

1. Install the drive pinion assembly into the rear axle 
center housing and secure with the retaining 
bolts. Tighten to the specified torque - see 
Chapter 3. 
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Figure 33 
Checking Drive Pinion Bearing Pre-Load 

1. Pull Scale 
2. Drive Pinion 
3. Chord 
4. Bearing Pre-Load Adjuster 

2. Install the differential assembly in the rear axle 
center housing and reassemble the left hand axle 
housing to the center housing. 

3. Install the hand brake components as described 
in Chapter 2. 

4. Assemble the rear axle to the transmission as 
described in Section C of Part 10. Refill the axle 
with the specified lubrication, and check the 
level with the dipstick. Reconnect the brake 
linkage and adjust as outlined in Part 10. 

G. BRAKE PEDAL LINKAGE AND 
CROSS SHAFT 

Refer to Figure 34. 

Tractors equipped with manual reversing transmis
sions have the brake pedals located on the right side of 
the operators platform, while tract0rs equipped with 
power reversing transmissions have the brake pedals 
located on the left side of the platform. Operating 
linkage from the pedals extend along side of the 
transmission housing. The inner set of linkage con
nects to a cross-shaft that extends through the rear 
axle center housing to operate the brake on the op
posite side of the tractor. The brake cross-shaft is seal
ed in the center housing by replaceable seals installed 
in the center housing castig side walls. 
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Figure 34 
Brake Pedal and Linkage 

(Power Reversing Transmission) 
1. Brake Cross Shaft 
2. Brake Control Rod Assembly 
3. Brake Control Rod 
4. Brake Pedal Shank 
5. Brake Cross Shaft Seal 

Figure 35 
Brake Pedal Shank and Bushing Replacement 
1. Shank 
2. Bushing 
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Early tractor production conta ined brake cross-shaft 
seats consisting of a double lip seat and a separate dust 
seal. Later produ ction tractors contained a triple lip oil 
seal and the dust seal is no longer used . 

Whenever installing a new cross shaft seal assembly, 
do not remove the grease coating from the seal lip. 
This coating was placed on the seal lip at time of 
manufacture to lubricate the lips which do not touch 
oil. Install the new seal as follows. 

1. Remove and discard the dust seal. 

2. Inspect the brake cross shaft for gouges, corro
sion and scratches on the sealing surfaces. If the 
shaft is severely gouged, pitted or scratched, it 
should be replaced. 

3. Carefully press the seal into the rear axle 
centerhousing with the closed end of the seal 
facing outwards. 

The new part is fully interchangeable with the previous 
part which is discontinued. 

The brake pedal shank contains a replaceable bushing, 
Figure 35. Following installation of a new bushing it 
may be necessary to burnish the inside of the bushing 
for the shaft to fit correctly. 

H. DIFFERENTIAL LOCK LINKAGE 

The differential lock linkage, Figure 36, serves to 
operate the differential lock fork located in the right 
hand rear axle assembly. 

Adjustment of the linkage is as follows, refer to Figure 
37. 

1. With the differential lock linkage assembled, 
loosen the locknut. 

2. Adjust the pedal assembly until a gauge block 
can be inserted between tht:! underside of the 
pedal assembly and the top side of the pedal 
bushing. For gauge dimensions, see "Specifica
tions" - Chapter 3. 

3. Re-tighten the locknut to the specified torque, 
see "Specifications" - Chapter 3. 

4. Check that when the load is removed from the 
pedal assembly and the rear wheels are free to 
rotate, the differential lock linkage disengages 
automatically and the pedal assembly returns to 
the raised position. The wheels should then 
rotate independently . 
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Figure 36 
Differential Lock Linkage 

1. Pedal Assembly 6. Shaft 
2. Operating Rod 7. Fork 
3. Clevis 8. Seal 
4. Locknut 9. Operating Lever 
5. Lever Assembly 

\ 
; 

~~4 ~----~~ ____ ~--~~ 

Figure 37 

I 
I 

Differential Lock Adjustment 
1. Differential Lock Operating Pedal 
2. Pedal Bushing 
3. Locknut 
4. Connecting Lever 
5. Rod and Clevis Assembly 
6. Operating Lever 
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HANDBRAKE 

Section 
A, 
B, 

HANDBRAKE - DESCRIPTION AND OPERATION 
HANDBRAKE - OVERHAUL 
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A, HANDBRAKE -
DESCRIPTION AND OPERATION 

The hand operated brake mechanism is mounted on 
the rear axle differential drive pinion shaft_ The 
mechanism consists of a rear reaction plate bolted to 
the rear axle center housing and a front reaction plate 
bolted to the rear reaction plate. The disc and actuator 
assembly are located on the piston shaft between the 
two reaction plates. The actuator assembly consists of 
two plates held together by springs and separated by 
steel balls located in pockets machined in the plates, 
Figure 38, 

Operation of the brake rotates the two actuator plates 
causing the steel balls to ride up the ramps and 
separate the two actuator plates. This forces the in
termediate discs, secured by the reaction plate bolts, 
to compress the sintered metal disc brake assemblies 
which are splined to the pinion shaft. Return springs 
pull the actuating discs together when the brake is 
released . 

The brake mechanism is connected to the operating 
lever by a cable, Cable tension is maintained by an ad
juster on the operating lever. 

B, HANDBRAKE - OVERHAUL 

REMOVAL 

1, Disconnect the handbrake cable from the bell
crank located on the left hand side of the rear ax
le center housing . 

2 . Separate the rear axle from the transmission as 
outlined in Part 10 Section C, 
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3 . Remove the actuating rod clevis pin to discon
nect the bellcrank from the actuating rod , Figure 
39, Disconnect the return spring from the bell
crank, Figure 38, Remove the bellcrank bracket 
securing bolts and remove the bellcrank and 
bracket, 

4. Remove the brake mechanism cover plate retain
ing bolts and lift the cover from the rear axle, 
Remove and discard the actuator rod seal and 
cover plate gasket, Figure 38, 

5. Disconnect the actuator rod devis pin and 
remove the actuator rod from the links, Figure 
40, 

6 . Remove the nuts that retain the front reaction 
plate, Figure 41. Remove the front reaction 
plate, brake discs and actuating plates from the 
drive pinion shaft. 

7. Remove the rear reaction plate retainer bolts, 
Figure 42, and remove the rear reaction plate 
from the center housing, 

8 . Disconnect the actuating plate return springs 
and separate the plates, Lift out the balls and 
remove the links from the actuator plates, 

INSPECTION AND REPAIR 

1. Examine the brake discs and discard any worn 
components. The rotating discs friction material 
must not be worn flush with the bottom of the oil 
grooves. Discard any scored discs and check for 
fiatness using a straight edge, Discard twisted 
plates, Figure 43, 
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Figure 38 
Handbrake Components 

1. Operating Cable 9. Cover 
2. Rear Reaction Plate 10. Actuating Rod 
3. Cable Bracket 11. Links 
4. Bellcrank 12. Fixed Discs 
5. Return Spring 13. Rotating Discs 
6. Actuating Rod Clevis 14. Actuating Discs 
7. Bellcrank Bracket 15. Front Reaction Plate 
8. Actuating Rod Seal 16. Control Lever 
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Figure 39 
Bellcrank and Linkage 

1. Operating Cable Clevis 
2. Bellcrank 
3. Actuating Rod Clevis 
4. Actuating Rod 
5. Cover 
6. Bracket Securing Bolts 
7. Bellcrank Bracket 
8. Operating Cable 

\ 

\ 

, 

\ 
I 

./ 
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Figure 40 
Handbrake Actuating Linkage 

1. Actuating Link 
2. Actuating Rod 
3. Actuating Rod Clevis Pin 
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Figure 41 
Front Reaction Plate 

1. Securing Nut 
2. Drive Pinion Shaft 
3. Front Reaction Plate 

2. Inspect the operating cable and replace if 
damaged or worn. 

INSTALLATION 

1. Install the rear reaction plate and torque the 
securing bolts to the specified value - see 
Chapter 3. 

2. Assemble the links to the actuating plates, place 
the steel balls in the pockets of one plate, posi
tion the other plate onto the balls and secure 
with the return springs. 

3. Assemble the disc plates onto the drive pinion 
with two friction plates and one intermediate 
plate on the rear side of the actuating plates and 
three friction plates and two intermediate plates 
on the forward side as shown in Figure 38. 

Be sure that the reaction lugs on the fixed discs, 
Figure 44, engage with the two large diameter 
pins. 

4. Position the front reaction plate onto the pins 
and secure wth the nuts. Tighten the nuts to the 
specified torque - see Chapter 3. 
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Figure 42 
Rear Reaction Plate 

1. Rear Reaction Plate 
2. Securing Bolt 
3. Drive Pinion Shaft 
4. Bearing Pre-Load Adjuster 

Figure 43 
Rotating Brake Disc 

1. Friction Material 
2. Splines 
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1. Disc 

Figure 44 
Fixed Brake Disc 

2. Reaction Lug 

5. Position the actuator rod clevis with the links and 
install the clevis pin . 

6 . Install a new seal in the brake cover and position 
the gasket and cover on the center housing. Be 
sure that the actuating rod seal locates in the 
groove on the actuating rod . 

7 . Position the bellcrank bracket on the cover and 
install the securing bolts. Install the cover lower 
securing bolts and tighten the bolts to the speci
fied torque - see Chapter 3. Reconnect the 
cable return spring. 

8. Adjust the handbrake tension knob on the end of 
the lever, Figure 45, until a full travel of 1.25 in . 
(32 mm) is obtained at the lower end of the 
cable, Figure 46. 

Adjust the clevis at the center housng, Figure 46, 
until an effort of 50-SO Ibs. ft . (67 .8-81.3 Nm) is 
required to pull the handbrake lever, Figure 45, 
to the full up (applied!. position . 

9. Re-assemble the rear axle to the transmission as 
described in Part 10, Section C. Refill the rear ax
le with the specified lubricant. 
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Figure 45 
Handbrake 

1. Applied Position 
2. Released Position 
3. Tension Knob 

10. Reconnect the handbrake cable clevis and adjust 
the cable tension with the knob on the top of the 
operating lever. The cable tension should allow 
the lever to engage the " over center position" 
with the brake applied. 
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1 25 IN 
(32 mm) 

Figure 46 
Handbrake Adjustment 

1. Actuator Rod 
2. Clevis 
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Chapter 3 
SPECIFICATIONS AND SPECIAL TOOLS 

Section 
A . SPECIFICATIONS 
B. SPECIAL TOOLS 

SPECIFICATIONS 

Brake Pedal Free Travel .............................. . . 
Brake Pedal Drop Rod Length ......... . ..... . . 
Hand Brake Bellcrank Free Travel ...... . .... . 

1.5 in . 138 mml 
35.0 in. 1889 mml 
1.25 in. 131.8 mml 

Page 
29 
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Lubricant Capacity . ..... . .............. .• . . 33.7 qt. 156 Imp. Pintsl 131.8 Litersl 

Differential Drive Pinion Bearing Preload: 
IPull Scalel .................................. .. ... . 
Rear Axle Shaft End Play ........ . ..................... . 

Differential Lock Gauge Block Thickness ...... .... ....... . 

16-21 lb. 17.26-9.53 kgl 
0.001" loose - 0.003" tight 
10.025 mm loose - 0.076 mm tightl 
1.20-1.25 in . 130.5-31.8 mml 

Hand Brake Shaft Bearing Pre-Load IPull Scale I ... . .... . 20-26 lb. 19. 1-11.8 kgl 
Handbrake Pull Specifications ................... • . . .. . .. 30-45 Ibs. 1133·200 N. 14-20 kgfl 

TORQUE SPECIFICATIONS 

BOLT TORQUES lb. ft. Ikgml Inml 
Axle Housing Bolts . .. .. ..... . ..... • .. . .. . .. ... . . . . . ... 130-170115.2-23.511176.2-230.51 
Axle Housing Nuts ..... ..... . . . • . . •.. .. .. .. . ...•...... 155-220121 .5-30.41 1210.1-298.31 
Disc Brake Housing Nuts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 72-90 19.9-12.41 197 .6-1221 
Axle Shaft Retaining Bolt. . . . . . . . . . . . . . . . . . . . . . . . . . . 350-440 148.4-60.81 1374.5-596.51 
.Differential Case Bolts . . . . . . . . . . . . . . .. . . . . . . .. . . 65-7518.9-10.41 188.1 -101.61 
Differential Ring Gear Nuts . . . . . . . . . . . . . . . . . . . . . 40-45 15.5-6.21 154.2-61 1 
Differential Pinion Bearing Retainer Bolts .......... 100-1201 13.8-16.611 135.6-162.71 
Hand Brake Rear Reaction Plate Retaining Bolts . . . . . . . . . 100-120 113.8· 16.61 1135.6·162.71 
Hand Brake Cover Retaining Bolts ......... . .... ...... ... 30-40 14.1 -5.51 155.1-54.21 
Hand Brake Mechanism Retaining Nuts - Small .. . .... . ... 24-3313.3-4.51 132 .5-47.71 
Hand Brake Mechanism Retaining Nuts - Large . . . . . . . . 70-9519.7-13.11 194.9-128.81 
Differential Pinion Bearing Pre-Load Adjuster Clamp Bolts. 20-2512.7-3.51 127.1 -33.91 
Wheel Securing Nuts. . . . . . . . . . . . . . . . . . . . . . . . . . .. 304-336 142.0-46.41 1412.2-455.51 
Brake Pin and Bracket Mounting Bolts ........ ........... 25-3413.5-4.761 133.75-45.91 
Differential Lock Fork Retaining Bolt . . . . . . . . . . . . . . . . . . . .. 20-24 13.3-4.11 133-401 
Differential Lock Oper. Rod Clevis Locknut . . 47-63 16.3-8.41 164-851 
Differential Pedal Locknut. . . . . . . . . . . . . 47-63 16.3-8.41 164-851 
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B. SPECIAL TOOLS 

Nuday Churchill 
Tool No. Tool No. Description 

2122 SW-6 Planetary Ring Gear Remover/ Replacer 
2141 SW-7 Differential Bearing Pre-Load Gauge 
9162 P-61 Heavy Duty Rachet 

9210 (set) 63O-S Step Plate Adaptors 
9211 (set) 630-T Step Plate Adaptors 

9537 924 Double Threaded Adaptors 
9521 930-B Pushl Puller Legs 
9207 930-E Pushl Pulier Legs 
9506 936 Pushl Puller 
9507 943 Internall External Puller 
9567 943-S Slide Hammer 
9190 951 Pulling Attachment 
9526 952 Pulling Attachment 
9198 1002 Puller· Reversible Arms 
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STEERING AND FRONT AXLE 

Chapter 1 
STEERING 

Section 
A. STEERING - DESCRIPTION AND OPERATION 

Page 
1 

B. COMPONENT REMOVAL AND INSTALLATION 4 
C. COMPONENT OVERHAUL 

A . STEERING -
DESCRIPTION AND OPERATION 

DESCRIPTION 

The Ford 550 / 555 steering system is a hydraulic power 
assisted hydrostatic system. The major components 
are shown in Figure 1. The components are serviced 
separately and consist of steering column shaft, a 
steering motor, a power steering pump, the cylinders, 
a front axle assembly, and the hoses and tubes re~ 

quired to connect the system. 

The system is "closed" that is, the hydraulic oil is 
stored in the power steering oil reservoir, is pumped 
through the steering system, and returned to the 
reservoir. The reservoir and the power steering pump 
are an integral unit. 

STEERING COLUMN SHAFT 

The steering wheel is secured to the steering column 
shaft, Figure 2. The steering column shaft is protected 
by a steel outer tube. The lower end of the shaft is 
coupled to the power steering motor input shaft by a 
coupler and 2 pins. 
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Two retaining rings hold the pins in the coupler. The 
power steering motor and steering column assembly 
are bolted to the power steering motor support. 

POWER STEERING PUMP AND RESERVOIR 

The integral power steering pump and reservoir, 
Figure 3, are mounted on the engine front cover plate 
on the left side of the engine, Figure 3. The pump and 
reservoir are connected to the steering motor by two 
tubes. 

The gear type pump is driven anti clock-wise by the 
camshaft gear. The pump driven gear is half the 
diameter of the camshaft drive gear thus the pump is 
driven at engine speed. Pump capacity is 2.74 U.S. 
Gal. per minute 12.28 Imp. Gal. per minute) 110.4 liters 
per minute at 1000 rev / min. Pump pressure is 
1550-1650 Ibflin' 1106.86-113.75 bar.) 

STEERING MOTOR 

The hydrostatic steering motor, Figure 4 utilizes a 
linear control valve to control the direction of the 
steered wheels and a metering unit to control the rate 
of turn. in the event of pump failure the wheels can be 
turned manually with the metering unit functioning as 
a hydraulic pump. 

1 
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Figure 1 
Steering System General Layout 

1. Steering Wheel 7. Right Hand Steering Cylinder 
2. Steering Motor B. Connecting Rod 
3. Steering Motor Tubes 9. Pump Assembly 
4. Connecting Hoses 10. Cylinder Hoses 
5. Left Hand Steering Cylinder 11. Clamp Assembly 
6. Front Axle 

CONTROL VALVE SECTION 

The control valve section, Figure 5, directs the 
hydraulic oil to and from the metering unit, to and 
from the steering cylinders, and regulates the pressure 
of the oil flowing to the steering cylinders . The lower 
end of the input shaft is bored to receive the top of the 
torsion bar. The torsion bar is pinned to the input 
shaft, extends through the spool and is linked with the 
drive link in the metering system. The drive link is 
splined to and turns the rotor in the stator assembly. 
Thus, the torsion bar is the principal link between the 
input shaft and the metering system. 

The lower end of the input shaft is splined to engage 
and drive the drive ring. The drive ring is externally 
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splined to engage and drive the spool. The drive ring 
splines are wider than the input shaft splines allowing 
a pre-determined amount of free play. This provides a 
mechanical link between the shaft and spool for 
manual steering in event of pump failure, and limits 
the amount of twist on the torsion bar. 

A helical groove is machined in the side of the input 
shaft. The actuating ball is held captive between the 
helical groove and a pocket inside the spool. 

When the steering wheel is turned, the torsion bar is 
held stationary by the pressure of the oil. As the wheel 
is turned the torsion bar twists and the spool is moved 
up or down, uncovering oil ports leading to the meter
ing system. 



--------------------------------CHAPTERl 

Figure 2 
Steering Column Shaft 

1. Steering Wheel Retaining Nut 
2. Steering Wheel 
3. Steering Motor Securing Bolts 
4. Drive Pins 
5. Steering Motor Support 
6. Outer Tube Clamp 
7. Outer Tube 
8. Steering Column Shaft 

METERING SYSTEM 

The metering system, Figure 6, meters oil to the steer
ing cylinders, thus maintaining the relationship be
tween the steering wheel and the steered front 
wheels. In addition, the metering system acts as a 
manually operated hydraulic pump in the event the 
power steering pump fails . 

As the spool moves up or down from the neutral, the 
pump supply flow to the return tube is restricted, 
causing the pump pressure to rise. At the same time 
the flow is directed to the metering rotor assembly 
through the manifold and commutator. From the 
metering rotor assembly the oil flows to one side of the 
steering cylinders. Return flow from the opposite side 
of the steering cylinders flows back to the return line. 

Figure 3 
Steering Pump and Reservoir Installation 

1. Reservoir 
2. Inlet Tube - Low Pressu re 
3. Outlet Tube - Pressurized 
4. Breather 

Figure 4 
Steering Motor Assembly 

1. Drive Link 
2. Metering Valve 
3. Linear Control Valve 
4. Input Shaft 
5. Coupling 
6. Top Cover 
7. Outer Tube 
8. Steering Column Shaft 
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Figure 5 
Steering Motor Control Valve Section 

1. Steering Motor Housing 6. Spacer 
2. Spool 7. Drive Ring 
3. Actuating Ball 8. Input Shaft 
4. Retaining Ring 9. Pin 
5. Torsion Bar 

Figure 6 
Steering Motor Metering Section 

1. End Cover 5. Rotor and Stator Assembly 
2. Commutator 6. Drive link 
3. Commutator Ring 7. Spacer 
4. Manifold 

4 

Flow through the metering rotor assembly causes 
rotation of the rotor which is keyed to the spool by the 
drive link. Rotation of the spool causes the spool to 
react against a helix and thus move back toward 
neutral. 

The rotation of the metering rotor provides a feed back 
that senses the amount of steering cylinder movement 
and matches it to the original displacement of the 
spool by the steering wheel. 

HOSES, TUBES, AND STEERING CYLINDERS 

Oil flows, under pressure, from the power steering 
motor to the cylinders through the hoses and tubes 
Figure 1. The steering cylinders are anchored at the 
piston end to the front wheel spindle arm. 

Oil enters the steering cylinder outer tube Figure 7, at 
the closed end and is directed between the inner and 
outer tubes to the glands. Oil passes through notches 
in the glands and enters the piston rod area of the 
cylinder when retracting the rod. Oil flows into the 
piston end of the cylinder when extending the rod . 

B. COMPONENT REMOVAL 
AND INSTALLATION 

REMOVAL 

1. Remove the brake pedals and the clutch pedal, 
Figure 8. 

2. Remove the lower console cover, Figure 8. 

3. On units equipped with power reversing 
transmissions loosen the reversing lever clamp 
lock bolt on the steering column, Figure 9, 

4. Remove the instrument panel screws, Figure 9, 
and slide the panel up the steering column. This 
will provide access to the motor mounts and 
hydraulic fittings. 

5. Remove the steering wheel hubcap, nut and 
washer (2) , Figure 10. Then lift the steering 
wheel from the steering column. 

6. loosen the steering column shroud clamp (8), 
Figure 10 and slide the shroud up the steering 
column until the coupling (4) is exposed. 
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Figure 7 
Steering Cylinder 

1. Cylinder Rod End Port 5. Gland Assembly 
2. Cylinder Piston End Port 6. Cylinder Cross Section 
3. Cylinder Piston 7. Cylinder Inner Tube 
4. Cylinder Rod 8. Cylinder Qute, Tube 

7. Remove the pin retainer and pin Figure 10, then 
remove the steering column from the steering 
motor. 

8. Detach the hydraulic tube fittings, Figure 11, 
from the motor. 

9. Remove the motor mounting bolts (51, Figure 10 
and lower the motor from the mounting flange. 

INSTALLATION 

1. Position the motor in the mounting flange, 
Figure 10, and install the mounting bolts. 

2. Attach the hydraulic fittings, Figure 11, to the 
motor. 

3. Slide the steering column, Figure 10, and shroud 
into the reversing lever bracket where fitted until 
the coupling ring engages the motor shaft. 

4. Replace the pin and pin retainer in the coupling 
ring, then position the shroud and tighten the 
shroud clamp. 

5. Install the steering wheel, Figure 10, washer and 
nut. Torque the nut to the torque specified in 
Chapter 3. Press the hubcap into position. 

5 
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Figure 8 
Lower Console 

(Manual Reversing Transmissionl 
1. Lower Console Retaining Screw 
2. Brake Pedals 
3. Clutch Pedal 
4. Lower Console Cover 

Figure 9 
Reversing lever Clamp and 

Instrument Panel Screws 
1. Instrument Panel Screws 
2. Reversing Lever 
3. Reversing Lever Clamp Lock Bolt 

I 

Figure 10 
Steering Column 

1. Steering Column Shroud Bushing 6. Steering Motor 
2. Steering Wheel Retaining Nut and Washer 7. Steering Motor Support 
3. Steering Column 8. Steering Column Shroud Clamp 
4. Coupling Pins 9. Coupling Pin Retainer 
5. Steering Motor Securing Bolt 10. Steering Column Shroud 
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6. Start the engine and cycle the steering from stop 
to stop several times to purge the system of air. 

7. Stop the engine and check the steering system 
reservoir oil level and fill as necessary. Repeat 
step 6 above and recheck oil level. 

8. Check the hydraulic fittings at the steering motor 
for leaks, tighten as necessary and install the 
lower console cover, Figure 8. 

9. Install the brake and clutch pedals, Figure 8. 

POWER STEERING PUMP AND RESERVOIR 

1. Disconnect the two hydraulic tubes at the pump 
and reservoir, Figure 12. 

2. Remove the two attaching bolts (5) and lift the 
pump and reservoir assembly from the unit. 

3. Remove the pump to engine O- ring seal. 

INSTALLATION 

1. Using a new O-ring seal, position the pump and 
reservoir assembly on the front cover and install 
the retaining bolts. Torque the bolts to the tor
que specified - see Chapter 3. 

2. Attach the two hydraulic tubes to their respec
tive ports. 

3. Fill the reservoir with Ford M2C41-A oil. Start the 
engine and cycle the steering from lock to lock 
several times to purge the system of air. 

4. Check the oil level. Refill as required . 

5. Check the hydraulic fittings for leaks. 

POWER STEERING TUBES AND HOSES 

The power steering hoses and tubes are shown in 
Figure 13. Refer to Figure 13 for routing of hoses and 
tubes and location of clamps. Except for replacment of 
the tubes which pass through the firewall, no special 
procedures are required. 

Figure 11 
Steering Motor Tubes 

1. Tube Connectors 
2. Tubes 
3. Steering Motor 
4. Steering Column Shafts Coupling 

Figure 12 
Steering Pump and Reservoir Installation 

1. Reservoir Fil ler Cap 
2. Reservoir Securing BoJt 
3. Return Oil Tube 
4. Pump Outlet Tube Connection 
5. Pump Securing Bolts 
6. Reservoir Breather 

7 
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Figure 13 
Power Steering System Tubes 

1. Steering Motor Assembly 
2. Return Tube 
3. Front Panel 
4. Left Turn Tube 
5. Tube & Hose Assemblies 
6. Right Turn Tube 
7. Pressure Tube 
8. Bracket Assembly 
9. Pump Pressure Tube 

10. Cylinder Hose & Tube Assemblies 
11. Pump Return Tube 

Servicing the power steering tubes which pass 
through the firewall can best be accomplished after 
removing the fuel tank as described in Part 10, Chapter 
1, Engine Removal, while fuel tank installation is 
described in Part 10, Engine Installation. Lubricate the 
grommet with soap to ease the installation into the 
firewalls. 

NOTE: Inspect the grommet and replace as 
necessary. Check all tubes and hoses after installation 
to assure there is no possibility of chafing or rubbing. 

C. COMPONENT OVERHAUL 

POWER STEERING MOTOR 

Refer to Figure 14 fo, identification of parts during 
disassembly and assembly. 
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NOTE: The spool and housing, the commutator and 
commutator ring; and the rotor and stator are selec
tively fitted and must be serviced as follows: 

• If the spool or housing must be replaced, replace 
the complete motor. 

• If the commutator or commutator ring must be 
replaced, replace both as a matched set . 

• If the rotor or stator must be replaced, replace 
the complete metering element. 

• Replace the pin and end cover assembly if either 
the pin in the end cover or the end cover must be 
replaced . 

DISASSEMBLY 

Plug the four port holes and clean the exterior of the 
motor thoroughly. Then remove the plugs. Refer to 
Figure 14 for components. 

1. To prevent distortion or damage to the unit if 
placed directly in a vis~ for disassembly, insert an 
O-ring tube fitting, with a tube nut or fitting cap 
attached into one of the four threaded ports in 
the housing. Clamp the fitting in a vise so the 
seven end cover bolts are upright, see Figure 15. 

2. Unscrew the seven special bolts from the end 
cover, Figure 15. 

NOTE: Use special care in the fol/owing steps to 
insure protection of the ground and lapped faces 
of the components. Avoid scratching or nicking 
the finished surfaces. 

3. Remove the end cover (2), Figure 14, by bump
ing it sideways with a soft hammer to loosen it 
from the seal and retainer, and lift it from the 
unit. 

NOTE: The washer 131 and commutator 161, 
Figure 14, may be stuck to the end plate by an oil 
film, and may come off with the end plate. 00 
not attempt to remove the pin because it is a 
press fit in the plate and is not serviceable. 

4. Remove the rotor seal (4) and seal retainer (5) , 
Figure 14, by bumping the retainer sideways with 
a soft hammer to loosen it from the valve body. 
Lift off the rotor seal and seal retainer. Discard 
the rotor seal. 
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Figure 14 
Steering Motor 

1. Bolt 14. O-Ring 
2. End Cover 15. Steel Ball 
3. Washer 16. Plug and O-Ring 
4. Rotor Seal 17. O-Ring 
5. Seal Retainer 18. Valve Spool 
6. Commutator 19. Steel Ball 
7. Commutator Ring 20. Torsion Bar 
8. Manifold 21. Pin 
9. Metering Element (Includes Stator, Rotor, 22. Spool I Ball Retainer) Spring 

Vanes and Vane Springs) 23. Spacer 
10. Drive Link 24. Drive Ring 
11. Spacer 25. Input Shaft 
12. Housing 26. Pin 
13. Plug 27. Spacer 

28. Spring Washer 
29. Thrust Washer 
30. Valve Thrust Bearing 
31. Thrust Washer 
32 . Snap Ring 
33 . Shims 
34. Upper Cover Assembly 
35. Seal 
36. Cover Screw 
37 ._ Packing Seal 
38. Backup Washer 
39. Seal Ring 
40. Snap Ring 
41 . Dust Seal 

9 
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5. lift the washer (3) and commutator (6) from the 
end cover (2), Figure 14, if they are not stuck to 
the end plate. 

6. Remove the commutator ring 17) from the 
manifold (8) with a sliding and lifting motion. 
Care should be used in the handling of this fragile 
component. 

7. Remove the manifold (8) from the metering ele
ment (9) with a sliding and lifting motion. 

8. Remove the metering element (1), Figure 16, 
spacer (2) and drive link (3) as an assembly by 
grasping the spacer and removing the assembly 
with a sliding and lifting motion. 

9. Separate the drive link (3), Figure 16, by sliding 
the metering element (1 ) on the spacer 12), 
allowing the drive link teeth to clear the spacer 
hole. Remove the drive link and separate the 
metering element from the spacer. Use extreme 
caution to keep valles and springs from falling 
out. When handling the metering component, 
pressure should be applied to the rotor by gripp
ing the metering element between the fingers 
and pressing the rotor into contact with the 
stator, see Figure 17. 

NOTE: The rotor and the stator must be kept in a 
matched set. Protect against damage to the side 
fa ces. 

10. Reverse the unit in the vise to place the input 
shaft in a vertical position. Using a center punch, 
mark the upper cover assembly and the port face 
of the housing (1) to facilitate reassembly, see 
Figure 18. 

11 . Remove the four special cap screws (36) , Figure 
14 with a 5/16" - 12 point socket. 

12. Grasp the input shaft (25) and with a smooth up
ward motion, remove the input shaft, upper 
cover (34) and spool (18) assembly from the 
valve body (12), Figure 14. 

NOTE: Avoid applying side forces to the spool 
which would cause binding of the closely "fitted 
assembly. Never use excessive force to remove 
the spool from the body. 

13. Remove and discard the seal (35), Figure 14. 
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Figure 15 
Power Steering Motor 

Figure 16 
Power Steering Motor 

1. Metering Element 
2. Spacer 
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14. Remove the upper cover (341 with the shaft seal 
package (items 37 thru 401 intact. Remove the 
spacer (27), Figure 14. 

15. Remove the shims (331 from either the upper 
cover (341 cavity or from the face of thrust 
washer (31), Figure 14. Count and record the 
number of shims to aid in reassembly of the unit. 

16. Remove the snap ring (401, using snap ring 
pliers. Remove and discard the brass washer 
(381, and seal (371. Remove and retain the seal 
ring (391 and the snap ring (401 for later use. 

17. Remove the snap ring (321 , thrust washer (31), 
thrust bearing (301, thrust washer (291, and 
spring washer (281 from the input shaft (251, 
Figure 14. 

18. Remove the pin (41, Figure 19, by using a 0.120 
in . (3.00 mm) maximum diameter punch that is a 
minimum 0.625 in . (15.86 mmllong. The input 
shaft (51 should be placed on a block of wood (to 
avoid shaft damagel and the pin removed by im
pact, using light hammer blows. 

19. Remove the torsion bar (21 and spacer (31, Figure 
20, by inverting the spool assembly and allowing 
the parts to fall free. Do not remove the pin from 
the torsion bar. 

20. Remove the drive ring (21, Figure 21, by placing 
the end of the spool (1) on a flat surface and 
rotate the input shaft full left and full right until 
the drive ring falls free. 

21. With the spool assembly in the same position as 
in the step above, rotate the input shaft (25), 
Figure 14, in a clockwise direction until the steel 
ball (191, disengages from the helical groove in 
the input shaft . Lift out the input shaft. 

NOTE: The steel ball may fall free; be careful not 
to lose it. 

22. Do not remove the ball retainer spring (22) unless 
replacement is required. If necessary to remove 
this spring, grasp the flattened end of the re
tainer spring with pliers and lift the flattened end 
over the shoulder on spool (181 . Continue with a 
pulling motion to remove the retainer spring . A 
screw driver may be used to pry the spring over 
the shoulder of the· spool. Use care to avoid 
scratching or nicking the spool outside diameter 
edges. 

Figure 17 
Metering Element 

1. Metering Element 

Figure 18 
Steering Motor Input Shaft 

1. Marks 

11 
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Figure 19 
Steering Motor Input Shaft and Spool 

1. Hammer 
2. Punch 
3. Spool 
4. Pin 
5. Input Shaft 

1. Spool 

Figure 20 
Torsion Bar and Spool 

2. Torsion Bar 
3. Spacer 

23 . Return to the housing (12) , which is mounted in 
the vise, and remove the plug and roll pin assem
bly (13). A steel ball (15) is held in place by the 
plug and roll pin assembly and care must be used 
to avoid losing the ball . Remove the housing 
from the vise and shake the housing until the ball 
drops out. Discard the O-ring (14). 

INSPECTION AND REPLACEMENT 

Visually inspect all parts and replace those parts that 
are not in good condition . The following finished sur
faces should be inspected for abnormal wear, scoring 
or damage, refer to Figure 14. 

1. Housing (12) bore and ends. 

2. Valve spool (18) outside diameter. Some accept
able burnishing due to use may be observed. 

3. Valve spool (18) edges . 

4. Valve spool (18) splines. 

5. Input shaft (25) seal area . Check for rust, pitting 
and excessive wear. Acceptable light circum
ferential polishing due to seal contact may be 
observed. 

6. Input shaft (25) helical groove. Note the contact 
pattern created by the actuator ball (19). Surface 
should be free from pits, chipping or surface 
breakdown . 

7. Thrust bearing (30) and thrust washers (31) and 
(29). Inspect for pitting of rolls and faces of 
thrust washers. 

8. Drive link (10) pin slot. Width olthe slot must not 
vary over .001 in . 1.0254 mm) at any point in its 
length. 

9. Drive link teeth should not be excessively worn. 

10. Torsion bar and pin assembly (20) and (21) dif
ference in diameter of pin should not exceed .001 
in. (,0254 mm). 

The following parts may show a normal polish 
pattern due to the rotor action and the circular 
motion of the commutator. The sides of these 
components are ground and lapped and should 
be free from nicks, burrs and scoring, refer to 
Figure 14. 
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1. Spacer (11). 

2. Manifold 181 . 

3. Rotor 191 . 

4. Commutator 161 . 

NOTE: Thickness difference between com
mutator and commutator ring (7) must not ex
ceed ,()()15 in. r.038 mm). 

5. End cover and pin assembly 121. 

The metering element requires special care 
while handling to avoid nicks and scratches. It 
is recommended that the rotor , stator, vanes 
and springs be checked while assembled. To 
inspect the metering element, place the as
sembly face down on the lapped face of the 
end cover (2) and check for freedom of rotor 
rotation within the stator, Figure 22. The ac
tion of the spring loaded vanes may be ob
served during rotation. The vanes should 
move freely in their slots without binding. Us
ing a tapered blade feeler gauge 111, check the 
rotor (2) to stator (3) clearance as shown in 
Figure 23. If there is more than .006 in. (.15 
mm) clearance, the metering element assem
bly must be replaced, 

Carefully lih the metering element assembly 
from the end cover and measure the thickness 
of the rotor and stator. Thickness difference 
between the rotor and stator must not exceed 
.002 in . (,05 mml. 

The internal splines in the rotor should not 
show abnormal wear or damage. 

ASSEMBLY 

IMPORTANT: Before starting assembly, clean all 
parts with a petroleum base solvent and air dry. Do not 
wipe dry with rags. Unless otherwise stated, DO NOT 
oil parts before assembly. 

NOTE: From 1980 on a heavier and wider spool -ring 
was used on the hydrostatic valve spool. 

The new 'ring is not interchangeable with the old ring 
and can only be used with the new valve spool which 
has a 3/ 8" 19.53 mml wide groove as shown in Figure 
24. 

... ~ 
0 --\\\" 

Figure 21 
Removing Drive Ring From Spool 

1. Spool 
2. Drive Ring 
3. Input Shah 

Figure 22 
Metering Element 
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Figure 23 
Rotor to Stator Check 

1. Tapered Feeler Gauge 
2. Rotor 
3. Stator 

The new ring should be installed with the ends placed 
in the ball retaining hole as shown in Figure 25. 

The old ring is retained for service on those motors 
which have a spool with a 1/ 8" (3.18 mml wide 
groove. 

1. Insert the ball (151 into its cavity in the housing 
(12), Figure 14. 

2. Install a new 0- Ring (14) on the plug and roll-pin 
assembly (13) and install in the valve body (121. 
Tighten the plug to 10-14 Ibs. ft. (1.66-1.94 kgml 
torque. 

3. Reclamp the valve body in the vise as shown in 
Figure 15. 

4. Assemble the thrust washer (29), thrust bearing 
(30), thrust washer (31), and snap ring (32) on 
the input shaft (25), Figure 14. 

5. If the steel ball retaining spring (22) has been 
removed, install a new retaining spring . 

6. Insert the steel ball (19) into the ball seat located 
inside the valve spool (181. 
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1/8" SPOOL RING 

I 
SPOOL 

WITH 1/ 8" (3.18 mm) 
WIDE GROOVE 

3/ 8" SPOOL RING 

LXI 
SPOOL 

WITH 3/ B" 19.53 mml 
WIDE GROOVE 

Figure 24' 
Spool Ring Identification 

7. Assemble the spring washer (281 over the thrust 
washer (29) and thrust bearing (301. Insert the in
put shaft (25) into the spool, engaging the helix 
and ball with a counter-clockwise motion. This 
operation is best done while holding the spool in 
a horizontal position. 

8. Using the mid-section of the torsion bar (3), 
Figure 26, as a gauge, insert the gauge between 
the spool end and the thrust washer (11. 

9. Place the input shaft' (25), Figure 14, and spool 
assembly (181 , in a vertical position with the 
shaft end on a flat surface. 

10. Insert the drive ring (24) into the spool (18) end 
by visually aligning an internal space on the drive 
ring with a tooth on the input shaft (25) spline, 
and allow the drive ring to drop to the limit of its 
travel. If the drive ring does not engage the input 
shaft spline, a slight rotation of the input shaft 
will allow the drive ring to become fully engaged. 
Remove the torsion bar. 

11. Install the spacer (23) over the torsion bar and 
pin assembly (20) and insert the assembly into 
the spool end (18), Figure 14. 



------------------------------ CH A PTER 1 

12. Align the cross-hole in the torsion bar 1201 with 
the cross-hole in the input shaft 1251 and insert 
the .120 in. 13.05 mml diameter pin punch to 
maintain alignment. 

13_ Insert the pin 1261 into the cross-hole in the input 
shaft 1251; and while retracting the pin punch, 
engage the pin in the torsion bar 1201 cross-hole. 

14. Press pin 1261 into the torsion bar 1201, Figure 14 
with a few light taps. Press the pin flush w ith the 
outside diameter of the input shaft using an 
11 /16 in. socket with 112 in. drive 111, Figure 27, 
to support the input shaft. With a few light taps 
on .120 in 12.94 mml diameter pin punch , drive 
the pin approximately 1132 in . (.81 mml below 
the input shaft 0.0. 

15. Slip the spacer 1271, Figure 14, over the spool 
and place the spool assembly into the body. 

NOTE: Avoid applying side forces to the spool 
which would cause binding of the closely fitted 
assembly. 

16. NOTE: If neither the input shaft (25) nor the up
per cover are replaced, the original shims (33), 
Figure 14, may be reused. If the shims are dam
aged, rep/ace with shims of the same thick
ness. 

Place the shims on top of the thrust washer 1311, 
Figure 14. Coat the seal 1351 with clean grease 
and place in the upper cover t341 counterbore. 
Assemble the upper cover to the input shaft 1251 
and rotate to align the punch marks previously 
made during disassembly . 

• If a new upper cover is used, no angular orien
tation is required. However, it is necessary to 
align the upper cover and housing 1121 . Re
place the screws finger tight and then use a 
pilot ring on a worm drive type hose clamp 
tightened around the upper cover flange and 
the body pilot diameter to achieve the re
quired alignment, Figure 28. Tighten screws 
to 18-22 Ibs. ft. 12.48-3.04 kgml torque. 

• If either the input shaft (251 or upper cover 
1341, Figure 14, or both have been replaced, 
the following . procedure for shimming be
tween the housing and cover must be used to 
relocate the neutral position of the spool. 

ENDS MUST BE PLA CED 
IN LARGE HOLE 

Figure 25 
Spool Ring Identification 

Figure 26 
Using Torsion Bar As A Gauge 

1. Thrust Washer 
2. Spool 
3. Torsion Bar 

~;;:~~./ 
"l 

• Figure 27 
Pressing Pin Into Input Shaft 

1. 112 in . Drive Socket 
2. Press 
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a. Reassemble as above, using the required new 
parts. 

b. After torquing the four screws (36), revolve 
the unit in the vise so the input shaft is point
ing down. 

C. To determine that the unit is shimmed cor
rectly, the drive link (10) must be in its proper 
position . To do this, grasp the input shaft 
(25) , pul l down, and prevent rotation. 

d. Engage the drive link splines in the spool (18) 
and rotate so the spool is flush with the end of 
the housing (12). 

e. Remove the drive link and orient the drive link 
slot to engage the torsion bar pin (21) and in
sert the drive link. 

f. Observe the relationship of the spool end to 
the body, if this is within .0025 in . (.0625 mm) 
of being flush, no additional shimming is re
quired. 

g. Add or remove shims (33) until these 
specifications are met, then repeat the 
assembly steps above, see Figure 29. 

17. With the drive link (10) installed as described 
above, assemble two assembly posts into the 
housing (12) as shown in Figure 30. These 
assembly posts can be made by cutting the 
heads off two bolts similar to the special end 
cover bolts (1). 

18. Assemble spacer plate (11) over the assembly 
posts and onto the housing (12) with plain side 
up, see Figure 30. 

19. Install the metering element (9), Figure 14, over 
the assembly posts and onto the spacer plate 
(11) . 
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NOTE: One of the seven holes in the metering 
element may be smaller than the other six holes. 
Position this hole; if applicable, over one of the 
assembly posts, see Figure 31. 

IMPORTANT: All vane springs must be down in 
their slots with no part of spring protruding out 
either side of metering element. 

Figure 28 
Steering Motor 

1. Hose Clamp 

Figure 29 
Shimming Final Assembly 

/ 
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1. Posts 
2. Plate 

Figure 30 
Plate Installation 

20. Install the manifold (1), Figure 32, over the 
assembly posts and onto the metering element, 
making sure the circular slot side of the manifold 
is up. 

21. Install commutator ring (1) over the assembly 
posts and onto the manifold 121. making sure the 
slot side is down, see Figure 33. 

22. Install the rotor seal (4), Figure 14, and seal re
tainer (5) over the metering element (9) and 
down against the housing (12). 

NOTE : New longer seals (/.766-1.786", 
44.86-45.36 mml were released effective with 
unit code 6H02 to provide more positive sealing. 

23. With the counterbore side of the commutator 
(2), Figure 34, up, assemble the commutator into 
the commutator ring (1)·with the slotted hole in 
the commutator engaging the nose on the drive 
link . Align the commutator outside diameter 
concentric with the inside diameter of the com
mutator ring . 

24. Apply a small amount of clean grease to the 
washer (3) and install it over the pin in the end 
plate assembly (2), Figure 14. The grease should 
hold the washer to the end plate assembly. 

Figure 31 
Metering Element 

25. Assemble the end plate assembly with the 
washer attached, over the assembly posts and 
onto the steering motor. 

26. Install five of the special bolts (1) finger tight . 
Remove the two assembly posts and assemble 
the other two special bolts finger tight. 

IMPORTANT: Finish tightening the seven 
special bolts as follows, and do not over torque 
as it will cause unrepairable damage. 

a. Torque all seven special bolts in 2-3 Ibs. ft. 
10.28-0.41 kgml increments in sequence as 
shown in Figure 35. 

b. Torque all seven special bolts to 15-19 Ibs. ft . 
12.07-2.63 kgm) in sequence as shown in 
Figure 35. 

27. Relocate the unit in the vise with the input shaft 
up. With clean grease on a new seal, gently 
assemble with the lip in. 

28. Assemble a new seal 1371. Figure 14, a new brass 
washer (38), and stepped washer seal ring (39) 
flat side up. Then secure with the retaining ring 
(40). Be sure the rounded edge of the retaining 
ring is face inward . 
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,. Manifold 

Figure 32 
Manifold Installation 

2. Assembly Posts 

29. If the unit is to be stored, plug the cylinder ports 
and fill the inlet port with clean oil. Rotate the 
coupling shaft until oil appears at the outlet port. 

30. Plug the inlet and outlet port holes to prevent the 
entrance of dirt. 

FILLING AND AIR BLEEDING THE SYSTEM 
WHEN DRAINED OF OIL 

,. Fill the reservoir nearly full. 

2. Start the engine and let it idle. 

3. Add oil to the reservoir as required . Do not let 
the oil level drop below the pump outlet. 

4. With one finger on a spoke of the steering wheel, 
spin the wheel rapidly to bleed the air in the 
steering cylinders and lines. 

5. As soon as the steering motor valve spool is ac
tuated , oil must be added to the reservoir to 
replenish the oil flowing into the circuit. 
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, . Slot 
2. Manifold 

Figure 33 
Commutator Ring 

6. Rotate the steering wheel to keep the valve spool 
actuated. Do this until the front wheels have 
reached the stop in one direction, then quickly 
reverse the steering wheel rotation to actuate the 
valve spool in the opposite direction. 

7. Keep rotating the steering wheel left and right 
Ifrom stop to stop) to bleed out the air, 
replenishing the oil as necessary. 

8. The air will bleed out only at the reservoir, 
therefore, the oil must be circulated in both 
directions repeatedly until the air has bled out. 
(The oil in the lines to the power cylinder reaches 
a "dead end" at the piston. The oil in the cylinder 
does not flow in a circuit. As the position moves 
back and forth, the oil moves back and forth in 
the lines. Therefore, air in these lines and the 
cylinder may be slow in moving into the steering 
motor control valve and to the reservoir.) 

NOTE: Do not operate the vehicle until all the air 
;s bled from the hydraulic steering system. 

9. When the oil in the reservoir is clear Inot cloudy 
or creamy), the system 'is free of air. 
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Figure 34 
Commutator Installation 

1. Commutator Rings 
2. Commutator 

10. Adjust the oil to the recommended level in the 
reservoir and assemble the reservoir cover. 

11. Always fill the reservoir to the recommended 
level. 

POWER STEERING PUMP AND 
RESERVOIR 

DISASSEMBLY - Refer to Figure 36 for Compo
nent Identity. 

1. Remove reservoir bolt, reservoir, filter and 
O-Ring. 

2. Turn the pump around and straighten the tab on 
the drive gear lock washer. Remove the nut, 
lockwasher and drive gear. 

3. Remove the 4 thrubolts and the pump cover. 

4. Remove the Woodruff key from the drive shaft 
and remove the pump flange, (13), 

5. Remove the bearing and bushing assemblies 111 
& (141 and the gear set, 121 from the pump body 
as an assembly. 

6. Remove the pressure relief valve, 171. 

Figure 35 
Bolt Torque Sequence 

7. Remove the drive gear seal snap ring and the 
drive gear seal, 1121 from the pump flange. 

CLEANING , INSPECTION AND REPAIR 

1. Clean all parts in a suitable solvent and air dry. 
Lightly oil machine surfaces. Keep disassembled 
parts in position to facilitate assembly. 

2, Inspect the bearing and bushing assemblies for 
signs of seizure or scoring on the face of the 
bushings. Remove light scoring marks on the 
journals by lapping with fine emery paper and 
paraffin. 

3. Examine the gear track in the pump body for 
wear. If the track is deeper than .0025 in. 1.0635 
mml on the inlet side, replace the pump body. 

4. Examine the gear set for excessive wear or 
damage to journals, gear faces and teeth. Run
out across the gear face to the tooth edge should 
not exceed .001 in. 1.025 mml . Shaft journals 
can be polished lightly with fine grade emery 
paper to remove wear marks. Gear faces may be 
polished by sandwiching the emery paper be
tween the gear face and a surface plate, then 
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Figure 36 
Steering Pump and Reservoir 

1. Bearing Block 
2. Pump Gear Set 
3. Reservoir Filler Cap 
4. Breather Assembly 
5. Reservoir 
6. Filter 
7. Relief Valve Assembly 
8. Pump End Cover 
9. ' 0 ' Ring Seal 

10. Drive Gear Retaining Nut 

rotating the gear. When new gears are fitted, the 
journals on both sides of each gear must be 
within .001 in. {'025 mml in diameter. The gears 
are supplied in matched sets. 

5. Replace all seals and '0' Ring seals when servic
ing the pump. 
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11. Pump Drive Gear 
12. Drive Gear Seal 
13. Pump Flange 
14. Bearing Block 
15. Pump Body 
16. Reservoir ' 0 ' Ring Seal 
17. a-Ring Seals 
18. a -Ring Seal 
19. a -Rings 

ASSEMBLY 

1. Insert a new drive shaft seal in the pump flange 
and replace the snap ' ring. 

2. Install the pressure relief valve, (7), Figure 36. 
Torque to the specified value - see Chapter 3. 
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3. Assemble the gear set and the bearing 
assemblies and insert them in the pump body. 

4. Replace the pump flange seals, (17), Figure 36. 
Assemble the pump flange on the drive shaft and 
replace the Woodruff key. 

5. Replace the pump cover seals (181 and (191 , 
Figure 36, and install the pump cover with the 
four thrubolts. Torque the thrubolts to the 
specified value - Chapter 3. 

6. At the drive end, install the drive gear, tab 
washer and nut. Torque the nut to the specified 
value - Chapter 3. 

7. Bend the tab on the lockwasher to lock the nut. 

8. Install the filter ' 0 ' Ring Seal reservoir, washer 
and reservoir bolt. Tighten the bolt until it 
engages the washer, then turn it an additional 
3/ 4 to 1 turn . 

POWER STEERING PUMP PRESSURE TESTING 

1. Disconnect the hydraulic hose from the power 
steering cylinder. 

2. Connect tee fitting 0-31 (Universal Hydraulic 
Pressure Testing Kitl , 9/ 16 in. -181 JIC x 7/16 in. 
- 20 m JIC. 

3. Attach the 18 in . swivel hose and 5000 psi gauge 
to the tee fitting. 

4. With the engine running at 800 rpm, turn the 
front wheels full left to the stop and read the 
gauge. Pump pressure should be between 1550 
and 1650 psi (106.86 and 113.75 bar) . 

IMPORTANT: Keep the wheels turned full left 
to the stop just long enough to obtain a pressure 
reading, then release the wheels. Prolonged 
operation at full left stop will overheat and may 
damage the pump. 

5. If the pressure is incorrect, remove and adjust 
the pressure relief valve. See below. 

6. After adjusting the pressure relief valve correctly, 
remove the test equipment and connect the 
hydraulic hose to the cylinder. 

ADJUSTING THE PRESSURE RELIEF VALVE, 

1. Remove the pump assembly from the engine, 
and drain the reservoir . 

2. Remove the reservoir and filter from the pump . 

3. Remove the pressure relief valve (7), Figure 36, 
from the pump body. 

4. Place the valve in a soft jawed vice and remove 
the head from the valve body. Remove the valve 
and spring . 

5. The pressure adjusting shims are now accessi
ble. Add or remove shims until the correct 
pressure reading is obtained. The following 
shims are available. Each shim will increase or 
decrease the pressure as indicated. 

Shim Thickness 

.010 in. (.25 mml 

.015 in. (.38 mml 

.060 in. (1.52 mml 

Pressure Change 

66-74 psi (4.55-5.10 barl 
99-110 psi (6 .83-7.58 barl 

396-440 psi (27.30-30.53 barl 

Figure 37 
Power Steering Pressure Test 

1. Tee Fitting - Tool No. 0003 
2. Hose Tool No. 7099 
3. Gauge Tool No. 2028 
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Figure 38 
Steering Cylinder 

1. Ring, Piston Rod Seal Retainer lB. Cylinder End Assembly, Front 
2. Washer. Piston Rod Seal Retainer 19. Plate-to-Gland Screw 
3. Seal , Piston Rod Outer 20 . Cylinder End Clamp 
4. Washer, Piston Rod O-Ring Retainer 21. Lock Washer 
5. Ring, Piston Rod O-Ring Backup 22. Nut 
6. O-Ring, Piston Rod Inner 23. Cylinder End Plate 
7. Gland Lock Ring 24. End Assembly Oust Cover 
B. Gland and Seal Kit 25. Nut End Assembly 
9. Ring Gland, O-Ring Backup 26. Cylinder Head & Tube Assembly 

10. Gland O-Ring 27. Cylinder End Clamp 
11 . Cylinder Piston Rod 2B. Bolt 
12. Cylinder Piston 29. Nut 
13. Cylinder Piston Outside Ring 30. Lockwasher 
14. Cylinder Piston Inside Ring 31. Cylinder End Assembly, Rear 
15. Cylinder Inner Tube 32. End Assembly Dust Cover 
16. Piston-to-Rod Nut 33. End Assembly Nut 
17. Clamp Bolt 
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6. Reassemble the valve, spring and head in the 
valve body. Do not overtighten the valve head. 
Torque to Bibs. ft. (1.11 kgml . 

7. Install the pressure relief valve in the pump, 
replace the filter and reservoir, and install the 
assembly. 

B. Refill the reservoir with the specified oil. Run the 
engine and turn the steering gear from stop to 
stop to bleed the air from the system. Add oil as 
required to maintain the proper oil level. 

STEERING CYLINDERS 

DISASSEMBLY 

Refer to Figure 38 for Component Identification 

1. Remove the cyl inder from the unit. 

2. Remove the clamp bolts, nuts and lockwashers 
and remove the two cylinder end assemblies 
from the piston rod. Remove the clamps. 

3. Remove the end plate securing screws and the 
cylinder end plate. 

4. Depress the cylinder gland and insert a punch 
through the hole in the side of the cylinder to 
depress the gland lock ring. Remove the lock 
ring. 

5. Slide the piston rod and related parts out of the 
cylinder assembly. 

6. Remove the snap ring, washer, rod outer seal, 
retainer, backup '0' Ring seal and inner '0' Ring 
seal. 

7. Remove the piston securing nut and remove the 
cylinder Piston from the piston rod. 

8. Remove the cylinder piston outside ring and in
side ring. 

CLEANING. INSPECTION AND REPAIR 

1. Clean all metal components in a suitable cleaning 
solvent and dry with compressed air, if available. 

2. Inspect the piston assembly for defects and 
evidence of leakage. Install a new piston 
assembly if necessary . 

3. Inspect the cylinder assembly and inner tube for 
damage. Install new parts as required . 

4. Inspect the cylinder gland. If damage is visible or 
if the gland has been leaking, install a new gland. 

NOTE: Install a new cylinder seal kit whenever 
the cylinder is disassembled. Two seal kits are 
available. One includes items 1 to 10; the other 
includes items 1 to 7, and items 9 and TO. 

5. Inspect the end assemblies for damage or worn 
threads . Replace as required. 

ASSEMBLY 

1. Install the piston inside ring and the piston out
side ring. Install the piston on the piston rod and 
secure with the lock nut. Tighten the nut to the 
torque specified - Chapter 3. 

2. Use a new seal kit and if necessary a new 
cylinder gland. Install the gland components on 
the piston rod in the order shown - Figure 38 . 

3. Insert the assembled parts into the cylinder 
assembly. 

4. Depress the cylinder gland and install the retain
in9 ring in its groove. 

5. Place the cylinder end plate against the gland 
and secure the plate with the three screws and 
lock washers. Tighten securely, 

6. Install the front and rear clamps and end 
assemblies. Secure with bolts, lock washers and 
nuts. Tighten securely. 
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STEERING AND FRONT AXLE 

Chapter 2 
FRONT AXLE 

Section 
A. 
B. 

FRONT AXLE - DESCRIPTION AND OPERATION 
TOE-IN ADJUSTMENT 

Page 
25 
25 
27 C. COMPONENT OVERHAUL 

A . FRONT AXLE -
DESCRIPTION AND OPERATION 

The Front axle. Figure 39 is tapered from the center to 
the ends and is slightly swept back. It is centrally 
mounted by two tapered pins through one long pin 
bore. The pins are inserted from the front . 

The dual pin through one long bore gives strength and 
lateral rigidity to the axle and limits the axle end move
ment to a radial pivot around the pin axis. 

Castings, machined to receive the wheel spindle pins. 
are welded to the ends of the axle. The wheel spindle 
assemblies are located on the spindle pins by means of 
bushings at the upper and lower ends. 

A thrust bearing is located at the lower end of each 
spindle pin to support vertical thrust. The spindle pins 
and wheel spindle assemblies are held in place by a 
tapered locking pin through the axle castings and the 
spindle pins. 

The steering arms are bolted to the outer surfaces of 
the wheel spindle assemblies. The steering arms are 
connected by means of a connecting rod. Steering 
cylinder rods are pivoted on the steering arms and the 
rear of the axle. 

The front wheel track is 68 inches 11.727 m) and is not 
adjustable. 

B. TOE-IN ADJUSTMENT 

The toe-in of the front wheels is set at the factory. 
Normally, the front wheels maintain their toe-in adjust
ment; however, an occasional check of the toe-in 
should be made after any front axle component 
overhaul. 

Check for correct toe-in as follows: 

1. Place the front wheels in the straight-ahead posi
tion. Determine the straight-ahead position by 
turning the steering wheel from lock-to-Iock and 
then halfway back, or drive the tractor forward 
several feet and backward several feet in a 
straight line. 

2. Measure and record the distance from the inside 
front rim of one wheel Inot the tire) at hub 
height, to the inside front rim of the other wheel 
at hub height. 

3. Measure and record the distance between the 
rear of the wheel rims at hub height. 

The measurement taken at the rear of the wheels 
should be between 0.0 in. and 0.5 in. 10.0-12.7 mm) 
greater than the measurement taken at the front. 

If the toe-in is not correct, make the adjustments 
outlined as follows: 
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Figure 39 
Front Axle Assem bly 

1. Connecting Rod 9. Spindle 
2. Steering Arm 10. Spindle Pin 

I 
I 
I 
I 
r 
r 
I 

3. Grease Retainer 11. Front Support 
4. Hub 12. Front Pivot Pin 
5. Retainer Washer 13. Front Axle 
6. Hub Cap 14. Toe-in Adjuster 
7. Outer Bearing Assembly 15. Rear Pivot Pin 
8. Inner Bearing Assembly 16. Mud Shield 

2 

1. Loosen the clarnp bolts, Figure 40. 3. After the correct toe-in is obtained, tighten the 
clamp nuts. 

2. Rotate the connecting rod in the required direc
tion until the rear of the rims, measured at hub 
height, are 0.0-0 .5 in . 10.12.7 mml further apart 
than the front of the rims . 

26 

4. Recheck the toe-in as outlined above and read
just if necessary. 
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C. COMPONENT OVERHAUL 

WHEEL SPINDLE REMOVAL 

1. Using a suitable jack or joist, support the front 
end of the tractor. 

2. Remove the front wheel hub cap, Figure 39. 

3. Remoe the cotter pin and castellated nut. 

4. Remove the wheel containing the hub retaining 
washer, front wheel hub assembly from the front 
wheel spindle. 

5. Remove the inner cone and roller assembly, hub 
grease retainer and mud shield from the wheel 
spindle. Figure 41. 

6. Disconnect the steering arm, Figure 39, from the 
wheel spindle assembly by removing the three 
bolts and lock washers. 

7. Position the steering spindle arm and steering 
arm connecting rod assembly to one side, Figure 
42. 

8. Remove the nut and lock washer from the spin
dle pin locking bolt, Figure 42 and drive out the 
bolt from the rear. 

9. Drive the spindle pin , Figure 42 downward with a 
soft-faced mallet, moving the upper spindle pin 
seal as it unseats. 

10. Remove the wheel spindle assembly from the ax
le and lift the thrust bearing Figure 42 from the 
spindle assembly. 

11 . Remove the lower spindle pin seal from the spin
dle pin. Discard the spindle pin seals. 

INSPECTION AND REPAIR 

1. Clean all components with a suitable solvent and 
allow to dry. 

2. Inspect the inner and outer roller bearing cones 
and cups for signs of excessive wear or damage. 
Install new parts if necessary. Remove the bear
ing cups from the wheel hub. When installing 
new cups in the wheel hub, be sure they are 
seated correctly against the shoulder in the bore. 

J -, 

1. Clamps 

Figure 40 
Toe-in Adjustment 

2. Connecting Rod 

Figure 41 
Inner Bearing and Grease Retainer 

1. Inner Cone and Roller Assembly 
2. Hub Grease Retainer 
3. Mud Shield 

3. Inspect the wheel spindle for scoring at the 
grease retainer surlace. If slight marking is evi
dent, polish smooth with a fine abrasive. If scor
ing is excessive or damage is evident, install a 
new wheel spindle assembly. 

4. Inspect the wheel spindle pin bushings for wear, 
cracks, or scoring. If the p,in fit is poor or any side 
play was noticed before disassembly, install new 
bushings. 80th bushings can be removed and in
stalled with Bushing Kit. Tool No. 9514. as 
shown in Figure 43. 
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NOTE: When installing new bushings, the holes 
in the bushings must be aligned with the grease 
fietings on the spindle assembly. 

5. Inspect the spindle pin for abnormal wear or 
scoring. I nstall a new pin if necessary. 

6. If noisy thrust bearings were reported or bearing 
race is scored or damaged, discard the thrust 
bearing and install a new bearing . 

INSTALLATION 

1. Place the spindle, Figure 43, on the axle casting, 
aligning the spindle pin bores. 

2 . Place the thrust bearing between the axle and 
the lower spindle pin bores, Figure 42. The in
dentation shou ld be at the top of the bearing. 

3. Insert the spindle pin, Figure 43, with the end 
stamped T, or TH up. 

NOTE: The locking bolt notch in the pin is offset 
so the "T" end of the pin must be installed up. 

4. Align the spindle pin vertically and horizontally 
by rotating until the notch in the pin lines up with 
the locking pin bore. and insert the locking pin, 
Figure 43. 

5. Drive the pin until it seats and secure with the 
lock washer and nut . T orque the nut to the 
specified value - see Chapter 3. 

6. Install new seals in the grooves at the top and 
bottom of the spindle pin. Insert, Figure 43. 

7. Position the steering arm, Figure 42·, on the 
wheel spindle, and secure w ith three bolts and 
lock washers. Torque the bolts to the specified 
figure - see Chapter 3. 

8. Install the mud shield, grease retainer, and inner 
bearing assembly on the wheel spindle, using a 
sleeve as shown in Figure 44. 

9. Install the wheel containing the hub, the bearing, 
and hub retaining washer, locating the tab in the 
spindle keyway. 
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Figure 42 
Steering Arm Disconnected 

1. Connecting Rod 
2. Spindle Pin 
3. Seat 
4. Locking Pin 
5. Thrust Bearing 
6. Front Wheel Spindle 
7. Steering Arm 

Figure 43 
1. Spindle Pin Locking Pin 
2. Spindle Pin Bushing 
3. Tool No. 9514 
4. Spindle Pin 
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10. Install the castellated wheel hub reta ining nut. 

a. Tighten the nut to 20-30 lb. ft. while rotating 
the hub clockwise a minimum of six revolu
tions. 

b. Further tighten the nut to 45-55 lb. ft. 

C. Loosen the nut and back off two slots. 

d. Tighten nut to the nearest locking position 
and install the cotter pin . 

, 1. Pack the hub grease retaining cap with grease 
and install it on the hub. 

12. Lower thp, tractor and remove the jack or hoist. 

FRONT AXLE 

REMOVAL 

1. Support the front of the tractor with a suitable 
jack or hoist and safety stands. 

2. Remove the front wheel and tire assemblies. 

3. Remove the hose clamp from the front axle, 
Figure 45 . 

4. Unbolt the steering arms from the wheel spindles 
and position the steering arms, steering 
cylinders, and connecting rod assembly out of 
the work area. 

5. Remove the steering cylinder inner pivot nuts 
and disconnect the inner pivots from the axle. 

6. Support the front axle to relieve the weight from 
the front axle pins. 

7. Unscrew the axle pin bolt a short distance and 
unseat the rear pin to the rear of the vehicle. 
Remove the axle pin bolt and use a suitable drift 
to force the rear pin back out of engagement 
with the axle. 

8. Use a 7/ 8 in. bolt w ith SAE threads and a 
suitable washer and spacer to pull the front axle 
pivot pin from the axle. 

9. Lower the axle from the support and remove the 
thrust washers from the axle. 

Figure 44 
Installing Inner Bearing 

1. Mud Shield 
2. Grease Retainer 
3. Bearing 
4. Sleeve 

1. Front Axle 

Figure 45 
Steering Cylinder 

2. Steering Cyl inder 
3. Hose Clamp 
4. Nut 
5. Cylinder Pivot Pin 
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10. Remove the rear axle pivot pin forward from the 
front support. 

11. Remove the wheel spindle assemblies as outlined 
in steps 8-11, wheel spindle removed. 

INSPECTION AND REPAIR 

1. Inspect the axle pins for excessive wear or distor
tion. Install new pins if necessary . 

2. Inspect the front axle for cracks or damage to the 
casting. Install a new axle if necessary. 

3. Inspect the axle pin bushings for excessive wear 
or scoring. Remove and install new bushings if 
necessary, Figure 46. 

INSTALLATION 
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1. Attach the wheel spindle assemblies as directed 
in Section C Steps 1 to 6 of "Wheel Spindle In
stallation" . 

2. Position a thrust washer at the front and at the 
rear of the axle pin bore, and position the front 
axle on the axle support. 

NOTE: Make sure the washer with the flat side is 
positioned to the rear. 

3. Insert the front and rear center axle pins and the 
center axle pin bolt. Tighten the bolt to the tor
que specified in Chapter 3. 

Figure 46 
Installing Axle Support Pin Bushing 

1. Tool No. 9210 ISet) 

4. Secure the steering arms to the wheel spindle 
assemblies with six bolts and lock washers. 
Tighten the bolts to the specified torque - see 
Chapter 3. 

5. Attach the wheel and tire assemblies to the 
wheel spindles with the hex head nuts. Tighten 
the nuts to the specified torque - see Chapter 3. 

6. Connect the steering cylinder pivots to the front 
axle and tighten to the specified torque - see 
Chapter 3; then install the axle-hose clamp, 
Figure 45. 

7. Lower the tractor and remove the hoist. 
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Chapter 3 
FRONT WHEEL DRIVE AXLE ASSEMBLY 

Section Page 

A. 

B. 
AXLE - DESCRIPTION AND OPERATION 

FRONT WHEEL DRIVE AXLE -
REMOVAL AND INSTALLATION. 
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C. FINAL PLANETARY DRIVE AND WH EEL HUB BEARINGS 
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D. STEERING SWIVEL PIN BEARINGS 
OVERHAUL. . ................ . 36 
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AXLE SHAFTS - OVERHAUL . E. 
F. 
G. 

DIFFERENTIAL - OVERHAUL ... .... . .. . 

TOE-IN ADJUSTMENTS 

A. AXLE - DESCRIPTION AND 
OPERATION 

The front drive axle on th is tractor is identified as Model 
no. AE3·1B4. 

The front wheel drive axle is of solid cast steel construc
tion and pivots about its center to permit articulation 
w hile the unit is traversing rough terrain. 

The front wheel drive axle comprises of a centrally 
located differential mounted in the cast steel axle and 
two hubs, each containing a three planetary reduction 
gear set. Each hub is mounted on a swivel casing which 
connects to the axle by a pair of swivel pins. 

Drive to the front axle is transmitted from the rear axle 
pinion, through a transfer gear assembly mounted 
beneath the rear axle , to the front axle differential. The 
drive to the hubs is tranferred from the differential by 
axle shafts located either side and which engage with 
the planetary reduction gear set in each hub. 

Overhaul of the final planetary drive, wheel hub bear
ings, steering swivel pin bearings and axle shafts can 
be carried out with the axle installed on the unit . 
However, overhaul of the differential requires remov· 
ing the axle from the tractor. 

The front wheel width is 68 inches 11727 mm) and is 
not adjustable. 

B. FRONT WHEEL DRIVE AXLE -
REMOVAL AND INSTALLATION 

REMOVAL 

Where the component overhaul requires removal of the 
axle assembly from the vehicle use the following 
procedure: 

1. Drain the oil from the differential housing and both 
front wheel hubs . 

2. Using suitable lifting equipment raise the front of 
the unit and place a support in a position clear of 
the front axle and wheels, Figure 47. 

3. Remove both front wheels. 

4. Remove the drive shaft cover bolts and lift away 
the cover. 

5. Remove the differential pinion to drive shaft coup· 
ling bolts and slide the coupling rearward. 
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5·19701 

Figure 47 
Front of Vehicle Supported Prior to Axle 

Removal 
1. Jack Stands 

6. Disconnect and remove the steering tie rod and 
both steering cylinder rods at the ball joint end. 
Avoid straining the tubes and couplings, Figure 
48. 

Figure 48 
Front Axle Steering Connections 

1. Steering Tie Rod 3. Cylinder Rod Sail 
2. Tie Rod Sail Joint Joint 
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7. Support the front axle and remove the front and 
rear oscillation bearing caps, Figure 49 . Remove 
the axle from the tractor and mount on suitable 
stands. 

8. Remove the oscillation bearings and thrust 
washers from the axle. 

-Figure 49 
Front Axle Oscillation Bearing Assembly 

1. Oscillation Bearing 3. Grease Fitting 
Cap 4. Front Axle Support 

2. Bearing Cap Casting 
Retaining Nut 

INSTALLATION 

1. Installation of the axle follows the axle removal 
procedure in reverse. If new oscillation bearings 
are installed, position the bearings within the caps 
and locate the grease fitting in the bearings. 

2. Tighten all nuts and bolts to the correct torque 
- see "Specifications" - Chapter 5 and refill the 
axle differential with the specified oil. 

3. Refill the oil in the axle hubs and install the front 
wheels. 

4. Grease both front and rear oscillation bearings 

through the fitting on each bearing cap. 
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C. FINAL PLANETARY DRIVE AND WHEEL 
HUB BEARINGS - OVERHAUL 

REMOVAL 

1. Position the unit on a hard level surface and app
ly the parking brake, chock the rear wheels, jack 
up the front axle and securely support the front 
of the tractor. Remove the front wheel. 

2. Turn the hub so that the drain plug is at the lowest 
position, Figure 50. Remove the plug and allow 
the oil to dra in into a suitable container. 

Figure 50 
Axle Hub 

1. Planet Gear Carrier 3. 
2 . Drain l Level Plug 

5·19704 

Planet Gear Carrier 
Bolts 

4. Axle Hub 

3. Remove the planet gear carrier assembly secur
ing bolts, Figure 50, and withdraw the planet gear 
carrier assembly. Figure 51. Remove the gasket. 

4. Remove the retaining snap ring. Figure 52, and 
slide the sun gear from the axle shaft. 

5. Using Hub Nut Wrench Tool No. 11846 remove 
the slotted hub support securing nut, Figure 53. 
Remove the thrust washer, shims and spacer. 

6. Remove the complete hub assembly using Puller 
Tool No. 9516, Figure 54. 

Figure 51 
Removing Planet Gear Carrier 

1. Hub 3. Gasket 
2. Planet Gear Carrier 

Assembly 

Figure.52 
Sun Gear Installation 

5·19705 

5·19706 

1. Snap Ring 4. Hub Support Lock 
2. Ring Gear Nut 
3. Sun Gear 
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•• 

Figure 53 
Remove Hub Support Nut 

1. Hub Nut Wrench 
Tool No. 11846 

Figure 54 
Removing Hub Assembly 

5·19708 

1. Hub Assembly 3. Puller - Tool No. 
2. Shaft Protector - 9516 

Tool No. 9212 
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DISASSEMBLY 

1. Drive out the rol l pins securing the planet gear 
shafts from the planet gear carrier assembly, 
Figure 55. 

2. Remove the plugs from the planet gear carrier, tap 
out the shafts and withdraw the planet gears, 
washers and needle rollers. 

3. Lift the ring gear and support assembly out from 
the hub. 

4. Separate the ring gear from the support by re
moving the two retaining circlips, Figure 56. 

5. If the main hub taper roller bearing requires 
replacement, remove by either cutting the inner 
track, heating the bearing, or by welding rods onto 
the inner track and pulling on the rods. 

6. Remove the felt dirt seal and oil seal from within 
the swivel casing, Figure 57 . 

INSPECTION AND REPAIR 

1. Wash all components in a suitable solvent and 
blow dry with compressed air. 

2. Examine the sun gear, ring gear, and planet gears 
for tooth wear and repla ce as necessary. 

3. The planet gear and stub axle thrust washers must 
be replaced if any signs of wear are evident. 

4. Replace the oil seal and felt dirt sea l using Hub 
Seal Replacer, Tool No. 11847. 

5. Inspect the main and secondary taper roller bear
ings and mating bearing cups for wear or damage 
and replace if necessary, Figures 56 and 57. 

ASSEMBLY 

1. Install the needle roller bearings into the planet 
gears, using a liberal coating of grease to hold the 
rollers in position. 

2. Hold the planet gears, spacer washers and thrust 
washers in position within the carrier and insert 
the shafts. 

3. Install the roll pins into the carrier housing to re
tain the shafts in position. 
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,I' 

1. Circlip 

.. 

Figure 55 
Planet Gear Assembly - Exploded View 

1. Planet Gear Shaft 4. Roller Bearings 7. Thrust Washer 
and Roll Pin 5. Washer 8. Planet Gear Carrier 

2. Thrust Washer 6. Planet Gear 9. Plug 
3. Washer 

$ ·19710 

Figure 56 
Ring Gear and Support 

3. Ring Gear Support 

Figure 57 
Swivel Hub"Assembly 

1. Swivel Casing 3. Felt Dirt Seal 

2. Main Hub Taper 4. Circlip 2. Secondary Taper 4. Stub Axle 
RoUer Bearing 5. Ring Gear Roller Bearing 5. Oil Seal 
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4. Install the plugs into the outer face of the carrier. 

5. Reassemble the ring gear to the support and in· 
stall the two circlips. 

6. Position the hub assembly over the stub axle and 
install the ring gear and support. 

7. Install the spacer, shims, thrust washer and hub 
nut. Tighten the hub nut to the correct torque -
see " Specifications" - Chapter 5. 

8. Using a dial indicator measure the end play of the 
ring gear support on the stub axle. Adjust the 
thickness of the shims to obtain the specified end 
play - see "Specifications" - Chapter 5. 

9. Install the sun gear on the end of the driveshaft 
and secure with the circlip. 

10. Position the gasket on the planet gear carrier and 
install the planet gear carrier assembly into the 
hub. Be sure that the drain plug is adjacent to the 
cut-out in the hub. Install the securing bolts and 
tighten to the correct torque - see "Specifica 
tions" - Chapter 5. 

11. Install the front wheel and rotate the hub until the 
filler / drain plug is in the horizontal position, Figure 
58. Remove the plug and fill the hub with the cor
rect oil - see " Specifications" - Chapter 5. The 
correct quantity of oil has been added to the hub 
when oil flows from the filler plug. 

12. Install the filler plug. 

D. STEERING SWIVEL PIN BEARINGS 
OVERHAUL 

REMOVAL 

1. Position the unit on a hard level surface and jack 
up the front axle. Securely support the front of 
the tractor and remove the front wheel. 

2. Disconnect the steering rods from the steering 
arms. Disconnect and remove the steering tie rod. 

3. Remove the bolts securing the swivel pin lower 
cover and steering arm. Remove the cover and 
steering arm and collect all the shims located on 
the top of the lower bearing cup. 
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Figure 58 
Axle Hub 

1. Filler/ Drain Plug 2. Oi l Level 

4. Support the hub assembly using a sling and 
suitable lifting equipment. Using Swivel Pin 
Remover Tool No. 11845, extract the lower pin 
and swivel bearing by inserting the center 
threaded screw into the pin and tightening the 
nut, Figure 59. IRemoval of upper swivel pin 
shown for clarity!. 

5. Be sure the weight of the hub is supported by the 
lifting equipment and remove the upper swivel pin 
and bearing, Figure 59. 

6. Using a suitable press and Pulling Attachment 
Tool No. 9190 remove the bearings from the 
swivel pins. 

INSPECTION AND REPAIR 

1. Inspect the swivel bearings and cups, replacing 
if worn or damaged. Replace the seal located on 
the swivel pin between the bearing and shoulder, 
Figure 60. 

ASSEMBLY 

,. Press new bearings onto the swivel pins. 
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Figure 59 

Removing Swivel Pin 
1. Swivel Casing 3. Support Sling 
2. Swivel Pin Remover 

- Tool No. 11845 

Figure 60 
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Swivel Pin and Associated Components 
1. Seal 4. Swivel Bearing 
2. Shim 5. Swivel Pin 
3. Bearing Cup 

INSTALLATION 

1. Drive the swivel pin and bearings into the bores 
using a soft faced mallet. Install the two dowels 
in the left hand swivel casing. 

2. If the original bearings and components are re
installed the shims located between the swivel 
bearing cups and covers must be installed. If new 
bearings or other components are installed the 
following shimming procedure must be carried 
out : 

iii Install the lower cover without shims and 
tighten the securing bolts to the correct 
torque - see " Specifications" - Chapter 5. 

(iii Locate a shim pack of .012 in. (3.0 mml onto 
the upper bearing cup, Figure 61, and install 
the upper cover I steering arm and tighten the 
securing bolts to the correct torque. 

(iii) Measure the gap between the upper 
cover / steering arm and the swivel casing 
using a feeler gauge, Figure 62. 

(ivl Subtract the gap measured from .012 in. (3.0 
mm) to establish the total thickness of shims 
required . 

(vi Divide the total shim thickness by two and 
locate the shim packs between the lower 
cover and lower bearing cup and the upper 
cover / steering arm and upper bearing cup. 

NOTE : A difference of up to .020 in. 15.0mmi 
between the two shim pack thicknesses is 
allowed on assembly. 

3. Tighten the lower cover and upper cover / steer
ing arm securing bolts to the correct torque - see 
"Specifications" - Chapter 5. 

4. Reconnect the steering rods to the steering arms 
and install the steering tie rod. Tighten the secur
ing bolts to the correct torque - see "Specifica
tions" - Chapter 5. 

5. Install the front wheel and remove the jacks. 

6. Grease the swivel bearings - see "Specifications" 
- Chapter 5 for the correct grade of grease . Con
t inue to grease the fitting on the bearing 
cover/ steering arm until grease is released from 
the adjacent relief fitting. 
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Figure 61 
Swivel Bearing Shims 

1. Shim Pack 3. Swivel Casing 
2. Upper Swivel 4. Upper 

Bearing Cover / Steering Arm 

Figure 62 
Swivel Bearing Shim Measurement 

1. Upper 2. Swivel Casing 
Cover / Steering Arm 3. Feeler Gauge 

E. AXLE SHAFTS - OVERHAUL 

REMOVAL 

1. Disconnect the steering tie rod and cyl inder rod 
at the ball joint ends . 

2. Remove the hub planet gear carrier and sun gear 
from the hub as described in the "FINAL PLAN· 
ETARY DRIVE AND WHEEL HUB BEARINGS" 
section of this chapter. 

3. Remove the steering swivel pins as described in 
the "STEERING SWIVEL PIN BEARINGS" sec· 
tion of this chapter. 

4. Support the hub with suitable lifting equipment 
and separate the hub from the axle, Figure 63. 

5. Loosen the lock nut on the axle shaft bearing 
locating pin, Figure 63, and using a allen wrench 
remove the bearing locating pin. 

6. Locate the Axle Shaft Remover. Tool No. 4773, 
on the end of the axle shaft, Figure 64, and tighten 
the bolts onto the waisted section of the shaft. 
Attach the Slide Hammer, Tool No. 9567, to the 
Axle Shaft Remover and withdraw the axle shaft 
from the axle. 

Figure 63 
Removing Hub Assembly 

• 
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1. Axle Shaft Bearing 3. Hub Assembly 
Locating Pin 4. Sling 

2. Axle Shaft 
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Figure 64 
Removing Axle Shafts 
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1. Slide Hammer - 2. Axle Shaft Remover 
Tool No. 4567 - Tool No. 4773 

3. Axle Shaft 

DISASSEMBLY 

1. Remove the snap ring securing the bearing on the 
axle shaft, Figure 65, and remove the bearing. 

NOTE : Overhaul of the two universal joints located in 
the axle shaft follows conventional workshop practice. 

1. Axle Shaft 

Figure 65 
Axie Shaft 

3. Axle Shaft Bearing 
2. Universal Joints 4. Snap Ring 

INSPECTION AND REPAIR 

1. Inspect the axle shaft oil seal located in the axle 
housing and, if worn or damaged, remove. Lubri~ 
cate the new oil seal and locate the oil seal on the 
Oil Seal Replacer, Tool No. 4778, Install Handle, 
Tool No. 9514, into the Oil Seal Replacer, Figure 
66, and locate the oil seal in the axle housing. The 
Oil Seal Replacer ensures that the oil seal is cor
rectly located in the axle housing. 
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Figure 66 
Installing Axle Shaft Oil Seal 

1. Driver Handle - 3. Axle Shaft Oil Seal 
Tool No. 9514 

2. Oil Seal Replacer -
Tool No. 4478 

2. Inspect the oil seal and bushing located in the stub 
axle, Figure fi7. If either the seal or bushing is worn 
or damaged, remove and replace. 

3. Inspect the splines on the axle shaft for wear and 
replace if necessary. Replace the axle shaft bear
ing if worn or damaged. 

RE-ASSEMBLY 

1. Install the bearing on the axle shaft and secure 
with the snap ring. 

INSTALLATION 

1. Installation of the axle shafts follows the removal 
procedure in reverse. Tighten the axle shaft bear
ing locating pin to the correct torque - see 
"Specifications" - Chapter 5, and secure with 
the lock nut. 

39 



----------- PART 8 - STEERING AND FRONT AXLE ----------_ 

Figure 67 
Stub Axle Oil Seal and Bushing 

1. Oil Seal 3. Bushing 
2. Stub Axle Assembly 

2. Refill the hub with oil of the specified' grade and 
install the front wheel. Check the differential oil 
level and add oil as necessary - see "Specifica
tions" - Chapter 5, for oi l grades and bolt 
torques. 

F. DIFFERENTIAL - OVERHAUL 

Overhaul of the differential necessitates removal of the 
front axle from the tractor. Remove the front axle 
following the procedure described under "FRONT 
WHEEL DRIVE AXLE - REMOVAL AND INSTAL
LATION" section of this chapter. 

DIFFERENTIAL REMOVAL 

40 

1. Remove the pinion flange and seal assembly from 
the end of the pinion shaft. 

2. Prior to axle disassembly the pinion shaft nut 
should be loosened using Pinion Nut Spanner, 
Tool No. 4776, Figure 68. 

3. Remove the two axle shafts following the pro
cedure described under the" AXLE SHAFTS" sec
tion of this ctiapter. 

Figure 68 
Removing Pinion Nut 
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1. Pinion Nut Spanner 2. Differential Bolts 
- Tool No. 4776 3. Oscillation Bearing 

4. Remove the differential housing bolts, Figure 68, 
and withdraw the differential assembly. Remove 
the oscillation bearings and thrust washer from the 
differential casing. 

DISASSEMBLY 
Reference - Figure 70 

1. Remove the two locking roll pins, Figure 69, and 
remove the ring nuts. Mark the bearing caps for 
reassembly, remove the bearing cap nuts and lift 
off the bearing caps. Remove the differential from 
the housing. 

2. Remove the differential end cover bolts, Figure 71, 
mark the end cover to casing to be sure correct 
re-alignment on assembly, and lift off the end 
cover. 

3. Lift out the side gear and thrust washer, Figure 72. 

4. Turn the differential casing over and allow the 
three gear shaft retaining pins to fall out from their 
bores. 

5. Push out the bevel pinion gear shafts. 

6. Lift out the bevel pinion gears, thrust washers and 
shaft support. 
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Figure 69 
Differential Assembly 

1. Bearing Cap Nut 5. Pinion Shaft 
2. Locking Roll Pin 6. Differential Housing 
3. Bearing Cap 7. Housing to Cap 
4. Ring Nut Mark 

7. Lift out the remaining side gear. thrust washer and 
locating pin, then remove the bushing . 

8. Remove the crown wheel bolts and separate the 
crown wheel from the differential casing. If 
damaged, remove the bearings from the casing 
and cover. 

9. Remove the pinion shaft nut and thrust washer 
then drive the pinion from the differential hous
ing. Separate the shims, spacer and bearing from 
the pinion shaft, Figure 73. 

10. Drive the bearing cups from the differential 
housing. 

INSPECTION AND REPAIR 

1. Clean alJ components in a suitable solvent and 
blow dry with compressed air. 

2. Check the condition of the crown wheel and pi
nion. If worn or damaged the crown wheel and 
pinion must be replaced as a set. 

3. Inspect all bearings for wear, scoring and da
maged rollers. If worn or damaged, the bearings 
and cups, if necessary, must be replaced. 

4. Examine the bevel pinion gears, thrust washers 
and bevel pinion gear shafts for wear, scoring or 
other damage. 

5. Inspect the side gears, including the splines, for 
wear or damage. Check the thrust washer and 
bushing for wear, scoring and damage, and 
rep lace as necessary. 

6. Visually check the condition of the differential cas
ing, cover and differential housing, replacing if 
necessary. 

7. Examine the pinion flange seal and dust cover and 
replace if necessary. 

ASSEMBLY 

1. Prior to assembly coat all components with oil. 

2. Assemble the crown wheel to the differential cas
ing, tighten the bolts to the correct torque - see 
"Specifications" - Chapter 5. 

3. Install the bushing, thrust washer and locating pin 
into the differential casing and insert the lower side 
gear. 

4. Assemble the bevel pinion gears, thrust washers, 
and bevel pinion gear shafts, be sure the locking 
pin holes align with the bores in the differential 
casing. Secure the shafts with the locking pins. 

5. Insert the upper side gear and replace the differen
tial casing cover. Secure the cover with bolts 
coated with thread locking sealant to Ford 
specification and tighten to the correct torque -
see "Specifi~ations" - Chapter 5. 

6. Press the differential bearings onto the differen
tial casing and cover. 

7, If either the crown wheel and pinion, the pinion 
shaft bearings or the differential housing has been 
replaced the following procedure must be fol
lowed to determine the thickness of shims to be 
located on the pinion shaft. If these components 
are not replaced, assemble the pinion shaft com
ponents following the disassembly procedure in 
reverse. 

(i) Position the pinion bearings on the differen
tia l housing. Be sure that the bearing cups are 
fully seated. 
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1. 
2. 
3. 
4. 

5. 
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Figure 70 
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Differential Assembly - Exploded View 

Ring Nut 6. Thrust Washer 
Bearing Cup 7. Bevel Pinion Gear 
Bolt (61 8. Locking Pin 
Bevel Pinion Gear 9. Bevel Pin ion Shaft 
Shaft - Short Support 
Bevel Pinion Gear 10. Bevel Pinion Gear 
Shaft - Long Shaft - Short 

Iii) Place the bearings in position with the pinion 
Setting Gauge, Tool No. 4775, Figure 74, the 
disc with the cut-out being located on the in
ner bearing, 

(iiil Install the two differential bearing caps and 
tighten the nuts to the correct torque - see 
"Specifications" - Chapter 5. 

11. 
12. 
13. 
14. 
15. 
16. 

Bolt (81 17 . Crown Wheel 
Bearing Cup 18. Thrust Washer and 
Ring Nut Locating Pin 
Differential Bearing 19. Differential Casing 
Differential Cover 20. Differential Bearing 
Side Gears 

(ivl Locate the bar of the Pinion Setting Gauge, 
Tool No. 4775, in the bearing bore, Figure 74, 
and using a depth gauge measure the dimen
sion 'S'. Also measure the diameter of the 
bearing bores . A ' . 
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(v) Determine the shim thickness using the 
following calculations: 
al C = B - 25.0 mm (dia. of barl + A - 2 
bl Shim Thickness = C - dimension etched 
on the face of the pinion . Select a shim from 
the range available - see "Specifications" -
Chapter 5, and install on the pinion shaft with 
the chamfer adjacent to the pinion gear. 

(vi) Remove the Pinion Setting Gauge and press 
the inner bearing onto the pinion shaft. Insert 
the pinion shaft in the housing and install the 
spacer, the thickest sh im available - see 
"Specifications" - Chapter 5, the outer bear
ing and pinion nut onto the shaft. 

NOTE: The shim located between the spacer 
and outer bearing must be sufficient to pro-

$·19724 duee pinion end float. 

Figure 71 
Differential Casing 

1. End Cover 3 End Cover to Casing 
2. Differential Casing Mark 

4. End Cover Bolt 
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Figure 72 
Re.moving Differential Side Gear 

1. Bevel Pinion Gear 4. Gear Shaft Retaining 
2. Bevel Pinion Gear Pin 

Shaft 5. Side Gear 
3. Differential Casing 

(viii Using Pinion Nut Spanner Tool No. 4776 and 
a torque wrench tighten the pinion nut to the 
correct torque - see "Specifications" -
Chapter 5. 

NOTE: To tighten the pinion nut the differen
tia/ must be assembled temparan/y. 

(viii) Using a dial indicator on the pInion face, 
Figure 75, record the clearance by moving the 
pinion up and down. 

(ixl To calculate the thickness of shims to install 
between the pinion shaft outer bearing and 
spacer add the measured clearance to the re
quired bearing pre-load of .002 in . (0.05 mml 
and subtract this total from the thickness of 
shim installed for the clearance measurement. 
Install a shim of required thickness from the 
range available - see "Specifications" -
Chapter 5. 

(xl Check the pinion shaft bearings pre-load using 
a pull scale. Wrap a length of .string around 
the pinion shaft splines and attach to a pull 
scale, Figure 76. Be sure the string is only of 
single thickness on the shaft and measure the 
effort required to slowly turn the shaft. Com
pare the effort with the specified f igures -
see " Specifications" - Chapter 5 and if 
necessary repeat steps (vii to lixl. 
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Figure 73 
Differential Pinion Assembly - Exploded View 

1. Pinion Shalt 5. Shim 9. Bearing Cup 
2. Shim 6. Thrust Washer 10. Spacer 
3. Bearing Cup 7. Pinion Shaft Nut 11 . Pinion Bearing 
4. Differential Housing 8. Pinion Bearing 

8. Locate the differential assembly in the housing, 
install the bearing cups and hold in position with 
the bearing caps, finger tighten the nuts. 

9. Install the ring nuts and adjust the position of the 
differential to provide the correct backlash bet
ween the crown wheel and pinion. Measure the 
backlash on the crown wheel using a dial indicator 
and compare with the specified value - see 
"Specifications" - Chapter 5. With the differen
tial correctly positioned and the ring nuts tight
ened to provide no end play, further tighten the 
ring nut on the crown wheel side by two notches 
to pre-load the bearings. 

11. Recheck the backlash - see "Specifications" -
Chapter 5. 

12. Install the two ring nut locking roll pins. 

INSTALLATION 

1. Installation of the differential follows the removal 
procedure in reverse. Tighten all nuts to the cor
rect torque - see "Specifications" - Chapter 5 . 

10. Tighten the bearing cap nuts to the correct torque 
- see "Specifications" - Chapter 5. 

2. Replace the front axle following the procedure 
outlined in: " FRONT AXLE REMOVAL AND IN
STALLATION" and check the Toe-In Adjustment. 
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Figure 74 
Pin ion Setting Ga uge 

1. Dept h Gauge (or 4. Pinion Setting 
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Vernier I Gauge - Tool No. 
2. Bar Gauge - Part 4775 

of Tool No. 4775 5. Differential Housing 
3. Pinion Shaft 

Bearings 

Figure 75 
Measuring Pinion Shaft End Float 
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1. Dial Indicator 3. Different ial Housing 
2. Pinion Shaft 

Figu re 76 
Checking Pinion Shaft Bearing Pre-Load 

1. Pu ll Scale 3. String 
2. Differential Housing 4. Pinion Shaft 

G. TOE-IN ADJUSTMENT 

1. On f lat level ground slowly drive the tractor in a 
straight line for at least 10 feet (3 metres!. Stop 
the unit and be sure the f ront wheels remain in 
the straight ahead position. 

2. Mark the inboard rim of each front w heel towards 
the front at wheel center height. 

3. Measure and note the distance between the two 
marks, call this dimension A. 

4. Maintain the straight ahead position and move the 
t ractor forwa rd so the wheels rotate through 180° 
and the marks on the wheels face the rear at wheel 
center height. 

5. Again measure and note the distance between the 
two marks, call this dimension B. 

NOTE: If dimension A is large" then A - 8 gives the 
toe-out. 

If dimension B is larger, then-B' - A gives the toe-in. 

For specified toe-in - see "Specifications" - Chapter 
5. 
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To be sure accurate results it is recommended that the 
above procedure is completed three times with three 
different marks equally spaced around each wheel rim, 
and the average dimension for toe-in . 

This method minimizes any inaccuracy due to wheel rim 
run-out. 

If the toe-in is not correct, make the adjustments out
lined as follows: 
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,. Loosen the two steering tie rod clamp nuts, Figure 
77. 

2. Rotate the tie rod in the required direction until 
the correct toe-in is achieved. 

3. After the correct toe-in is obtained, tighten the 
clamp nuts. 

4. Recheck the toe-in as outlined above and read
just if necessary. 

1. Tie Rod 
2. Clamp Nut 

Figure 77 
Toe-In Adjustment 
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A. TRANSFER GEAR ASSEMBLY -
DESCRIPTION AND OPERATION 

Page 

B. 

C. 
TRANSFER GEAR ASSEMBLY - OVERHAUL 
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54 DRIVE SHAFT - OVERHAUL . . . 

A. TRANSFER GEAR ASSEMBLY -
DESCRIPTION AND OPERATION 

The front wheel drive on the Ford 565A is taken from 
a transfer gear assembly housed in the transfer case 
located at the base of the rear transmission housing, 
Figure 78. 

The transfer gear assembly transmits the drive from the 
Unit rear axle center housing to the drive shaft which 
is located under the Unit and protected by a guard. The 
drive shaft connects directly to the pinion in the front 
axle. 

A gear on the rear axle pinion drives the train of two 
gears inside the transfer box. The second gear in the 
train is connected to the transfer case output shah from 
a sliding coupling assembly, actuated by the quadrant 
lever mechanism. 

The front wheel drive can be engaged and disengaged 
under all normal operating conditions using the control 
quadrant located on the left-hand side of the cab floor. 
The front wheel drive is engaged when the quadrant 
lever is in the forward position and disengages when 
the lever is in the rearward position. 
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Figure 78 
Front Wheel Drive Transfer Gear Assembly 

1. Pinion Drive Gear 4. Driven Gear 
2. Idler Gear 5. Shift Gear 
3. Sliding Coupling 6. Output Shaft 

Assembly 
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B. TRANSFER GEAR ASSEMBLY 
OVERHAUL 

REMOVAL 

1. Park the unit on a hard level surface and block the 
wheels . 

2. Remove the drain shaft guard. 

3. Remove the transfer box/ rear axle drain plug from 
the transfer box casing, Figure 79, and allow the 
oil to drain into a suitable container. Replace the 
drain plug. 

Figure 79 
Transfer Case Installation 

1. Transfer Case Bolts 3. Drain Plug 
2. Actuating Lever 4. Drive Shaft Guard 

4. Disconnect the control quadrant linkage from the 
actuating lever assembly . in the transfer box 
housing. 

5. Disconnect the drive shaft coupling from 'the 
transfer box output shaft. 

6. Support the weight of the transfer box on the floor 
jack and remove the transfer box to center hous
ing securing bolts. Carefully remove the transfer 
box assembly. 

DISASSEMBLY 

1. Remove the idler gear shaft retainer bolts, Figure 
80, and remove the retainer. 
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Figure 80 
Transfer Gear Assembly 

1. Idler Gear 4. Idler Gear Shaft 
2. End Cap Retainer 
3. Output Shaft 

2. Using a su itable drift, remove the idler gear shaft 
and remove the idler gear and bearing assembly. 

3. Remove the output shaft end cap retaining bolts 
and withdraw the end cap and drive shaft guard 
retaining bracket. 

4. Using a punch, remove the roll pin securing the 
sliding coupling fork shaft and using a screwdriver, 
pry the shaft forwards until it can be removed from 
the case, Figure 81. 

5. Locate Shaft Remover Tool No. 4773 on the out
put shaft and tighten the bolts onto the center sec
tion of the shaft. Attach Slide Hammer Tool No. 
9567 to the Shaft Remover and remove the out
put shaft from the transfer box, Figure 82. 

NOTE: Be sure the rear bearing remains seated 
in the transfer box housing. 

6. Remove the sliding Coupling, Fork and driven gear 
from within the housing. Retrieve the two driven 
gear thrust washers. 

7. Using a punch drive the lever assembly roll pin 
from the shaft, Figure 83. Remove the lever and 
shaft from the case . 
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Figure 81 
Sliding Coupling Fork - Shaft Removal 

1. Shaft 3. Sliding Coupl ing 
2. Fork 4. Screwdriver 
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Figure 82 
Output Shaft Removal 

1. Shaft Remover, Too 2. Output Shaft 
No. 4773 3. Sliding Coupling 

Figure 83 
Lever Assembly Removal 

1. Roll Pin 
2. Shaft 
3. Lever 

8. Remove and discard the lever assembly shaft oil 
seal. 

9. Drive the plug from the rear of the transfer case 
and remove the rear bearing retainer, Figure 84. 

10. Using a suitable press and step plate adaptors Tool 
No. 9211 , remove the rear bearing. 

11. Using a suitable press and step plate adaptor Tool 
No. 9211, remove the dust and oil seal from the 
output shaft end cap, Figure 85. 

12. Remove the retaining ring from the sliding coup
ling assembly and separate the components, 
Figure 86. 

13. Remove the retaining ring from the idler gear and 
bearing assembly and separate the components, 
Figure 87. 
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Figure 84 
Rear Output Shaft Bearing 

1. Bearing 
2. Bearing Retainer 
3. Drain Plug 

Figure 85 
End Cap Assembly 

1. Dust Seal 3. "0" Ring 
2. Oil Seal 4. End Cap 
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Figure 86 
Sliding Coupling Assembly 

1. Collar 4. Snap Ring 
2. Shift Gear 5. Retaining Ring 
3. Springs 

u 
1 
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Figure 87 
Idler Gear Assembly 

1. Bearing 3. Idler Gear 
2. Retaining Ring 

INSPECTION AND REPAIR 

1. Clean all components in a suitable solvent and dry 
with a lint free cloth. -

2. Inspect all gears for damage and replace if 
necessary. 
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3. Inspect all bearings for wear or damage and 
replace if necessary. 

4. Examine the transfer case for cracks and replace 
if necessary. 

5. Replace the dust cover, oil seals and sealing rings. 

1. Assemble the actuating lever and shaft assembly 
to the transfer case. 

2. Where front bearing replacement has been 
necessary, install the bearing onto the output 
shah. 

3. Re-assemble the sliding coupling assembly. 

ASSEMBLY 
4. Position the idler gear. front thrust washer fork 

and sliding coupling assembly inside the transfer 
case. Reference - Figure 88 

1. Idler Gear Bearing 
2. Bearing Retainer 
3. Thrust Washers 
4. Plug 
5. Bearing Retainer 
6. Rear Bearing 
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Figure 88 
Transfer Gear Assembly 

7. Driven Gear 13. Fork 
8. Drain Plug 14. Shaft 
9. 

10. 
11 . 
12. 

Transfer Case 15. End Cap Assembly 
Actuating Lever 
Oil Seal 
Actuating Lever 
Shah 

16. Front Bearing 
17. Output Shaft 
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18. Sliding Coupling 
Assembly 

19. Shaft and Retainer 
20. -Bearing Retainer 
21. Idler Gear 
22. Roll Pin 
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5. Pass the output shaft through the front of the 
transfer case and using a suitable press and sleeve, 
press the output shaft and front bearing into the 
housing, Figure 89. 
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Figure 89 
Installing Output Shaft Front Bearing 

1. Sleeve 3. Sliding Coupling 
2. Bearing Assembly 

4. Output Shaft 

6. Align the ball on the end of the actuating lever 
shaft w ith the gate on the sliding coupling fork. 
Install the sliding coupling fork shaft and retain in 
position with the roll pin. 

7. Install the end cap assembly and drive shaft guard 
retaining bracket and tighten -the retaining bolts 
to the correct torque - see "Specifications" , 
Chapter 5. 

8. Install the driven gear rear thrust washer over the 
rear of the output shaft and using a suitable press 
and step plate adaptors Tool No. 9211 , install the 
rear bearing, Figure 90. 

9. Install the rear bearing retaining ring. 
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Figure 90 
Installing Output Shaft Rear Bearing 

1. Step Plate Adaptors, 2. Bearing 
Tool No. 9211 

10. Re-assemble the idler gear and bearing assembly 
and position in the transfer case. Install the idler 
gear shaft and secure in position with the retainer. 
Tighten the retainer bolts to the correct torque -
see "Specifications" - Chapter 5. 

11. Install a new plug and the original drain plug into 
the rear of the housing. 

INSTALLATION 

Installation of the transfer box follows the removal pro
cedure in reverse. On insta llation , observe the follow
ing requirements: 

• Install a new mounting face gasket. 

• Tighten all bolts to the correct torque - see 
"Specifications" - Chapter 5. 

• With the Unit on level ground , refill the rear axle 
with the correct grade and quantity of new oil -
see "Specifications" - Chapter 5. 
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C. DRIVE SHAFT - OVERHAUL 

REMOVAL 

1. Remove the drive shaft guard. 

2. Remove the bolts securing the drive shaft support 
and bearing assembly to the underside of the Unit, 
Figure 91. 

3. Support the weight of the unit and loosen the 
clamping bolts on the drive shaft couplings located 
on either end of the shaft. 

4. Slide each coupling towards the center of the 
shaft and remove the drive shaft assembly from 
beneath the Unit. 

INSPECTION AND REPAIR 

1. Inspect the drive shaft bearing for wear or damage 
and replace if necessary. 

2. Examine the drive shaft for straightness. The drive 
shaft and bearing must be replaced if the shaft is 
damaged. 

INSTALLATION 

Installation follows the removal procedure in reverse. 
On installation observe the following requirements : 

• Tighten all nuts and bolts to the correct torque. 
See "Specifications" - Chapter 5. 

• Grease the bearing and couplings with the correct 
grade of Ford grease - see " Specifications" -
Chapter 5. 

Figure 91 
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1. Support Bolts 
2. Support and Bearing 

Assembly 

Drive Shaft Installation 
3. Drive Shaft Coupling 5. Fill Plug 
4. Drive Shaft 6. Drain Plug 
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Most malfunctions in the steering system can usually be traced to dirt or foreign matter in the system. Dirt can cause 
such things as stickiness , erratic operation, or hard steering. Trouble shooting procedures pertaining to the steering 
motor assembly are as fo llows: 

CONDITION POSSIBLE CAUSE REMEDY 

No steering or excessive Incorrect oil level in reservoir Fill with the correct grade 
effort required to steer and quantity of oil 

A ir in system Check for loose connections or 
damaged tubing. Purge system 
of air 

Pump relief valve faulty Check system pressu re 

Worn pu mp Inspect and repair 

Leaking power cylinder Inspect and repair 

Damaged valve spool Inspect and replace 

Broken or damaged Inspect and replace 
steering column 

Damaged or worn Inspect and repla ce 
metering element 
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TROUBLE SHOOTING CONT 

CONDITION POSSIBLE CAUSE 

Steering wanders Excessive play in steering linkage 
ball joints 

Leaking power cylinder 

Control valve spool 
sticking or worn 

Weak or broken torsion bar 

Incorrect valve spool 
shimming adjustment 

Damaged or worn 
metering element 

Front wheels surge when steering Leaking power cylinder 

Control valve spool sticking 

Weak or broken torsion bar 

Damaged or worn 
metering element 

Noisy pump Incorrect oil level in reservoir 

Air in system 

Water in oil 

B. SPECIFICATIONS 

POWER STEERING 
Type ...... .. . . ... . . .. . ..... .... . . .. . 
Steering Wheel Turns Lock to Lock ... .... . . . . . . . . .... .. . .. . . .... . 
Number of Steering Cylinders ..... .... . . . .. . .. . .. ...... .... .. .. .. . 
Steering Cylinder Type ................. . ........ .. • .. . .. .. . . .. . ... 
Cylinder Location . ...... ... ....... .. ....... .. . . _ ..... . ..•.. ...... . 

Oil Specification . . . .... . ..•. ....•... 
Power Steering Reservoir Capacity . . . . . . . . . . . • . . .... ... ... . . _ . _ . . 

POWER STEERING PUMP 
Capacity at 1000 engine rev / min .... . .. . .. . . . ........ . ...... .. .. . . . . 

Relief Valve Pressure _ . 

Shim Thickness . . . . . . . . . . . . . • . . . . . . . . . . ..•. . •..... . ... 
0.010 in. 10.25 mml .. ... •.. . ............•...... ... ......•.... 
0.015 in. 10.38 mml .. .. ....... . ... . .. .. ..•..... ...•. .•............ 
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REMEDY 

Inspect and replace 

Inspect and repair 

Inspect and replace 

Inspect and repair 

Check and adjust 

Inspect and replace 

Inspect and repair 

Inspect and repair 

Inspect and replace 

I nspect and replace 

Fill with the correct grade and 
quantity of oil 

Check for loose connections or 
damaged tubing . Purge system 
of air 

Drain and replace with new oil 

Hydrostatic 
3.7 
2 
Double Acting 
Front Axle 
Ford 41-A 
4.0 U. S. Pints 
1.9 Liters 
3.3 Imp. Pints 

2.74 US. Gal./min. 
10.4 Liters / min . 
2.28 Imp. Gal./min. 
1600 ± 50 Ib/ in' at 800 rev/min . 
110.2 ± 3.5 bars 
Pressure Change 
66-74 Ib/ ih' 14.54-5.10 barl 
99-110 Ib/ in' 16.82-7.58 bar! 
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SPECIFICATIONS CON'T 

BOLT TORQUES 

Steering Arm Attachment Bolts ... _ . . .. 
Steering Cylinder to Steering Arm Nut _ _ . ____________ . __ . _ .• _ 

Tie Rod to Steering Arm Nuts .......... _ ...... , ................. . 

Tie Rod Adjustment Clamp Bolts _____ __ .. • .... . ... .. . . . . ... . . . .. . .. 
Spindle Locking Pin Nut. ......... . .. . .............. . .... . ....... _ . 
Wheel Retaining Nuts ........ _ . __ .. _ . _ .. __ .. _ ......... .. . .. 
Axle Pivot Pin Bolt ... _ ............. _ 
Wheel Bearing Nut .. _ 

Steering Arm Adjustment IFWD) ... _. _ . . _ . . _ .. _ . . . .• _ . •. .. . . • ... ... 
Spindle Locking Pin Nut (FWD) ..... .... ...... .. .......... . . ... _ .. . 
Wheel Retaining Nuts (FWD) ... . ..... ... . .. . . . .• . • • .. . ... .. . . .. . . . 
Axle Pivot Pin Bolt (FWD) __ .... _ . . _ .. ____ .... . .. _ . . .• 

Steering Wheel Retaining Nut. . . . . . ........... . 
Steering Pump Reta ining Bolts . ... _ . _ ................ . 
Pump Relief Valve . . . . . . . . . . . . . . . ..•.... . .. _ . ________ . _ 
Pump Through Bolts .. _ .. __ . .. .. . ........ • . . ...•.. . . _ ........ . 
Pump Drive Gear Secu ring Nut . .......... . . . .. . . . .. .. . . ...... .. . .. . 
Steering Cylinder Piston Securing Nut .. .. . .... .. .. . .. .•.. .. . . ... . . . 
Steering Motor Housing Plug . _ . . . . . . . . . ........ . . .. ... . 
Steering Motor Upper Cover Bolts .. _ .. _ _ _ _ . _ ..... _ ... .• 

FRONT WHEEL DRIVE AXLE 

Hub Securing Nut (Slotted ) 
Planet Gear Carrier Securing Bolts 
Front Wheel Nuts 
Stub Axle Securing Nuts 
Swivel Pin Cover/ Steering Arm Securing Bolts 
Axle Shaft Bearing Retaining Pin Lock Nuts 
Differential Bearing Cap Securing Nuts 
Differential Casing Securing Bolts / Nuts 
Differential Crown Wheel Securing Bolts 
Differential Housing Securing Nuts 
Differential Pinion Nut-
Oscillation Bearing Cap Nuts 

Lb. ·Ft. 
110 
90 

50-55 

(Nm) 
(149.1) 
(122.0) 

(67.8-74 .6) 
and tighten to next castellation 

30-40 (40.7·54.2) 
33 (44.7) 
130 (176.2) 
200 (271.2) 
50 (67.8) 

and back off 2.3 castellations to 
give 0.002-0.010 in . (0.050-0.254 
mm) end play 

110 (149) 
33 (45) 
220 (298) 
200 (271) 

40 (54.2) 
23 131.2) 
35 147.5) 
26 (35.3) 
35 147.5) 
33 144.7) 
12 (16.3) 
20 (27 .1) 

Lbs.·Ft. Nm 

885 1200 
60 82 

220 300 
98 130 

205 278 
134 182 
154 210 
35 48 
65 89 
64 87 

330 450 
260 352 

'Use Pinion Nut Spanner, Tool No. 4776 and a torque wrench set to 285 Lbs. - Ft.(385 Nm) to-apply the correct 
torque to the Differential Pinion Nut. 
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B. SPECIFICATIONS CON'T 

TRANSFER GEAR ASSEMBLY 

End Cap Bolts 
Transfer Box Mounting Bolts 
Drain Plug 
Drive Shaft Coupling Bolts 
Drive Shaft Support Bolt 
Drive Shaft Bearing Mounting 
Bolt 

SPECIFICATIONS 

Front Axle Type ............... . .. . .. . ........ . . 
Wheel Thread Width I Fixed) .... .. ..... . 
Front Axle Clearance . ....... , .... . 
Toe· ln . . . . .. ................ .. . 
Turning Radius: Without Brakes . ... .... ... . ...... . 
Turning Radius: With Brakes . . .... . . . .....•.... . . . 
Axle Ratio IFWD) ......... ......... .. ... .... .. . . . 

TIRE PRESSURE 

TWO WHEEL DRIVE 

Solid Steel Beam 
68 in. 11727 mm) 
12.7 in . 1323 mm) 
0·0.5 in. 10-13 mm) 
17'1" 15.207 m) 
15'5" 14.699 m) 

The recommended tire pressures for the front and rear tires are: 

Lbs.·Ft. 
18 
35 
44 
42 

260 
41 

Nm 
24 
47 
60 
57 

352 
56 

FOUR WHEEL DRIVE 

Double Reduction-Hypoid 
68.5 in. 11740 mm) 
11 .0 in . 1280 mm) 
0·0 .5 in. 10·13 mm) 
17'3" 15270 mm) 
N.A. 
Overall : 17.6: 1 
Differential : 4: 1 
Planetary Gear: 4.4:1 

Front 17.50·16) ITruck Tire) .................................. . . .. . .. .... .. ........... 60 psi 14.13 bar) 
Front 17.50-16). . . . . .. . . . . . . . . . .... . .. . •. . . .. ... .. . . . . . . . . .. . .. . ......... .. . .. .... 56 psi 13.86 bar) 
Front 19.00-16) ... . ....... . ................... .. .. .. .. . .. . .. . ..... . ... ... ............ 48 psi 13.31 bar) 
Front 111L-16) ... . ... . ....... .. . ... ............... .. .. .. ....... .. .. ............ 52 psi 12.76 bar) 
Front 110.5-18) .... . . . ... . .................. ... .... . ....... .... ... . ..... ... ... . ..... .. 50 psi 13.5 bar) 

IFront Wheel Drive) 

Rear 116.9-24) 
Rear 116.9·28) ..... ............ , ' . ~ ................ . . . 

NOTE: Do not under-inflate or over-inflate the tires. 

CAPACITIES 

Front Axle Differential Housing: 
Front Hub IQuantity for one Hub) 

68 

U.S. Qt. 
5.8 
1.9 

Imp.Qt. 
14.8) 
(1.5) 

.24 psi 11.65 bar) 
... 24 psi 11.65 bar) 

liters 
(5.50) 
11.75) 
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B. SPECIFICATIONS CON'T 

LUBRICANTS 

Front Axle Differential Housing and Hubs . .................... . . . . .. . . ..... Ford 134 
. . Ford IT-MIC137-A Grease Fittings ...... . ... ...... ......... .... ......... _ ........ _ ........ . 

THREAD LOCKING SEALANT ...... . . .. . . . . . .. .. . .. .. ....... .. ... ... . . . .... . FORD 251152 or Loctite 271 

CLEARANCES AND TOLERANCES: (FWDI 

Pinion Shah Bearing Pre-Load 

Crown Wheel to Pinion Backlash: 

High Ring Gear End Play: 

Swivel Pin Bearing Pre-Load: 

0.002 in . 10.05 mml. 
Equivalent to a pull scale reading of 1.05 Ibs. 10.48 
Kgfl while rotating the pinion by means of a cord 
coiled arou nd the pinion shaft . 

Shim sizes available: 

From 0.098 in. 12.5 mm ) to 0.134 in. 13.4 mml in 
0.002 in . 10.051 increments. 

0.010 in. 10.25 mml 

Less than 0.020 in. 10.5 mm l 

Shim sizes available: 

0.004 in. 10. 1 mml 
0.012 in. (0. 3 mml 
0.020 in. (0.5 mml 

Zero Pre-Load 

Shim sizes available : 

0.004 in . 10.1 mml 
0.012 in. (0.3 mml 
0.020 in. (0.5 mml 
0.040 in . (1.0 mml 
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DESCRIPTION 

Pressure Gauge 
Adaptor 
Adaptor 
Puller Single End Arm (Large) 
Shaft Protector 
Swivel Pin Remover 
Pulling Attachment (Small) 
Axle Shaft Remover 
Slide Hammer 
Oil Seal Replacer 
Universal Handle 
Pinion Nut Spanner 
Pinion Setting Gauge 
Step Plate Adaptor 
Hub Nut Wrench 
Hub Oil Seal Replacer 
Bushing Kit 
Tee Fitting 
Hose 
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C. SPECIAL TOOLS 

NUDAY TOOL NO . 

2028 
1408 
0835 
9516 
9212 
11845 
9190 
4773 
9567 
4778 
9514 
4776 
4775 
9210 
11846 
11847 
9515 
0037 
7099 

CHURCHILL TOOL NO. 

FT. 8503-A 
FT. 8503-5 
FT. 8526 
1003 
625A 
FT.3141 
951 
FT. 284-1 
MS284 
FT. 3138 

550 
FT. 3136 
FT. 3135 
630S 
FT. 3142 
FT. 3143 
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1. GENERAL INTRODUCTION 

Figure 1 

Page 

The Ford 550/ 555 is available as as tractor·loader, or 
as a tractor-loader-backhoe, Figure 1. The loader has a 
4700 lb. lift capacity to full height . The loader is con· 
trolled with a single lever, Figure 2. The control valve 
functions include the raise-neutral-Iower and float 
positions. The f loat position enables the lift arms and 
bucket to follow the contour of the ground and is ob
tained by moving the control lever full forward into the 
detent position until it is moved manually toward 
neutral. Ford 555 Tractor-Backhoe-Loader 
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I 

Figure 2 
Loader Control Lever 

1. Control Lever 

An automatic return-ta-dig (option) is also available. 
With the automatic return -ta-dig optional equipment 
installed, whenever the bucket is dumped, moving the 
control lever to the rollback position will engage an 
automatic detent electrica ll y. The automatic detent 
holds the lever in the rollback position until the bucket 
has returned to the digging position. 

The Ford backhoe is available in three configerations 
A 14 ft. model; a 15 ft. model and a 15 ft. with an ex
tendible dipstick. 

Two types of backhoe controls are available. The stan
dard control is a four lever control for crowd-lift
bucket activating and swing, Figure 3. A two lever op
tional control is also available for the same functions, 
Figure 4. 

Units produced 1975 thru 3-78 are designated as 
model number 550. Units produced from 4-78 on are 
designated as model number 555. Model 550 backhoes 
were produced in a standard and heavy duty version. 
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The heavy duty (HOI models incorporated a larger lift 
cylinder for more lifting power and heavier structural 
components. 

Service procedures and functional differences peculiar 
to each model are identified throughout the manual. 

All references to right and left are as viewed by the 
operator while sitting in the seat and operating the 
equipment. 

Figure 3 
Backhoe Controls IFour Lever) 

1. Left Stabilizer Lever 
2. Crowd Lever IDipstick) 
3. Lift Lever (Boom) 
4. Actuating Lever (Buc~et) 
5. Swing Lever 
6. Right Stabilizer Lever 
7. Extendible Dipstick Pedal Control 
8. Boom/ Swing Transport Lock {Engagedl 
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Figure 4 
Backhoe Controls (Two Lever) 

1. Swing and 800m Lever 
2. Bucket and Crowd Lever 
3. Left Stabilizer Lever 
4. Right Stabilizer Lever 
5. Extendible Dipstick Pedal Control 
6. Boom / Swing Transport Lock (Disengaged) 

2. STRUCTURAL MEMBERS 

The structural members 01 the Ford 550/ 555 tractor
loader~backhoe consist of two subframes, loader lift 
arms and linkage, backhoe boom and dipstick, 
backhoe swing post, backhoe main frame, stabilizers, 
and loader and backhoe buckets. 

SUBFRAME 

The right and left sublrames, Figu re 5 and 6 are at
tached to the front support and the rear axle of ~he 
tractor . 

The model 555 subframe utilizes mounting bolts for at~ 
taching weights and backhoe main frame, Figure 6. 

The model 550 utilizes mounting hooks for these at
tachments, Figure 5. 

Figure 5 
550 Sublrame 

1. Backhoe Attaching Hook 
2. Rear Axle Bracket 
3. Backhoe Attaching Lower Hooks 
4. Battery Tray 
5. Sublrame to Front Support Bolts 
6. Loader Arm Pivot Point 
7. Cab Support Bracket 

Figure 6 
555 Sublrame 

1. Backhoe Attaching Bracket 
2. Rear Axle Bracket 
3. Backhoe Attaching Lower Hooks 
4. Battery Tray 
5. Subframe to Front Support Bolts 
6. Loader Arm Pivot Point 
7. Cab Support Bracket 
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LOADER LIFT ARMS AND LINKAGE 

The loader lift arms, Figure 1, are constructed of light
weight high strength steel. Lift arms and the elliptical 
torque tube are welded to form a one-piece closed 
structure. Joining the lift arms together with the tor
que tube forms a rigid structure which enables the 
loader to withstand twisting and flexing. The lift arms 
are pivoted on the top subframe pivot pins. 

,I \ 
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Compensating linkage, attached to each loader lift 
arm, pivots on a different axis than the loader arms to 
maintain the bucket in the same position relative to the 
ground throughout the operating cycle of the lift arms. 
The self-levelling action of the linkage is achieved by 
attaching post pins and, via belicranks pivoted on the 
lift arms, to the piston ends of the bucket cylinders. 

Figure 7 
Backhoe 

1. Backhoe Boom 3. Stabilizer Arm 5. Boom and Swing Transport Lock 7_ Bucket 

2. Backhoe Dipstick 4. Stabilizer 6. Swing Post 
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Bucket idler links are attached to the rod end of the 
bucket cylinder to allow maximum rollback and dump 
angles while protecting the cylinder rods from bending 
forces. 

BACKHOE BOOM AND DIPSTICK 

Both the boom and dipstick, Figure 7 are constructed 
of high-strength steel, welded to form box-type 
members. Heavy steel reinforcements are welded to 
each end of the boom and dipstick for added strength 
and to provide resistance to torsional forces. The steel 
used on the underside of the boom is 25% heavier 
than the sides and top for greater shock absorption. 

The boom houses the tubing for the crowd and bucket 
cylinders, and serves as attaching points for the rod 
end of the lift cylinder and the piston end of the crowd 
cylinder. Replaceable bushings are used at each end of 
the boom for the swing post and dipstick pivot points. 

Model 555: 

The Model 555 also incorporates replaceable seals at 
the swing and dipstick pivot points. 

A swing transport lock, Figure 7 is used to lock the 
boom in an up position and prevent swinging during 
transport. A stabilizer transport chain between the 
stabilizer prevents th~ stabilizers dropping during 
transport, Figure 7. The transport hook and chain 
should always be utilized when t[ansporting the 
backhoe. 

Figure 8 
550 Backhoe in Transport Position 

1. Stabilizer Chain Slots 
2. Boom 
3. Transport Chains 

Model 550: 

Transport chains are used to attach the backhoe boom 
to the stabilizers during transport, Figure 8. Tabs are 
welded on the boom and stabilizer arms to which the 
chains are attached. 

The dipstick provides attaching points for the rod end 
of crowd cylinder and the piston end of the bucket 
cylinder, as well as attaching points for the bucket and 
bucket link. The dipstick also houses the bucket 
cylinder hoses and incorporates replaceable bushings 
at all five pivot pin locations. 

Model 555: 

The extendible dipstick available for the 15 ft. backhoe 
increases the maximum reach approximately 3 % ft. 
and the maximum digging depth 3' 11". 

BACKHOE SWING POST 

Model 550: 

The swing post, Figure 9 is a heavy one-piece iron 
casting which attaches to the frame by means of two 
large pivot pins. Movement of the swing post is ob
tained through two swing cylinders mounted in the 
frame and connected to the swing post by the swing 
chain. 

Replaceable bushings are used in all pivot points of the 
post. Replaceable bushings are also used in the frame 
at the swing post pivots. 

Model 555: 

The swing post is a one piece casting and incorporates 
replaceable bushings with seals at the lift cylinder 
pivot point. 

The swing cylinder rod ends connect to the swing 
post, Figure 10. 

BACKHOE MAIN FRAME 

The backhoe main frame attached to the tractor sub
frame and supports the backhoe swing post, stabilizer 
arms and cylinders, control valves and swing cylinders 
for the backhoe. The model 550 frame is clamped to 
the tractor subframe, whereas the model 555 frame is 
bolted to the tractor subframe. See Figures 5 and 6. 
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Figure 9 
Center Pivot Backhoe Swing Post Bushings 
1. Upper Pivot Pin Thrust Washer 
2. Lift Cylinder Pivot Pin Bushings 
3 . Boom Pivot Pin Bushings 
4. Lower Pivot Pin Thrust Washer 
5. Swing Post 
6. Lower Pivot Pin Bushings 
7. Upper Pivot Pin Bushing 

BACKHOE STABI LIZERS 

Two cylinder operated, box-type constructed 
stabi lizers, Figure 7 are attached to the frame by 
means of pivot pins. Pads, attached to the ends of the 
stabilizers provide support for maintaining stability 
during backhoe operation. The piston end of the 
cylinder is attached to the frame with a pivot pin. The 
rod end of the cylinder is attached to the pad end of 
the stabilizer in the same manner. 

BACKHOE AND LOADER BUCKETS 

Both the backhoe and loader buckets are contructed 
of heavy steel plate with replaceable bushings at all 
pivot points. Wear strips are welded to the bottom of 
the buckets for longer life. 
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Figure 10 
Swing Cylinder and Post Attaching Points 

1. Upper Swing Post Pivot Pin Bolt 
2. Retainer 
3. Cotter Pin 
4. Lower Swing Post Pivot Pin Bolt 
5. Pin 
6. Swing Cylinder Rods 

The backhoe bucket incorporates replaceable hard 
steel-alloy teeth and cutting edges, and dual bucket 
linkage attaching holes. Mounting holes for attaching 
side cutters are standard in all buckets except rock 
buckets. Bu cket cutt ing width can be increased by 2 
inches or 4 inches by install ing one of the two side cut
ter kits, available as optional equipment. Side cutters 
are heat treated to resist wear. They are recommended 
for added bucket load and when additional side 
clearance is desired. 

The link attaching pin hole nearest the bucket opening 
6, Figure 11 provides for greatest rotation and is best 
suited for straight wall digging and maximum loading 
height. The hole furthest from the bucket opening A, 
Figure 11 provides the greatest digging force for nor
mal trenching. The bucket is tapered to the rear for 
trench clearance without drag, and to faclitate better 
bucket clean out. 

The loader bucket incorporates a 0.625 in. (1.6cm) 
thick, high carbon steel , bevelled cutting edge to 
facilitate soil penetration. A built-in spill guard helps 
protect against spillback , The back panel of the bucket 
is curved for easy filling and fast dumping of sticky 
materials. 
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Figure 11 
Backhoe Bucket Installed 

1. Dipstick 
2. Blicket Links 
3. Attaching Pins 
4. Bucket 
5. Idler Arms 

3. CYLINDERS 

All cylinders used on the Ford 550 / 555 loader and 
backhoe, Figure 12 and 13 are double acting, except 
for the 550 backhoe swing cylinders which are single 
acting. A double acting cylinder is designed to both 
extend and retract under hydraulic pressure while a 
single acting cylinder is designed to move in only one 
direction under hydrauli c pressure. 

Piston rods are die~drawn high tensile strength steel. 
The rods are turned, ground, polished and chrome 
plated. Cylinder barrels are microhoned to close 
tolerance, straightness and smooth finish for long 
piston packing life. 

Model 555: 

All cylinder pivots and anchor points utilize replaceable 
bushings and grease seals. 

Model 550: 

All cylinder pivots and anchor points utilize replaceable 
bushing, but do not have seals. 

All cylinder piston packings are of the chevron-type 
except the Model 555 backhoe bucket cylinders which 
has a one piece piston and a two piece sea ling ring. 

All backhoe rod packings are of the chevron type, and 
incorporate a urethane "U" seal. The packing gland 
supports and retains the rod pa cking, bearing sleeve, 
rod wiper, and gland O-ring and backup ring . 

The chevron packings are positioned so the lips of the 
chevrons face toward the pressured oil under cylinder 
power loading conditions. As the oil pressure in
creases, the lips of the chevrons are fo rced outward 
against the inner wall of the cyl inder barrel and inward 
against the rod surface. This action provides for a 
more positive seal against oil transferring from the 
high pressure side to the low pressure side of the pack
ing. The double piston packing face in opposite direc
tions so as to face high pressure in either direction of 
piston travel. 

The Model 555 backhoe bucket cylinder utilizes a one 
piece leaded steel piston with a nylon bonded coating 
on the outer diameter to prevent cylinder bore 
damage. Sealing is accomplished by the use of a 
piston ring assembly consisting of two ring seals, one 
over the other. The bottom seal is soft and is com
pressed when the cylinder is pressurized causing the 
rigid outer seal to be forced against the cylinder wall. 

Loader cylinders, Figure 14, use urethane single lip 
type rod seals installed in a 'snap-in' type groove while 
all the backhoe cylinders, Figure 12 and 13, use 
chevron type seals in combination with urethane seals 
for rod sealing. One direction chevron piston pac kings 
are used in the loader cylinders and in the 550 backhoe 
swing cylinders. Chevron packings are supported by 
male and female adapter rings. Figures 12, 13 and 14 il
lustrate cut-away views of the cylinder packings . The 
rod wiper keeps foreign matter from entering the 
cylinder by wiping the rods clean as the cylinders 
retract. 

Loader bucket cylinder chevron packings face the 
retract (rodl end while the lift cylinder packings face 
the extend (piston) end of the cylinder. These pack-
1n9s face the high operating pressure side. This con
figuration is satisfactory because the bucket dump and 
loader lower cycles do not require high pressure. 

The 550 backhoe swing cyl inders have the chevron 
packings facing the rod end because these cylinders 
pull the backhoe around as they retract. 
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Figure 12 
Backhoe Lift, Crowd and Bucket Cylinders 

1. Plastic Bearing 
2. Urethane 'U' Seal 
3. Spacer 
4. Wiper Seal 
5. Packing Nut 
6. Cylinder 
7. Piston 
8. Chevron Seals 
9. Female Chevron Adaptors 

10. Male Chevron Adaptor 
11. Male Chevron Adaptor 
12. Chevron Seals 
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Figure 13 
Backhoe Stabilizer and Swing Cylinders 

1. Plastic Bearing 
2. Urethane 'U' Seal 
3. Packing Nut 
4. Wiper Seal 
5. Cylinder 
6. Swing Cylinder Vent Port 
7. Swing Cylinder Piston End 
8. Stabilizer Cyl inder Piston End 
9. Female Chevron Adaptor 

10. Chevron Seals 
11. Male Chevron Adaptor 
12. Male Chevron Adaptor 
13. Chevron Seals 
14. Female Chevron Adaptor 
15. Male Chevron Adaptor 
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1. Piston End Port 5. 
2. Piston End Pin Bushing 6. 
3. Piston Securing Bolt 7. 
4. Lift Cylinder Piston Packing 

MODEL 565 SWING CYLINDER: 

Figure 14 

Piston 

Loader Cylinder 
B. Gland Nut 

'0' Ring Seal 
Gland Seal 

9. Rod End Pin Bushing 
10. Wiper Seal 

The Model 555 swing cylinders, Figure 15, employ two 
connecting hoses at the piston end of the cylinders . 
These hoses connect the swing cylinders together to 
permit cross-over oil flow between the cylinders and 
also become part of the swing cushioning system . 

The swing cylinder incorporates a cushioning valve 
and a decelerator. The cushioning valve bleeds off ex
cessive pressures when the swing comes to an abrupt 
stop. This provides for a smooth stop of the boom sw
ing. The decelerator provides for a slower swing 
operation by reducing oil flow when the cylinder is 
nearing the end 01 the stroke. 

MODEL 550 SWING CYLINDERS 

11. 
12. 
13. 
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Gland Assembly 
Rod End Port 
Bucket Cylinder Piston Packing 
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Figure 15 
The model 550 backhoe swing cylinders has a single 
hose joining the piston end of the cylinders together. 
This hose connection permits the air in the end of the 
cylinder and any oil leakage past the cylinder piston to 
circulate between the cylinders during operation, 
Figure 16. 

Cushioning Valve locations 
1. Swing Cylinders 
2. Crossover Hoses 
3. Cushioning Valves 
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Figure 16 
Swing Cylinder Connecting Hose 

1. Connecting Hose 

4. HYDRAULIC SYSTEM CONTROL VALVES 

A schematic of the Ford 550 / 555 hydraulic system is 
shown in Figures 17 and 18. Two types of backhoe 
control valves are used in the model 550 backhoe con
trol system; a monoblock control valve with a separate 
combination valve, Figure 17 and, a sectional type 
control valve shown in Figure 18. 

The model 555 backhoe utilizes the sectional control 
valve only as shown in Figure 18. 

Figures 17 and 18 shows the relative location of the 
valves and other related components of the hydrau lic 
system. The valves discribed below, function in the 
same basic manner. The operation , troubleshooting 
and service proced ures for each valve are covered in 
the appropriate following sections. 

A. LOADER CONTROL VALVE 

The loader control valve is a stacked-type valve 
assembly composed of two valve sections and two 
end covers, Figure 19. Each valve section and end 
cover is serviced sepa rately. 

NOTE: A third valve section may be added for the 
control of a hydro bucket. 

The rea r (inlet) cover houses the system relief valve 
and provides the inlet oil port for the va lve assembly. 
Oil leaves the valve assembly through the front (outlet) 
cover. 

The valve sections contain the spools, check valves 
and circuit relief and anti-cavitation valve. Each valve 
section contains internal passages through which the 
oil travels in going to and coming from the cylinder. 
Hose ports are incorpora ted in the valve sections and 
serve as valve attaching points for the cylinder hoses . 
The valve sections and end covers are held together by 
three through-bolts and are sealed through the use of 
O-ring seals at each oil passage. 

The rear Onlet) cover seals agai nst the lift valve sec
tion. The front (outletl cover seals against the bucket 
valve section, and directs oil to the port of the control 
valve. Internal passages connect to the reservoir 
passages and the open-center passage. 

The spools are of high carbon, chrome-plated and 
polished steel. Each spool is selectively fitted to the 
section spool bore. Because of this selective f itting, 
the spools and sections are not interchangeable or ser
viced individually. 

The spool in the lift section diHers slightly from the 
bucket spool because of the float feature in the lift cir
cuit. An additional land and groove in the float spool 
allows additional oil flow . The detent mechanism on 
the float spool end serves to hold the spool in position 
when float is desired. Each spool end contains a 
centering spring which functions to return the spool to 
the neutral position on release of the lever handle. 

Load check valves are located between each spool and 
cylinder port. a combination load check valve. circuit 
relief and anti-ca,-,:itation valve functions in the bucket 
section between the piston end cylinder port and the 
low pressure passage of the valve. The check valve 
plugs are sealed against the valve body by O-ring 
seals . Internal sealing of the valves is accomplished by 
O-ring seals installed on the va lve plug. 

The system relief valve located in the rear (inlet) cover 
serves to protect the loader components from damage 
caused by excessive internal pressure. Oil supply to the 
valve is from the hydraulic pump. In the case of a 
loader·only installation, oil is suppl ied directly to the 
valve. When a backhoe is used in conjunction with a 
loader, oil is supplied to the backhoe control valve and 
then to the loader control-valve. The loader control 
valve receives all of the pumped oil circulated through 
the backhoe main control valve with the backhoe 
spools in the neutral position. 

l' 
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Figure 17 
Hydraulic System Schematic 

Model 550 with Monoblock Backhoe Control 
Valve with Combination Swing Flow Control 

and Cushioning Valve 

1. Backhoe Dipstick Cylinders 7. Backhoe Lift Cylinder 13. Loader Bucket Cylinders 
2. Stabilizer Cylinder 8. Backhoe Control Valve 14. Reservoir Breather Element 

3. Swing Cylinder 9. Expansion Chamber lIess cab only) 15. Reservoir Breather Seperator 

4. Combination Valve 10. Hydraulic Pump 
5. Backhoe Bucket Cylinder 11. Oil Cooler 
6. Loader Lift Cylinder 12. Reservoir 

System pressure is maintained by the ,use of a power
beyond plug or series plug in the backhoe valve. Thus, 
the loader control valve, when used in combination 
with a backhoe control valve, is linked in series with 
the main backhoe control valve . 

Both the loader control valve and the backhoe main 
control valve incorporate system relief valves as in
tegral parts of the units. The loader valve system relief 
is set at ~ lower relief pressre than the backhoe system 
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175/ 1-81 only) 
16. Loader Control Valve 

relief. As such, the loader relief valve acts to protect 
the loader components from excessive pressure while 
the backhoe control valve system relief valve acts to 
protect the backhoe components. 

The loader system relief valve is adjustable to increase 
or decrease system pressure. Shims are used to in
crease or decrease spring compression which in turn 
determines the system pressure. 
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BUCKET CYLINDER TO LOADER BUCKET 
CYLINDERS 

'\ 

-----~~~~ HIGH PRESSURE FROM 
LOW PRESSURE 

FROM LOADER VALVE 

~ TO LOADER VALVE 

BACKHOE POWER BEYOND ====:;, 

"""",,=dj.? TO LOADER LIFT CYLINDERS 

HIGH PRESSURE '>=~ 

HIGH PRESSUR~ INLE~R =====;] 
TO BACKHOE VALVE~ EXT. DIPSTICK ---< , , ./ r l. STABILIZER 
~~ r\\ CROWD ___ _ 

LIFT ____ ~-~~~~~~~ 
LOW PRESSURE RETURN BUCKET ---

SWING 

LIFT CYLINDER R. STABILIZER 
OUTLET COVER 

RESERVOIR \ 
LOADER VALVE 

COOlER 

R • ROD END 
P . PISTON END 

BACKHOE SECT IONAL VALVE 
LOADER HYDRAULIC SCHEMATIC 

555 MODEL - HYDRAULIC SCHEMATIC 
FOU R LEVER BACKHOE CONTROl WITH EXT. DIPSTICK 

CROWD CYLINDER 

LEFT STABILIZER 
CYLINDER 

t. :71 
/ 

EXT. DIPSTICK 
CYLINDER 

o 

LIFT CYLINDER 0 ~ 

7/ <.. RIG~TABILIZER 6f':" CYLINDER 

SWING CYLINDER 
BACKHOE CYLINDERS 

Figure 18 
Model 555 Hydraulic Schematic 

Four lever Backhoe Control with 
Extendible Dipstick 

FIGURE 18 
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1. Outlet (Front) Cover 
2. Bucket Valve Section 
3. Lift Valve Section 
4. Inlet (Rear) Cover 
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5. Valve Spools 

Figure 19 
Loader Control Valve 

6. Circuit Relief, Anti-Cavitation Check Valve 
7. Check Valves 
8. System Relief Valve 

9. Standard ·Bucket Centering Spring 
and Cover 

10. Optional " Return to Dig" Centering 
Spring & Cover 
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Figure 20 illustrates the stacked-type, two-section 
control valve assembly. showing the two valve sec
tions and the two end covers. Also shown is the direc
tion of oil flow through the valve when the spools are 
in the neutral position. Note that the valve sections 
contain four similar openings, and that the outlet 
cover and inlet cover contain three openings. 

Oil flow through the valve, with the control valve 
spools in neutral, circulates freely to the reservoir. The 
oil in the cylinders is trapped because of the closing of 
the passages by the control valve spools. 

Figure 20 
Loader Control Valve Oil Flow - Neutral 

Position 
1. Oil to Sump IReservoir) 
2. Outlet Cover 
3. Bucket Section 
4. lift Section 
5. Inlet Cover 
6. Oil to Valve 

CYLINDER LOAD CHECK VALVE OPERATION 

Check valves are located in both ports of the bucket 
and lift sections of the control valve. The check valves 
function to hold the lift arms and the bucket in position 
at initial spool movement. 

In operation, the check valve, Figure 21, is retained on 
its seat by spring force. At initial spool movement, the 
natural tendency is for the oil, which is being 
pressurized by the closing of the open center passage, 

to flow to an area of lower pressure . As the open 
center passage is being blocked , the oil would then at
tempt to flow past the opened spool. This oil is held at 
the check valve until the pumped oil overcomes the 
force holding the check valve on its seat . As the 
pressure increases, the oil pressure unseats the check 
valve and pressurizes oil flows to the cylinder. 

LIFT SPOOL CYLINDER EXTENDING 

Figure 21 illustrates oil flow through the lift section to 
the cylinder hose ports, with the spool moved inward, 
causing the lift arms to raise. Oil enters the inlet port of 
the lift section at A . The spool land block the oi l from 
flowing through the valve section to port B. All 
pumped oil is directed through drilled passages to 
passage C which is blocked at the end plate. This 
causes an oil pressure build up in passage C. As the 
pressure increases, check valve 2 is unseated to allow 
pressurized oil to enter passage D. 

Oil is blocked at passage E by the spool land. 
Pressurized oil flows by the check va lve 2, through 
passage 0, around the spool and to the hose port F. 
From there, the oil flows to the hose ports of the lift 
cylinders . 

Oil fo,ced out of the cylinders by the movement of the 
piston , enters the control valve at port G and flows to 
the reservoir through passage H. 

LIFT SPOOL CYLINDER RETRACTING 

Figure 22 illustrates oil flow through the lift section to 
the cylinder hoses ports, with the spool moved to the 
right, causing the lift arms to lower. Oil enters the inlet 
port of the lift se'ction at A. The spool lands block the 
oil from flowing through the valve section. All pumped 
oil is directed through drilled passages to passage C 
which is blocked at the end plate. This callses an oil 
pressure build-up in passage C. 

As the pressure increases, check valve 4 is unseated to 
allow pressurized oil to enter passage E. Oil behind 
check valve 2 is blocked at passage D by the spool 
land. Presurized oil flows by the check valve 4, 
through passage E, around the spool and to the hose 
port, G. From there the oil flows to the hose ports of 
the lift cylinders. 

Oil forced out of the cylinders, by the movement of the 
piston, enters the control valve at port F, and flows to 
the reservoir through passage J. 

15 
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Figure 21 
loader Control Valve lift Spool - Cylinder Extending 

1. lift Cylinder 3. lift Control Spool 5. Return Oil 
2. Check Valve 4. High Pressure Oil 

Figure 22 
Loader Control Valve lift Spool - Cylinder Retracting 

1. Cylinder 3. lift Control Spool 5 . High Pressure Oil 
2. Check Valve 4. Check Valve 6. Return Oil 

16 
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FLOAT OPERATION 

Incorporated at the end of the lift spool is a locking 
device that holds the spool in the full right or float 
position. With the spool in this position, oil is permit+ 
ted to flow freely between the rod and piston end of 
the lift cylinders as illustrated in Figure 23. As the 
working surface varies, the loader lift arms "float" 
with the ground contour. 

As the lift arms move, oil travels through passages to 
either port F or G, depending on whether raising or 
lowering conditions are encountered. 

Oil being forced out or displaced from the cylinder end 
circulates to the other cylinder end through the 
passage in the right-hand end plate. 

Pumped oil is blocked at passage A. This blocking of 
the oil unseats check valve 2. Oil flowing through 
passage D to passage B travels to the reservoir or 
sump passage. As cylinder requirements vary, some 
pumped oil may enter the cylinder from the reservoir 

passage. The pumped oil, in addition to the oil being 
forced out of the cylinder, then provides a constant 
supply for the cylinder ends. 

BUCKET SECTION 

BUCKET SPOOL - CURLING AND DUMPING 

Oil flow during curling and dumping cycles of the 
loader bucket control valve is similar to that described 
during movement of the lift valve section previously 
described. 

ANTI -CAVITATION RELIEF VALVE - DUMP 
CIRCUIT 

In addition to the circuit check valves included in all 
loader valve circuits, the bucket section has an anti
cavitation relief valve in the dump circuit, Figure 24. 

The relief valve protects the bucket cylinders from ex
treme forces such as occur during "back-grading" 
when, with the bucket in the "dump" position an 
obstruction is hit with the bucket, Figure 25. 

Figure 23 
Loader Control Valve Lift Spool - Float Position 

1. Cylinder 3. Lift Control Spool 5. Pressurized Oil 
2. Check Valve 4. Check Valve 6. Return Oil 
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During the dumping procedure, particularly with the 
bucket fully loaded, oil can be forced out of the rod 
end of the cylinder faster than the pump can supply oil 
to the piston end of the cylinder. A void lair bubblel 
will be formed in the piston end of the cylinder if there 
is insufficient oil to supplement the pump output. The 
oil leaving the rod end is directed to the piston end 
through the anti-cavitation valve, Figure 24. 

In operation the valve functions when oil required to 
fill the piston end exceeds the pumped oil supply. The 
low pressure oil in passage A pushes the anti
cavitation valve off the seat and enters the cylinder 
port B, supplementing the pumped oil going to the 
piston end of the cylinder. When pumped oil supply is 
sufficient to increase the pressure, the anti-cavitation 
valve is forced back onto the seat and held by the high 
pressure oil in passage " 8". 
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Figure 24 
Anti-Cavitation Relief Valve - Bucket 

Dump Ci~cuit 
1. Check Valve 
2. Anti-Cavitation Valve 
3. Circuit Relief Valve 

Figure 25 
Bucket Dump Circuit Relief Valve Operation 
1. Relief Valve 
2. Bucket Cylinder 
3. Obstruction 

SYSTEM RELIEF VALVE OPERATION 

The system relief valve, Figure 26, is located between 
the high-pressure passage and the low-pressure 
passage. When a spool is moved, oil is directed to one 
end of the cylinders. If the cylinders are restricted , or 
reach the limits of their travel, oil pressure builds up in 
the system. To protect against the pressure increase, 
the valve opens and allows high pressure oil to return 
to the reservoir. 

The valve is the direct operating type in that oil forces 
the valve from its seat, enters the valve area, and 
returns to reservoir . System pressure is adjusted by 
adding or removing shims from between the compres
sion spring and the valve poppet. 

In operation, oil entering the inlet port is below the 
pressure required to unseat the relief valve poppet, 
Figure 26. When system pressure exceeds the setting 
of the relief valve Isee Specifications", Chapter 6), the 
poppet moves off its seat to allow oil to flow into the 
valve body and out of the Jadially drilled hole in the 
relief valve body, which connect to the sump passage . 

As system pressure decreases, the spring force causes 
the poppet to seat. 
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Figure 26 
Loader Control Valve System Relief Valve 

1. Spring 
2. Cap 
3. '0' Ring Seal 
4. Adjusting Shims 
5. Valve Body 
6. Back-up Seal 
7, '0' Ring Seal 
8. '0' Ring Seal 
9. Valve Poppet 

B, MODEL 555 - BACKHOE CONTROL 
VALVE - (SECTION TYPE) 

The main control valve, Figure 27, is a stack-type 
assembly consisting of six sections when a standard 
dipstick is used and seven sections when the extendi
ble dipstick feature is used . In either case, the sections 
contain spring centered, manually operated control 
spools which direct high pressure pump oil to the in· 
dividual cylinder circuits. Each circuit contains a 
spring loaded check valve to check the flow from 
either cylinder port to the valve pressure passage. The 
check valves are located between each section and 
not externally accessible unless the sections are 
separated, Figure 28. Also, each section except t~e 
two stabilizer sections, contains adjustable circuit 
relief valves to protect their respective cylinders 
against pressure overloading during actual digging 
operations. Flow restrictor valves are used at the 
swing cyl inder ports . Also, the lift cylinder rod end cir
cuit uses a flow restrictor , except it is located at the 
rod end cylinder port, 

Figure 27 
Control Valve A ssembly 

1. Outlet End Cover 3, Tie Rod - 7/16" - 20 
2, Stabilizer Section 4. Tie Rod - 1/2" - 20 
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Figure 28 
Check Valve - Exploded View 

1. Valve Section 3. Check Valve 
2. Check Valve Spring 4. Inlet End Cover 

The main control valve is also equipped with a inlet 
end cover and an outlet end cover. The inlet end cover 
contains the inlet port and the system relief valve, 
Figure 29. The outlet end cover, Figure 30, contains 
the return oil port which returns low pressure oil to the 
reservoir, and t he power-beyond port which supplies 
high pressure oil to the loader circuit. Therefore, all 
pumped oil is routed to the backhoe main control va lve 
before it reaches the loader circuit. The outlet end 
cover also houses the backpressure relief valve, the 
backpressure valve, the unload valve, and the 
regenerative check valve for backhoes that include the 
flow regeneration feature. 

INLET END COVER: The inlet end cover directs oil 
through internal ports to the valve spools and high 
pressure passages. It also contains a return oil passage 
which returns oil to sump, through the valves and 
outlet end cover, when the system relief valve relieves 
excessive pressure. The system relief valve is housed 
in the inlet end cover. It functions and is contructed 
the same as the circuit relief valves. 

OUTLET END COVER 

The model 555 backhoe control used from 4-78 thru 
5-80 utilized four poppet type valves in the outlet end 
cover. These are the regenerative check valve, 
backpressure valve, back pressure relief valve and the 
unload valve. See Figure 30. 

14 h. backhoe valves used after 5-80 do not utilize the 
four poppet valves in the outlet end cover. 
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Figure 29 
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Inlet End Cover - Exploded View - ISystem 
Relief Valve Typical to Circuit Relief 

Valves Except Lift Rod End! 
1. Inlet End Cover 10. Body 
2. Sleeve Poppet 11. Back-Up Ring 
3. Poppet 12. a -Ring 
4. Spring 13. Piston 
5. a -Ring 14. Spring 
6. Fitting 15. Back-Up Rings 
7. Spring 16. Pilot Poppet 
8. Adjusting Plug 17. a-Ring 
9. Adjusting Cap 18. Locknut 

The four valves operate only when a backhoe cylinder 
is being moved and return oil is being exhausted from 
the cylinder. The conditions under which the cylinder 
may be operated wi ll determine which of the valves 
will function. The con·ditions are : 

1. A "fast-drop" condition where the system 
pressure becomes less than sump pressure -
Regenerative Check Valve . 

2. A "no-load or light load " condition where the 
system pressure is less than 900 psi 162 bar!, but 
greater than sump pressure - Backpressure and 
Backpressure Relief Valves. 

3. A "medium or heavy loaded" condition where 
the system pressure is 900 psi 162 bar! greater 
than sump pressure - Unload and Backpressure 
Valves . 

The operation of the four valves and how they are af
fected by the above conditions is explained in the 
following paragraphs. Refer to Figure 31. 
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NOTE: The regenerative check valve, for l1Iustration 
purposes, is not shown in its normal mounting posi
tion. Normally, it enters the cover from the side not 
shown. 
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Figure 30 
Outlet End Cover - Exploded View 

1. Plug and O-Ring 
2_ Regenerative Check Valve and Spring 
3. Outlet End Cover 
4. O-Ring 
5. Back-Up Ring 
6. O-Rings 
7. Unload Valve Body 
8. Poppet 
9. Poppet Rod 

10. Spring 
11. Shim(s) 
12. Plug and O-Ring 
13. O-Ring 
14. Plug and O-Ring 
15. Shim(s) 
16. Spring 
17. Relief' Poppet 
18. Backpressure Relief 'valve Body 
19. Spring 
20. Plug and O-Ring 
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Figure 31 
Outlet Cover (75 / 5-80) 

1. Regenerative Valve 
2. High Pressure Passage 
3. Piston 
4. Unload Valve 
5. Back Pressure Valve 
6. Power Beyond Port 
7. Back Pressure Relief Valve 
8. Return Oil Passage 
9. Sump Port 

10. Pump Pressur 
11 . Return to Sump 
12. Metered Flow 

The regenerative valve poppet is held in position by a 
light spring. It unseats when return oil pressure in 
passage (A) is greater than high pressure oil in passage 
(C). This additional oil supplements the oil supplied by 
the pump to prevent a "void" from occurring during a 
"fast drop" condition. For example, rapidly lowering 
the boom when the bucket is fuli, will force oil out of 
the rod end of the cylinder faster than the pump can 
supply oil to the piston end, and will form a void if ad
ditional oil is not available to supplement pump oil. 

The backpressure relief valve is a simple pilot operated 
relief valve. It functions when the pressure in the 
return oil passage (Al is approximately 250 psi greater 
than the pressure in the sump oil passage IS). Note 
the orifice through the backpressure valve that con
nects passage (A) to IA 1). It is a pilot passage used for 
the backpressure relief valve to sense pressure. When 
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the relief valve opens, the backpressure valve is push
ed, against spring pressure, by the pressure in passage 
IA) due to the lack of pressure in passage (A 1) and 
permits oil to flow from passage (A) to passage (B) 
which returns oil to sump. 

Last of all is the unload valve. When oil pressu re in the 
high pressure passage ICI is approximately 900 psi 
higher than sump oil pressure in passage ! B), the 
unload valve opens and relieves the pressure behind 
the backpressure valve in passage IA 1). The 
backpressure valve is pushed against its spring from 
return oil pressure in passage (AI allowing the oil in 
passage (A) to return to sump through passage (B)' 
There is no exchange of oil between the high pressure 
passage ICI and the sump oil passage (BI . The unload 
valve piston is used to sense high pressure oil, and 
w hen high enough . slides to the right opening of the 
seat, permitting return oil to flow to sump. 

NEUTRAl·OPEN CENTER: Figure 32 illustrates the 
lift circuit valve section in the "neutral" condition. 
Howeve r, all other circuit sections have the same in~ 
ternal passages. Oil enters the conrol valve section 
through the inlet port in the inlet end cover. This pump 
oil, Figure 32 is diverted in the inlet end cover to the 
open center passages (AI. (BI . and (CI and also to the 
high pressure passage (01. The high pressure passage 
goes through all the valve sections and ends at the 
regenerative check valve irl the outlet end cover. Oil 
flow in the opposite direction (from the outlet end 
cover) is possible due to the regenerative feature. As 
long as the spools remain 'in the neutral position , oil in 
the high pressure passage (D) is static. but at the same 
pressure as system pressure. 
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Figure 32 
lift Control Valve Neutral 

1. Static Oi l 
2. Pump Pressure 
3. Return·to·Sump 

The oi l flowing through the open center passages (AI. 
(BI. and (CI continue through each valve section and 
to the outlet end cover. It leaves the control valve 
through the power·beyond port in the outlet end 
cover. 

Oil in the cylinder ports (F) and (G I is static as it is 
trapped between the cylinder and control valve spool 
as long as the spool remains in the neutral position. 

Oil in the return oil passage (HI is residual oil discharg
ed from the spool circuit relief valves, system relief 
valve, or backhoe cylinders. 

SPOOL OPERATION : Figure 33 illustrates the lift ci r· 
cu it valve in the "raise" condition . Other sections are 
simila r. 
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Figure 33 
Lift Control V alve Raise 

1. From lift Cylinder Piston End 
2. To lift Cylinder Rod End 
3. Pumped Oil 
4. Return Oil 

Oil entering the control valve exerts equal pressure in 
the high pressure passage (0 I and the open center 
passage IAI. IBI . and (C I. When the spool is position
ed to raise the boom (moved to the left as shown in 
Figure 33) flow is restricted through the open center. 
The pumped oi l. tending to follow the path of least 
resistance, diverts to the high pressure passage (0) 
where it unseats the check valve and flows into 
passage lEI . around the spool into port (GI and on to 
the rod end of the lift cylinder. As a result , oil is forced 
from the piston end of the lift cylinder into port (FI of 
the control valve where it flows around the spool and 
into the return oil passage IHI. The return oil flows 
through passage (HI to the outlet end cover. When 
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the return oi l reaches the out let end cover, it will con
tact the four regenerative valves which interact to pre
vent a moving cylinder from voiding by using return oil 
for regeneration as required. If the control valve spool 
is moved to the opposite position, a reversal of the oil 
flow takes place . The check valve closes when oil flow 
stops. 

CYLINDER CIRCUIT CHECK VALVE: The spring 
loaded check valve (3), Figure 28 prevents the 
cylinders from dropping under load. The check valve 
functions when the spool is initially moved from the 
neutral position and before the pump has time to build 
sufficient pressure to overcome the external load . 

CONTROLLED FEATHERING ACTION : The spool 
in each section is designed to provide controlled oil 
flow to the cylinders. Each land has four small not
ches. As the spool is moved, the notches meter a 
small amount of oil , slowly pressurizing the system 
before the entire land uncovers the passage and allows 
full flow. Easing the spool through its first stage of 
travel provides the pinpoint movement needed for ac
curate control. 

SYSTEM RELIEF VALVES - (Model 555) 

The system relief valve, Figure 29 in the inlet cover, 
serves to protect the backhoe hydraulic components 
from damage by preventing excessive internal 
pressures in the system when the valve spools are ac
tuated and the cylinder reaches the end of its stroke, 
or is physically prevented from moving, the system 
relief valve opens and directs pump oil to the low 
pressure return passage of the control valve. 

CIRCUIT RELIEF VALVES (Model 555) 

Six circuit relief valves, (seven with extendible 
dipstick) , Figure 34 are located in the backhoe control 
valve sections between the cylinder port and return 
passages . The circuit relief vaives limit the pressure 
which can build up in a given circuit when the spool is 
closed during backhoe operation . Although the circuit 
relief valves are similar in construction and function , 
they are set to relieve at various pressures, determined 
by the requirement of the circuit in which they are 
located. Excessive pressure can be developed in an in
active circuit because of leverage and forces during 
the digging cycle. 

There are two different style circuit relief valves used 
in the main control valve, as shown in Figure 35. The 
one on the right is used in the lift rod end circuit. Note 
that the length of its sleeve is longer and also the addi
tion of a O-ring and back-up ring for better sealing dur
ing a craning operation . The circuit relief valve on the 
left is common in construction to all other circuit relief 
valves and the system relief valve. Note that it has a 
tapered sleeve poppet with no sealing rings. This con
structions allows the sleeve poppet to move off its seat 
during cylinder void ing . 

Circuit relief valves are used at both ends of the lift cir
cuit, both ends of the swing circuit, rod end of the 
bucket circuit, piston end of the crowd circuit , and the 
piston end of the extendible dipstick circuit . These cir
cuits listed above are subjected to externally caused 
high pressure during normal operation. The circuit 
relief valves function to limit the pressure which is 
allowed to build in these circuits during operation. The 
valves are positioned between the cylinder port and 
the return passage in the control valve. 

High pressure cylinder oil enters the relief valve 
through the end of the hollow piston (2), Figure 36. 
This oil acts against the pilot valve (6) and the bottom 
end of the poppet (5). When the pressure at the 
cylinder port exceeds the force exerted by the pivot 
valve spring (4), the pilot valve is unseated, and oil 
flows around the outside of the sleeve poppet (1) and 
to the low pressure return. 

Oil flowing from behind the poppet (5), due to the 
opening of the pilot valve, lowers the pressure in that 
area, and allows the piston (2) to move and seat 
against the pilot valve. This shuts off oil flow to the 
area behind the poppet so that pressure in that area re
mains low. The higher cylinder port pressure forces 
the poppet (5) and sleeve poppet (1) off ist seat, reliev
ing the high pressure oil to sump. 

NOTE: The circuit relief valve described above is com
mon to all circuit relief and system relief valves except 
the lift rod end circuit relief valve, Figure 37. However, 
it too, functions in the same manner except that the 
sleeve poppet 11), Figure 36 uses an O-ring and back
up ring for sealing and not the tapered seat; therefore, 
it is not free to move. 

The circuit relief valve assemblies are initially adjusted 
at the factory to pressures which are stamped on the 
top of the circuit relief valve body. 
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Figure 34 
Two lever Control Valve Stacking Showing 

Circuit Relief Valve Locations 
1. Outlet End Cover 
2. Right Stabilizer Section 
3. Crowd Section 
4. Bucket Section 
5. Swing Section 
6. Lift Section 
7. Left Stabilizer Section 
8. Extendible Dipstick Section 
9. Inlet End Cover 

10. Main Relief Valve 
11. Circuit Relief Valves 
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SWING CUSHIONING AND 
DECELERATION 

The swing cushioning and deceleration is complex due 

to the cylinder end cap porting, the oil flow between 
cylinders, the interactions between the swing circuit 
relief valves and the cushioning valves. T herefore a 
general description of the events that take place in the 
right swing cylinder during the cushioning and 
deceleration modes only. wil l be given. The descrip
tion will include two conditions, as follows: 

lIt.) . (e .. ~ • 1. Swinging partially right , then releasing the con
trol lever. 
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Figure 35 
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2. Swinging fully right . 

The cushioning valve, Figure 38, located in the end of 
the swing cylinder is of the direct operating type, in 
that high pressure oil forces the poppet from its seat, 
then enters the valve area and flows out to lower 
pressure. Note that the deceleration rod (2), Figure 38, 
is spring loaded and begins to function to close off the 
exhaust port before the piston reaches the end of its 
stroke. 

Circuit Relief Valve Types 
1. Circuit Relief - All Except Lift Rod End 
2. Circuit Relief - Lift Rod End 
3. O·Ring 5. O·Ring 
4. Back·Up Ring 6. Sleeve Poppet 

Figure 36 
Circuit Relief Valve Operation 

1. Sleeve Poppet 3. Fitting 5. Poppet 
2. Piston 4. Spring 6. Pilot Valve 
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7. High Pressure 
8. Sump Oil 
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Figure 37 
lift Cylinder Rod End Restrictor 

1. Cylinder 
2. Connector 
3. O-Rings 
4. Valve Plate 
5. Restrictor Plate 
6. Rod End Tube 

In the first condition, swinging partially right, then 
releasing the control lever, refer to illustration (A), 
Figure 38 and 39. As the operator actuates the control 
lever to swing partially right, oil flows into the rod end 
of the cylinder, causing the cylinder to retract. The oil 
in the piston end flows out port (R I because the 
cylinder has not retracted far enough for the decelera
tion rod 121 to cover the port. Oil flowing out port (R I 
goes to the end cap porting of the left swing cylinder 
and flows to either the rod end of the left swing 
cylinder to help prevent voids (cavitation), or back to 
the control valve and on to sump. 
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When the operator releases the control lever, the 
spool returns to neutral and oil is stopped from flowing 
into the rod end and also out of the piston end through 
port (R). However, due to the momentum of the 
backhoe strutural components, the cylinder will still 
want to retract. 

It functions as follows: The "Swing Cushion Valve" 
functions only when the deceleration rod blocks the 
port, which occurs only at the extreme ends of the sw
ing. At the intermediate points, swing cushioning is 
accomplished by the circuit relief valves in the swing 
section of the backhoe control valve. 

When the pressure in the cylinder exceeds the setting 
of the valve, the poppet (31 , Figure 40, moves to the 
teft , lifting off its seat, allowing oil to flow into the 
hollow area of the poppet and out port (SI through the 
radially drilled holes in the valve body (41. Port (SI will 
allow oil to return to the rod end of the right swing 
cylinder and the piston end of the left swing cylinder to 
help prevent voids (cavitations), Figure 41. This results 
in a cushioning action by equalization of oit pressure. 

In the second condition swinging fully right, refer to il
lustration (BI, Figure 38. As the cylinder retracts and 
nears the end of its stroke, the deceleration rod (2) 
blocks oil from flowing out port (RI as shown. 
However, oil is still flowing into the rod end of the 
cylinder because the operator is holding the control 
lever in the swing right mode, Figure 42. This causes 
the pressure in the piston end to increase. As the 
pressure in the piston end increases and exceeds the 
setting of the cushioning valve, the poppet (31. Figure 
40, moves to the left, lifting off its seat, allowing oil to 
flow into the hollow area of the poppet and out port 
(SI through the radially drilled holes in the valve body 
(41. Port (SI will direct the oil to the piston end of the 
left swing cylinder . This results in deceleration, during 
the last few inches of cylinder retraction, by showing 
the flow of oil out of the piston end. 
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Figure 38 
Swing Cylinder Cushioning and 

Deceleration Operation 
1. Cushioning Valve 
2. Deceleration ROd 
3. Swing Cylinder 
4. Pressure From Control Valve 
5. To Opposite Swing Cylinder and l or 

To Control Valve 
6. Cushioning Oil 
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Figure 39 
Partial Right Swing 

1. Cushioning Valves 
2. Decelerator 
3. To Main Control Valve 
4. Pump Pressure 
5. Right Swing Cylinder 
S. Left Swing Cylinder 
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Figure 40 
Cushioning Valve Operation 

1. Swing Cylinder End Cap 
2. Cushioning Valve 
3. Poppet 
4. Valve Body 
5. Back-Up Rings 
S. O-Ring 
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Figure 41 
Cushioning Action - Valve In Neutral 

Left Swing 
1. Cushioning Valve 
2. Decelerator 
3. To Main Control Valve 
4. Right Swing Cylinder 
5. Left Swing Cylinder 

C. BACKHOE MAIN CONTROL VALVE 
MODEL 550 - SECTIONAL 

11975-3-78) 

The backhoe control valve, Figure 43, is a sectional
type control valve consisting of six sections and two 
end covers. Notice the restrictors (5) in the lower lift 
port and in the upper crowd port. These restrictors 
regulate the flow from cylinders to help prevent cavita
tion. Each section of the control valve contains a non
adjustable circuit relief valve. These circuit relief valves 
are marked with their pressure setting. They are not in
terchangeable and they are factory set to the required 
relief pressure. Each section of the valve is serviced 
separately. 

Figure 42 
Swinging Fully Right 

,. Cushioning Valves 
2. Decelerator 
3. To Main Control Valve 
4. Pump Pressure 
5. Right Swing Cylinder 
6. Left Swing Cylinder 

The spools are of high carbon, chrome plated, and 
polished steel. Each is selectively fitted to the body 
spool bore, therefore, the spools are not inter
changeable or serviced separately from the body. All 
the spools incorporate centering springs to 
automatically return to the neutral position upon 
release of the control lever. The lands of the spools are 
grooved to carry oil for lubrication, and are notched at 
the edges for feathering. 
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Figure 43 
Model 550 Sectional Valve 

(Top and Bottom) 
1. Circuit Relief Valves 
2. Swing Circuit Relief Valve 
3. Swing Cushioning Valves 
4. System Relief Valve 
5. Flow Restrictors 
A. Stabilizer Section 
B. Swing Section 
C. Bucket Section 
D. Lift Section 
E. Crowd Section 
F. Stabilizer Section 

GENERAL OIL FLOW 

Oil flows through the valve, with the control valve 
spools in neutral, and out through the power beyond 
ports to the loader control valve. Th~ oil in the 
cylinders is trapped because the passages are closed 
as long as the spools remain in their neutral positions. 

NEUTRAL FLOW - OPEN CENTER 

Figure 44 illustrates a cross-sectional view of the 
backhoe lift control valve section. The passages and
components correspond with,the crowd and actuating 
sections; therefore, only the lift section is used to il
lustrate the flows of oil through the sections. 
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Figure 44 
Lift Valve Section 

1. Anti-Cavitation Valve 
2. Spool 
3. Check Valve 
4. Circuit Relief Valve 
5. Ports to Cylinders 
6. Detent Assembly 
7. Plug 

NOTE: The flft valve section is equipped with a anti
cavitation valve which is not found on either the 
crowd, bucket or stabilizer cylinders. However, the 
basic flow is the same. 

Oil enters the lift control valve section through the inlet 
port in the inlet end cover. This pumped oil, Figure 45 
is diverted in the inlet end cover to the open center 
passage (A), (B), and (C ) and to the high pressure 
passage (0). The oil in the high pressure passage 
flows through all six valve sections, then dead ends in 
the outlet end cover. As long as the spools remain in 
the neutral position, oil in the high pressure passage 
(0), is actually static; however, the pressure is the 
same as pump pressure. Oil flow in the opposite direc
tion (from the outlet end cover) is possible due to the 
anti-cavitation feature (H), (only when a void occurs in 
the high pressure passage). 

The remainder of the oil entering the lift control valve, 
which is diverted to the open center passage (A), (B), 
and (C ), flows through each section of the valve to the 
outlet end cover, where it leaves the control valve 

. through the power beyond port. 

Oil in areas (F) and (G) is static oil in that it is trapped 
between the cylinder and the control valve spool as 
long as the spool remains in the neutral position. 
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Figure 45 
Lift Valve Section - Neutral 

1. Static 
2. Pump Pressure 
3. Return to Sump 

LIFT SPOOL - RAISE 

Figure 46, illustrates a schematic of oil flow through 
the lift section of the lift control valve with the spool 
positioned so the boom will raise. 

Oil entering the control valve exerts equal pressure in 
the high pressure passage (0) and the open center 
passage (A), (8), and (e). When the spool is position
ed to raise the boom, shown in Figure 46, flow is par
tially restricted through the open center. The pumped 
oil, tending to follow the path of least resistance, 
diverts to the high pressure passage where it unseats 
the check valve (K) in the lift section, and flows into 
passage (E), around the spool into port (F) and on to 
the rod end of the lift cylinder. As a result, oil is forced 
from the piston end of the lift cylinder into port (G) of 
the control valve where it flows around the spool and 
into the return oil passage (J). The return oil flows 
through passage (J) to the outlet end cover and out 
through the outlet port to the reservoir (sump). 

LIFT SPOOL - LOWERING POSITION 

The oil flow is basically the same for lowering the 
boom as in raising the boom in that the pumped oil is 
diverted to (0) in the same manner. In this case 
h01lloever, the spool has been moved to the left, Figure 
47, thus, when the high pressure oil forces the check 
valve open and flows into passage (E), it flows around 
the spool and out through port (G) to the piston end of 
the lift cylinder. Oil forced from the rod end of the lift 

cylinder enters the lift section of the control valve 
through port (F), flows around the spool and into the 
low pressure return passage (L) and on to sump. 

t. 1 fJ\ '.', z. \.V 

Figure 46 
lift Valve 

Oil Flow During 
1. Pump Pressu re 
2. Return to Sump 

Figure 47 
lift Valve 

oil Flow During 
1. Pump Pressure 
2. Return to Sump 

REGENERATIVE VALVE 

Raise 

H 

Lower 

A regenerative or anti-cavitation valve is located in the 
lift section and functions during a "fast drop" condi
tion, such as rapidly lowering the boom when the 
bucket is full and oil is forced out of the rod end of the 
cylinder faster than the pump can supply oil to the 
piston end. A void will be formed in the piston end of 
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the cylinder if additional oil is not available to supple
ment pump oil. When such a condition occurs, oil be
ing forced out of the rod end of the cylinder will cause 
the pressure in the return passage (J l to exceed the 
pressure in the high pressure passage IGI. The dif
ference in pressure causes the anti-cavitation valve (H) 
to move off its seat all owing return oil to enter the high 
pressure passage and flow to the piston end of the 
cylinder. This additional oil supplements the oil sup
plied by the pump so that a void does not occur in the 
cylinder. 

The anti-cavitation valve reseats when the pump out
put is sufficient to meet the requirements of the 
cylinder for oil, or the lift control va lve spool is return
ed to neutral. 

SYSTEM RELIEF VALVES 

The system relief valve, 4, Figure 43, in the inlet cover 
serves to protect the backhoe hydraulic components 
from damage by preventing excessive internal 
pressures in the system when the valves are actuated. 
When a spool is activated and the cylinder reaches the 
end of its stroke, or is physically prevented from mov
ing, the system relief valve opens and directs pump oil 
to flow to the low pressure return passage of the con
trol valve. 

NOTE: The system relief valve is serviced as an 
assembly only in the backhoe control valve. 

CIRCUIT RELIEF VALVES 

Six circuit relief valves, Figure 43, are located in the 
backhoe control valve sections between the high 
pressure port and return passages. The circuit relief 
valves limit the pressure which can build up in a given 
circuit when the spool is closed during backhoe opera
tion. Although the circuit relief valves are similar in 
construction and function, they are set to relieve at 
various pressures, determined by the requirement of 
the circuit in which they are located. Excessive 
pressure can be developed in an inactive circuit 
because of leverage and forces during the digging cy
cle . 

The circuit relief valve assemblies are initially adjusted 
at the factory to pressures which are stamped on the 
top of the circuit relief valve body, and are not ser
viceable. The circuit relief valve must be replaced as a 
complete assembly. 
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Figure 48, is a cross section of the backhoe swing 
valve section. The swing cushioning valve (1) absorbs 
the momentum from the backhoe when the swing is 
decelerating. 

The swing cushioning valves function is to control the 
deceleration force exerted by a loaded backhoe 
bucket. The two swing cushioning valves are located 
in the top portion of the valve section. Just below the 
swing cushioning valves are two circuit relief valves (2) 
which act as a safety feature. If the swing cushioning 
valves stick or fail to function due to the increasing 
pressure, the circuit relief valves function, opening a 
passageway to sump and subsequently relieving the 
oil pressure from the circuit. 

The swing valve section incorporates a plunger within 
the spool which provides a chain tensioning feature. 
When the spool is actuated inward as in swing ac
celeration the open center flow is stopped at passage 
A, Figure 49. 

The oil passes through the high piessure override 
passage (01, through the spool groove, through 
passage IGI and on to passage IHI. the plunger is 
shifted inward by the high pressure oil allowing oil to 
meter off into passage (Jl. The plunger action starts 
the swing keeping the swing chain tight. 

Figure 50 illustrates the swing cushioning valve activity 
on acceleration. Oil fill s t he high pressure passage (D) 
and unseats the check valve. The oil flows through the 
passageway lEI by the spool and to the cylinder. The 
swing cyl inders are si,ngle acting . Only one cylinder 
functions at a time, the other cylinder follows, forcing 
oil out from one cylinder to the other. 

The swing cushioning valve lessens the shock on 
deceleration of the swing when the spool is closed. 
Figure 51, illustrates deceleration as the backhoe 
bucket swings to the left, oil is f orced from the rod end 
of the right swing cylinder forcing the oil into the valve 
as the pressure becomes greater than 1600 psi 1110.30 
barl ± 50 psi (3.45 barl . The cushioning valve unseats 
allowing the pressurized oil to flow to the low pressure 
side of the valve section and to the cylinder. This 
results in a deceleration by equalization of oil 
pressures. In affect, it is a cushioning of the momen
tum and allows the oil to pass from one cylinder to the 
other maintaining a taunt chain and swing control. 
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Figure 48 
Swing Cushioning Valve 

1. Swing Cushioning Valves 2. Circuit Relief Valve 

1. Static 

Figure 49 
Chain Tension 

2. Pump Pressure 

3. Ports to Swing Cylinders 

3. Return to Sump 
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Figure 50 
Left Swing Cushioning (Acceleration) 

1, Static 2, Pump Pressure 3, Return to Sump 

SWING C)RCUIT RELIEF VALVE 

The swing circuit relief valve (21, Figure 48, functions 
as a safety device and is activated if the swing 
cushioning valve fails on deceleration. Pressure builds, 
Figure 51, and normally unseats the cushioning valve, 
directing the oil across the valve to the opposite 
cylinder. t3ut if the cushioning valve fails to operate, 
the pressure will continue to build, and the circuit relief 
valve then functions at 2900 psi (199,13 bar) relieving 
the high pressure oil to sump. 

MDDEL 550 SECTIONAL VALVE 
SWING MDDIFICATION 

Some model 550 backhoes equipped with sectional 
backhoe valves experienced irregular swing move
ment, primarily at low engine speeds. 

A dealer installed modification provided for replacing 
the swing section of the main control valve with a 
stabilizer valve section and adding a combination valve 
to the swing circuit system. Therefore both types of 
swing systems may be found on the model 550 
backhoe equipped with the sectional control valve, 

34 

The swing modifications may be installed by following 
the instructions listed below: 

PARTS REQUIRED: 

Qty . Description 

Swing Valve Section 
Spool Wiper Seal 

2 Swing Hoses 
1 Cushioning Valve 
4 a-ring Seals 

(at valve and cylinders i 
24 Connectors-(Comb. Valvei 

Part No, 

7708184 
7706697 
7701148 
7704205 
86484-595 

86301-S36 
2 Restrictors (Comb. Va lve) 292528 
4 Seals-a-ring at Comb, Valve 86483-595 
2 Bolts - 5/ 16-18 x 3" at Comb, Valve 300890-S36 
7 Section Seals - Oval 7706686 
7 Section Seals - 1 3/ 8" ID x 1/16" 8103-595 
14 Section Seals 1 3/ 8" ID x 1/16" 87026-S94 
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CJ STATIC PUMP PRESSURE _ RETURN TO SUMP t'i@;';".! INTENSIFIED PRESSURE 

Figure 51 
left Swing Cushioning (Deceleration) 

1. Static 
2. Pump Pressure 
3. Return to Sump 

INSTRUCTIONS TO INSTALL: 

1. Remove the backhoe for access to the va lve . 

2. Remove the backhoe valve assembly. 

3. Disassemble the valve, remove the swing section 
and replace with the new swing section . Use 
new O-ring between the valve sections, Torque 
the through bolts to 25-30 ft. -Ibs. (3.4 - 4.2 kgml . 

4. Install the new spool wiper seal to the new swing 
valve. 

5. Remove the hoses from the swing cylinders and 
install the new hoses using new O-rings. 

6. Install the reassembled valve in the main frame 
and connect the hoses. Secure the original sw
ing cylinder hoses to the swing valve using new 
O-rings. Discard the original tubes and tube 
clamps. 

7. Install the two connectors to the top of the com
bination valve and the two fixed orifice restric
tors to the bottom of the combination valve. 

8. Secure the combination valve to the main frame 
using the 5/16" - 18 x 3" bolts, and nuts and 
washers originally used to secure the tube 
clamps. 

9. Connect the hoses to the combination valve as 
shown, Figure 52. 
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Figure 52 
Hydraulic Circuit Diagram 

A. Sectional Backhoe Control Valve 7. Control Valve to LH Swing Cylinder 
C. Combination Valve 8. Control Valve to RH Swing Cylinder 
1. Extend Crowd Cylinder 9. Extend LH Stabilizer Cylinder 
2. Extend Actuating Cylinder 10. Retract LH Stabilizer Cylinder 
3. Retract Actuating Cylinder 11. Extend RH Stabilizer Cylinder 
4. Retract Crowd Cylinder 12. Retract RH Stabilizer Cylinder 
5. Extend Lift Cylinder 13. Combination Valve to RH Swing Cylinder 
6. Retract Lift Cylinder 14. Combination Valve to LH Swing Cylinder 

10. Reinstall the backhoe to the tractor. D . BACKHOE MAIN CONTROL VALVE 
MODEL 550 - MONO BLOCK 

11975-3-78) 

11. Replenish hydraulic oil that may pave been lost. 
Cycle the unit to purge air from the system and 
recheck the hydraulic oil level. 

12. If the combination valve is noisy after cycling the 
swing several times, open the vents on the 
cushioning valve spring caps to bleed the trap
ped air. 
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The main control valve is a monoblock type assembly, 
Figure 53. 

The valve contains six spring-centered. manually
operated control spools which direct pump oil to the 
individual cylinder circuits. Each circuit contains a 
spring-loaded check valve to check the flow from both 
ends of the spool. An adjustable system relief valve is 
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incorporated to relieve excessive system pressure . Ad
justable circuit relief valves, in the lift, crowd and 
bucket cylinder circuits, function to protect the 
cylinders against pressure over-loading during actual 
digging operations. 

The valve body has twelve cylinder ports, a power
beyond port for loader operation, and an inlet a"nd 
outlet port. Fixed orifice flow restrictor valves are used 
at the lift cylinder and crowd cylinder to prevent 
cylinder cavitation (or voiding) during the cylinder 
stroke. 

Figure 53 
Model 550 Backhoe IMonoblock Valve) 

1. System Relief Valve 
2. Crowd-Piston Circuit Relief 
3. Lift-Piston Circuit Relief 
4. Lift-Rod Circuit Relief 
5. Bucket-Rod Circuit Relief 
6. Inlet Port 
7. Outlet Port 
B. Test Port 

NOTE: If the backhoe is installed in an application 
without a power beyond requirement, the power 
beyond plug, Figure 54, must be removed. Access for 
removal of the plug ;s through rhe outler porr. 

Neutral Flow: Figure 55, represents cutaway view of 
the main control valve illustrating: 

• Spool arrangements 

• System relief valve 

• Internal circuit relief va lves 

• Oil pressure passage 

• Return passage 

Figure 54 
Power Beyond Plug 

1. Plug Location 

Pumped oil enters the valve at the inlet port and is 
directed through the center passages passing by each 
spool in a zigzag course and flows to sump. If a power
beyond plug is installed, the oil is diverted to provide 
pressure oil for the loader. As pressure in the center 
passages exceeds the system relief valve setting, the 
valve opens to direct oil through the low pressure 
passage where it flows to the reservoir . Any oil that is 
in the cylinders is trapped due to the neutral position 
of the control valve spool; therefore there is no 
cylinder movement. 

Spool Operation: If a control spool is moved from its 
neutral position, pump oil is blocked from following 
the zigzag course through the main control valve to 
the valve outlet, Figure 56 shows a control valve spool 
moved from neutral to block oil and direct it to a 
cylinder. With the spool moved, the oil is directed to 
the high pressure passage: A , unseating the check 
valve. The oil then flows through passage B, by the 
spool, to hose port C and to the cylinder. Because the 
cylinder piston offers resistance to oil flow, the oil 
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pressure increases until a force sufficient to move the 
piston is developed by the pressure build-up. As the 
piston moves in the cylinder, displaced oil (in the case 
of double acting cylinders) is forced from the opposite 
end of the cylinder. This oil enters the main control 

valve at hose port D and flows into the return passage 
to the valve outlet E and on to the reservoir. If the con
trol valve spool is moved to the opposite position, a 
reversal of the oil flow takes place. The check valve 
closes as soon as oil flow stops. 

Figure 55 
Backhoe Control Valve 

1. Circuit Relief Valve 
2. System Relief Valve 
3. Inlet Port 
4. Neutral Position Oil Flow 
5. Control Spool 
6. Check Valve 
7. Outlet Port 
8. Cylinder Port 

Cylinder Circuit Check Valve (Poppetl: The spring
loaded check valve (9) located in each circuit, Figure 
56, prevents the cylinders from dropping under load. 
The check valve functions when the spool is initially 
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moved from its neutral position and before the pump 
has time to build up sufficient pressure to overcome 
the external load. 
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Figure 56 
Oil Flow to Cylinder - Monoblock Type Valve 

1. Cylinder 
2. Circuit Relief Valve 
3. Control Valve Spool 
4. Pump 
5. Reservoir 
6. System Relief Valve 
7. Loader Control Valve 
8. Power Beyond Plug 
9. Check Valve 

10. High Pressure Oil 
11. Return Oil 

Controlled Feathering Action: The spools of the 
main control valve are designed to provide controlled 
oil flow to the cylinders. Each land edge has four small 
notches, Figure 57. As the spool is moved, the not
ches meter a small amount of oj!, slowly pressurizing 
the system before the main land opens and allows full 
flow. Easing the spool through its first stage of move
'ment provides the small cylinder movement needed 
for accurate control. 

System Relief Valve : The system relief valve, (2), 
Figure 55, in the main control valve serves to protect 
the backhoe hydraulic components from damage by 
preventing excessive internal pressures in the system 

when the valve spools are activated. When a spool is 
actuated and the cylinder reaches the end of its stroke, 
or is physically prevented from moving, the system 
relief valve opens and directs pump oil to the low 
pressure return passage of the control valve. The 
system relief valve is located between the high 
pressure inlet port and the low pressure return passage 
of the control valve. 

High pressure oil enters the relief valve through the 
hole in the side of the sleeve and through the hollow 
piston. This oil acts against the inner side of the pop
pet and against the end of the pivot valve, Figure 58. 
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Figure 57 
Controlled Feathering 

1. Spring End 
2. Tong IEyel End 
3. Feathering Notches 
4. Oil Trapped in Grooves for Lubrication 

When pressure in the system has exceeded the force 
exerted by the pilot valve spring, the pilot is unseated, 
and oil flows through the pilot valve seat and through 
the cross-drilled holes in the plug to the low pressure 
return pasage, upper view, Figure 58. 

The loss of oil behind the piston caused by the open
ing of the pilot valve, causes the piston to move back 
and seat against the pilot valve. This shuts off the oil 
flow to the area behind the poppet and causes an in
ternal low pressure area. The resulting imbalance of 
pressure inside, as compared to that of the system 
high pressure, forces the relief valve poppet to open 
and relieve the oil directly to the low pressure chamber 
in the valve, lower view, Figure 58. 

Oil continues to pass through the system relief valve 
until the obstruction is overcome or the control valve is 
returned to neutral. 

Circuit Relief Valves: Circuit relief valves, Figure 59, 
are used in the lift, crowd and bucket circuits. These 
circuits are subjected to externally-caused high 
pressures during normal backhoe operation. Relief 
valves are used at both ends of the lift circuit, the 
piston end of the crowd circuit, and the rod end of the 
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bucket circuit. The circuit relief valves limit the 
pressure which is allowed to build up in these circuits 
during backhoe operation. 

The valves are positioned between the cylinder port 
and the return passage in the control valve. High 
pressure cylinder oil enters the relief valve through the 
end of the hollow piston . This oil acts against the pilot 
valve and the inner side of the poppet. 

When the pressure at the cylinder port exceeds the 
force exerted by the pilot spring, the pilot is unseated, 
and oil flows around the outside of the sleeve and to 
the low pressure return passage. 

Oil flowing from behind the poppet, due to the open
ing of the pilot valve, lowers the pressure in that area, 
and allows the piston to moVe back and seat against 
the pilot valve. This shuts off the oil flow to the area 
behind the poppet so that the pressure in that area re
mains low. The higher cylinder port pressure forces 
the circuit relief valve poppet off its seat, relieving the 
high pressure oil directly to the return-to-reservoir 
passage. 

FLOW RESTRICTORS 

Flow restrictors are used in several locations in 
backhoe hydraulic circuits to control the flow of oil 
from cylinders. They function to restrict the oil flow 
from the cylinder into the control valve, but permit free 
flow to the cylinders. 

Two types of restrictors are utilized, Figure 60. 

The type" A" is a loose f itting sleeve which is free to 
move axially in the valve bore. The sleeve either blocks 
off or uncovers five ~adially drilled holes in the valve 
body. Sleeve movement is dependent on the direction 
of oil flow through the valve. When the sleeve blocks 
off the radial holes, the oil must pass through the 
orifice in the valve body thus restricting its flow by the 
size of the orifice in the valve body. 

The type "8" restrictor consists of a loose fitting hex
agon plate in the valve body. 

The plate is flat on one side and has a slot on the other 
side. When oil flows against the flat side, the plate 
slides off its flat seat and allows unrestricted oil flow 
around the hex and thru the slot. When oil flows in the 
opposite direction, the plate seats on its surface caus
ing a restricted flow. The amount of restriction is 
dependent upon the size of the orifice in the plate. 
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Figure 58 
System Relief Valve Operation 

1. Piston 6 . Return to Reservoir 
2. Inlet Port 7. Pilot Valve 
3. Sleeve 8. Adjuster 
4. Poppet 9. Poppet Spring 
5. Pilot Valve Spring 

Flow restrictors are used in the crowd and lift cylinders 
to prevent voiding when oil leaves the cylinder faster 
than the pump can supply oil to the opposite end 
when the cylinders are externally loaded . 

Restrictor valves are also utilized in the swing circuits 
to slow down the swing cycle to prevent damage due 
to the momentum of the backhoe components. 

Due to the differences in the hydraulic circuits design, 
always be sure the correct restrictor valves are used 

for each location. Restrictor valves are stamped to in
dicate the orifice size in 64th of an inch. For example a 
"8" stamp designates a 8/ 64" orifice. 

NOTE: Under no circumstances should the restricrors 
be removed, altered, or replaced with different size 
orifices as it can seriously affect the performance and 
life of the unit. 

See the following chart for correct restrictor usage. 
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RESTRICTOR VALVE USAGE CHART 

Location Type 

Model 555 

Lift Cylinder Port - Rod End Plate 
(Without Ext. Dipstick) 

Lift Cylinder Port - Rod End Plate 
(With Ext. Dipstick) 

Swing Control Valve Ports (2) Plate 
(Without Ext. Dipstick) 

Swing Control Valve Ports (2) Plate 
(With Ext. Dipstick) 

Model 55O-Sectional Valve 

Lift Control Valve Port - Rod End Plate 

Crowd Control Valve Port - Rod End Plate 

Combination Valve· Bottom Ports . 
Fixed Orifice (2) 

Model 550 - Monoblock Valve 

Lift - Control Valve Port - Rod End Plate 

Crowd - Control Valve Port - Rod End Slide 
Assy . 

Part 
Number 

D8NN-
D587-EA 

D8NN-
D587-DA 

D8NN-
D587-GB 

D8NN 
D587-CA 

7706796 

7706796 

293528 

7706380 

290862 

Restrictor 
Code Orifice 

Stamp Size 

16 .250 

14 .219 

9 .141 

8 .121 

496 .234 

496 .234 

.123 

.130 

10 .255 
.262 

11 .172 

Combination Valve - Bottom Ports - Fixed Orifice (2) 

Figure 59 
Circuit Relief Valve Operation 

1. Cylinder Port 4. Pilot Valve 6. Pilot Valve Spring 
2 . Piston 5. Adjuster 7. Return to Reservoir Passage 
3. Poppet 
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Figure 60 
Flow Restrictor Valve 

1. Main Control Valve 
2. To Reservoir 
3. Flow Restrictor Valve 
4. From Pump 
5. Sleeve 
6. Radial Orifices 
7. Housing 
8. Hex Restrictor 
9. Crowd Cylinder 

10. Pressure 
11. Return 
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E. BACKHOE COMBINATION VALVE 

The combination valve, Figure 61, is positioned bet
ween the main" control valve and the swing cylinders. 
The valve functions as a flow control, a cushioning , 
and a pressure relief valve, Figure 62 . 

• The flow control valve operates to maintain 
pressure at the swing cylinders to prevent 
cylinder voiding w hich would result in swing 
chain slack. 

• The cushioning valves operate to eliminate sud
den and violent stops during boom movement. 

• The cushioning valve also acts as a relief valve to 
prevent excessive pressure buildup in the swing 
circuit. 

The combination valve is joined to the backhoe control 
valve by hoses at ports A and 8. Oil to or from the sw
ing cylinders enters or leaves the valve through hoses 
at ports C and D. 

The combination valve is divided into two segments: 

• The flow control spool assembly consists of two 
check valves (poppets) and two plunger center
ing compression springs. 

• The cushioning and relief valve consists of two 
direct operat ing rel ief valves bearing against a 
common sliding seat. 

Flow Control Action: Pumped oil from the main con
trol va lve is directed to port A, Figure 63, when the 
control va lve is actuated. Oil flows through the spool 
at E and unseats. the poppet 4 and allows oil to flow 
through to an internal va lve cavity to port C, and to the 
right swing cylinder. Because of the mechanical 
linkage of the cylinders, oil in the opposing cylinder is 
forced out of the cylinder and to port D through the 
valve to the spool. 

The position of the spool at initial cylinder loading is 
such that oil cannot return through the flow control 
spool to port B, Figure 64. 

The oil at F, being unable to return to sump builds up 
pressure back to port A. As pressure builds to approx
imately 75 psi, (5.2 bar) , oil at G, Figure 63 , forces the 
spool 1 to slide down the bore and open port F as 
shown , allowing oil to return to port 8 and to the con
trol valve. 
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Figure 61 'on Valve 
Combinatl Backhoe 

I Body 
1. Va ve I Spool 

Contro 
2. Flow I Spool Plug Flow Contro . 
; : Centering Spring 
5. Plug 

D-Ring Seal 
6. U Washer 7. Back- p 

D-Ring Seal 
8. t 9· Poppet Spring h k Valve Poppe 

· Control C ec 
10. Flow . Valve Seat 11 . CushiOning 

12. Sleeve . Valve Poppet 
13 CushiOning 

· . Seal 
14. D-Rln

g
. Valve Cap 

15. CushIonIng 
16. Plug 

Bleed Screw 
17. D-Ring Seal 
18. U Ring 19 Back- p '} 

· (Sh'rn 
20. Washer . ~a}ve Spring 
21 . CushIonIng 
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Figure 62 
Combination Valve - Neutral 

1. Flow Control Valve 
2. Cushioning Valve 

The flow control spool prevents oil flow from returning 
to sump when the pressure is less than 75 psi, (5.2 
bar!. This oil being pumped to the opposite swing 
cylinder is of sufficient volume to keep up with the ex~ 
hausted oil flow from the other swing cylinder. Ex
hausted oil cannot flow until sufficient oil and pressure 
is available to equal the rate of flow of exhausted oil. 
This pressure maintains chain tension and positive 
swing action . 

Cushioning Valve Action: The cushioning valve, 
Figure 64, operates independently of the flow control 
valve, previously discussed, and functions when the 
oil flow to or from the swing cylinders has been cut off 
at the main control valve. Figure 64, represents a con
tinuation of the right swing cylinder flow pattern 
shown in Figure 63, and is described as follows. 

When the main control valve swing lever is returned to 
neutral, pressure in passage A, Figure 64, of the flow 

control valve drops, and the poppet at 6 returns to 
neutral as shown, due to spring loading. 

In this situation, oll cannot flow past the spool, as the 
spool blocks passages F and H at the flow control 
valve. Due to intertia, the left swing cylinder rod con
tinues to extend, causing displaced oil to flow into the 
return passage D of the cushioning valve. The oil flow 
is stopped by the spool, resulting in a pressure buildup 
condition occuring in passage F, and in the left swing 
cylinder. In effect , the oil displaced from the left swing 
cylinder is now static oil under pressure, reacting 
against the face of the sliding seat. When the pressure 
increases, the sliding seat is moved approximately 0 .12 
in. (3.0mm ) toward the low pressure side until it con
tacts the valve sleeve in thePlow pressure passage 5. 
This separates the sleeve from the valve at the seat on 
the high pressure side, as the check valve poppet will 
only move O.06in . 11.5mm!. 
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Figure 63 
Combination Valve - Flow Control 

1. Flow Control Spool 
2. Right Hand Cylinder 
3. Left Hand Cylinder 
4. Flow Control Poppet 

High pressure oil is thus forced to flow through the 
centrally-drilled passage J in the sliding seat, moving 
the opposite check valve poppet, that is acting as a 
relief valve, off its seat and allowing high pressure oil 
to flow to the right hand swing cylinder. This transfer 
of oil from the left swing cylinder to the right swing 
cylinder subsides when the momentum of the left 
swing cylinder has been cushioned to a gradual stop 
by the relief valve action in the cushioning valve. 

At this moment, the spring-loaded check valve poppet 
reseats, as pressure in passages C and 0 equalize. 

The same action, just described for the cushioning of 
the right swing action, occurs for cushioning during 
left swing action. In this case, oil being discharged 
from the right swing cylinder becomes pressurized and 
ultimately flows into the left swing cyl inder. 
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Pressure Relief Action : If the pump flow being 
directed to the right swing cylinder, as shown in Figure 
65, becomes excessive due to cylinder overloading, 
this pressure reacts against the sliding seat in the same 
manner as detailed under "Cushioning Action" . It 
should be noted that in this situation the oil does not 
flow to the opposite cylinder, but returns to sump 
through the control valve. 

F. AUTOMATED BACKHOE 
CONTROL VALVE 

The Ford 550 backhoe may be equipped with com
ponents which automate control of filling the bucket. 
These components, in conjunction w ith the basic 
backhoe, eliminate the manual correction of the 
backhoe throughout the bucket fi ll cycle. 
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Figure 64 
Combination Valve - Cushioning Action 

1. Flow Control Spool 
2. Right Hand Cylinder 
3. Cushioning Valve Sliding Seat 
4. Left Hand Cylinder 
5. Cushioning Valve Sleeve 
6. Flow Control Poppet 

The automated control valve works in conjunction 
with the standard control valve modified by removal of 
the centering springs on the lift and bucket control 
valve spools and standard backhoe structural com
ponents. Components unique to the automated 
backhoe include a sequencing valve, two control 
cylinders. a selector lever and linkage, a crowd lever 
and two adjusting screws and linkage, see Figure 66. 

SEQUENCING VALVE 

The sequencing valve assembly, Figure 67, consists of 
a regulating valve, a shut-off valve and two sequenc
ing valves which are all contained in one housing that 
is connected by tubing to the backhoe main control 
valve. 

The regulating valve, Figure 68, functions to reduce oil 
pressure entering the sequencing valve assembly from 
the backhoe main control valve. After the oil pressure 
has been reduced by the regulating valve to 350 ± 50 
psi 124.5 ± 3.5 kg / cm'l, the oil flows to the shut-off 
valve. 

The shut-off valve, Figure 68, is manually controlled 
by the selector lever. Movement of the selector lever 
to the "Auto" position engages the shut-off valve 
linkage with the crowd lever, Figure 66. 

Actuation of the crowd lever opens the shut-off valve 
and oil is permitted to flow to the bucket and lift se
quencing valves. 
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Figure 65 
Combination Valve - Pressure Relief Action 
1. Flow Control Spool 
2. Cushioning Valve Poppet 
3. Right Hand Cylinder 
4. Cushioning Valve Sliding Seat 
5. Left Hand Cylinder 
6. Flow Control Poppet 

Both the bucket and lift sequencing valves, Figure 70, 
are pressure sensitive valves which direct regulated oil 
to the control cylinders to actuate the bucket and lift 
linkage and in turn the spools in the main control 
valve. The two sequencing valves function in the 
following order. When pressure in the crowd circuit in
creases due to the bucket meeting resistance, the 
bucket sequencing valve spool is forced open by the 
pressure build up, allowing oil flow to the bucket con
trol cylinder for bucket correction Icrowding in). 
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If circuit pressure is not reduced by the bucket correc
tion and continues to increase, pressure build-up will 
then force the lift sequencing valve open allowing oil 
flow to the lift cylinder for a lift correction . The 
amount of pressure in the bucket and lift circuits re
quired to open the sequencing valves is determined by 
the position of the adjusting screws located on top of 
the backhoe control console. 
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Figure 66 
Automated Backhoe Control Assembly 

1. Crowd Lever 
2. Selector Lever 
3. Adjusting Screws 
4. Adjusting Linkage 
5. Control Cylinder 
6. Sequencing Valve 

Figure 67 
Sequencing Assembly 

BUCKET AND LIFT CONTROL CYLINDERS 

The bucket and lift, single-acting control cylinders, 
Figure 71, are attached through linkage to the bucket 
and lift control spools in the backhoe main control 
valve . Regulated oil pressure from the sequencing 
valve forces the control cylinder piston downward 
which moves the spool in the main control valve and 
pressurizes the circuit. 

SELECTOR LEVER 

The selector lever, Figure -72, located on top of the 
control console between the control levers and the ad
justing screws, is attached to the shut-off valve spool 
linkage in the sequencing valve assembly . 
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Figure 68 
Oil Pressure Regulating Valve 

1. Valve Body 9. Spring 
2. Cap 10. Slotted Plug 
3. Shims 11. O-Ring 
4. Bushing Spring 12. Seat 
5. Bushing Assembly 13. O-Rings 
6. Plunger 14. Plunger 
7. Spring 15. Valve and Ball Assembly 
8. Detent Plug 

1. Snap Ring 
2. Valve Spool 
3. O-Ring Seal 
4. Valve Body 
5. Slotted Cap 
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Figure 69 
Shut-Off Valve 
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Figure 70 
Bucket and Lift Sequencing Valve Spools 

1. Bucket Valve Spool 
2. Lift Valve Spool 

Figure 71 
Bucket and Lift Control Cylinders 

1. Bucket Control Cylinder 
2. Lift Control Cylinder 

During operation of the automatic control feature, the 
selector lever is placed in the rear position. When the 
selector lever is in the rear position, actuation of the 
crowd lever opens the shut-off valve and allows oil to 
the sequencing valve for automated operation. Con
ventional (manual) operation of the backhoe is possi
ble when the selector lever is in the forward position. 
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ADJUSTING SCREWS 

The two adjusting screws, Figure 72, located on top of 
the backhoe control console are used to adapt the 
automated backhoe to various soil conditions. The 
"bucket" adjusting screw regulates bucket dig angle 
Icurl l. The "lift" adjusting screw regulates backhoe 
lift. 

Both adjusters , in conjunction with springs, Figure 73 
regulate opening and closing of the bucket and lift se
quencing valve spools. Turning the adjusting screws 
clockwise, increases spring pressure and a greater 
amount of oil pressure is required to move the spools 
to the open position. Subsequently. fewer corrections 
occur as spring tension is increased. 

Figure 72 
Automated Backhoe Controls 

1. Selector Lever 
2. Bucket Adjusting Screw 
3. lift Adjusting Screw 

5. HYDRAULIC PUMP 

The gear type hydraulic pump is mounted in the front 
axle support and driven by a universal jointed 
driveshaft. 

The driveshaft flange bolts to the engine crankshaft 
pulley while the pump drive end has a splined coupler 
which prevents end thrust from damaging the pump. 
There are grease fittings on the pump drives haft 
universal joints. 

Three types of gear pumps have been utilized in pro
duction of the model 550/ 555. Repair procedures for 
each are essentially the same and are covered in 
Chapter 3 Section 5. 

Model 555 12-22·821 utilizes the Sperry-Vickers gear 
pump. The Sperry-Vickers pump may be used in 
previous production models of the 550 /555 without 
modifications to install . 

Model 555 14-78/2-21-821 utilized a Webster gear 
pump, Figure 74. The inlet hose clamps to a tube 
pressed into the side of the pump. 

Model 550 (75/3-781 utilized a Cesna gear pump, 
Figure 75 . The inlet hose clamps to an adapter that 
bolts onto the side of the pump as shown. 

6. MISCELLANEOUS 

Effective with 8-28-80 production, a heavier driveshaft 
with larger U-joints is· used. The heavier driveshaft 
replaced previous driveshafts without modification. 

The new driveshaft has two lube fittings 180 0 apart on 
each joint to improve access for lubrication. The 
heavier driveshafts require lubrication annually or 
every 1200 hours. 

NOTE: Previous driveshafts require lubrication at 50 
hour intervals. Use Molydidenum Disulifide lubricant 
P.N. CIAZ 19590-8. 

Figure 73 
Adjusting Screws and Springs 

1. Adjusting Screws 4. Roll Pin 
2. Outer Springs 5. Cylinder 
3. Inner Springs 
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Figure 74 
Model 555 Hydraulic Pump Installation 

(4~78/2~20~821 

1. Pump Inlet 2. Pump Outlet 3. Inlet Hose 

Figure 75 
Hydraul<c Pump Installation - Model 550 

1. Pump Inlet Adaptor 
2. Drive Shaft 
3. Inlet Adaptor Seal 
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RESERVOIR 

The hydraulic oil reservoir is located in the front shell 
above the hydraulic pump and ahead of the radiator, 
Figure 76. It has a capacity of 9.9 gal., (8.32 Imp. 
gal.-37.85 litresl. A large clean-out port is located in 
the bottom of the reservoir to provide easy access to 
and removal of any dirt which may accumulate . 

A filter screen located in the oil outlet adapter prevents 
foreign material from entering the pump. 

Oil diffuser baffles within the reservoir direct cir
culating oil to the outer walls of the reservoir to aid 
cooling and prevent vortexing. Hydraulic system oil 
level is checked with a dipstick attached to the filler 
cap. 

Model 550 Tractors (1975/9-81) incorporated a reser
voir vent and separator 1, Figure 77. 

Figure 76 
Hydraulic Oil Reservoi r and Cooler 

1. Reservoir 
2. Oil Cooler 
3. Cooler Outlet 
4. Cooler Inlet 

Oll loss through the vent system is minimized by the 
vapor separator, Figu re 79. The vapor separator is 
located on the engine air inlet stack where the incom
ing air cools the separating walls. When oil laden 
vapor contacts the separator walls , the oil condenses 
on the walls and runs down the reservoir separator 
tube to the reservoir. A tube leads from the separator 
to a bronze element breather which prevents the en
trance of foreign material into the hydraulic system 
and which allows the vapor to escape. 
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Figure 77 
Hydraulic Reservoir Vent - 550/ 555 175/ 9-81) 
1. Vapor Seperator 
2. Breather 
3. Reservoir 
4. Reservoir to seperator tube 

Effective with 10-81 production, changes in the vent 
system eliminated the external tube and breather. 
Venting was accomplished by incorporating a spacer 
onto the cover, Figure 78, which provides a space 
under the cover for venting directly to atmosphere. 
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Figure 78 
Hyraulic Reservoir Vent - 555 110-81 / -) 

1. Filter 3. Recovery Chamber 
2. Cover Assembly 

OIL COOLER 

The oi l cooler is mounted in front of the radiator. All 
the hydraulic return oil enters the cooler inlet tube, cir
cu lates through the cooler outlet tube and back to the 
reservoir. Air drawn through the cooler by the engine 
fan cools the oil, Figure 79. 

Figure 79 
Oi l Cooler Location - Model 555 

1. Oil Cooler 
2. Oil Cooler Mounting Iboth sides) 

FILTER 

Hydraulic oi l is fi ltered in a ful l flow return line filter 
mounted on the right subframe, Figure SO. A 10 
micron throw-away filter element is used to filter all oil 
returning to the reservoir. A bypass valve diverts oil 
from the filter element when over 25 psi 11. 72 bar) dif
ferential pressure is required to force oil through the 
element . An anti -syphon valve mounted on the outlet 
port of the filter body prevents reservoir oil loss when 
servicing the filter. 

HOSES 

All hyd raul ic hoses are of two spiral wire on wi re braid 
type and having fittings w ith 37 ° flares. 

TUBES 

Steel tubes w ith 37 ° flares fittings are used in ali loca
tions. 
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Figure 80 
Hydraulic Oil Filter 

1. Inlet Tube 
2. Filter Body Bolts 
3. Filter Body 
4. Outlet Tube 
5. Filter Element 
6. Anti-Syphon Valve 
7. Filter Head 
8. Filter Mounting Bolts 
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1. GENERAL 

This chapter outlines removal and installation pro
cedures for components of the loader and backhoe. 
Cylinder, hose and tube replacement requires no 
special procedures. 

Performance of pressure checks will improve 
diagnosis of service problems . Refer to Chapter 4, 
" Troubleshooting " for further information . 

CA UTI 0 N: When remo ving or installing 
snap rings for cylinder or structural 
member removal and installation, shield 
the snap ring with a gloved hand or rag 
to protect your fa"ce and eyes should the 
snap ring "fly off" the end of the pliers. 

Cleanliness is of the utmost importance when servic
ing hydraulic system components. 

Always clean fittings with a suitable solvent and air dry 
before uncoupling them. Plug all open fittings and 
ports to prevent the entry of foreign matter into the 
hydraulic system. 

Certain repairs and adjustments can be performed 
without complete disassembly of the component. 
Since the repair procedures describe disassembly, use 
only those steps applicable to the specific repair to be 
performed. 

2. LOADER BUCKET 

REMOVAL 

Place the bucket on the ground with the open side 
down (full dump positionl, Figure 81. 

Remove the bolts from the bucket pivot pins. Use a 
brass drift and hammer and remove the bucket links 
pivot pins from the bucket. 
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NOTE: Fully retract the bucket cylinder rods (2), 
Figure 81, before removing the 11ft arm-bucket pivot 
pins. The links (6J, may catch beneath the lift arms and 
damage the bucket cylinder rods and linkage if 
retracted after removal of the lift arm-bucket pivot 
pins. 

Figure 81 
Bucket Pivot Pins 

1. Idler Link 
2. Bucket Cylinder Rod 
3. Bucket Level Indicator Rod 
4. Bucket Pivot Pins 
5. Bucket Pivot Bolts 
6. Bucket Links 

INSTALLATION 
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1. Position the tractor and bucket on a flat surtace. 

2. Position the bucket on its upper and lower lips so 
that the pivot points are up and the lower pivot 
point is toward the loader arms, Figure 82. 

3. Examine the bushings in the loader arms, bucket 
links and bucket for foreign material (dirt) and 
clean as necessary . 

4. Raise the loader arms nearly to the top of the 
bucket and push the bucket into line with the 
loader arms. 

5. Raise the loader arms above the bucket, then 
position the loader over the bucket and lower the 
arms into alignment with the lower pivot points 
on the bucket. Install the pivot pins (4), and pin 
retaining bolts (5) , Figure B1 . 

Figure 82 
Loader Bucket Installation Position 

1. Bucket 
2. Pivot Plate 
3. Compensating Link 
4. Bucket Cylinder 

6. Extend the bucket cylinder rods until the links 
line up with the upper bracket pivot points. In
stall the pivot pins and pin retaining bolts. 

7. Lubricate the attaching points. 

3. LOADER LIFT ARMS 

REMOVAL 

1. Remove the loader bucket as described in sec
tion 2. 

2. Remove the hood retaining bolts and lift the 
hood off over the muffler. 

3. Loosen the muHler clamp nuts and the muHler 
clamp, then lift the muffler from the exhaust 
manifold. 

4. Remove the three snap rings and washers from 
the pivot plate pins and remove the outer link 
pivot plates, Figure ~2. 

5. Disconnect the hoses to the bucket cylinders. 
Remove the loader bucket idler links and remove 
the bucket cylinders. 
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6. Remove the compensating links trunnion pin 
Quter bolts and washers. 

7. Pull the compensating link from the loader 
assembly. 

8. Remove the lift cylinder pin bolts and remove the 
pins from the loader liftarms. 

9. Tie the lift cylinders to the loader arms with rope, 
then retract the cylinders until they clear the 
loader arms. 

10. Remove the lift cylinder pin from the loader sub
frame and remove the cylinders. 

11. Fasten chains to the loader arms at the balance 
point as shown in Figure 83. Take the weight of 
the loader arms on the chain. 

Figure 83 
Removing Loader Lift Arms 

1. Chain Hoist 
2. Loader Lift Arms 

12. Remove the loader arm pivot pins using a spacer, 
washer and bolt as shown in Figure 84, after 
removing the inner securing pin bolt and washer. 
If the pin does not loosen easily strike the puller 
bolt head with a hammer. 

13. Pull the pins from the loader arms and remove 
the loader arm assembly to the front of the vehi· 
cle . 

Figure 84 
Loader Pivot Pin Removal 

1. Spacer 
2. Washer 
3. Bolt 
4. Loader Arms 
5. Loader Sub-frame 
6. Securing Bolt 

INSTALLATION 

1. Fasten chains to the loader lift arms, Figure 83. 

2. Position the loader lift arms on the subframes 
and install the lift arm pivot pins, retaining 
washer and securing bolt. 

3. Install the outer pin washers and bolts. Tighten 
the bolts to the value specified - see Specifica
tions, Chapter 6. 

4. Tighten the pin securing bolts while hitting the 
outer end of the pin with a suitable large ham
r.ler. Continue this procedure until at the 
specified torque, - see Specifications. Chapter 
6. The bolt no longer rotates. 

5. Support the lift cylinders and extend the lift 
cylinders until the rod ends enter the pockets in 
the Iih arms. 

6. Align the rod and loader pivot holes and install 
the pivot pins. Install the pin retaining bolts and 
remove the lifting chains. 
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7. Position the compensating links on the loader 
arm bell·cranks and loader subframe pivot pins. 
Install the bucket cylinders and bucket idler links. 
Reconnect the bucket cylinder hoses. 

8. Install the outer pivot plates and secure with the 
snap rings. Install the compensating link to 
loader subframe pivot pin, securing washers and 
bolts. Tighten the bolts to the specified torque -
see Specifications, Chapter 6. 

9. Install the muffler and clamp on the exhaust 
manifold. 

10. Install the hood and hood bolts. 

11 . Align the loader with the bucket and lower the 
loader arms into alignment with the bucket pivot 
holes, Figure 81. Install the bucket pins and pin 
bolts. 

12. Extend the bucket cylinders until the bucket links 
align w ith the bucket pivot holes and install the 
pins and pin securing bolts. 

4. BACKHOE AND COUNTERWEIGHT 
REMOVAL AND INSTALLATION 

The tractor is equipped with -either a backhoe or a 4000 
Ibs. counterweight kit. If either the backhoe or 
counterweight kit must be removed or installed , use 
the following procedure: 

WARNING : 00 not operate the Ford 
5501555 Loader unless either a backhoe 
or the counterweight kit is installed. The 
Ford 5501555 is unstable for loader 
operation unless counterweighted with 
a backhoe or the counterweight kit. 

BACKHOE REMOVAL - 550 AND 555. 

1. Position the vehicle on a flat surface where the 
backhoe will be stored or repaired. 

2. Open the cab rear w indow and secure the win
dow in the open storage position, Figure 85. 

3. Remove the cab lower panels (1, 2 and 3), Figure 
86. The panels are secur.ed to the cab with bolts. 

4. Lift up the floor mat from behind the operators 
seat. 
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Figure 85 
Rear Window 

ISolid Lines - Open Positionl 
(Dotted lines - Closed Position) 

1. Rear Window 
2. Rear Window Latch 
3. Cab 
4. Window Control Handle 
5. Window Storage Latch 

Figure 86 
Cab Gear Lower Panels - 1555 shown) 

1. Left Lower Panel 
2. Middle Lower Panel 
3. Right Lower Panel 
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5. Remove the access panel from between the cab 
floor and backhoe deck, Figures 87 and 88. 

6. Lower the backhoe stabilizers until they take the 
backhoe weight. Then place the bucket on the 
ground with the dipstick vertical to the ground as 
shown in Figure 89. 

.~ .. 
• 

,.. . 

. .~ . 
Figure 87 

Backhoe Clamp Nuts & Access Panel (5501 
1. Floor 
2. Access Panel 
3. Upper Backhoe Hook 
4. Lower Backhoe Hook Bolt Nut 
5. Backhoe Deck 

Figure 88 
Backhoe Center Attaching Bolts (5551 

1. Access Panel Removed 
2. Two Center Attaching Bolts 

1. 800m 

Figure 89 
Backhoe Removed 

2. Control Levers 
3. Dipstick 
4. Bucket 
5. Stabilizer 
6. Blocking 
7. Frame 

MODEL 555: 

1. Use the stabilizers and boom as required to posi
tion the backhoe until the attaching bolts can be 
readily removed. Remove the backhoe attaching 
bolts, Figure 90. 

2. Pull the tractor ahead for access to the hydraulic 
hoses (4, 5 and 61, Figure 91. 

3. Place a stand or other suitable support (6) under 
the backhoe frame for stability during storage, 
Figure 89. 

CAUTION: Stretching the hoses (4, 5 
and 5), Figure 91, when separating the 
tractor from the backhoe may damage 
the hoses and cause personal JiljUry. 
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Figure 90 
555 Backhoe Outside Attaching Bolts 

1. Attaching Bolts 
2. Shims 

4. Move each contol lever to relieve any pressure 
which may be in the backhoe circuits (engine 
stopped). A llow the frame (7), Figure 89, to set
tie onto the support (6) and relieve the stabilizer 
cylinders of pressure. 

NOTE: DO NOT START THE ENGINE UNTIL 
STEPS 5-7 HAVE BEEN COMPLETED. The 
hydraulic circuits are open and oil loss will result 
if tfle engine is started. 

5. Disconnect the large diameter (low pressure) 
hose (6) from the t ractor fitting , Figure 91. Cap 
the fitting. 

6. Using the plug fitting from the tool box, plug the 
low pressure tube (7), Figure 92, on the tractor. 

7. Detach one of the two hoses (4 or 5) , Figure 91 , at 
the tractor fitting and the remaining hose at the 
backhoe fitting. Attach each hose to the open 
fitting on the component to which that hose is 
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Figu re 91 
555 Backhoe Removal 

1. Upper Backhoe Attaching Bracket 
2. Lower Backhoe Attaching Bracket 
3. Backhoe 
4. Power Beyond Hose 
5. High Pressure (Pump Supply) Hose 
6. Return to Sump 

attached. This will complete the hydraulic cir
cuits and prevent entrance cf dirt and oil loss, 
Figures 92 and 93. Be certain to install the hoses 
w ith no twists or kinks . The tractor engine may 
now be started and operated. 

M ODEl 550: 

CAUTION: Failure to properly complete 
the d rcuits wI/I result in severe vehicle 
damage and possible personal injury. 

1. Loosen the backhoe .retaining hook nuts, Figure 
94. 

2. Extend the boom lift cy linder to force the bottom 
of the backhoe out of the lower retaining hooks. 
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Figure 92 
555 Tractor Backhoe Hoses and Tubes 

Tractor-Loader Position 
1. Upper Inside Attaching Bolt Holes 
2. Locating Dowels 
3. Upper Outside Attaching Bolt Holes 
4. Lower Outside Attaching Bolt Holes 
5. High Pressure Fitting 
6. Power Beyond Fitting 
7. Return Sump Line 

Figure 93 
555 Backhoe Hoses - Storage Position 

1. Dowel Locating Holes 
2. Upper Inside Attaching Bolt Holes 
3. Upper Outside Attaching Bolt Holes 
4. Lower Outside Attaching Bolt Holes 
5. High Pressure Fitting 
6. Power Beyond Fitting 
7. Return Sump Hose 

Figure 94 
Backhoe Clamp Nuts & Access Panel 

1. Floor 
2. Access Panel 
3. Upper Backhoe Hook 
4. Lower Backhoe Hook Bolt Nut 
5. Backhoe Deck 

3. Use the stabilizers to lower the backhoe from the 
upper retaining hooks. 

4. Pull the tractor ahead for access to the hydraulic 
hoses, Figure 95. 

5. Place stands or other suitable support under the 
backhoe frame to prevent it overturning, Figure 
96. 

IMPORTANT: Stretching the hoses, Figure 95, 
when pulling the unit from the backhoe may 
damage the hoses and l or rubes. 

6. With the engine stopped move each control 
valve lever to relieve any pressure which may be 
in the backhoe cylinders. Allow the backhoe 
frame, Figure 96, to seJtle onto the supports, and 
relieve the stabilizer cylinders of pressure. 

7. Disconnect the large diameter (low pressure) 
hose, Figure 95, from the tractor fitting. 
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Figure 95 
Backh oe Rem ov al 

1. Pump Supply Hose 
2. Return to Reservoir Hose 
3. Power Beyond Hose to Loader Control Valve 
4. Upper Backhoe Retainiflg Hooks 
5. Lower Backhoe Retaining Hooks 

8. Detach, one of the two pressure hoses, Figure 
95, at the tractor fitting and the remaining hose 
at the backhoe fitting. Attach each hose to the 
open fitting on t he component to whir,~ I that 
hose is attached . This will complete tht. '! r~ulic 
circuits, prevent entrance of dlr ant im:s. 
Figures 97 and 98. 8e certain to instaP ~I(.;SOS 

with no twists o r kinks . 

9. Install the plug on the low press· e " +:'a 
unit, Figure 98. The engine ma~: '1m" ~:::.d 

since all the hydraulic circuits are co .. 

A 
CAUTION: Failure to proDer!) co,'np!ete 
the circuits will result in severe vehicle 
damage and possible personal injury. 
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Figure 96 
Back h oe Storage Pos ition 

1. Boom 4. Stabil izer 
2. Main Frame 5. Dipstick 
3. Support Blocks 

Figure 97 
Backhoe Hoses - Storage Fosition 

1. Uppe, Backhoe Attaching Point 
2. Pump Pressure (Valve Inletl Fitting 
.:0. Low Pressure Hose Storage Fitting 
4. Power Beyond (Valve Outletl Fitting 
5. High Pressure Hose 
6. Lower Bracket Attaching ~Iook 
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Figure 98 
Backhoe Hoses - Storage Position on Unit 
1. Power Beyond Tube 
2. Looped High Pressure Hose 
3. Plug on Low Pressure Return Tube 

BACKHOE INSTALLATION 

Model 555 

NOTE: DO NOT START THE ENGINE UNTIL STEPS 
1-6 HAVE BEEN COMPLETED. The hydraulic circuits 
are open and oil loss will result If the engine is started. 

1. Position the tractor-loader to the backhoe so the 
subframe is aligned and the hydraulic hoses can 
reach their respective tubes. 

2. Relieve the hydraulic pressure by actuating the 
loader control lever (engine off) in a circular mo
tion . 

3. Connect the high pressure (pump supply) hose 
(5) and power beyond hose (4) as illustrated in 
Figure 91. Both hoses (4 and 5) are for high 
pressure oil and can be interchanged. but they 
must be connected as shown to complete the 
hydraulic circuits. 

4. Uncap the low pressure hose on the backhoe 
and store the cap. 

5. Unplug the low pressure tube (7) , Figure 92, on 
the tractor and store the plug in the tractor tool 
box. 

6. Connect the low pressure hose (6), Figure 91 , to 
the low pressure tube as shown. 

IMPORTANT: Be certain that the hoses are 
routed as shown in Figure 91, and free from 
twists or kinks before continuing. 

7. Start the engine and back the tractor towards 
the backhoe. 

8. Using the stabilizer and boom, align the backhoe 
frame attaching bolt holes and dowel locating 
holes. 

9. Install the eight mounting bolts that secure the 
tractor and backhoe together. Reinforcing plates 
are positioned next to the slotted holes in addi· 
tion to the flat washers that are used with all at· 
taching bolts . 

10. Torque all bolts to a run in torque of 148-250 Ibs. 
ft . (200-340 Nm) as per torque sequence chart. 

11. Measure subframe to backhoe attachment gap 
at four places (A, C, F and H), Figure 99. 

c 

o 

--"*,,'Clo--A 

H 

Figure 99 
Torque Sequence (555) 

E 

12. If the gap is less than 1/8 inch (3.0 mm) no shims 
are required. Torque bolts to 435-535 Ibs. ft. 
(590-725 Nml. 

13. If the gap is more than 1/8 inch (3.0 mm) shim as 
needed, but do not shim more than 23/64 inch 
(9.0 mm). Torque bolts to specifications men
mentioned in Step 12. 
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14. Intall the backhoe service access panels (1), 
Figure 88. 

CAB UNITS ONLY 

15. Install the lower side panels It and 3), Figure 86, 
and bolts finger tight. 

16. Install the rear panel (2)' Figure 86, and bolts. 
Tighten all the bolts. 

17. Position the seals and mat. 

Model 550 

NOTE: DO NOT START THE ENGINE UNTIL STEPS 
/-4 HA VE BEEN COMPLETED. The hydraulic circuits 
are open and oil loss will result if the engine is started. 

1. W ith the unit positioned immediately ahead of 
the backhoe and aligned with the subframe, stop 
the engine and remove the low pressure line 
plug, Figure 98, and disconnect the pump supply 
hose from the power beyond tube fitting. 

2 . Disconnect the power beyond hose from the 
pump supply line fitting on the backhoe valve. 

3. Connect the pump supply hose, Figure 95, to the 
pump supply fitting on the backhoe. Then con
nect the power beyond hose to the power 
beyond tube on the unit, Figure 98. 

4. Connect the low pressure hose, Figure 95, to the 
low pressure fitting on the unit. 

IMPORTANT: Be certain that the hoses are 
routed as shown in Figure 95 and free from 
twists or kinks before continuing. 

5. Start the engine and back the unit as close to the 
backhoe as possible w ithout fouling the 
backhoe. Place the transmission in neutral and 
apply the parking brake. 

6. Use the stabilizers and boom to place the 
backhoe frame pins into the lower backhoe re
taining hooks. Align the upper pins with the up
per hooks and raise the backhoe into the upper 
hooks. 

7. Tighten the backhoe securing hook nuts to 440 

lb. ft. 160.9 kgm) torque. 
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8. Install the backhoe access panel between the 
backhoe and cab floor. Cylce the backhoe 
several times to purge the system of air. 

9. Install the cab rear panels, lightly tighten the 
bolts. Position the seals and floor mat and 
tighten all bolts. 

COUNTERWEIGHT KIT 

A Ford 550/ 555 used for loading work which is not 
equipped with a backhoe must be equipped with a 
counterweight kit. The four 1000 pound 1454 kg) cast 
iron weights of the kit attach to the same place the 
backhoe normally attaches. The weights are bolted 
together and may be removed one segment at a time 
using the following procedure: 

Model 555: 

REMOVAL 

1. Attach a suitable hoist to the weight, Figure 100, 
which is furthest rearward. Remove the weights 
in sequence from each other one at a time re
attaching the hoist before removal of each sec
t ion. 

Figure 100 
Model 555 Counterweight 

2. After attaching the~ hoist to the last weight, 
loosen the bolts 11, 3, and 4), Figure 92, freeing 
the last counterweight. Lower the weight to 
clear the upper attaching points and when the 

weight is free, lower it to the floor. 
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INSTALLATION 

NOTE: Installaaon of the counterweights consists of a 
reversal in the preceding removal instructions. Tighten 
the bolts 11, 3, and 4), Figure 92, to 435-535 Ibs. ft. 
1590.0-725.0 Nmi. 

Model 550: 

REMOVAL 

1. Attach suitable lifting equipment to the rear 
weight. Remove the weights in sequence from 
each other one at at time re~attaching the hoist 
before removal of each section. 

2. After attaching the lifting equipment to the last 
weight. loosen the backhoe securing hook nuts, 
131, Figure 101 , allowing the lower hooks to 
drop, freeing the last counterweight. Lower the 
weight to clear the upper attaching points and 
when the weight is free, lower it to the floor. 

Figure 101 
Model 550 Counterweight 

1. Upper Backhoe Hook 
2. Lower Backhoe Hook 
3. Securing Hook Nut 

INSTALLATION 

NOTE: Installation of the counterweights consists of a 
reversal in the preceding removal instructions. Tighten 
the backhoe secudng hook nuts and the 'weight to 
weight' securing nuts to 440 lb. -ft. 160.9 kgm) torque. 

REMOVAL 

WARNING: Do not use the Ford 
5501555 unless the backhoe or 
counterweight kit is installed on the 
machine. 

5. SUBRAME 

1. Remove the loader lift arms as described in Sec
tion 3. 

2. Remove the cab or deck as described in Part 11. 

3. If the vehicle is equipped with the counterweight 
kit or backhoe, remove it as described in Section 
4. 

4. Right Subframe Only - Remove the loader valve 
and hydraulic filter mounting bolts. See Sections 
6 and 12. 

Left Subframe - Model 550 only. Disconnect the 
battery and voltage regulator wires from the subframe 
and remove the battery. 

5. Model 550 only, loosen the backhoe securing 
hook nuts and remove. 

6. Place a suitable sling in the upper pin hole and 
support the subframe, using appropriate lifting 
equipment. 

7. Remove the subframe rear axle securing bolts 
and nuts. 

8. Remove the front support bolts and blocks. 

9. Lift the subframe from the vehicle. 

INSTALLATION 

, . Attach a suitable sling to the subframe upper pin 
hole and lift the subframe into position on the 
vehicle. 
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2. Install the front support bolts and blocks and 
tighten the bolts to the specified torque - see 
Specifications, Chapter 6. 

3. Install the rear axle to subframe securing bolts 
and nuts. Tighten the bolts to the specified torque 
- see Specifications, Chapter 6. 

Model 550 Only 

4. Position the backhoe securing hook onto the 
backhoe or counterweight, install the nut and 
tighten to the specified torque - see Specifica
tions, Chapter 6. 

5. Right Subframe Only - Install the loader valve 
and hydraulic oil filter. Tighten the securing 
bolts. 
Left Subframe Only - Model 550 only. Con
nect the voltage regulator wire and install the 
battery cables and battery. 

6. Install the deck or cab as described in Part II, 
Cab Removal and Installation . 

7. Install the loader frame as described in Section 3, 
Loader Frame Installation. 

8. Fill the reservoir with the specified hydraulic oil, 
start the machine and cycle the backhoe and 
loader several times. Check and add additional 
hydraulic oil as required. 

6. LOADER CONTROL VALVE 

REMOVAL 

1. Disconnect the hydraulic filter return tube and 
allow the oil to drain. Cycle the loader control 
valve to relieve the circuits of all pressure. 

IMPORTANT: Do not operate the engine with 
the hydraulic all drained from the system. 
Damage will be caused to the pump. 

2. Remove the filter inlet tube, (6), Figure 102, and 
the pump supply tube, and expansion tube, if so 
equipped. 

3. Remove the foot throttle pad and lift the floor 
mat from the cab floor in front of the operator's 
seat. Remove the loader control valve access 
plate from the floor . 

66 

Figure 102 
loader Control Valve Installation 

1. Expansion Chamber (less cab only) 
2. Loader Tubes 
3. Loader Control Valve Return Tube 
4. Expansion Chamber to Backhoe Tube 
5. Return Oil to Filter Tube 
6. Hydraulic Filter Return Tube Fitting 

4. Disconnect the loader control lever from the 
valve spools by removing the clevis pins from the 
spools. 

5. Disconnect the loader circuit tubes, Figure 102, 
from the valve, the supply tube, and return tube. 
On units equipped with 'Return to Dig' Option, 
disconnect the electrical connection to the 
loader control valve. 

6. Remove the three valve securing bolts and 
remove the valve from beneath the vehicle . 

INSTALLATION 

1. Position the valve on the subframe and install the 
valve securing bolts. 

2. Connect the loader circuit tubes, Figure 102, the 
supply tube and return tube. 

3. Install the expansion-chamber if, so equipped, to 
the backhoe tube and connect the filter inlet 
tube, Figure 102. On units equipped with 'Return 
to Dig' Option, reconnect the electrical connec

tion to the loader control valve. 
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4. Connect the loader control lever to the valve 
spools. 

5. Start the machine and cycle the loader several 
times, then check all fittings for leaks and tighten 
as necessary. 

6. Install the valve access plate and posit ion the 
mat on the floor . 

7. Check the hydraulic oil level and add the 
specified fluid as necessary. 

7. BACKHOE MAIN CONTROL VALVE 

MAIN CONTROL VALVE 

The control valve is located directly under the control 
tower and is mounted on a bracket which also sup~ 

ports the control levers and linkage. 

Before removing control valve, it is recommended that 
the hoses be tagged and identified before being 
disconnected. Pay particu lar attention to hose routing . 
The va lve body and surrounding area should also be 
cleaned with a suitable solvent to remove accumu lated 
di rt and oil before removing the valve assembly from 
the mainframe. 

A 
CAUTION : Make sure that the backhoe 
structural components are properly sup
ported to prevent slipping when the 
hydraulic lines and hoses are discon
nected. Remove pressure in the system 
by actuating the control levers several 
times with the engine off. 

Model 555 - Sectional Valve : 

REMOVAL 

1. Remove the knobs from ·the control levers. 
Remove the boot plate retain ing screws and lift 
the boots off the control levers. Refer to Figu.re 
103 for the two lever controls and Figure 104 for 
the four lever contro ls. 

2. EXTENDIBLE DIPSTICK MODEL: Remove the 
extendible dipstick control pedal linkage (5) from 
the pedal, Figure 103. (Pedal is removed for il
lustration I. 

Figure 103 
Two lever Control Tower and Extendible 

Dipstick Control Pedal - Pedal 
Removed for Illustration 

1. Control Tower 
2. Control Rod - Tra nsport Lock 
3. Control Lever - Transport Lock 
4. Platform 
5. Control Pedal Linkage 
6. Control Pedal Pivot Pin 

3. Disconnect 'the control rod (2), Figure 103. 

4. Remove the platform retaining bolts and lift the 
platform and control tower off the mainframe. 

5. Disconnect the pump-to·backhoe hose (4), 
Figure 105, the power beyond hose (51. and the 
oil retu rn hose (3) from the tubes and fitting. 
Plug and cap the fittings and hoses. 

NOTE : On some models, the inlet and outlet 
may use addWonal tubes rhar are secured to the 
rear of the mainfram~ as shown in Figure 106. 
Therefore, you must remove the pump-to
backhoe tube (3) and the power beyond tube (4) 
at point (6). Also remove the clamp (2) securing 
the tubes. 
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Figure 104 
Four Lever Control Tower 
Removal and Installation 

1. Boot Plates 
2. Platform 

Figure 105 
High Pressure . Power Beyond. and Oil Return 

Hose Removal 
1. Inlet Tube 
2. Power Beyond Tube 
3. Oil Return Fitting 
4. Inlet Hose 
5. Power Beyond Hose 
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Figure 106 
High Pressure . Power Beyond, and Oil Return 

Tube Removal 
1. Bracket 
2. Clamp 
3. Inlet Tu be 
4. Power Beyond Tube 
5. Oil Return Hose 

6. Starting at one side, disconnect all the hoses 
from the valve assembly. Make sure that they are 
tagged and identified to help eliminate switching 
hoses during installation , Flared tubing wrenches 
modified for the close tolerances are best suited 
for hose removal. Cap and plug all fittings and 
hoses. 

NOTE : Pay particular attention to hose routing 
so that reassembly is correct and easier. 

7. Due to the weight of the valve and control lever 
assembly, it is essential that a suitable hoist be 
used. Wrap a cha in 111 around the bracket as 
shown in Figure 107, for the two lever model, 
and Figure 108. for the four lever model, and 
secure to a hoist . 

8. Remove the three bolts retaining the bracket 12) 
to the mainframe and lift the bracket and control 
valve assembly from the mainframe. 

9. Remove the tube clamp 14). Figures 107 and 108, 
and disconnect the tubes 15 and 6) from the con
trol valve inlet and outlet end covers . 

10. Disconnect the links 13) from the valve spools by 
removing the cotter pins and clevis pins. 
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11. Remove the three bolts securing the control 
valve assembly to the bracket. 

Figure 107 
Two Lever Control Valve 
Removal and Installation 

1. Chain 
2. Control Valve Mounting Bracket 
3. Spool Links 
4. Clamp 
5. Inlet Tube 
6. Power Beyond Tube 

INSTALLATION 

1. Secure the control valve to the mounting bracket 
with the three bolts, lock washers, and nuts. 
Tighten to 55-75 Ibs. ft. 176-102 Nml . 

2. Connect the control lever links to the spools with 
the clevis pins and new cotter pins. 

3. Install the inlet tube 151 and power beyond tube 
161 to the bracket with the clamp 141 as shown in 
Figure 107 and 108. If the fittings were removed, 
install new O-rings . 

Figure 108 
Four Lever Control Valve 
Removal and Installation 

1. Chain 
2. Control Valve Mounting Bracket 
3. Spool Links 
4. Clamp 
5. Inlet Tube 
6. Power Beyond Tube 

4. Using the same chain and hoist set-up used dur
ing removal , lower the control valve, and bracket 
and lever assembly into the mainframe. Install 
the bracket retaining bolts and tighten securely. 

5. Connect the cylinder hoses to their appropriate 
ports. If the fittings were removed, install the fit
tings with new O-rings. 

6. Connect the pump-to-backhoe hose 141, Figure 
105, the power beyond hose !5J and the oil return 
hose !3) to the tubes and fittings as shown. 
Tighten securely. 

NOTE: On some tractors, the pump-to-backhoe 
and power beyond hoses may be replaced by 
tubes as shown in Figure 106. Therefore, install 
the tubes and secure to the mainframe with the 
clamp and then connect the hoses to the tubes. 
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7. Operate the backhoe through several cycles to 
purge air from the system and check for leaks . 
Operate the engine at idle speed only. 

8. Lower the platform and control tower over the 
levers and install the retaining bolts. 

9. EXTENDIB LE DIPSTI CK MODELS: Install the 
control pedal and connect the linkage to the 
pedal. 

10. Attach the control rod (ZI , Figure 103, to the 
control lever (31 . 

11 . Install the boots and retaining plates . Install the 
control lever knobs. 

1Z. Check the oil level in the reservoi r. If necessary, 
add oil. 

Model 550 : (M onoblock and Sectional 
Control Valvel 

REMOVAL 

1. Remove the control console shroud to gain ae· 
cess to the control lever linkage. 

2. Disconnect the control rod linkage at the lower 
bell crank pivot, Figure 109, by removing the six 
cotter pins and clevis pins. 

3. Starting at one side, disconnect all of the hoses, 
tubes, and f ittings f rom the valve assembly, ex
cept the return hose, Figure 110. It is suggested 
that hoses and fittings be kept intact when 
removed, and be identified to help eliminate the 
possibility of switching hoses during installation. 
Flared tubing wrenches modified for the close 
clearances are best suited for hose removal. 

4. Because of the weight of the valve body, it is 
suggested that a board or other support be used 
to support the valve assembly during removal, 
Figure 110. Remove the valve-to-mainframe 
mou nting bolts and remove the valve assembly, 
as show n, then disconnect the return hose. 
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Figure 109 
Monoblock - Control Valve Li nk age 

1. Bell Cranks 
2. Lower Bell Crank Pivot 
3. Bell Crank Retaining Snap Ring 
4. Bell Crank Shaft 

Figur!, 110 
Backhoe Control Valve Removal 

1. Backhoe Control Valve 
2. Return Hose 
3. Supporting Board 
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INSTALLA TION 

Prior to installing the main control valve on the main· 
frame, check to ensure that all components are in 
place and secured. 

1. Place the control valve body on a board or similar 
support, as used in removal. Attach the return 
hose and slide the valve into position. Secure the 
valve to the mainframe using the mounting bolts. 

2. Install the tubes and hoses to the control valve. 
Tighten each hose and tube connection securely. 
Install new O-ring seals where used. 

3. Reconnect the control rod linkage to the lower 
bell crank pivots. 

4. Replace the control console cover. 

CO MBINATION VALV E 

REM OVAL 

The combination valve is attached to the main frame 
and is located directly below the main control valve. 
The swing cylinder hoses attach to the bottom of the 
valve and the main control valve hoses attach to the 
top of the valve as shown, Figure 61 . 

1. Remove the hoses at t he combination valve con
nections. 

2. Remove the valve body by removing the two 
bolts attaching it to t he mainframe. 

INSTALLATION 

1. Reinstall the valve to the mainframe. 

2. Install the swing cylinder hoses to the bottom of 
the valve. 

3. Install the hoses from the ma in control va lve to 
t he top of t he valve and secu re each connection . 

9 . AUTO- D IG CONTROLS 

REMOVAL 

IMPORTANT: Make certain that the backhoe 
elements (bucket and stabilizers) are resting firmly on 
the ground. Relieve the pressure in the system by ac
tuating all control levers . 

1. Remove the cover from the control console by 
removing the four attaching screws. 

2. Remove the roll pin, Figure 111, from both ad
justing screws wit h a punch and hammer. T hen 
remove the adjusting screws by turn ing counter
clockwise. 

CAUTION : Care should be exercised 
when removing the spring assemblies. 

3. Remove t he inner and outer springs and spring 
seats from sequencing valve spools by slightly 
compressing the springs and sl iding t he top end 
(screw end) from the control tower. 

Figure 111 
Adjust ing Screws and Springs 

1. Adjusting Screw 
2. Outer Springs 
3. Inner Springs 
4. Rol l Pin 
5. Auto Dig Control Cylinder 
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4. Disconnect the two hoses to the control 
cylinders at the sequencing valve assembly. 

5. Disconnect the two pressure sensing tubes and 
the high and low pressure tubes, Figure 112, at 
the sequencing valve assembly. 

Figure 112 
Pressure Sensing Tubes 

1. High Pressure Tube 
2. Low Pressure Tube 
3. Pressure Sensing Tubes 

6 . Disconnect the clevis attaching the shut-off 
valve spool to the selector lever assembly by 
removing the cotter pin and clevis pin. 

7. Remove the three attaching bolts securing the 
sequencing valve assembly to the backhoe con
trol console. 

INSTALLATION 

1. Secure the sequencing valve assembly to the 
backhoe control console with the three attaching 
bolts. 

2. Connect the shut-off valve spool to the selector 
lever assembly with the clevis and clevis ' pin . 
Secure the clevis pin with a cotter pin. 

3. Attach the high and low pressure tubes, Figure 
112, to the . sequencing va lve assembly and 
tighten the fittings securely. 
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4. Connect the two hoses to the control cylinders 
and the sequencing valve assembly. 

5. Position the inner and outer spring and spring 
seats so that the lower spring seat is resting on 
the sequencing valve spool. Then , slightly com
press the spring and position to accept the ad
justing screw. 

6. Install the adjusting screws through the top of 
the backhoe control console and secure each 
w ith a roll pin. 

7. Adjust the shut-off valve spool travel as outlined 
in Chapter 4. 

8. Install the cover and secure it to the backhoe 
control tower with the four attaching screws. 

AUTO-DIG CONTROL CYLINDER 

NOTE: The bucket and lift control cylinders are 
similar, therefore, only the lift control cylinder will be 
discussed in those sections covering removal, 
disassembly, inspection, repair and re-assembly. 

REMOVAL 

1. Disconnect the hose from the control cylinder fit
ting , Figure 111. 

2. Remove the cotter pin from the upper and lower 
clevis pins, then remove the clevis pins. 

3. Remove the two socket-head screws, lock 
washers and nuts, securing the control cylinder 
to the backhoe control console, Figure 111. 

4. The control cylinder is then removed from the 
backhoe control console by moving the cylinder 
downward to allow the top clevis to clear the 
plate through which it is normally positioned. 

INSTALLATION 

1. Position the control cylinder in the control con
sole and secure the two socket head cap screws, 
washers and nuts. 

2. Connect the upper clevis to the lever and the 
lower clevis to the be11crank with clevis pins. 

3. Adjust the upper clevis to position the control 
handles evenly. Then secure the clevis pin with a 

cotter pin. 
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4. Adjust the lower clevis a outlined in Chapter 4. 

10. CYLINDERS 

Model 555: 

For the purpose of ease and cleanl iness, cylinder's 
should be removed from the backhoe for servicing. 
However, the glands on all cylinders except swing and 
extendible dipstick, may be loosened on the unit prior 
to removing the cylinder from its anchored position . 
High torques are required to secure the glands, 
therefore require considerable force to loosen. The 
cylinder anchor points, pins installed, provide a good 
anchor while the loosening force is applied on the 
gland. Since Loctite 271 is applied to the gland threads 
in production, considerable force will be required to 
loosen them from the cylinder. If difficulty is en
countered , it is suggested that a length of pipe be 
placed over the handle of the tool for added leverage. 
If difficulty is still encountered, heating the threaded 
area sl ighty, 300 0 F. (149° C.) will soften the sealant 
and assist in removal. When heat is applied , new gland 
packings. O·rings and wipers will be required. 

Procedures for the removal of each cylinder are 
basically the same, with the exception of the swing 
and extendible dipstick cylinders. Use care in the 
handling of cylinders. Secure cylinders with a sling as 
shown in Figure 113 ~uring removal and installation 
procedures. Dropping or mishandling can cause 
damage to the surface of the rod or cylinder bore. 

FORD 

Figure 113 
Removing and Installing Cylinders 

1. Sling 
2. Cylinder 

A 
CAUTION : Do not remove cylinders 
from the backhoe without first providing 
ample support and blocking for the 
structural members. 

The following chart shows which spanner wrench is 
used for removing and installing a particular cylinder 
gland, Figure 114. 

Nuday Cylinder Backhoe 
Part No. Gland Model 

Lift 15 and 14 FT. 
(4 .6 and 4.3M I 

7351 Crowd All 

Swing All 

7352 Bucket All 

7353 
Stablizers All 

Lift 12 Ft . (3.7M) 

Extendible 15 Ft. (4.6M) 7354 
Dipstick w I Extendible Dipstick 

Figure 114 
Cylinder Gland Removal and Installation 

1. Pipe 
2. Spanner Wrench 
3. Gland 

LOADER CYLINDERS 

The loader cylinder removal should take place only 
when the bucket is positioned flatly on the ground. 
Relieve all pressures by actuating the control levers. 
Disconnect the hydraulic hoses, tubes and bucket 
level indicator from the cyl inders . 
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BACKHOE CYLINDERS 

Lift, Bucket, Crowd and 
Stabilizer Cylinder Removal 

1. Release pressure in the system by actuating the 
control levers until pressure is relieved , Support 
the structural members so they wi ll be stable and 
safe to work around. 

2. Secure the cylinder with a sling as shown in 
Figure 113. 

3. Using the appropriate spanner wrench, loosen 
the gland as shown in Figure 114. 

4. Disconnect the cylinder hoses from the cylinder 
ports and cap or plug all openings . 

5. On the lift piston end bucket rod end, or both 
ends of the stabilizer cylinders, the attaching 
pins are secured with snap rings and washers. 
Using a large pair of snap rings pliers, remove the 
snap ring from one end of the attaching pin . 

6. The attaching pins of the lift rod end, bucket 
piston end, and both ends of the crowd cylinder, 
are secured with bolts. Remove the bolt securing 
the attaching pin. 

NOTE: The lift rod end and the crowd piston end 
use a common attaching point. When either 
cylinder is being removed the other cylinder must 
be securely supported. 

7. Drive the attaching pins from the cylinder using a 
brass drift and hammer. 

8. Remove the cylinder and drain the oil. 

9. Cap all hoses and cylinder ports to prevent the 
entrance of dirt 

Lift, Crowd, Bucket, and Stabilizer Cylinders In
stallation 

The cylinders mount with the cylinder tube end 
secured to the pivot point nearest the hose outlets. In
correct assembly will damage the hoses . The cylinder 
tube end should be secured first, if possible. 
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1. Using a sling and hoist, lower the cylinder into 
position, align the attaching pin holes, lubricate 
the attaching pin and the bushings and seals and 

insert the attaching pin. Be careful not to 
damage the seals. Secure the attaching pin with 
either the washer and snap ring. or the bolts and 
washers, whichever pertain to that particular pin. 

NOTE : Since the lift rod end and the crowd 
piston end are secured with the same attaching 
pin, both cylinders must be supported during pin 
installa tion. 

2. Attach the cylinder hoses to the hose ports and 
tighten securely. Be sure there are no twists in 
the hoses and check for proper routing . Twists 
and improper routing will shorten hose life con
siderably. 

3. Replenish oil in the reservoir that has been lost 
during cylinder removal. Start the engine and 
operate at idle . Actuate the control levers to 
purge air from the system. 

4. Check and replenish the reservoir oil after air has 
been purged from the system. 

5. Operate the control lever of the repaired cylinder 
through several cycles to determine if the 
cylinder is functioning properly. Inspect for leaks 
at tubing and hose connections and at the 
cylinder gland. Correct if necessary. 

Swing Cylinder Removal 

Model 555 : 

1. Actuate the control levers to relieve accumulated 
pressure. 

2. Disconnect the swing cylinder hose from the rod 
end of the swing cylinder. Disconnect both 
hoses at the piston end. 

3. Remove the cotter pins securing the retainer and 
rod attaching pin, Figure 115. 

4. Remove the six bolts (3), Figure 116, securing 
the reta iner and bushing assembly (2) . Remove 
the assembly from the mainframe. 

5. Using a hydraulic jack (4) , Figure 117, and a deep 
well socket (2) positioned under the swing 
cylinder trunnion, jack the cylinder out of the 
mainframe. It may be necessary to rock the 
cylinder slightly to relieve binding as the cylinder 
is being removed . 
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Figure 115 
Swing Cylinder and Post Attac hing Points 

1. Upper Swing Post Pivot Pin Bolt 
2. Retainer 
3. Cotter Pin 
4 . Lower Swing Post Pivot Pin Bolts 
5. Pin 
6. Swing Cylinder Rods 

6. Remove the cyli nder from the mainframe and 
drain the oi l. 

CAUTION: The swing cylinder is heavy. 
Ask someone for assistance or use a 
hoist when removing the cylinder from 
(he mainframe. 

7. Cap or plug all hoses and ports . 

INSTALLATION 

Model 555: 

1. Be sure the gland nut is tightened to 550 ± 60 
Ibs. ft. 1750 ± 80 Nml. 

2. Position the cyl inder in the mainframe. The rod 
end hose connection shou ld be facing outwards, 
or towards its respective side of the mainframe. 
Lubricate both trunnions and their seals. 

3. Guide the lower trunnion into its bore in the 
mainframe. 

~~'l l, 
---- -

Figure 116 
Swing Cylinder Retainer Removed 

1. Upper Swing Cylinder Trunnions 
2 . Retainer 
3. Retainer Securing Bolts 
4. Nut Bars 

..\ 
--_ I --' 

Figure 117 
Removing Swing Cylinder 

1. Swing Cylinder 3. Trunnion Retainers 
2. Deep Well Socket 4. Jack 
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4. Place the upper bearing and retainer assembly 
121, Figure 116, on the top trunnion 111. Do not 
force the retainer on the trunnions. If binding ex· 
i5t5, determine the cause and correct. 

5 . Install the six retainer securing bolts, lock 
washers, and two threaded bars. Tighten 
250-305Ibs. ft . 1340-415 Nml. Move the cylinder 
back and forth to check for a binding condition. 
Correct if necessary by loosening the retaining 
bolts, repositioning the retainer, then retighten
ing the retaining bolts. 

6. Secure the cylinder rod to the swing post, Figure 
115. 

CAUTION: Do not actuate the swing 
cyhnders when not securely attached to 
the swing post and/ or mainframe. 

7. Connect the cross-over hoses at the piston end 
of the cylinder. The upper hose connection on 
one cylinder feeds the upper hose connection on 
the other cylinder, likewise the lower connec
tions feed each other . 

8. Replenish the hydrau lic oil in the reservoir lost 
during cylinder removal. 

9. Start the engine and operate at idel. Actuate the 
swing control lever to purge air from the system. 
Check for leaks and correct if leaking. 

SWING CYLINDER REMOVAL 

Model 550: 

For removal of the swing cylinders, the boom should 
be positioned directly in line with the unit. 

,. Actuate the control levers to relieve accumulated 
pressure. 

2. Disconnect the swing cylinder hoses from the 
control valve. 

3. Remove the securing pins, and chain linkage 
from the rod end of the cylinders, Figure 118, 
and disconnect the breather hose . 

4. Remove the cylinders from the rear of the main 
frame and drain the oil. 
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5. Remove the hoses from the cylinders and cap 
the open ports. 

Figure 118 
Center Pivot Backhoe Swing Cylinder 

1. Swing Cylinder Rod 3. Swing Post 
2. Swing Chain linkage 

INSTALLATION 

Model 550 

1. Attach tho hose with the end having the O-ring 
seal to the swing cylinder hose port . 

2. Install the cylinder through the rear of the 
backhoe mainframe. Guide each cylinder rod 
through the holes in the mainframe so the pack
ing nuts are seated in their respective recess. 
Each cylinder is retained in this posi tion w hen 
the swing chains are attached and the cylinders 
are pressurized . 

3 . Install the cross over hose between the 
swing cylinders and clamp the hose securely. 

IMPORTANT: Improperly positioned cylinders 
will restrict boom movement and affect the 
operation of the boom through its entire swing. 

4. Secure the pin in the chain linkage and cylinder 
rod end. 

CAUTION : Do not actuate the swing 
cylinders with the chain unhooked. 
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5. Actuate the swing cylinder control lever to purge 
air from the system, and check to see that the 
rod packing nut is seated in the guide of the 
mainframe. 

6. Check the system oil level and replenish oil lost 
during cylinder removal and repair. 

7. Operate the backhoe through several swing 
cycles to determine if the repaired cylinder is 
functioning correctly. 

Extendible Dipstick Cylinder 
Removal 

The extendible dipstick cylinder is enclosed in the 
telescoping dipstick. For easier cylinder replacement, 
it is suggested that the dipstick be disconnected from 
the boom. Make certain that the backhoe structural 
members are supported before disconnecting 
hydraulic lines. 

1. It is recommended that the dipstick assembly be 
removed from the backhoe before removing the 
cylinder. 

2. Loosen the external wear plate nuts (2), Figure 
119, from both sides of the dipstick and remove 
the wear plates 131. 

3. Remove the snap rings and washers and drive 
out the cylinder attaching pins 15 and 61. Figure 
120. 

Figure 119 
Extendible Dipstick. External Wear Plate 

Removal and Installation 
1. Bar 3. External Wear Plate lOne of Two) 
2. Nuts 4. Telescoping Section 

4. Pull the extendible dipstick apart to remove the 
cylinder. Take care not to damage the cylinder 
tubes or hoses. 

NOTE: The rod end attaching pin also secures 
the bucket idler links. Make a note of their posi
tion . 

Figure 120 
Extendible Dipstick Disassembly and 

Cylinder Removal 
1. Transport Pin - Installed 
2. Bucket Cylinder 
3. Bucket Link 
4. Idler Links 
5. Cylinder Attaching Pin 
6. Idler Links and Cylinder Attaching Pin 
7. Bushings and Seals 

Extendible Dipstick Cylinder Instaliation 

1. Place the rod end of the cylinder into the 
telescoping section of the dipstick. 

2. Lubricate the attaching pin and align the pivot 
holes and instali the attaching pin 161. Figure 120, 
and bucket idler links (4). Secure with the 
washers and snap rings. 

3. Instali the internal section of the dipstick over the 
cylinder and into the telescoping section. 

n 
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NOTE : Make certain that the cylinder ports and 
tube are positioned on the side which would be 
closest to the operator during operation. 

4. Align the pivot holes and install the attaching pin 
(5), Figure 120, washers , and snap rings. 

5. Install the external wear plates (3), Figure 119, 
and secure with the attaching nuts (2). Tighten 
15·20 Ibs. ft . 120-27 Nml. 

11. HYDRAULIC PUMP 

REMOVAL 

1. Remove the radiator grill securing bolts and 
remove the grill. 

2. Loosen the filter outlet tube at the filter and drain 
the reservoir into a suitable container, Figure 80. 

IMPORTANT: Do not operate the engine with 
the hydraulic reservoir drained o therwise 
damage to the pump w ill result. 

3. Model 550 only: Loosen the cooler lock nuts, and 
tip the cooler forward to gain access to the 
pump. See Figure 76. 

4. Remove the air baffle from within the radiator 
shell. 

5. Clean the area around the pump with a suitable 
solvent, then dry the area with compressed air. 

6. Cycle the loader and backhoe control valve Is) to 
relieve the system of all pressure. 

7. Remove the pump outlet tube fitting bolts and 
disconnect the pump outlet tube. 

8. Loosen the inlet hose clamps and disconnect the 
hose from the pump. 

9. Remove the pump securing bolts , Figures 121 
and 122, and lift the pump f rom the unit. 

10. Plug all open lines and ports to prevent the entry 
of foreign material. 
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INSTALLATION 

NOTE : See Chapter I "Miscellaneous" S ection 6 for 
use of Heavy Duty drive shaft. 

1. Position the pump on the drive shaft and mount 
ing flange, then install the pump securing bolts, 
Figures 121 and 122. 

Figure 121 
Hydrau li c Pump 

1. Outlet Tube 
2. Inlet Tube 
3. Secu ring Bolt 
4. Air Baffle 

Figure 122 
Hydraulic Pump and Drive 

1. Hydraulic Pump 
2. Drive Shaft Flange Securing Bolt 
3. Drive Shaft 
4. Pump Securing Bolt 
5. Pump Intake Hose 
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2. Connect the pump outlet tube and install the fit
ting bolts. 

3. Install the inlet hose on the pump and t ighten the 
hose clamps. 

4. Install the air baffle . 

5. Fill the reservoir with the specified hydraulic 
fluid, start the engine and allow the unit to idle 
for several minutes. Check and top up the reser
voir oil level as necessary. 

6. Check the oil cooler and radiator for any oil con
tamination and remove any oil with a suitable 
solvent. Oil will catch dirt and plug the cooler 
and l or radiator fins. Plugged fins will cause 
overheating. 

7. Position the cooler and tighten the locknuts. 
(Model 550 only) 

B. Install the grill and bolts . 

12. MISCELLANEOUS COMPONENT 
REMOVAL AND INSTALLATION 

RESERVOIR 

REMOVAL 

1. Remove the grill securing the bolts and remove 
the grill. 

2. Drain the reservoir by loosening the filter outlet 
tube fitting, Figure 80. 

Model 550 only : 

3. Loosen the oil cooler locknuts, Figure 76, and tip 
the cooler forward. 

4. Loosen the hose clamps and disconnect the 
pump inlet hose, Figure 123, from the reservoir 
flange. 

5. Disconnect the reservoir return tube from the 
reservoir . 

6. Support the reservoir and remove the reservoir 
support bolts, Figure 123, from the front shell. 

Figure 123 
Reservoir Removal 

1. Breather Nipple 
2. Reservoir 
3. Reservoir Inlet Hose 
4. Reservoir Support Bolt Location 
5. Reservoir Inlet Tube 
6. Reservoir Outlet Flange 
7. Reservoir - Pump Hose 

7. Remove the reservoir down and to the front of 
the machine. If fitted, disconnect the breather 
hose from the reservoir vent pipe after lowering 
the reservoir. 

8. Plug all openings to prevent the entrance of 
foreign matter. 

INSTALLATION 

1. Position the reservoir in the front shell and install 
the reservoir bracket bolts, Figure 123. 

2. Connect the breather hose to the reservoir vent 
pipe, if fitted, Figure 77 or 7B. 
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3. Remove the plugs and connect the reservoir 
retu rn tube and pump inlet hose to the reservoir. 
Tighten the clamps and fittings. 

4. Tighten the filter outlet fittings. 

5. Fill the reservoir with the specified hydraulic oil, 
see Specifications, Chapter 6. 

6. Examine the oil cooler and radiator for oil con
tamination and remove any such contaminants 
with a suitable solvent. Oil on the cooler and / or 
radiator fins will catch dirt and plug the radiator 
fins ; plugged fins will cause overheating . 

7. Position the cooler and tighten the locknuts, 
Model 550 only. 

8. Install the grill and bolts. 

9. Start and idle the engine for several minutes. 
Check and add hydraulic oil as required . 

OIL COOLER 

REMOVAL 

1. Remove the radiator grill securing bolts and grill. 

2. Disconnect the filter outlet fitting, Figure 80, and 
drain the reservoir. 

3. Disconnect the cooler inlet and outlet tubes. 

4. Model 550: Remove the cooler bracket bolts and 
lift the cooler from the unit. 

Model 555: Remove the cooler to radiator shell 
mounting bolts and remove the cooler from the 
unit. 

5. Plug all ports and fittings to prevent the entry of 
foreign matter into the hydraulic system. 

INSTALLATION 

1. Reinstall the cooler in reverse order of removal. 
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NOTE: On the model 550, position the cooler so 
that the port marked INLET in on the right hand 
side of the unit. 

2. Connect the inlet and outlet tubes to the cooler 
ports. 

3. Connect the filter outlet tube to the filter outlet 
port. 

4. Install the grill and bolts. 

5. Fill the reservoir and idle the engine for several 
minutes, then check and add hydraulic oil as re
quired. 

FILTER 

REMOVAL 

1. Disconnect the filter inlet tube, Figure 80, and 
outlet tube from the filter . 

NOTE: The reservoir will drain when the fHter 
outlet tube is disconnected. 

2. Remove the filter securing bolts and lift the filter 
from the subframe bracket . 

INSTALLATION 

1. Position the filter on the subframe and install the 
filter securing bolts . 

2. Connect the fi lter inlet and outlet tubes . Tighten 
the fittings. 

3. Fill the reservoir with the specif ied hydraulic oil, 
start and idle the engine for several minutes, 
then check and add o il as needed . 

HYDRAULIC PUMP DRIVESHAFT 

REMOVAL 

1. Remove the grill and bolts. 

Model 550: 

2. Loosen the cooler lock nuts, and tip the cooler 
forward to gain access to the pump driveshaft. 

3. Remove the air baffle . 

4. Remove the driveshaft flange securing bolts, 
Figure 122, move the rear of the driveshaft to the 
side and pull the front of the shaft from the 
pump. 
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INSTALLATION 

1. Position the driveshaft on the pump and slide the 
rear of the shaft into alignment with the engine 
mounting holes, Figure 122. 

2. Install the driveshaft flange secu ring bolts. 

3. Install the air baffle. 

Model 550: 

4. Position the cooler against the reservoir and 
tighten the locknuts. 

5. Install the grill. 

LOADER HOSES AND TUBES 

Routing of the loader hoses and tubes is shown in 
Figures 124 and 125. All the hoses and tubes may be 
serviced without disassembling the machine except for 
the loader bucket cylinder piston end tube, attached to 
the left subframe. Removal of the tube can be ac
complished only after removal of the cab or deck as 
outlined in Part 11. Access panels in the floor of the 
deck or cab can be removed for access to all other 
hoses and tubes. 

Figure 124 
Loader Tube Locations 

1. Bucket Cylinder Rod End Tube' 
2. Right Hand Lift Cylinder Tubes 
3. Loader Control Valve 
4. Left Hand Lift Cylinder Tubes 
5. Bucket Cylinder Piston End Tube 

13. BACKHOE BUCKET 

REMOVAL 

The bucket is secured to the dipstick and bucket link 
by two attaching pins , Figure 126. 

Figure 125 
Loader Bucket Cylinder Tube Locations 

1. Bucket Cylinder Piston End Tube 
2. Bucket Cylinder Rod End Tube 

Figure 126 
Bucket Installed 

1. Idler Arm Retaining Pin 
2. Idler Arms 
3. Bucket Links 
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1. Position the bucket on a level surface. 

2. Remove the linch pins that secure the attaching 
pins in position. 

3. Drive the pins from the pivot hole using a brass 
drift and hammer. 

INSTALLATION 

1. Position the bucket under the link and idler links . 
Install the attaching pins, washers, and linch 
pins. 

2 . Grease the dipstick bushing through the grease 
f itting in the end of the dipstick. 

NOTE: There are two bucket link positions as 
shown at (A) and (8), Figure 126. Position (A) is 
best suited for straight wal/ operations (bel/hole). 
It allows the bucket to roll out to ds maximum 
limit and permits maximum bucket curl. Position 
rB) is for most backhoe operations as it provides 
maximum bucket power. 

14. STANDARD DIPSTICK 

REMOVAL 

For easier handling, remove the bucket prior to remov
ing the dipstick. 

1. Support the boom using the tranport lock or a 
chain and the hoist to remove the tension from 
the bucket end of the dipstick. 

2. Remove the idle arm retaining pin, Figure 
126,from the dipstick. 

3. Disconnect the bucket cylinder hoses from the 
boom, and cap the hoses and ports . Remove the 
bucket cylinder, along with the hoses, bucket 
link (3), Figure 126, and idler arms (2) , by remov
ing the attaching pin from the piston end of the 
bucket cylinder. 

4. Disconnect the rod end of the crowd cylinder 
from the dipstick by removing the retaining pin. 
Do not let the crowd cylinder rest or drop on the 
tubes secu red to the boom, as it may damage 
them causing a restriction and affecting perfor~ 

mance. 
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5. Support the dipstick with a su itable chain and 
hoist. Remove the bolt securing the dipstick ~to

boom attaching pin . Drive the pin from its posi
tion with a brass drift and hammer. 

NOTE: A suitable method of supporting the 
dipstick is to install the crowd cylinder attaching 
pin in the holes where the cylinder rod attaches, 
then connecting a chain and hoist to the pin. 

INSTALLATION 

NOTE: Lubricate the attaching pin and bushings and 
seals prior to installation of the attaching pins. 

1. Position the dipstick to align the dipstick-to
boom pivot pin holes. Install the pivot pin and 
secure w ith the bolt, lock washer, and flat 
washer. Take care not to damage the seals and 
bushings when installing the pivot pin . 

2. Attach the rod end of the crowd cyl inder to the 
dipstick (lube fitting towa rds the top). Secu re 
w ith the bolt, lock washer, and nut. 

3. Attach the bucket cylinder to the dipstick with 
the retaining pin . Secure with the bolt, lock 
washer, and nut. Be sure the lube fitting and 
hose ports are accessible. 

4. Attach the idler arms to the dipstick. Figure 126, 
and secu re with the cored pin which has a lube 
fitting in each end. Install the washers and snap 
rings. Be sure the bucket cylinder rod is position
ed w ith the lube fitting inward for protection and 
is secured with the solid pin. washers, and snap 
rings . 

5. Install the bucket. 

15. EXTENDIBLE DIPSTICK 

REMOVAL 

For easier handling, remove the bucket prior to remov
ing the dipstick. Also, make certain that the dipstick is 
retracted and the transport pin (1) , Figure 127, is in 
place, as shown, to prevent the dipstick from extend 
ing when the cyl inder hoses are disconnected. 

1. Support the boom using the transport lock or a 
chain and hoist to remove tension from the 

bucket end of the dipstick. 
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Figure 127 
Extendible Dipstick Transport Pin Installed 

1. Transport Pin 
2. Bucket Cylinder 
3. Bucket Link 
4. Idler Links 
5. Cylinder Attaching Pin 
6. Idler Link and Cylinder Attaching Pin 
7. Bushings and Seals 

2. If repairs require bucket cylinder removal , 
remove the rod end attaching pin, the bucket 
hoses, and then the piston end attaching pins . 
Use a sling and hoist to remove the bucket. 

3. With the extendible dipstick transport pin install
ed, disconnect the extendible dipstick hoses (4 
and 5) from the boom tubes, Figure 128. Cap the 
fittings . 

4. If the bucket cylinder has already been removed, 
remove the clamps (7) securing the bucket hos~s 
(2 and 3) to the dipstick frame. Note the position 
of both the hoses and clamps. 

5. If the bucket cylinder will not be removed, 
disconnect the bucket hoses from the boom 
tubes (6). 

Figure 128 
Extendible Dipstick and Bucket Cylinder Hose 

1. Crowd Cylinder Rod End 
2. Bucket Cylinder Hose - Piston End 
3. Bucket Cylinder Hose - Rod End 
4. Extendible Dipstick Cylinder Hose - Rod End 
5. Extend ible Dipstick Cylinder Hose - Piston End 
6. Boom Tu bes 
7. Bucket Hose Clamp 
8. Boom-to-Dipstick Attaching Pin 

6. Remove the. rod end of the crowd cylinder (1) 

from the dipstick by removing the retaining pin. 
Do not let the crowd cylinder drop or rest on the 
boom tubes (6). Doing so may damage the tubes, 
causing a restriction, thus affecting perfor
mance. 

7. Support the dipstick with a suitable chain and 
hoist. Remove the bolt securing the dipstick-to
boom attaching pin (8). Drive the pin from its 
position with a brass drift and hammer. 

NOTE: A suitable method of supporting the 
dipstick is to install the crowd cylinder attaching 
pin in the holes where the crowd cylinder rod at
taches, then connecting a chain and hoist to the 
pin. 
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INSTALLATION 

NOTE: Coat the bushings and seals with lubdcant 
prior to installation of the attaching pins. 

1. Position the dipstick to align the dipstick-to
boom pivot pins holes. Install the pivot pin (8), 

Figure 128, and secu re with the bolt, lock 
washer, and flat washer . Take care not to 
damage the seals and bushings when installing 
the pivot pin. 

2. Attach the rod end of the crowd cylinder (1) to 
the dipstick with the attaching pin as shown. 

3. Install the bucket cylinder to the dipstick by 
securing each end with the attaching pins. Make 
certain the lube fitting on the piston end is ac
cessible. The lube fitting on the rod end should 
be towards the dipstick to protect it from 
damage. 

4. Install the bucket cylinder hoses (2 and 3). 
Secure the hoses to the dipstick with the clamps 
(7). Place the clamps and hoses in the same posi
tion as noted during removal. 

5. Connect the extendible dipstick cylinder hoses (4 
and 5) to the boom tubes. 

6. Install the bucket . 

16. BOOM 

REMOVAL 

The following procedure explains the removal of the 
boom from the mainframe. Depending on the type of 
repair to be performed on the boom, remove only 
those components necessary for accomplishing the 
repair. If it is necessary to remove the dipstick, refer to 
"Standard Dipstick Removal" , or "Extendible Dipstick 
Removal". 

Also, for easier and safer disassembly and reassembly, 
the dipstick should be out and the boom lowered so 
that the center of gravity will be lower. 

1. If the unit is not mounted to a tractor, support 
the mainframe with suitable supports or blocking 
as shown in Figure 89. 

2. Disconnect the hoses (1), Figure 129, from the 
lift cylinder. Cap the hoses and cylinder ports. 
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Figure 129 
Boom and Swing Post Removal and Installation 

(Model 555) 
1. Lift Cylinder Hoses 
2. lift Cylinder Piston End Attaching Pin 
3. lift Cyl inder 
4. lift Cylinder Hoses 
5. Hose Clamp 
6. Nut 
7. Transport Latch 
8. Hoses 
9. Extendible Dipstick Hose 

10. Boom-to-Swing Post Attaching Pin 

3. Support the crowd cylinder and the lift cylinder 
with a suitable hoist. 

NOTE: On the model 555, the lift cylinder rod 
end and crowd cylinder piston end use a com
mon attaching point, therefore, both must be 
supported. 

4. Remove the lift cylinder rod end attaching pin. 

5. Remove the pin (2) that retains the lift cylinder to 
the swing post by removing the snap ring and 
washers, then driving out the pin with a brass 
drift and hammer. Be careful not to damage the 
lube fittings on both ends of the pin. 

6. Support the boom at each end with a suitable 
chain and hoist. 

7. Disconnect the hoses- (8), Figure 129, from the 
tubes on the boom. Remove the hose clamp (5). 
Note the position of the clamp and hoses so that 
they can be installed correctly during 
reassembly. Cap the hoses and tubes. 
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8. If equipped with an extendible dipstick, discon· 
nect the extendible dipstick hoses (9) from the 
boom tubes. 

9. Remove the boom attaching pins (10), Figure 
129, one on each side, by removing the retaining 
bolts and driving the pins out using a brass drift 
and hammer. 

10. Separate the boom from the swing post as 
shown in Figures 130 and 131 . 

Figure 130 
Backhoe Boom Removal (Model 5501 

1. Chain Hoist 
2. Wood Blocks 
3. Boom Retaining Pin 
4. Drain Pan 
5. Boom 

INSTALLATION 

1. Position the boom to the swing post at the lower 
attaching pin position. Align the holes and install 
an attaching pin in each side, taking care not to 
damage the seals. Install the pin retaining bolts, 
and if equipped with an extendible dipstick, posi
tion the hoses and clamps under the bolt heads. 

2. Connect the control valve hoses to the boom 
tubes. Make sure there are no twists in the 
hoses. Secure the hoses with clamp provided, 

Figure 131 
Boom Removal and Installation (Model 5551 
1. Swing Post 
2. Chain and Hoist 
3. Boom 
4. Bushings and Seals 
5. Boom-ta-Swing Post Attaching Pin 

3. Position the lift cylinder piston end to the swing 
post, and if equipped, position the boom 
transport latch (7) and install the retaining pin 
(21, washers, and snap ring. Figure 129. Take 
care not to damage the seals . 

4. Connect the rod end of the lift cylinder and the 
piston end of the crowd cylinder to the boom 
with the attaching pin. Take care not to damage 
the seals when installing the pin, and also make 
sure the lube fitting on the rod end of the lift 
cylinder is accessible from the top. 

5. Connect the lift cylinder hoses (11, Figure 129, to 
the cylinder ports, being careful not to twist or 
kink the hoses. 

6. If equipped, connect the extendible dipstick 
hoses (91, to the boom tubes. 

7. Install the dipstick. 
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17. SWING POST 

REMOVAL 

Model 555: 

Removal and repair of the swing post is normally ac
complished with the boom removed. 

1. Remove the hose clamp 11), Figure 132, that 
secures the four hoses to the swing post (2). 

24-3/ 4" 

' / 
23-1 ! 4" 

Figure 132 
Swing Post Hose Clamp 

1. Hose Clamp 
2. Swing Post 
3. Bucket Cylinder Rod Hose 
4. Crowd Cylinder Rod Hose 
5. Bucket Cylinder Piston Hose 
6. Crowd Cylinder Piston Hose 
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2. Remove the extendible dipstick cylinder hose (g), 
lif fitted I, Figure 129, and the lift cylinder hose 
111 from the fittings on both sides of the swing 
post. 

3. Remove the nut (6), Figure 129, from the exten
dible dipstick hose fitting on both sides of the 
swing post and push the fittings through to free 
them from the swing post. Cap the hose fittings. 

4. Disconnect the lift cylinder hoses (4), Figure 129, 
from the bulkhead fittings on the inside of the 
swing post. 

5. Disconnect both swing cyl inder rod ends from 
the swing post, Figure 133, by removing the cot
ter pins and retainers , then driving the attaching 
pins out using a brass drift and hammer . 

Figure 133 

I 
-,/ 

Swing Cylinder and Post Attaching Points 
1. Upper Swing Post Pivot Pin Bolt 
2. Retainer 
3. Cotter Pin 
4. Lower Swing Post Pivot Pin Bolt 
5. Pin 
6. Swing Cylinder Rods 

6. Support the swing post with a chain and hoist as 
shown in Figure 134. 

7. Remove the top and bottom swing post pivot pin 
reta ining bolts (1) and (4), Figure 133, and drive 
the pins out using a brass drift and hammer. 

INSTALLATION 

Model 555: 

1. Position the swing post and thrust washer (5), 
Figure 134. The thrust washer sits on top of the 
lower mainframe pivot point at (4) so that it takes 
the wear and not the mainframe or swing post. 
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Figure 134 
Swing Post Removal and Installation 

1. Swing Post 
2. Chain and Hoist 
3. Bushings and Seals - Lift Cylinder Pivot Point 
4. Thrust Washer Rests Here 
5. Thrust Washer 

2. Install the top and bottom pivot pins, Figure 133, 
and secure with the retaining bolts (1 and 41. 

3. Attach the swing cylinder rod ends to the swing 
post with the pins, retainer , and cotter pins. 

4. Connect the lift cylinder hoses (4), Figure 129, to 
the bulkhead fittings on the inside of the swing 
post. 

5. Insert the extendible dipstick hose fittings in their 
respective holes in the sides of the swing post. 
Secure with the nuts (61, Figure 129. 

6. Install the hose clamp (11, Figure 132, and posi· 
tion the hoses' to obtain the measurement shown 
in Figure 132. 

7. Install the boom. 

SWING POST 

REMOVAL 

Model 550: 

Removal and repair of the swing post is normally ac
complished with the boom removed. 

1. Remove the hose clamp that secures the hoses 
to the swing post, 111, Figure 132. 

2. Remove the chain link ends from the swing 
cylinder attaching points, Figure 135 by remov· 
ing the attaching pins. Identify the chains as to 
right and left. 

3. Remove the pivot pin retaining bolts and the top 
and bottom, swing post to mainframe pivot pins, 
Figure 135. 

4, Remove the swing post and the thrust washers 
tha t are located between the top and bottom of 
the swing post and' mainframe, Figure 136, 

5, Place the swing chain in a hydraulic oi l bath to 
soak until reinstallation, 

Figure 135 
Swing Post Removal and Installation 

1. Top Pivot Pin 3. Chain Retaining Pin 
2. Bottom Pin 4. Retaining Bolt 
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INSTALLATION 

Model 550 : 

1. Position the swing post and thrust washers, 
Figure 136, on the main frame. 

Figure 136 
Swing Post Bushings 

1. Upper Pivot Pin Thrust Washer 
2. Lift Cylinder Pivot Pin Bushings 
3. Boom Pivot Pin Bushings 
4. Lower Pivot Pin Thrust Washer 
5. Swing Post 
6. Lower Pivot Pin Bushings 
7. Upper Pivot Pin Bushing 

2. Install the top and bottom pivot pins and secure 
with the retaining bolts, Figure 135. The lubrica
tion fittings shou ld face up on the top pin and 
down on the bottom pin . 

3. Remove the swing chain from the oil bath and 
thoroughly drain off excess oil. 

4. Attach the chain link ends to the swing cylinder 
attaching points, Figure 135. Secure the linkage 
with the attaching pins. 
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NOTE : Make sure the right and left swing chains 
are attached respectively. 

5. Locate and secure the four hoses at the swing 
post. Make sure the hoses are properly position
ed so as to avoid pinching the hoses when secu r
ing the hose clamp. Be su re that 17 to 18 in. 
(431A57 mm) of each hose extends beyond the 
clamp. 

6. Install the boom as previously outlined . 

7. Install the lift cylinder hoses, Figure 137. Position 
the hoses so they cannot be trapped by the 
mainframe when the backhoe is at the extreme 
right or left swing. 

Figure 137 
Lift Cylinder Hoses 

1. Lift Cylinder Hose Connections 
2. Lift Cylinder Pin 
3. Swing Chain 

18. HOSE AND TUBING 

Figure 138 illustrates hose routing at the mainframe 
and main control valve for the four lever control 
model. Refer to Figure 139 for hose routing on the two 
lever control model. Note that both are equipped with 
a seven-section main control valve. Therefore, they 
are equipped with an extendible dipstick. Hose routing 
is similar when not equipped with the extend 
ible dipstick feature. 

Each hose or tube may be serviced individually. 
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3 4 2 

Figure 138 R.H. 
Hose Routing - Four Lever Controls 

1. Crowd Cylinder - Rod End 
2. Crowd Cylinder - Piston End 
3. Bucket Cylinder - Rod End 
4. Bucket Cylinder - Piston End 
5. Lift Cylinder - Piston End 
6. Lift Cylinder - Rod End 
7. Right Stabilizer Cylinder - Rod End 
8. Right Stabilizer Cylinder - Piston End 
9. Left Stabilizer Cylinder - Rod End 

10. Left Stabilizer Cylinder - Piston End 
11. Left Swing Cylinder - Swing Left 
12. Right Swing Cylinder - Swing Right 
13. Extendible Dipstick Cylinder - Rod End 
14. Extendible Dipstick Cylinder - Piston End 
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6 

Figure 139 
Hose Routing - Two Lever Controls 

1. Crowd Cylinder - Rod End 
2. Crowd Cylinder - Piston End 
3. Bucket Cylinder - Rod End 
4. Bucket Cylinder - Piston End 
5. lift Cylinder - Piston End 
6. lift Cylinder - Rod End 
7. Right Stabilizer Cylinder - Rod End 
8. Right Stabilizer Cylinder - Piston End 
9. Left Stabilizer Cylinder - Rod End 

10. Left Stabilizer Cylinder - Piston End 
11. Left Swing Cylinder - Swing Left 
12. Right Swing Cylinder - Swing Right 
13. Extendible Dipstick Cylinder - Rod End 
14. Extendible Dipstick Cylinder - Piston End 
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Only those hoses or tubes which necessitate some 
type of preliminary procedure prior to removal or in
stallation are covered in this section . All other hoses 
are easily accessible, therefore, procedures are not 
given. 

ALWAYS install new O-rings on the hose and tube fit
tings, where applicable, when hoses and fittings are 
removed and replaced. 

IMPORTANT: When securing fr'ttings, position hoses 
so there are no twists or kinks. Twisted or kinked 
hoses will fail internally, in a very short time, after 
repeated flexing and pulsations. 

REMOVAL 

CAUTION: Never disconnect a hose or 
tube that ;s under pressure. If in doubt, 
actuate the operating levers several 
times with the tractor engine off. 

Main Control Valve Hoses and Tubing: Before 
disconnecting any of the hoses or tubing from the 
main control valve, tag and identify the hose, tube, or 
connector. 

In some instances, it may be necessary to loosen and 
remove clamps securing the hoses or tubes. Always 
note the position of hoses and length from the end of 
the hose or tube to the clamp so that reinstallation will 
be correct. 

The following procedure outlines the general removal 
of hose and tubing from the control valve. Because of 
the close proximity of hose connections, it may be 
necessary to remove more than one hose in order to 
service a particular hose . Loosening the hose at the 
..;onnections away from the control valve will aid in 
t,aining flexibility and hose movement within the main ~ 

frame . It is also suggested that flare tubing wrenches, 
modified for the close working space, be used. 

1. Loosen the hose or hoses at the connecting 
point away from the valve. Loosen any clamp 
between this point and the main control valve . 

IMPORTANT: On the swing cylinder hoses, 
make a note of the fitting position and routing of 
the hoses to make reassembly correct and pre
vent early hose fal/ure. 

2. Remove the hose from the connector at the 
valve body. 

NOTE: Use care in removal of hoses that are not 
to be replaced. Be careful not to twise or kink a 
hose, doing so can damage the internal facing 
causing early hose failure. 

3. Cap all hoses, connectors , and ports to prevent 
entry of dirt into the system. 

Swing Cylinder Crossover Hoses: 
(Model 5551 

1. Disconnect the hose from the piston end of both 
swing cylinders and remove the hose from the 
mainframe. Refer to Figure 140. 

Ul 

Figure 140 
Swing Cylinder Crossover Hoses 

1. Swing Cylinders 
2. Crossover Hoses 
3. Cushioning Valves 

2 . Cap both connectors on the cylinders. 

NOTE: The cross-over hoses have a combina
tion function. Not only do they feed the piston 
end of one cylinder whIle the other cylinder is be
ing retracted, but they are also used in conjuc
tion with the cushioniog system. 

3. Inspect the hoses and tubing for internal damage 
and/ or restriction. 
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4. Inspect threaded ends for damages. On flare
type fittings or hose and tube ends, inspect the 
seating surface for damage or improper seating. 

NOTE: No attempt should be made to solder or 
weld tubing. 

INSTALLATION 

Hose, tubing, O-rings, fittings and adapter threads 
should be lubricated lightly for easier installation. 
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1. Install the connectors , flow restrictors, and 
hoses on the main control valve. Use new 
O-rings where applicable. 

2. Hoses that attach to boom tubing should be in
stalled in their original position as noted during 
removal. If the original position is not known, 
position them in such a manner so they will not 
stretch when the boom is lowered, or pinch 
when the boom is raised. 
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1. GENERAL PROCEDURES 

This Chapter outlines procedures for the inspection 
and overhaul of the backhoe and loader components 
such as valving, cylinders, structural members and 
related serviceable parts. 

mechanical failure. Faulty O-rings lead to circuit prob 
lems which are sometimes difficult to trace. Always in
stall new O-rings and seals at each overhaul of a 
hydraulic component. 

In cases where valving and cylinders are covered , 
complete disassembly of these components is given. 
However, any of these items can be serviced in part by 
following those steps required to obtain access to the 
desired part. 

IMPORTANT: Cleanliness is of the utmost impor
tance when servicing components of the hydraulic 
system, Contaminated oil leads to premature 

Exercise care in the disassemly of components. It is 
imperative from the standpoint of time and a satisfac
tory repair, that all components be properly installed. 
Identify all parts upon removal as this can help to pre
vent a time consuming repair. Component 
disassembly and re-assembly should always be per
formed in clean surroundings. Dirt and other foreign 
matter entering the system during repair can lead to 
costly failure. 
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In the procedures that follow, references are made to 
the checking of springs to determine whether a spring 
has taken a set. This is best determined by comparing 
the spring in question with a new spring taken from 
parts stock. Hold the new and old spring side by side 
and visually compare the spring lengths . If the old 
spring has taken a set, there will be a perceptible dif
ference in the spring lengths. 

Each hose and tube on the backhoe assembly may be 
serviced individually. Only those which require 
removal and installation procedures are covered in this 
chapter . All other hoses and tubes are easily accessi
ble, therefore, no procedures are given. 

If a structural member becomes cracked or broken, 
the damage may be repaired by arc welding. Use Low 
Hydrogen Welding Electrodes, AWS-E7018, to weld 
the structural members, which are all made of SAE 
950 steel. Pre-heat the steel before welding when the 
temperature is cold to prevent stress cracks in the 
welded structural member. 

IMPORTANT: Be certain that all hydraulic pressure 
has been relieved and that all structural members have 
been adequately supported before disassembling any 
component. 

2. STRUCTURAL MEMBERS 

A . LOADER LIFT ARMS 

DISASSEMBLY 

1. Disassembly of the loader is covered in Chapter 
2, loader Lift Arm Removal. 

INSPECTION AND REPAIR 

1. Inspect the pivot pins on the loader frame for 
wear or damage. If the pins must be replaced , 
use a puller with a washer and bolt as described 
in Chapter 2. 

2. Inspect the bushings for wear or damage. 
Damaged bushings can be replaced with suitable 
step plates and a driver. 

ASSEMBLY 
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1. Assembly of the loader lift arm components 

follows the disassembly procedure in reverse . 

B. BACKHOE BUCKET 

INSPECTIDN AND REPAIR 

1. Examine the bucket bushings, Figure 141. Install 
new bushings where required. Bushing removal 
can be accomplished using a suitable step plate 
and driver. 

Figure 141 
Backhoe Bucket Bushings 

1. Bushings 
2. Side Cutter 
3. Side Cutter Attaching Bolts 

2. Remove damaged or worn bucket teeth by ham
mering the tooth point off the shank, Figure 142, 
or by driving a chisel between the tooth point 
and tooth shank. Install new points and anchor 
them to the tooth shanks by peening. Heavy du
ty teeth are installed on the shank with the re
tainer pin, Figure 142. 

C. BACKHOE DIPSTICK (STANDARD) 

INSPECTION AND REPAIR 

Inspect the dipstick for structural damage, such as 
cracked welds or distortion. Repair or replace as re

quired. 

1. Inspect the bushings and seals for wear. Their 
locations are shown in Figure 143. If worn, pry 
out the seals and remove the bushing using a 

suitable puller. 
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Figure 142 
Backhoe Bucket Teeth 

1. Standard Tooth Shank 
2. Heavy Duty Tooth Shank 
3. Tooth Point Retainer 
4. Tooth Point 

2. Install new bushings and seals using a suitable 
step plate and driver. Install the tapered end of 
the bushing first . Note the groove on the 1.0. of 
the bushing. This groove accepts the O. D. of the 
seal. When installing the bushing, make sure it is 
flush with the dipstick frame. 

Figure 143 
Standard Dipstick Bushing and Seal Locations 

1555 Shown) 
1. Dipstick Pivot Pin Bushings 
2. Bucket Pin Bushings 

D. BACKHOE DIPSTICK (EXTENDIBLE) 

DISASSEMBLY 

1. If the extendible dipstick cylinder needs to be 
removed to perform rapairs, refer to page 50 for 
instructions on removing the cy linder. 

2. Disconnect the piston end of the cylinder by 
removing the attaching pin (5), Figure 144. 

3. Remove the nuts 12), Figure 145, securing the 
two external wear plates (3) (one on each side) 
and remove the wear plates as shown. 

4. Pull the two sections of the dipstick apart . Be 
careful not to damage the extendible dipstick 
cylinder hoses or tubes. 

Figure 144 
Extendible Dipstick Transport Pin Installed 

1. Transport Pin 
2. Bucket Cylinder 
3. Bucket Link 
4. Idler Links 
5. Cylinder Attaching Pin 
6. Idler Link and Cylinder Attaching Pin 
7. Bushings and Seals 

INSPECTION AND REPAIR 

Inspect the dipstick for structural damage, such as 
cracked welds or distortion. Repair or replace as re
quired. 

1. Inspect the bushings and seals for wear. Their 
locations are shown at (7), Figure 144. If worn, 
pry out the seals and remove the bushing using a 
suitable puller. 
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Figure 145 
Extendible Dipstick External Wear Plate 

Removal and Installation 
1. Bar 
2. Nuts 
3. External Wear Plate lOne of Two) 
4. Telescoping Section 

2. Apply a film of suitable retaining compound, see 
Specifications, Chapter 6, to the bushings. In
stall the tapered end of the bushing first. Note 
the groove on the 1.0. of the bushing . This 
groove accepts the 0.0. of the seal. Make sure 
that bushings are flush with the dipstick frame. 

3. Inspect the external wear plates, which have 
already been removed, for excess wea r. Replace 
as required . 

4 . Inspect the internal wear plates 121. Figure 146, 
for wear. Replace if necessary . Tighten the at
taChing bolts 15-20 Ibs. ft . 120-27 Nml. 

ASSEMBLY 

NOTE: Coat the bushings and seals with lubricant 
prior to installation of the attaching pins. 

1. Secure the extendible dipstick cylinder rod end 
with the attach ing pin 161. Figure 144, idler links 
(4), spacers, and snap ring . Note the position of 
the idler links . 

2. Slide the internal section of the dipstick over the 
cylinder and into the external se~tion. Take care 
not to damage the cylinder hoses and tubes . 
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Figure 146 
Internal Wear Plates 

1. Internal Dipstick Section 
2. Internal Wear Plates 

3. Secure the piston end of the extendible dipstick 
cylinder with the attaching pin (5), washers, and 
snap rings. 

4. Install both external wear plates with the bolts . 

E. BACKHOE BOOM 

INSPECTION AND REPAIR 

1. Primarily, servicing of the boom is limited to 
replacement of bushings, bushing seals and tube 
removal and replacement, Figures 147 and 148. 

NOTE: Only the model 555 utilizes seals along 
with the bushings. There are only two bushings 
and four seals used in the model 555 boom. 
These are located ;n the boom-to-sw;ng post at
tach;ng po;nt. There are four bush;ngs in the 
model 550 boom. These are located at the boom
to-sw;ng post and the d;pst;ck attach;ng po;nts. 

2. Pry the seal out, then remove the bushings from 

the boom using a suitable puller. 

3. Install new bushings using a su itable step plate 
and driver. Make certain that they are centered in 
their bores. Install new seals with a suitable seal 
installer. 



-------------------------------CHAPTER3-------------------------------

Figure 147 
Backhoe Boom Bushing and Seal Locations 

IModel5551 
1. Swing Post Pivot Pin - Bushing 
2. Seal 

Model 550 

Make sure that the dipstick pivot pin bushings 
are flush at the inside edges of the boom and 
that the boom pivot pin bushings are flush with 
the inner surface of the boom. 

4. Inspect the tubing on the boom for damage such 
as dents, kinks, worn spots from rubbing, and 
cross threaded fittings. Replace as required. 

F. SWING POST 

INSPECTION AND REPAIR 

Model 555: 

Repair of the swing post is generally limited to the in
stallation of new bushings, bushing seals, thrust 
washer, and pivot pins . 

1. There are two bushings and four seals used at 
the lift cylinder pivot point 131, Figure 134. 

2. Pry the seals out, then remove the outer 
bushings with a suitable puller. Drive the inner 
bushing out using a suitable step plate and 
driver. 
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Figure 148 
Backhoe Boom Bushing Locations 

(Model 550) 
1. Boom Pivot Pin 
2. Boom Tube Clamp Location 
3. Boom Tube Clamp 
4. Boom Tube Securing Nut 
5. Dipstick Pivot Pin 
6. Boom 

NOTE: Use care in removal of bushings so as not 
to score or mar the swing post castings. 

3. Install the inner bushings so that they are flush 
w ith the inner surface of the bores. Install the 
outer bushings so that they are flush with the 
outer surfaces of the bores . Install new seals . 

4. Inspect the fittings on the sides of the swing 
post, where the lift cylinder hoses attach, for 
damage. Replace if necessary. 

5. Inspect the thrust washer (5), Figure 134, for 
wear. Replace if necessary. 

Model 550: 

Repair of the swing post is normally limited to installa
tion of new bushings, thrust washers and pivot pins. 

Bushings in the swing post, Figure 136, are press fit. 
Therefore, considerable fordce is required to remove 
them. 

98 

1. Support the swing post so that a press or a driv
ing bar can be positioned against the inner lip of 
the bushing. 

2. Drive the bushing from the swing post. 

NOTE: Use care in the removal of bushings so as 
not to score or mark the swing post casting. 

G. MAINFRAME 

INSPECTION AND REPAIR 

Model 555: 

Inspect the mainframe swing pivot bushings for wear 
or damage. If it is necessary to install new bushings: 

There are two bushings and four seals used at the 
swing post pivot pin locations and two bushings and 
two seals used on each swing cylinder t runnion pivot 
location on the mainframe, Figure 149. 
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Figure 149 
Main Frame Bushings and Seals 

(Model 5551 
1. Swing Post Pivot Bushings 
2. Swing Post Pivot Seals 
3. Swing Cylinder Trunnion Seals 
4. Swing Cylinder Trunnion Bushings 

1. Pry the seals out, then remove the defective 
bushing by driving it out with a suitable step 
plate and driver. 

2. Apply a thin coat of Loctite 271 Sealant to the 
outer surface of the bushing and install it using a 
suitable step plate and driver. Install new seals. 

Model 550: 

Inspect the mainframe swing pivot bushings for wear 
and damage. If it is necessary to install new bushings. 

1. Remove the defective bushing by driving it out 
with a suitable step plate and driver. 

NOTE : Flanged bushings used from 1975 thru 
19781except H. D. backhoe) must be driven from 
the end opposite the flange, Figure 136. Heavy
Duty backhoes used straight bushings, Figure 
150. 

2. Apply a thin coat of Loctite, Grade AV or B to 
the outer surface of the new bushing, and install 
it using a suitable step plate and driver. The 
flanged end of the bushing must face the swing 
post. 

3. CYLINDERS 

GENERAL 

Cylinders should be removed from the loader and 
backhoe for service. Packing and gland nuts should be 
loosened while the cylinder is still mou nted using the 
appropriate spanner wrench, Figures 151 and 152. The 
high torques used to secure the gland nuts require 
considerable force to loosen. The cylinder anchor 
point with the pin installed provides a good anchor. 

A sealant is used on the threaded gland and packing 
nuts. Consequently, heating may be necessary to 
loosen them. Heating to approximately 300 °F 115O°CI 
can be used. 

NOTE: If heat is applied to loosen the gland or packing 
nuts, new internal packing must be installed. 

Piston rods are die-drawn high tensile strength steel. 
The rods are turned, ground, polished and chrome 
plated. Cylinder barrels are microhoned to close 
tolerance, straightness and smooth finish for long 
piston packing life . 

IMPORTANT: Use care in removal of the piston rod 
and the handling of the cylinder. Do not allow the 
cylinder or rod to be damaged. 

Figurl' 150 
Main Frame Swing Post Bushings 

(Model 550) 
1. Swing Post Pivot Bushings 
2. Main Frame 
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Figure 151 
Packing and Gland Nut Removal 

1. Tool No. 9500 
2. Packing Nut 
3. Gland Nut 

Figure 152 
Torque Wrench Fabrication 

1. 4 ft . 11219.2 mml 
2. 50 Ibs. 122.68 kgl on the Pull Equals 200 Ibs. ft. 

127.66 Kgml 
3. Pipe 

4. Tool No. 9500 

A. LOADER CYLINDERS 

Loader cylinders use urethane single lip type rod seals 
installed in a snap-in type groove. One direction 
chevron packings are used on the loader cylinder 
pistons. Chevron packings are supported by male and 
female adaptor rings, Figure 153. 
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DISASSEMBLY 

1. Clean the cylinder externally so that the internal 
parts will not become contaminated, then 
remove the packing gland. 

2. Remove the piston rod assembly from the 
cylinder barrel. Using a suitable spanner wrench 
such as shown, Figure 151 , to remove the gland 
nut. 

Components of the loader cylinder rod assembly 
are retained on the rod by a bolt. 

3. Position the rod trunnion in a soft jawed vice and 
remove the piston bolt and washer, Figure 144. 

4. Remove the piston packing, piston, and O-ring 
seal from the rod. 

5. Slide the gland carrier and gland nut from the 
rod. 

6. Remove the gland O-ring seal and backup 
washer, the rod wiper, and the rod-gland seal. 
Remove the rod gland seal as shown in Figure 
154. Discard all seals. 

NOTE: Use care not to score or burr the gland 
carrier with the tool used to remove the rod 
gland seal. 

INSPECTION AND REPAIR 

,. Examine the gland carrier for nicks, burrs or 
other damage. Minor damage can be repaired 
using fine abrasive. Smooth down any sharp 
edges that could damage seals and cause 
leakage. 

2. Inspect the pistons for damage. Remove minor 
scratches and damage using a fine abrasive. Ma
jor damage such as deep scratches, burrs or 
cracks necessitate the replacement of com
ponents. 

3. Always install new seals and O-rings. 

4. Using a suitable light inspect the cylinder bore 
for scratches, dents, burrs or other damage. In
stall a new cylinder barrel if there is any evidence 
of damage. 

5. Inspect the barrel threads for evidence of 
damage and cross-threading . Because of the 
high torques required to secure the glands, the 
threads must be in good condition . 
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Figure 153 
Loader Cylinder 

1. Piston End Port 
2. Piston End Pin Bushing 
3. Piston Securing Bolt 
4. Lift Cylinder Piston Packing 
5. Piston 
6. 'a' Ring Seal 
7. Gland Seal 
8. Gland Nut 
9. Rod End Pin Bushing 

10. Wiper Seal 
11. Gland Assembly 
12. Rod End Porta 
13. Bucket Cylinder Piston Packing 

6. Inspect the cylinder rods for scratches, dents 
and other damage. Minor rod damage may be 
repaired using a fine abrasive. Major scratches or 
dents are not repairable and the rod should be 
replaced. The chrome surface must be intact to 
provide a rust-resistant surfac~. Blemishes on 
the rod will damage the gland packing and wiper 
and will cause leaking after a short period of 
operation. 

7. Inspect the threads on the rod end . The threads 
must be in good condition because of the high 
torque required to secure the piston packing. 

8. Inspect the cylinder and rod bushings for 
evidence of wear or other damage. Replace 
damaged bushings using a hydraulic press and a 
suitable step plate, Figure 155. 

ASSEMBLY 

1. Refer to Figure 154, for correct installation of the 
rod components, paying particular attention to 
the position of the packings. They must be point
ing in the direction shown, in Figure 153. 

2. Coat the rod with a light film of hydraulic oil. 

3. Install a new gland rod seal by forming the seal 
into a 'u ' shape, seating it in its groove, and 
straightening the seal back into its original 
shape. Install a new rod wiper, Figure 153. ' 

4. Install the backup washer and a-ring seal in the 
gland groove.. 
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Figure 154 
Loader Cylinder Components 

1. Cylinder Tube 
2. Gland Nut 
3. Rod Wiper 
4. Gland-Rod Seal 
5. Gland 
6. Backup Ring 
7. "0" Ring 
8. Piston 
9. " 0 " Ring 

10. Piston Packing 
11. Washer 
12. Bolt 
13. Rod 
14. Gland 
15. Seal 
16. Screwdriver 

5. Assemble the gland nut, gland, piston , packing, 
O-ring and washer on the rod . 

6. Place 8 drops of the specified sealant - See 
Chapter 6, on the threads of the piston bolt, in
stall the bolt in the rod, and tighten the bolt to 
the specified torque - See Chapter 6. 

7. Place the cylinder barrel in a vertical position , 
and insert the rod piston end into the barrel. 
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8. Slowly move the end of the rod back and forth 
(do not turn) so that the chamfer on the cylinder 
barrel eases the piston packing into the barrel. 
Once the complete piston packing has entered 
the barrel past the chamfer, lift and gently tap 
the cylinder barrel end on the floor until the rod is 
approximately three-quarters into the bore . 

9. Apply a light fi lm of oil and sealant as specified in 
Chapter 6 to the gland nuts. Tighten the gland 
retaining nut to the specified torque, Chapter 6, 
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Figure 155 
Cylinder Bushing Removal and Installation 

1. Press 
2. Adapter 
3. Step Plate 
4. Rod Trunion 

B. BACKHOE CYLINDERS 

Model 555 

The swing , lift, crowd, stabilizer and extendible 
dipstick cylinders are similar in construction, and 
disassembly of the cylinders is generally the same. 
Where differences exist, special procedures are 
given. The swing and extendible dipstick cylinders 
cannot be anchored on the unit when loosening the 
glands. Therefore , the cylinders must be held in a 
suitable fixture or vise. Take care not to damage the 
cylinder barrels . Always secure the cylinder by the 
trunnions or pivot points. 

DISASSEMBLY 

1. Clean the cylinder externally so that the internal 
parts will not become contaminated. 

2. Loosen the cylinder gland nuts with the ap
propriate spanner wrench as listed in the chart 
below: 

Nuday Cylinder Backhoe 
Part No. Gland Model 

7351 
Lift 15 and 14 FT. 

14.6 and 4.3MI 
Crowd All 
Swing All 

7352 Bucket All 

7353 Stabilizers All 

Lift 12 Ft. 13.7MI 

Extendible 15 Ft. 14.6MI 7354 
Dipstick w / Extendible Dipstick 

If possible, remove gland nuts while cylinder is 
mounted on backhoe. See Figure 156. 

3. Remove the piston rod assembly from the 
cylinder barrel. 

NOTE: Use care in removal of the piston and rod 
during handling of the cylinder. Do not allow the 
cylinder or rod to be damaged. 

4. Remove the cushioning valve from the swing 
cylinders if the swing cylinder is to be 
disassembled, Figure 140. Be sure to remove the 
two teflon back-up rings and O-rings from inside 
the swing cylinder, Figure 158. 

Figure 156 
Cylinder Gland Removal and Installation 

1. Pipe 
2. Spanner Wrench 
3. Gland 
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Figure 157 
Cylinder Assemblies (Model 555) 
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Cylinder Assemblies IModel 555) 

A. Stabilizer Cylinder 
B. Extendible Dipstick Cylinder 
C. Lift, Crowd and Bucket Cylinder w / 2 Piece 

Piston 
D. Bucket Cylinder w 11 Piece Piston 
E. Swing Cylinders 
1. Single Piston Packing 
2. Double Piston Packing 
3. Piston 
4. O-Ring 
5. Back-Up Ring 
6. Gland 
7. Rod Wiper 
8. Bearing 
9. Single Rod Packing 

10. Retainer Ring 
11. Rod 
12. Piston Retaining Bolt 
13. Seal and Bushing 
14. Spacer 
15. Washer 
16. Cushion Valve 
17. Deceleration Rod 
18. Seal 
19. Bushing 
20. Spring 
21. Retainer Wire Inot shown) 
22. Wear Ring 
23. Outer Piston Seal 
24. Inner Piston Sea) 

Figure 158 
Cushioning Valve and Seals 

1. Cushioning Valve 2. O-Rings 3. Washers 

Rod Components 

Components of the backhoe cylinder rods are secured 
of the rod by the piston retaining bolt. Refer to Figure 
157. 

1. Position the rod trunnion in a vise and remove 
the piston bolt 112). On the crowd end lift 
cylinders remove the washer t 15), Illustration 
"C". 

NOTE: High torques are required to retain the 
pistons, therefore require considerable force to 
loosen the piston bolt. It may be necessary to 
secure the rod to its mounting place on the 
backhoe for easier removal and installation of the 
piston retaining bolt. 

2. Remove the piston (3) and packings from the 
rod. On double packings the pistons are split; 
pull the halves apart. 

3. Remove the rod packing gland assembly from 
the rod . On the extendible dipstick cylinders 
there is a spacer (14), Illustration "B", on the 
rod . Remove the spacer. 

NOTE: The spacer on the extendible dipstick 
cylinder rod is used to limit travel to prevent wear 
plate damage, and also to strengthen the rod. 

4. Remove the O-ring 141 and ba ck-u p ring 15) from 
the 0.0. of the gland. 

5. Remove the snap ring 110) from the 1.0. of the 
gland and remove the packing 19) and bearing 
181. Also remove the rod wiper seal 17). 

INSPECTION AND REPAIR 

A careful inspection of all cylinder components is 
essential for a satisfactory repair. Small nicks, burrs, 
scratches, and other damage may be hidden by oil 
f ilm, therefore it is important to clean each part prior to 
inspection. 

Cylinder Bushings and Seals: 

Bushings showing evidence of wear or other damage 
should be removed and new bushings installed . Pry 
the seals out, then remove and install the bushings us
ing a hydraulic press and suitable step plate, Figure 
155. 
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NOTE: Where seals are used, the bushings have a 
recess on the seal end to accommodate the seals. In
stal/ accordingly, The swing cylinder rod eye bushings 
do not have a recess for the seal. The seals are pressed 
into the rod eye after the bushing is installed. The 
swing cylinder trunnion seals are installed before the 
bushings. 

The crowd cylinder piston end attaching point is of a 
yoke type construction , therefore, it uses two 
bushings and four seals. 

Cylinder bushings are a close tolerance fit. Use care 
when installing to prevent damage. 

Carefully install new seals with a suitable step plate. 

Piston Components 

Two types of cylinder pistons are utilized in the Model 
555 backhoe, a two piece piston and a one piece 
piston, Figure 159. 

The two piece piston, utilizes chevron type packing 
consisting of soft chevrons for sealing under low 
pressure and hard chevrons for sealing high pressure. 

One piece pistons, are designed to use a teflon sealing 
ring with an expander. Two types of one-piece pistons 
are used on the Model 555 backhoe cylinders. One 
style uses one or two split. snap-on wear rings. The 
other style uses integral molded on wear rings , Both 
styles use a teflon seal with a rubber expander ring 
underneath. 

Carefully examine each component of the piston. 
Where there is evidence of damage, investigate the 
cause and make the necessary repair. Cylinder drift or 
leak-down can usually be traced to leakage at the 
piston packings. 

Two Piece Piston-Inspection and Repair 

1. Examine the piston packing for frayed edges, 
wear, hardening, cracks, and distortion. Install 
new packing assemblies where there is evidence 
of damage or wear. 

2. Inspect the pistons for damage. Remove minor 
scratches and damage using a fine abrasive or 
crocus clost. Major damage such as deep 
scratches , burrs, or cracks should not be 
repaired. Install new parts when severely 
damaged. 
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Figure 159 
Backhoe Bucket Cylinder Pistons 

A. Piece Piston 
B. 2 Piece Piston 
1. Piston Assembly 
2. Piston Wear Rings 
3. Piston Outer Seal 
4. Piston Seal Expander Ring 
5. Piston Packing 
6. Piston Halves 

3. On swing cylinders, illustration HE", Figure 157, 
inspect the piston retaining bolt. This bolt is also 
part of the cushioning system. Inspect the 
deceleratiOn rod (17) for freedom of movement, 
the spring (20) for breaks and the tapered end of 
the rod for excessive wear or improper seating. 
Replace if necessary. 

4. Always install new O-rings . 

One Piece Piston - Inspection and Repair 

Snap on Wear Ring Type Piston: 

Remove the wear rings, teflon seal and rubber ex
pander ring. 

Install new wear ringls), expander ring and teflon seal. 
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CAUTION: Stretch the teflon seal just 
enough to get it installed in the seal 
groove. Do not overstretch. Resize the 
teflon seal by compressing it into the 
seal groove with a ring compressor. 

One Piece Piston - Inspection and Repair 

Molden-on Wear Ring Type Piston : 

Disassembly and reassemb ly is the same as for the 
snap-on type wear ring piston, except the wea r rings 
are not replaceable . 

Cylinder Barrels 

Clean the cylinder bore with a suitable solvent prior to 
inspection. 

1. Hold a f lashlight or other suitable light to the 
bore and inspect the bore for scratches, dents, 
burrs, or other damage. Install a new cylinder 
barrel if there is evidence of damage. 

2. Inspect the barrel threads for damage due to 
crossthreading. Because of the high torque re
quired to properly secure the glands, the threads 
should be in good condition. 

Cylinder Rods 

Clean and inspect the cylinder rod for scratches, nicks, 
and other damage. If damage cannot be repaired by 
buffing with a very fine abrasive, or if the rod surface is 
distorted after buffing, a new rod should be installed. 
The chrome surface should be intact to provide a rust
resistant surface. Blemishes on the rod surface will 
damage the gland packing, bearing , and wiper, caus
ing leakage after a short period of operation after 
reassembly. 

1. Check the O-ring grooves for burrs or other 
damage that may damage the O-rings when in
stalled. Replace all damaged parts. 

2. Inspect the internal threads on the rod end. The 
threads must be in good condition because of 
the high torque required to secure the piston 
packing. Repair any damage noted. 

Gland Components 

The gland packing incorporates high and low pressure 
seals. The high pressure seals function as a seal 
against oil leaking past the gland when under high 
pressure. The low pressure seal acts to seal the glands 
when the units are stored and oil pressure is low. Refer 
to Figure 157. 

1. Inspect the gland packing assembly (9) for 
damage such as frayed edges, cracks , wear, or 
distortion. Install a new packing when 
necessary . 

2. Check the gland (6) for cracks or other distor
tion. Check the threads on the gland. The 
threads must b.e in good condition because of 
the high torque required to secure them. Install 
new glands where necessary. Always install new 
O-rings (4) and back-up rings (5) on the gland 
and lubricate before assembly. 

3. Inspect the rod wiper seal (7) for damage, wear 
and distortion. Install a new wiper if damage is 
apparent. Install a new wiper and exercise care 
to prevent damage. 

4. Check the piston components, such as the 
piston retaining bolt threads, and the piston for 
wear and damage. 

CYLINDER ASSEMBLY 

Because of the configuration of O-ring seals, it is dif
ficult to determine if the ring is sealing satisfactorily. 
As a precaution it is recommended that O-ring seals be 
replaced with new ones during assembly. 

CYLINDER REASSEMBLY 

Model 555 - Backhoe 

Rod Components 

Refer to Figure 157 for correct installation of the rod 
components, paying particular attention to the posi
tion of the chevron packings. They must be pointing in 
the direction shown for a given cylinder. 

1. Install the bearing ISLin the 1.0 . of the packing 
gland 161. 

2. Install the packing (9) and secure with the snap 
ring 1101. 
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3. Install the rod wiper seal 171 in the end of the 
gland, making sure it is seated fully. 

4. Install the back-up washer (51 and a-ring (41 in 
the grooves on the 0.0. of the gland. 

5. Lightly Ilibricate the cylinder rod and the gland 
packing and seals with hydraulic oil. 

6. Slide the gland assembly on the rod being careful 
not to damage the wiper seal. 

7. On the extendible dipstick cylinder, install the 
spacer (141 , Illustration " 6 ", on the rod. 

B. Install the piston packings (21 on the piston (31 
and secure the assembly to the rod with the bolt 
(121, and if equipped, the washer (151, Illustra
tion "C". 

9. Position the rod trunnion in a vise and tighten the 
piston retaining bolt. The crowd and lift cylinders 
are required to have a washer under the retaining 
bolt head and are tightened 1475 ± 50 Ibs. ft . 
(2000 ± 70 Nml. All other cylinder piston retain
ing bolts are tightened 1100 ± 50 Ibs. ft. (1500 ± 
70 Nml. 

Figure 160 
Torque Wrench Fabrication 

1. 6 ft. (lB.3ml 
2. 80 Ibs. (108. Nml on the Pull Scale Equals 

480 Ibs. ft. (650.8 Nml Torque, or a 6:1 Ratio 
3. Pipe 
4. Spanner Wrench 
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Cylinder Components 

With all components installed on the rod, lubricate the 
piston and previously lubricated gland packings, and 
the O-rings, with hydraulic oil for easier installation. 

1. Place the cylinder barrel in a vertical position , 
open end up, and insert the rod piston end into 
the cylinder. Take care not to damage the pack
ings by rubbing against the cylinder internal 
threads . 

2. Slowly rock the rod back and forth (do not turnl 
so the packing slides by the chamfer and into the 
cylinder. Once the piston packing has completed 
entering the cylinder, past the cha mfer, lift and 
gently tap the cylinder parrel end on the floor un
til the rod is about three-fourths into the cylinder. 

CAUTION: Keep hand and fingers 
away from cylinder barrel opening when 
tapping the rod and piston into the 
cylinder. 

3. Apply 12 drops of Loctite 271 Sealant to the 
threads on the gland. Tighten the gland 550 ± 
60 Ibs. ft. (750 ± 80 Nml. 

NOTE: It may be desirable to tighten the gland 
after installation on the backhoe. Refer to Figure 
160 for an illustration of a torque wrench fabrica
tion. The swing and extendible dipstick cylinder 
glandS cannot be tightened when on the 
backhoe. 

4. Install new seals in the swing cylinder cushioning 
valve bore in the end of the cylinder before in
stalling the valve. Install one white teflon ring, an 
O-ring and then another teflon ring. Make sure 
they are seated fully in the bore. Install the 
cushioning valve and tighten securely. 

C. BACKHOE CYLINDERS 

Model 550 - Ref. Figures 161 and 162 

The swing, lift, crowd, bucket and stabilizer cylinders 
are similar in construction, and disassembly of the 
cylinders is generally the same. Where differences ex
ist, special procedures are given . The swing cylinders 
cannot be anchored on the unit when loosening the 
rod packing nuts or gland nuts. Therefore, the 
cylinders must be secured in a vice as near as possible 
to the closed end so the cylinder wall will not be 
distorted. 
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Figure 161 
Cylinder Assemblies - Model 550 

1. External Gland Nut, Lift and Crowd Cylinder 
2. Internal Gland Nut, Bucket-Swing and 

Stabilizer Cylinders 
3. Single Chevron Piston Packing - Swing 

Cylinder 
4. Single Chevron Piston Packing - Stabilizer 

Cylinder 
5. Double Chevron Piston Packing - Lift, Crowd 

and Bucket Cylinders 

o 

o 

The main difference in the bucket, swing and stabilizer 
cylinder versus the lift and crowd cylinders is in the 
gland nut. The gland nut screws inside the cylinder 
barrel on the bucket, swing and stabilizer cylinder and 
onto the outside of the cylinder barrel. on the lift and 
crowd cylinder, Figure 161. 

3 . Remove the piston rod assembly from the 
cylinder barrel. 

DISASSEMBLY 

1. Clean the cylinder externally so that the internal 
parts will not become contaminated. 

2. Loosen the cylinder .gland nuts with a suitable 
spanner wrench , Figure 151, while the cylinder is 
mounted on the backhoe when possible. 

NOTE: Use care in the removal of the piston rod 
and the handling of the cylinder. Do not allow 
the cylinder or rod to be damaged. 

BACKHOE AND COMPONENTS 

Components of the backhoe cylinder rod are retained 
on the rod by the piston nut. The piston nut is a self
locking type . 

1. Position the rod trunnion in a vice and remove 
the piston nut and washer. 
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Figure 162 
Backhoe Cylinder Components 

1. Barrel 
2. Piston Nut 
3. Washer 
4. Piston 
5. Packings 
6. a-Rings 
7. Thrust Ring 
8. Rod 
9. a-Ring 

10. Backup Waoher 

NOTE: The swing cylinder rod end is split and 
should have a spacer inserted between the 
valves to prevent spreading or distorting the end. 

2. Remove the pistons, packings, thrust ring, and 
a-ring seals, Figure 162, from the rod. 

3. Remove the gland (along with the large a-ring 
seal, backup washer, and gland packings) from 
the rod. 

4. Remove the packing nut, shims and rod wiper 
from the rod, and from the gland. 

5. Remove the large O-ring seal and backup washer 
from the outside of the gland. Also remove the 
bearing and gland packings from the inside of 
the gland. 
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11 . Gland 
12. Adaptor 
13. Gland Packing 
14. Bearing 
15. (2 Required) Shims 
16. Packing Nut 
17. Rod Wiper 
18. Gland Nut 
19. Trunnion 

6. Remove the rod wiper from the inside of the 
packing nut. 

7. Refer to Figure 161 for removal of the com
ponents from single packing cylinders. 

INSPECTION AND REPAIR 

A careful inspection oLall cylinder components is 
essential for a satisfactory repair . Small nicks, burrs, 

scratches and other damage can be hidden by oil film, 
therefore, it is important to clean each part prior to in
spection. 
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CYLINDER BUSHINGS 

Bushings showing evidence of wear or other damage 
should be removed and new bushings installed. 
Removal and installation can be accomplished using a 
hydraulic press and suitable step plate or driver, Figure 
155. 

The split type bushing should be coated with a suitable 
lubricant prior to installation. 

PISTON COMPONENTS 

Carefully examine each component of the piston. 
Where there is evidence of damage, investigate the 
cause and make the necessary repair. Cylinder drift or 
leak-down can usually be traced to leakage at the 
piston packings. 

1. Examine the piston packing for frayed edges, 
wear, hardening, cracks and distortion. Install 
new packing assemblies when there is evidence 
of damage of wear. 

2. Inspect the pistons for damage. Remove minor 
scratches and damage using a fine abrasive. Ma
jor damage such as deep scratches, burrs or 
cracks necessitate the replacement of the com
ponents. 

3. Always install new O-ring seals. 

CYLINDER BARRELS 

Clean the cylinder bore with a suitable cleaning solvent 
prior to inspection. 

1. Using a flashlight or other suitable light inspect 
the bore for scratches, dents, burrs of other 
damage. Install a new cylinder barrel if there is 
evidence of damage. 

2. Inspect the barrel threads for damage by cross
threading. Because of the high torque required 
to secure the glands, the threads should be in 
good condition. 

CYLINDER RODS 

Clean and inspect the cylinder rod for scratches, dents 
and other damage. If damage cannot be repaired using 
a fine abrasive, or if the rod surface is distorted after 
repair, a new rod should be installed . The chrome sur
face must be intact to provide a rust -resistant surface. 
Blemishes on the rod surface will damage the gland 
packing and wiper and will ca use leaking after a short 
period of operation. 

• Check the O-ring seal grooves for burrs or other 
damage that may damage the O-ring seals when 
installed. Repair any damage noted. 

• Inspect the threads on the rod end. The threads 
must be in good condition because of the high 
torque required to secure the piston packing. 
Repair any damage noted. 

BACKHOE GLAND COMPONENTS 

As previously noted , the gland packing incorporatss 
high and low pressure seals. The high pressure seals 
function as a seal against oil leaking past the gland 
when under high pressure. The low pressure seal acts 
to seal the glands when the units are stored and the oil 
pressure is low. 

1. Inspect the gland packing assembly for damage 
such as frayed edges, cracks, wear or other 
distortions. Install a new gland packing assembly 
when necessary. 

2. Check the gland carrier for cracks or other distor
tion . Check the threads of the packing nut, 
glands, and l or gland nuts. The threads must be 
in good condition. Install new nuts where 
necessary. Always install a new O-ring seal and 
backup washer on the gland carrier and lubricate 
before assembly. 

3. Inspect the rod wiper for damage and distortion. 
Install a new rod wiper when damage is ap
parent. Install the new.wiper and exercise ca re to 
prevent distortion during assembly. 

4. Check the piston nut threads, thrust ring for 
flatness and the piston itself for damage. 
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ASSEMBLY 

Because of the configurat ion of 0·rin9 seals, it is dif
ficult to ascertain if the ring is sealing satisfactorily. As 
a precaution it is recommended that O-ring seals be 
replaced at cylinder re-assembly. Complete packing 
sets shou ld be installed when cylinders are reassem
bled unless the existing packings have had little or no 
use. 

CYLINDER REASSEMBLY 

Model 550 

BACKHOE CYLINDER ROD COMPONENTS 

1. Refer to Figure 162 for correct installation of the 
rod components, paying particular attention to 
the position of the packings. They must be point
ing in the direction shown for a given cylinder, 
Figure 161. 

2. Slide the gland nut on the rod if the cylinder is of 
the external gland nut type. 

3. Coat the cyl inder rod with a light film of hydraulic 
oil. This wi ll permit easier installation of the pack
ing nut and gland. 

4. Install the rod wiper in the packing nut . 

5. Install the backup washer and O-ring seal in the 
grooves on the outside of the gland . 

6. Install the rod packing assembly and rod bearing 
in the inside of the gland. Slide the shims over 
the threads on the packing nut and install the 
packing nut into the gland approximately half the 
threaded length to hold the packing in place. 
then slide the gland assembly on the rod, being 
careful not to damage the edge of the wiper. 

7. Assemble the pistons, packings, thrust ring and 
O-ring seals on the rod, as applicable for the 
specific cyl inder being assembled . Be careful not 
to damage O-ring seals. 

8. Install the washer and piston nut on the rod end 
and tighten to the specified torque - See 
Chapter 6. 
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CYLINDER COMPONENTS 

1. With all components installed on the rod, 
lubricate the piston components, gland and 
O-ring seal for easier installation . 

2. Place the cylinder barrel in a vertical position, 
and insert the rod piston end into the barrel. 

3. Slowly move the end of the rod back and forth 
(do not turn) so that the chamfer on the cylinder 
barrel eases the piston packing into the barrel. 
Once the complete piston packing has entered 
the barrel past the chamfer, lift and gently tap 
the cylinder barrel end on the floor until the rod is 
approximately three quarters into the bore. 

4. Apply Loctite sealant to the gland or gland nut 
threads and packing nut threads. Torque gland 
or gland retaining nut and packing nut to the tor
que specified in Chapter 6. 

NOTE: It may be desireable to tighten the gland 
nut after installat;on on the backhoe. See Figure 
160 for torque wrench fabrication. 

4. VALVE OVERHAUL 

A. LOADER CONTROL VALVE 

DISASSEMBLY 

1. Position the valve body assembly in a soft-jawed 
vise and remove the six lock nuts and three studs 
which secure the end covers and valve sections 
together, Figures 163 and 164. 

2. Remove the valve body assembly from the vise 
and separate the sections. 

3. Remove and discard all O-ring seals used to seal 
the valve sect ions . 

4. Remove the system relief valve from the rear end 
cover, Figure 164. Tne relief valve is composed 
of a relief valve seat with radially drilled holes, a 
poppet, spring, shims, O-ring seals, and a cap. 
The shims are used to obtain the required 
pressure setting of the valve . 
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1. Valve Cap 
2. O-Ring 
3. Spring 
4. Shims 

5. Relief Valve Body 

6 Relief Valve. Valve Poppet 
7: Anti-Cavitation 
8. Guide 
9. Seal 

10. Washke~alve Poppet 11. Chec 
12. Stud 
13. Washer 

Washer 
14. k Valve Cap 15. Chec 

16. Plug Valve Cover 17. Front 

Figure 163 ket Section 

Front Cover & Buc 34. Armature shers' Loader Valve et 35 Bellville Wa V Ive Bonn . 

18. a Retainer Screw 36. Cap 'on Adjuster 
19. Collar 7 Spring Tensl Lock Washer 3. . 

~~: Collar Retainer 38. ~~;:~~ Guide 22 

Collar 39. Ball Guide 'ng 
. h ~. D' Hoo. 23. Was er Return to Ig C liar 41. 22~' S~al Retainer n 4

4
2
3

, Bc:~~ering Spring Screw . k t SecM . 
26. Buc e 01 44 Collar 
27. Valve Spa . Collar 

28. Air Filter 4~. Seal Retainer Centering Assembly 
. 9 Boot 4 . ndard Spool . 

;,: '00 ".,"" :;. ;~,."" ,,,'" :o,~~ ... " .. ,." 31. Soleno~d . 'Not on a 
32. Spacer Retaining Screw 33. Armature 

Design Valves . Valves Only . Late Both Ends. A 
Early DeSign . Relief Valve on 

DeSign have same 
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Figure 164 
Rear Cover and Lift Section 

1. Check Valve Plug 11. Collar 21. Boot 
2. Spring 12. Detent Sleeve 22. Boot Retainer 
3. O-Ring 13. Lift Section 23. Boot Retainer Screw 
4. Washer 14. Detent Balls 24. Plug 
5. Washer 15. Centering Spring Screw 25. Rear Valve Cover 
6. Relief Check 16. Spring 26. Relief Valve Body 
7. Valve Spool Bonnet 17. Valve Spool 27. Relief Valve Poppet 
8. Retaining Ring 18. Seal 28. Relief Valve Shim 
9. Collar 19. Seal Retainer 29. Spring 

10. Spring 20. Air Filter 

NOTE: The system pressure relief valve shims 
are available in thicknesses of 0.025 and 0.010 
inches 10.635 and 0.254mmJ. Every 0.010 inch 
10.254mm) in shim thickness changes the 
pressure setting approximately 100 lb. 16.89 bar) 

5. Remove the circuit relief anti-cavitation check 
valve components from the bucket valve section 
dump circuit, Figure 163. 

6. Remove the remaining check valve components 
from the lift and bucket sections. Store the com
ponents separately for ease of fe-assembly . 

7. Remove the spool end cap retaining screws and 
remove the valve spool end cap. and seal re
tainers from the bucket and lift sections. 

114 

30. Cap 

8. Return to Dig valve. Unscrew the solenoid from 
the housing, Figure 165, and remove the 
armature retaining screw. 

9 . Remove the spool end cap retaining screws. 

10. Rotate the spools slightly to relieve seating and 
tension, and pull each spool, spring end first 
from the valve section. 

IMPORTANT: Each spoof is machine-fitted to 
its valve section spool bore . Do not interchange 
the spools and the valve sections. 

11 . Return to Dig valve . Remove the plug, swing 
tension spacer, spring and ball from the housing , 
then pull the spool from the housing, Figure 166. 
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Figure 165 
Return to Dig Solenoid Removal 

1. Solenoid 
2 . Steel Rods 
3. Vice 

12. If necessary, disassemble each spool by position
ing the spool eye, or tang end, in a soft-jawed 
vice and removee the retaining screw or snap 
ring. Figure 167 illustrates a method used to 
compress the centering spring for snap ring 
removal. 

13. Remove the spool seals from the valve body. 

INSPECTION AND REPAIR 

The majority of valve failures occur because of dirt 

and other foreign matter entering the valve, causing 
scoring and distortion. Minor imperfections can be 
corrected by using fine abrasive cloth, or fine lapping 
compound. Exercise extreme care when abrasive 
materials are used to be sure that all particles are 
removed from the valve body. 

1. Inspect the valve body bores and poppet seats 
for evidence of scoring or other distortion, pay ~ 

ing particular attention to the condition of the 
highly finished surfaces in the spool bores. If 
deep scores, casting imperfections, or serious 
pitting is observed, discard the valve section. 

2. Clean the spools and component parts with a 
suitable solvent and dry with compressed air. 

3. Inspect the spools for wear, badly pitted sur
faces, distortion and other damage. If any of 
these defects are apparent, discard the valve 
section and its matched spool. Remove any paint 
or rust from the highly finished surface of the 
spool with fine abrasive. 

4. Inspect the parts of the centering spring 
assembly for cracks, burrs, or damage. Discard 
any springs, washers or collars that are dam 
aged. 

5. Inspect the lift and bucket check valves for wear, 
damage or burrs in the seating area. 

6. Bucket Section. Inspect the anti ~cavitation cir~ 

cuit relief check valve components for damage. 
Inspect the seating surfaces for evidence of 
wear, burrs, or foreign matter that could prevent 
correct seating of the valves. Replace the 
assembly if any of the valves or seats are 
damaged. Springs may be replaced if damaged. 
Replace all seals. 

7. Return-to-Dig. Check the solenoid by applying 
12 Volts D.C. and placing the armature against 
the holding surface. Replace the solenoid if it 
does not deyelop a magnetic field and hold the 
armature securely. 

ASSEMBLY 

NOTE: Prior to assembly, check the valve sections 
and the right and left-hand end cover bores to be sure 
all O-ring seals have been removed. When installing 
new O-ring seals, coat them with lubricant to reduce 
resistance and abrasion. Refer to Figures 163, 164, and 
166 for parts relationships during assembly. Figure 166 
shows a cross section of tbe bucket section with the 
return-to-dig option. 

1. Install a new O-ring seal in the valve section 
spool bores at the spool lever end. 
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Figure 166 
Loader Bucket Valve Cross Section 

1. Solenoid 
2. Armature Retaining Screw 
3, Armature 
4. Tension Adjuster Cap 
5. Tension Adjuster 
6. Spring 
7. Ball & Follower 
8. Check, Anticavitation, and Circuit Relief Valve 
9. Check Valve 

10. Return to Dig Assembly Housing 
11. Bellville Washers 
12. Centering Spring 
13. Spool Seal 
14. Spool 
15. Valve Body 
16. Air Filter 
17. Boot Retainer 
18. Boot Retainer Screw 
19. Boot 
20. Seal Retainer 
21. Collar Stop 
22. Ball Retainer Sleeve 
23. Armature 
24. Washer 
25. Stop Collar 
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NOTE : The D-ring seal for the spring end of the 
spools should be installed on the spool before 
the spools are inserted in their respective bores. 

2. Assemble the standard valve spools as follows: 
Position the centering springs, spring washers 
and detent assembly (lift spooll on the spool. 
Install the lift-spool valve centering spring by in
stalling the snap-ring, see Figure 167. Install the 
bucket-spool valve centering spring with the 
screw. Apply two drops of Locktite IPart 
Number 2511521 to the screw threads. (Be sure 
the threads are clean and free of oill. See 
" Specifications", Chapter 6, and torque the 
screw to the specified torque . 

3. Return to Dig (Bucket spooll: Coat the balls with 
heavy duty grease and position the ball and ball 
guide in the housing. Place the housing on the 
valve spool and install the outer ball, follower, 
spring and spring tension adjuster. 

Be certain to adjust spring tension after install
ing the valve assembly in the vehicle. Install the 
cap on the housing. Install the belleville washers, 
spacer, armature; apply two drops of specified 
sealant, see Chapter 6, to the armature retaining 
screw; and tighten . 

4. Install the spool end O-ring seal back-up washer 
and retaining washer on the spool. 

5. Lubricate the spool with hydraulic oil and insert it 
into the valve section spool bore. Secure the 
spool cap with the retaining screws. 

6. Install the spool lever end O-ring, seal back-up 
washer and retaining washer over the spool end 
and into the valve body. Install the air filter , boot 
and boot retainer over the spool eye. Secure 
with the boot retainer screws. 

7. Install new O-ring seals and back-up washers on 
the lift and bucket check valves, the circuit relief 
anti-cavitation check valves and the system relief 
valve. 

8. Install the system relief valve assembly in the rear 
(inlet) cover. Tighten the relief valve cap securely. 

9. Install the lift and bucke! check valves and the 
circuit relief anti-cavitation check valve into their 
respective bores. Tighten the caps and plugs 
securely. 

... 

Figure 167 
Spring Removal 

1. Snap Ring Pliers 
2. Snap Ring 
3. Centering Spring 
4. Valve Spring Compressing Tool 
5. Valve Spool 

10. Return-to-dig: Apply 12 Vol ts D.C. to the 
solenoid and adiust the solenoid until it holds the 
spool in the return-to-dig position when the 
spool is moved 0.370-0.380 in. 19.40-9.65mm) 
from neutral position. Apply two drops of 
specified sealant, see Chapter 6. (Current 
replacement part is nonadjustable). 

11. Lubricate and position new O-ring seals between 
each of the control valve sections. Make certain 
that each O-ring is properly located in the groove 
provided. 

12. Assemble the valve sections and end covers 
together starting with the outlet cover (machined 
surface up). 

13. Place the bucket valve section on the outlet 
cover, being careful not to dislodge the O-ring 
seals. 
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14. Place the lift section on the bucket section, again 
being careful not to dislodge the O-ring seals. 

15. Position the inlet cover on the lift section. Align 
the three through bolt holes as the valve sections 
and end covers are stacked. 

16. Install the through bolts through the end covers 
and valve sections and secure with locknuts. 

IMPORTANT: Use extreme care when tight
ening the lock nuts securing the valve assembly_ 
Due to the internal passages in the valve sec
tions, it is possible to warp the sections and 
cause leaking, distortion and subsequent valve 
failure if the nuts are either over tightened or 
unevenly tightened. 

17. Return-ta-Dig Adjustment: 

Adjust the ball tension to give proper operator 
" feel" when engaging the automatic detent as 
follows: 
a. Tighten the adjuster until 2-6 Ibs. 1. 137-.413 barl 

additional resistance is felt before engaging 
the detent. 

b. Use care to adjust the dent so that the 
operator can tell by "f~el" that if moved fur
ther, the valve will engage the detent. This 
will help the operator avoid accidental detent 
engagement. 

NOTE: Do not overtighten the ball spring ten
sion adjuster. If overtightened, the adjuster 
will prevent the valve from returning to normal 
mal. 

B. BACKHOE MAIN CONTROL VALVE 

Model 555 

DISASSEMBLY 

Since the spools are selectively fitted to their respec
tive sections, they are not serviced separately. If a 
spool or valve section requires replacement, the com
plete valve section must be replaced. All other com
ponents are serviced separately. 
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Due to the close tolerance between the valve spools 
and their respective valve sections, it is important that 
the spools and sections be kept in order so that the 
spools can be installed in their original bores during 
assembly. Equally important is the installation of plugs 
in the ports of the valve body to prevent the entry of 
dirt and foreign material. 

The valve body should be cleaned externally with a 
suitable solvent before disassembly. 

1. Remove a nut from either end of each tie rod, 
Figure 168. If possible, it would be desirable to 
remove the nuts from the outlet end cover end of 
the tie rods, as shown. 

Figure 168 
Control Valve Disassembly 

1. Outlet End Cover 3. Tie Rod ~ 71 16" - 20 
2. Stabilizer Section 4. Tie Rod ~ 1/2" - 20 

2. Separate the control valve by removing one sec
tion at a time beginning with the outlet end 
cover. After removing each section, remove the 
check valve spring (21, and poppet (3), Figure 
169, and the O-ring (5), Place the sections on a 
clean surface. Take note of the order in which 
the sections are removed. 

INLET END COVER 

1. Remove the system relief valve, Figure 170, by 
grasping the largest hex with an appropriate 

wrench and unscrewing. 
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Figure 169 

Check Valve - Exploded View 
1. Valve Section 
2. Check Valve Spring 
3. Check Valve Poppet 12 types used) 
4. Inlet End Cover 
5. a -Ring 

Figure 170 

' J 
I -, 

Inlet End Cover - Exploded View - ISystem 
Relief Valve Typical to Circuit Relief 

Valves Except Lift Rod End) 
1. In let End Cover 10. Body 
2. Sleeve Poppet 11. Back-Up Ring 
3. Poppet 12. a-Ring 
4. Spring 13. Piston 
5. a-Ring 14. Spring 
6. Fitting 15. Back-Up Rings 
7. Spring 16. Pilot Poppet 
8. Adjusting Plug 17. a -Ring 
9. Adjusting Cap 18. Locknut 

2. Loosen the locknut 118) and remove the ad
justing cap 19). Remove the adjusting plug 18), 
shims lif used), spring (7), and pilot poppet 116). 
Separate the fitting 16) from the body 110) and 
remove the sleeve spring (14). Remove the 
sleeve poppet 12) from the body and remove the 
spring 14). Remove the piston 113); and poppet 
13) from the sleeve poppet. 

Valve Sections 

All of the valve sections are basically identical in con
struction. However, not all of the sections use two cir
cuit relief valves as noted in either Figure 170 or Figure 
171. Note that the sections are stacked differently for 
the two lever control model than the four lever control 
model. If the unit is equipped w ith an extendible 
dipstick, its section would be between the inlet end 
cover and the left stabilizer section as shown. The ex
tendible dipstick valve section has only aile circuit 
relief on the bottom end of the valve . It functions for 
the piston end of the extendible dipstick cylinder. 

Circuit Relief Valves 

With reference to Figure 173, note the two different 
styles of circuit relief valves. The one on the left is for 
the swing circuit, but is common in construction to all 
other circuit and system relief valves except the lift rod 
end circuit relief valve, which is the one on the right. 
Notice that the sleeve poppet 16) is constructed dif
ferently , as it uses an a -ring 15) and backup ring 14) to 
seal the sleeve poppet . This is used for better sealing 
during a craning operation . On the other style circuit 
relief valve, without seal rings, the sleeve poppet is 
allowed to slide and seal by means of the tapered end. 
It is effective in cavitating operations as the sleeve is 
free to retract. 

For disassembly of the circuit relief valves, except the 
lift rod end, refer to the Inlet End Cover section, page 
61 , as they are the same as the system relief valve. 
Follow the procedure outlined below for the lift rod 
end circuit relief valve. 

NOTE: Before removing the circuit relief valves, they 
should be tagged and identified as to which section 
and end they. are installed in. 

1. Loosen the locknut 11 2), Figure 174, and remove 
the adjusting cap 119), adjusting plug 111), shims 
110), spring 117), and poppet 19). 
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Figure 171 
Four Lever Control Valve Stacking Showing 

Circuit Relief Valve locations 
1. Circuit Relief Valve Adjusting Cap 8. Crowd Section 
2. Locknut 9. Left Stabilizer Section 
3. Outlet End Cover 
4. Right Stabilizer Section 
5. Swing Section 
6. Bucket Section 
7. Lift Section 

2. Unscrew the poppet fitting (8) from the body (1) 
and remove the spring (6), poppet (4), piston 
(15), and sleeve poppet (13). 

Valve Spools 

All control valve spools are removed from the valve 
body, centering spring end first and contain basically 
the same components. 
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10. Extendible Dipstick Section 
11. Inlet End Cover 
12. Restrictor Plates 
13. Retrictor Body 

IMPORTANT: Always mark the valve section as to 
which end receives the spool eye. Because the spool is 
round, it may be inserted into either end of the valve 
body. Installing the spool in the wrong end of the bore 
should be avoided, as the spool and bore acquire a 
definite wear pcrttern 

1. Remove the spool cap (1), Figure 175, by remov
ing the two cap screws. 
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Figure 172 
Control Valve Stacking - Two Lever Controls 

Circuit Relief Valve Locations 
1. Outlet End Cover 7. Left Stabilizer Section 

·2. 
3. 

Right Stabilizer Section 
Crowd Section 

4. Bucket Section 
5. Swing Section 
6. Lift Section 

2. Remove the centering spring retaining screw 
(101. spring seats (21, and spring (11). 

3. Remove the spool (41 from the body, centering 
spring and first . 

NOTE: Handle the valve spool carefully. A small 
nick or scratch cDuld make reassembly difficult 
and/ or the valve may not function properly after 
reassembly. 

4. Remove the seal plates {3 and 91, wiper seals (8 
and 121, and O-rings (7 and 131, from each end of 
the valve body. 

8. Extendible Dipstick Section 
9. Inlet End Cover 

10. Main Relief Valve 
11. Circuit Relief Valves 

Outlet End Cover 

1. Remove the regenerative check valve, (55515 ft. 
& 15 It. extendible dipstick models only I, Figure 
176, by removing the plug (11, and spring and 
poppet (21. 

2. Remove the backpressure unload valve assembly 
(7), Figure 176. 

3. Disassemble the backpressure unload valve, by 
removing the plug (121, shim(sl (111, spring 
(101, poppet rod (91, and poppet (81. 
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Fig-173 
Circuit Relief Valve Types 

1. Circuit Relief Valve - All Except Lift Rod End 
2. Circuit Relief Valve - Lift Rod End 
3. a-Ring 
4. Back-Up Ring 
5. a-Ring 
6. Sleeve Poppet 

4. Remove the back pressure valve (18), by remov
ing the plug (20), spring 1191. Remove the a-ring 
(13) from the backpressur valve bore in the outlet 
end cover. 

NOTE: -For easy removal of the backpressure 
valve, thread a 8-32 screw (1) into the outer hole 
on the end of the valve (2) a couple of turns, then 
pull the assembly out, as shown in Figure 177. 

5. Remove the backpressure relief valve, Figure 176, 
by removing the plug and a -ring (14), shimls) 
(15), spring 116), and poppet (17). 

6. Remove the other two plug's and O-rings in the 
Qutlet end cover so that it can be thoroughly 

cleaned. 
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INSPECTION 

Before inspecting parts, they should be cleaned in a 
suitable solvent. Also, thoroughly flush all passages in 
the valve sections and end covers. Dry the parts with 
compressed air. 

Spool and Valve Sections 

1. Inspect the spools and the spool bores in the 
valve sections for scratches, wear, and damaged 
lands. If the spools are badly scored, worn, or 
the lands are damaged, a complete new section 
must be installed as the spools are matched to 
the bores. Reconditioning is not recommended 
because special machining and test stand 
facilities are required. 

2. Check the centering springs for " set" by visually 
comparing the length to a new spring. Install 
new springs if necessary. 

3. Check the spool wiper seals for wear or damage. 
Install new seals where required. 

4. Install new O-rings. 

System and Circuit Relief Valves 

The system and circuit relief valves are serviced as 
assemblies. The assembled units are pre-set for 
pressure; however, they should be pressure tested 
after installation on the unit. External O-rings and 
backup rings are serviced individually. 

Check to make sure that the piston, poppet, and 
sleeve poppet each move freely within the body and 
return to the normal extended position. 

NOTE: The sleeve poppet for the lift cylinder rod end 
circuit relief valve is not moveable; as it uses seals on 
the end for better sealing during operation. The other 
circuit relief valve poppets are free to move, as they 
provide the anti-cavitation feature. 

With a small soft rod, depress the sleeve poppet fully 
into the body. When the rod is quickly removed, the 
sleeve poppet should snap back to the extended posi 
tion . Repeat this procedure for the poppet and piston. 
If any of these fail to snap back to the extended posi
tion, disassemble the valve, Figures 170 or 174 and : 
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Figure 174 

lift Rod Circuit Relief Valve - Exploded View 
1. Body 8. Fitting 14. Back-Up Ring 
2. O-Ring 9. Pilot Poppet 15. Piston 
3. Back-Up Ring 10. Shim(s) 16. Back-Up Rings 
4. Poppet 11. Adjusting Plug 17. Spring 
5. O-Ring 12. Adjusting Nut 18. O-Ring 
6. Spring 13. Sleeve 19. Adjusting Cap 
7. O-Ring 
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Figure 175 
lift Valve Section - Exploded View 

1. Cap 
2. Spring Seats 
3. Seal Plate 
4. Spool 
5. Body 

6. Check Valve and Spring 11. 
7. O-Ring 12. 
8. Wiper Seal 13. 
9. Seal Plate 14. 

10. Centering Spring Screw 

Centering Spring 
Wiper-Seal 
O-Ring 
Circuit Relief Valves 

-
r 
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Figure 176 
Outlet End Cover - Exploded View 

1. Plug and a -Ring 
2. Regenerative Check Valve and Spring 
3. Outlet End Cover 
4. a -Ring 
5. Back-Up Ring 
6. a -Rings 
7. Unload Valve Body 
8. Poppet 
9. Poppet Rod 

10. Spring 
11. Shimls! 
12. Plug and a-Ring 
13. a-Ring 
14. Plug and a-Ring 
15. Shimls! 
16. Spring 
17. Relief Poppet 
18. Backpressure Relief Valve Body 
19. Spring 
20. Plug and a-Ring 
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Figure 177 
Removing Backpressure Valve Assembly 

1. 8-32 Screw 
2. Backpressure Valve Assembly 
3. Outlet End Cover 

1. Check all a-rings and back-up rings for wear, 
damage, or swelling. Mating parts must move 
freely with the O-rings and back-up rings installed. 

2. Inspect the inside of the sleeve poppet for 
evidence of wear caused by the poppet O·ring 
and back-up ring. A .slight groove may cause the 
poppet to stick open when operating under 
pressure, yet the poppet may move freely when 
depressed by hand. 

3. Inspect the ground seating suriace of the piston 
for nicks or excessive wear. The piston should be 
free of nicks and abrasion . 

4. Inspect the pilot poppet seat in the poppet fitting 
and the seats on the pilot poppet. These seats 
should indicate a complete seating surface. 

5. Visually check the springs for "set" by compar
ing their lengths to new springs. 
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Check Valves 

Check valves malfunctioning is usually the result of 
foreign material lodging between the seat and check 
valve. The spring may also be damaged. Refer to 
Figure 169. 

1. Examine the seat surface for dirt or metal par
ticles. Check the seating surfaces for nicks or 
scratches. 

2. Minor nicks and scratches can be removed by 
using a fine lapping compound. Care must be ex
ercised to prevent lapping compound front 
entering and remaining in the valve body. 

Regenerative Check Valve (75 / 5-80) 

Malfunctioning of the regenerative check valve usually 
is the result of foreign material lodging between the 
seat and poppet. Refer to Figure 176. 

,. Examine the seating surfaces for dirt and metal 
particles, nicks or scratches. 

2. Minor scratches and nicks can be removed by 
using a fine lapping compound. Exercise care to 
prevent lapping compound from entering and re
maining in the outlet end cover. 

3. Install a new O-ring on the valve plug . 

Backpressure and Backpressure Relief Valves: 
Refer to Figure 176 (75 / 5-80) 

1. Inspect the seats for nicks and scratches. Minor 
nicks and scratches can be removed with a fine 
lapping compound; however, care must be exer
cised to prevent lapping compound from enter
ing and remaining in the outlet end cover. 

2. Check the backpressure valve and its bore for 
scratches, wear, and a groove worn by the 
O-ring. Replace of necessary . 

3. Check the springs for " set" by visually compar
ing them to new springs. Install new springs if 
necessary . 

4. Remove the backpressure valve O-rings from the 
bore in the outlet end cover . Replace all O-rings 
with new ones. 

Backpressure Unload Valve (75 / 5-80) 

NOTE: Individual partsi except for external O-rings 
and seals, are not serviced. The valves are serviced as 
pre-set assemblies. 

1. Inspect the seats for nicks and scratches . Minor 
nicks and scratches can be removed with a fine 
lapping compound; however, care must be ex
ercising to prevent lapping compound from 
entering and remaining in the outlet end cover. 

2. Check the springs for "set" by visually compar
ing them to new springs. 

3. Remove all O-rings and the back-up ring. 
Replace with new parts. 

Swing Valve - Flow Restrictors 

Flow restrictors located in the swing valve outlet ports 
prevent cylinder cavitation, Figure 171. 

Inspect the orifice plate to insure they are not dam 
aged and are free to move. See Specifications, 
Chapter 6 for orifice size. 

D. ASSEMBLY 

System and Circuit Relief Valves -
All Except Lift Rod End 

NOTE: Individual partsi except for external O-rings 
and seals, are not serviced. The valves are serviced as 
pre-set assemblies. 

1. Install an O-ring (12), Figure 170, and a new 
back-up ring (11), on the poppet (3) and install 
the poppet in the sleeve (2) , tapered end first . 
The back-up ring should be nearest the tapered 
end as shown. 

2. Install the piston (13) into the poppet (3), 

3. Install a back-up ring, O-ring and another back
up ring on the small eDd of the poppet fitting (6) 
and an O-ring on the large threaded diameter. In
stall the spring (4) into the fitting. One end of the 
spring has a larger O.D. and should be placed into 
the fitting. 
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4. Place the spring 114) on the sleeve and assemble 
the sleeve and fitting. Install the assembly into 
the body 110) and tighten 751bs. ft. 1102 Nm). 

5. Insert the pilot poppet 116) and spring 17) into the 
fitting. 

6. Install a new O-ring 17) and spool wiper 18) on the 
eye end of the spool and insert them into the 
recess in the valve body. Secure with the seal 
plate 19) and two screws. 

7. Install a new O-ring on the end of the circuit relief 
valve and install in the valve body. Tighten to 75 
Ibs. ft. 1102 Nm). 

NOTE: The system and circuit relief valves must 
be pressure checked and adjusted. 

Circuit Relief Valve. Lift Rod End 

NOTE: Individual parts, except for external O-rings 
and seals, are not serviced. The valves are serviced as 
pre-set assemblies. 

1. Install the back-up ring 13), Figure 174, and then 
the O-ring 12) on the small end of the sleeve 113). 

2. Install an O-ring 15) and a back-up ring 114) on 
the poppet 14), and install the poppet in the 
sleeve. The back-up ring should be nearest the 
tapered end of the poppet. 

3. Install the piston 115) into the poppet. 

4. Install a back-up ring, an O-ring and another 
back-up ring on the small end of the poppet fit 
ting 18) and a new O-ring on the large thread 
diameter, as shown. Install the spring 16) into the 
fitting. One end of the spring has larger 0.0 . and 
should be placed into the fitting. 

5. Assemble the sleeve and fitting. )nstall the 
assembly in the body 11) and tighten 75 Ibs. ft. 
1102 Nml. 

6. Install the pilot poppet 19) and spring 1171 into 
the fitting. 

7. Install an O-ring 118) on the adjusting plug 111). 
Place the shimls) 110) and the adjusting plug in 
the fitting. Secure with the lock nut 112) and ad
justing caD 119). 

8. Install a new O-ring on the threaded end and in
stall in the valve body. Tighten to 751bs. ft. 1102 
Nm). . 
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Spools 

1. Lubricate the spool 14), Figure 175, with a light 
coat of M2C-48A hydraulic oil. 

2. Insert the eye end of the spool into the valve 
body. DO NOT force the spool through the bore. 
A slight twisting motion will relieve binding. 

NOTE: The valve body has the letters "A" and 
"8" cast or stamped on one side near the high 
pressure ports. The "A " port will be on top of 
the uB" port when reassembled. Therefore, the 
"A" port is closest to the spool eye end and "8" 
is closest to the spool centering spring end. 

3. Install a new O-ring 1131, spool wiper 112), and 
then the seal plate 13) on the centering spring 
end of the spool. 

4. Install the centering spring (11) and spring seats 
12) and secure with the retaining bolt 110). 
Tighten to 72-84 Ibs . in. 181-94 Nml. 

NOTE : Apply 2 drops of Loctite 271 to the re
taining screw threads before instal/ing. Parts 
must be clean and free of oil prior to applying 
Loctite. 

5. With the O-ring and wiper ful ly seated in the 
valve body, position the seal plate on the seals 
and install the cap 111, Figure 175. Secure with 
the two screws . Torque to 4.5-5.5 lb. ft . 16.0-7.4 
Nm). 

6. Install a new O-ring 17) and spool wiper 18) on the 
eye end of the spool and insert them into the 
recess in the valve body . Secure with the seal 
plate 19) and two screws. 

Outlet End Cover 
IEffective production 4-78 / 5-80 

Model 555 
15' and 15' Extendible Dipstick 

1. Install the regenerative check valve poppet and 
spring (2) , Figure 176, in the outlet end cover. In
stall the plug and O-ring I l l. Tighten to 60 Ibs. ft . 
191 Nm). 

2. Install the backpressure re lief poppet 117) , spring 
116), shims 115) , if any, and the plug and O-ring 
1141. Tighten 10 Ibs. ft. 114 Nml. 
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3. Install the O-ring 1131, Figure 176, in its groove in
side the backpressure valve bore in the outlet 
end cover. 

4. Install the backpressure and relief valve assembly 
(18) into its bore in the outlet end cover and 
secure with the spring 1191, and O-ring and plug 
(20). Tighten to 100 Ibs. ft . 1135 Nml. 

5. Install the back-up ring (5) and then the O-ring 
(4) on the small end of the unload valve body. in
stall the other two O-rings (6) on the larger 
O.D.'s 

6. Install the poppet (8), poppet rod 191. spring (10), 
shimls) 1111, if any, and O-ring and plug (12). 
Tighten to 15 Ibs. ft. 120 Nml. 

7. Install the unload valve assembly in the outlet 
end cover and tighten to 50 Ibs. ft. 168 Nm) . 

8. Install the other two plugs and O-rings removed 
from the outlet end cover. 

NOTE: Upon instal/ation the backpressure relief 
and unload valves must be pressure checked and 
rep/aced if necessary. 

Valve Section Assembly 

The valve sections are stacked differently for the two 
lever, four lever, and extendible dipstick models. Refer 
to Figures 171 or 172 for the correct stackings of the 
different models. If the extendible dipstick feature is 
not used, the valve section is eliminated and the rest of 
the stacking stays the same. 

1. Install anut on one end of each tie rod and insert 
the tie rods into the inlet end cover. 

NOTE: The two tie rods (31, Figure 168, have 
7116"-20 thread ends. Tie rod (41 has a 112"-20 
thread end. Install accordingly 

2. Install a new O-ring on the inlet cover and place 
the appropriate valve section on the tie rods and 
seat it on the inlet cover. 

3. Install check valve and spring and a new O-ring. 

NOTE: Two different styles of check valves are 
used, Figure 169. Be sure that when replacing the 
poppet valves or spring that the same type pop
pet and springs are used. 

4. Install the other valve sections and outlet cover 
in the same manner. 

5. Install the nuts on the tie rod ends. Tighten the 
7/16" tie rods to 50 Ibs. ft. 168 Nml, and the 1/2" 
tie rod to 75 Ibs. ft . 1102 Nml. 

NOTE: Effective production 6-80 (Model 555 
- 12ft. and 14ft. I, a new redesigned outlet cover 
eliminated the use of the regenerative valve, 
backpressure relief valve and unload valve. 

C. BACKHOE MAIN CONTROL VALVE 

Model 550 IMonoblock Control Valve) 

DISASSEMBLY 

The main control valve and the six spools are serviced 
as an assembly because of the selective fit of the 
spools in the body bores. Prior to disassembly, each 
spool should be marked as to its bore location. Refer 
to Figure 178, for an exploded view of the main control 
valves and components. 

Spools: All six control spools are removed from the 
valve, centering spring end first, and contain the same 
components. 

IMPORTANT: Always mark the valve body as to 
which end receives the. spool eye. Because the spool is 
symmetrical, it may be inserted into either end of the 
valve. Installing the spools in the wrong end of the 
bore should be avoided as the spool acquires a definite 
wear pa ttern. 

1. Remove the spool cap by removing the two cap 
screws, Figure 178. 

2. Turn the eye end of the spool approximately one
half turn to relieve the seating of the spool. 

3. Pull the spring end of the spool out of the bore 
and remove the O-ring seal, wiper and sealing 
plate from the spool, Figure 178. 

4. Remove the sealing plate, wiper and O-ring seal 
from the opposite end of the valve body. 
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Figure 178 
Main Control Valve - Exploded View 

1. Check Valve Assy. 6. Wiper 
2. System Relief Valve Assy. 7. a -Ring 
3. Circuit Relief Valve 8. Valve Body 
4. Plug 9. System Relief Valve 
5. Spool Assy . 

5. Place the spool eye in a vice and clamp it in posi
tion as shown in Figure 179. 

6. Compress the spring and cap to relieve tension, 
and remove the screw. 

System Relief Valve: 

The system relief valve may be serviced as a complete 
assembly or as individual parts. The valve is not pre
set and must be adjusted after servicing. Refer to 
Chapter 4, System Relief Valve Pressure setting. 
See Figure 180 for exploded view of the system relief 
valve. 
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1. Remove the plug and a-ring at the spring end of 
the valve body, Figure 178. 

2. Remove the plug, Figure 180, from the opposite 
end of the valve body. 

3. Remove the acorn nut, washers, lock nut and 
adjusting screw from the plug. Remove the pilot 
poppet and spring, Figure 180. 

4. Using a 0.75 in. 118:~ mm) dia. brass rod or 
wooden dowel, drive the relief valve sleeve, pop
pet, piston and spring from the valve sleeve. Be 
sure to drive against the solid end of the sleeve, 
Figure 180. 
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Figure 179 
Control Valve Spool Centering Spring Removal 
,. Screwdriver 
2. Centering Spring 
3. Spool 
4. Soft Jawed Vice 

Figure 180 
System Relief Valve - Exploded View 

1. Sleeve 8. Lock Nut 
2. Poppet 9. a -Ring 
3. Spring 10. Piston 
4. a-Rings 11. a -Ring 
5. Plug 12. Pilot Poppet 
6. Spring 13. Washers 
7. Adjusting Screw 14. Acorn Nut 

Circuit Relief Valve 

The four internal circuit relief valve assemblies, located 
at the crowd, bucket and lift spools, may be serviced 
as assemblies or as individual parts. After servicing, 
the valves must be pressure checked and adjusted to 
obtain the correct relief pressure setting, as outlined in 
"Ci rcuit Relief Valve Pressure Setting" . See Figures 
178 and 181 for exploded views of the circuit relief 
valve. (550 backhoes with Husco monoblock valves 
have a single stage relief in the lift rod port). 

1. Remove the circuit relief valve assemblies from 
the valve body, Figure 178. 

2. Remove the acorn nut, washers, lock nut, 
screw, spring and pilot poppet from the plug, 
Figure 181. 

3. Remove the plug , spring, piston, poppet and 
sleeve from the valve cap. 

Circuit Check Valve : 

The check valve assembly, Figure 178, can be remov
ed by loosening and removing the plug from the valve 
body_ The check valve and spring can be removed by 
inverting the valve body and allowing the valve and 
spring to fall from the bore . 

Figure 181 
Circuit Relief Valve - Exploded View 

1 . Acorn Nut 8. Lock Nut 
2. Washers lor a -Rings) 9. Screw 
3. Spring 10. Pilot Poppet 
4. Plug 11. a-Ring 
5. Spring 12. Piston 
6. Poppet 13. a -Ring 
7. Cap 14. Sleeve 
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INSPECTION AND REPAIR 

Spools: 

Spool assemblies should be checked for centering 
spring breakage and damage to the spool lands. In
spect the spools for scratches, wear and other 
damage. The fit of the spool in the valve bore permits 
a small amount of oil to bypass between the mating 
parts to provide a lubricated spool surface. Because oil 
bypasses between these highly finished sufaces, it is 
necessary to maintain clean oil. Dirty oil carries 
abrasive particles which have a tendency to cut and 
erode between the close-fitting surfaces, and will 
eventually cause excessive leakage. Normal wear and 
high pressures will increase this leakage rate propor~ 
tionately. 

Where it is evident that scratches or other serious 
wear is present, it will be necessary to install a new 
valve assembly. 

VALVE BODY 

1. Inspect the O-ring seals and wipers at each end 
of the spool bore in the valve body. Install new 
O-ring seals and wipers where damage and ex
ternal leaking is evident. 

2. Inspect the internal bor~s of the valve for 
damage or wear. Where damage is evident, in
stall a new valve body. 

3. Inspect the poppet seats at the circuit rel ief 
valves and at the circuit check valves. Minor 
scratches and other damage can be corrected 
using a fine abrasive to recondition the seats. 

NOTE: When using abrasives or lapping com
pound, be sure to clean all traces of the 
substance from the valve body. 

SYSTEM RELIEF VALVE 

The system relief valve components are serviced as in
dividual parts or can be obtained as an assembly. In
spect the individual parts and replace as required. 
Where general wear is evident throughout the valve, 
install a complete new assembly. 

1. Inspect the sleeve for damage and wear, Figure 
180. 
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2. Using a bright light in the sleeve, determine if the 

small connecting holes are plugged, or the pop
pet seats have been damaged . 

3. Insert the poppet, without O-ring seals or back-up 
ring, into the sleeve and test for fit. The poppet 
should be a snug fit, without binding, through a 
complete revolution and the seats should show 
evidence of sealing . 

4. Inspect the seating surface of the piston for nicks 
or excessive wear. The piston should be free of 
nicks and burrs. 

5. Inspect the pilot poppet seat in the plug and the 
pilot poppet seats. These seats should show a 
complete seating surface. 

6. Install new O-ring seals. 

CIRCUIT RELIEF VALVES 

The system relief valve and circuit relief valves are ser
viced as individual parts or as assemblies. The 
assembled units are pre-set for pressure; however, 
they should be tested upon installation. Inspect the 
parts and replace the components needed unless there 
is a general worn appearance throughout the valve. 

NOTE: 550 backhoe equipped with monoblock control 
valves have a single stage circuit relief valve in the lift 
cylinder circuit. 

Check to make sure that the piston, poppet, and 
sleeve poppet each move freely within the body and 
return to the normal extended position. With a small 
soft rod, depress the sleeve poppet fully into the body. 
When the rod is quickly removed ,the sleeve poppet 
should snap back to the extended position . Repeat 
this procedure for the poppet and piston. If any of 
these fail to snap back to the extended position, 
disassemble the valve, Figure 181, and: 

1. Check all O-ring seals and back-up rings for 
wear, damage or swelling. 

Mating parts must move freely with the O-ring 
seals and back-up rings installed. 
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2. Inspect the inside of the sleeve poppet for 
evidence of wear caused by the poppet O~ring 

seal and back ~up ring. A slight groove will cause 
the poppet to stick open when operating under 
pressure, although the poppet may move freely 
when depressed by hand. 

3. Inspect the seating surface of the piston for nicks 
or excessive wear. The piston should be free of 
nicks and abrasions. 

4. Inspect the pilot poppet seat in the plug and the 
seats on the pilot poppet. These seats should 
show a complete seating suriace. 

5. Visually check the springs for "set" ' by compar· 
ing their lengths to new springs, install new spr
ings if necessary. 

CIRCUIT CHECK VALVE: 

Check valve malfunctioning is usually the result of 
foreign material lodging between the seat and poppet. 

1. Examine the seat surface for dirt or metal par
ticles . Check the seating suriaces for nicks or 
scratches. 

2. Minor scratches and nicks can be removed using 
a fine lapping compound. Care must be used to 
prevent lapping compound from entering and re~ 
maining in the control valve body. 

3, Remove the O-ring seal from the plug and install 
a new O~ring seal. 

ASSEMBLY 

Spools: 

1. Lubricate the spool with a light coat of hydraulic 
oil and position the O~ring. 

2. Install the centering spring and caps and secure 
the retaining screw. Torque to 72~84 Ibs. in . 
18.1-9.4 Nml. 

NOTE: Apply 2 drops of Loctite 271 to the re
taining screw threads before installing. Parts 
must be clean and free of oil prior to applying 
Loctite. 

3. Insert the clevis end of the spool into the valve 
body. Do not force the spool through the bore. A 
slight twisting motion will relieve binding . Before 
the spool is inserted completely, start the O~ring 
Seal and wiper into the valve body recess. 

4. With the O-ring seal and wiper fully inserted in 
the valve body recess, insert the spool fully into 
the bore and position the seal plate at the spring 
end of the spool. 

5. Position the wiper and O~ring seal over the eye 
end of the spool and locate in the valve body 
recess. Secure the seal plate at the clevis end 
with the screws previously removed. 

6. Install the cap at the .spring end and secure with 
the crews previously removed. Torque to 4.5~5.5 
Ibs. ft. 16.0-7.4 Nml. 

SYSTEM RELIEF VALVE: 

1. Insert the poppet, piston, spring and plug into 
the sleeve, Figure 180. 

2. Lightly lubricate the sleeve and insert the 
assembled items into the valve body bore. 
Tighten the plug securely to provide a satisfac~ 
tory seal at the O-ring seal on the plug. 

3. Install the plug and O~ring seal in the opposite 
end of the valve body. 

4. Insert the pilot poppet and spring in the plug. In
stall the adjusting screw, washers, lock nut and 
acorn nut. 

NOTE: The system relief valve should be 
pressure checked after installation. Refer to 
Chapter 4, System Relief Valve Pressure Setting. 

CIRCUIT RELIEF VALVE: 

1, Insert the sleeve, poppet, piston, spring and plug 
into the cap and secure so the O~ring seal on the 
plug seats firmly agaiost the cap, Figure 181. 

2. Insert the pilot poppet and spring in the plug. In
stall the adjusting screw, new washers or 
O~rings, lock nut and acorn nut . 
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NOTE: The circuit relief valve should be pressure 
checked after installation. Refer to Chapter 4, 
Circuit Relief Valve Pressure Setting. 

3. Install a new O-ring seal on the cap and secure 
the assembly into the valve body. 

CIRCUIT CHECK VALVE: 

Insert the poppet and spring into the valve body and 
secure with the plug. Tighten the plug to make sure 
the O-ring seals correctly. 

D. BACKHOE MAIN CONTROL VALVE 

Model 550 ISectional Control Valve) 

DISASSEMBLY 

The main control valve is a sectional type and the six 
individual sections can be serviced separately. The 
spools are select fit to a valve section. Prior to 
disassembly, each spool should be identified as to its 
proper section. Refer to Figure 182 for a separation 
view of the main control valve. 

Spools: All six control spools are removed from the 
valve. centering spring end first, and contain basically 
the same components except for the swing section. 

IMPORTANT: Always mark the valve section as to 
which end receives the spool eye. Because the spool is 
round, it may be inserted into either end of the sec
tion. Installing the spools in the wrong end of the bore 
should be avoided as the spool acquires a definite 
wear pattern. 

1. Remove the spool cap by removing the two cap 
screws 11), Figure 183. 

2. Turn the eye end of the spool approximately one
half turn to relieve the seating of the spool. 

3. Pull the spring end of the spool out of the bore 
and remove the O-ring, seal and retainer plate 
from the spool, Figure 183. 

4. Remove the spool wiper assembly by removing 
the machine screws, also the O-ring from the 
groove in the section body. 
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5. Using the special tool, Figure 184. isert the spool 
and clamp the tool in the vise. 

NOTE: The tool illustrated is to be fabricated 
locally from aluminum stock. 

6. Compress the spring and cap to relieve tension, 
and remove the screw or snap ring. Figure 167. 

SWING SPOOL 

The swing spool, Figure 185, can be disassembled fur
ther than other section valve spools, The chain ten
sioning feature is housed within the swing spool. 
Special attention is given to the disassembly. inspec
tion and assembly of the internal swing spool. In work
ing with the external swing spool, proceed as with the 
other spools, 

NOTE: The swing spool has a larger diameter 
than the other spools. Consequently a tool 
sirm/ar to Figure 184, with a larger hole 17/8") 
122.23 mm) is necessary. 

IMPORTANT: Without the tool, clamping of 
the swing spool in a vise would crush the side 
walls which are hollow. 

3. Using a suitable w rench, remove the spool 
eye 18), Figure 185, the shims 13), the springs 
14) and (5), and the washer 16) . 

4. Remove the poppet 113) which houses the ball 
112), spring 111), orifice 110) and snap ring 19) 
(current replacement part (orifice 10) is a screw 
plug with drilled hole, .snap ring not required). 

NOTE: There is a poppet 1/3) located in each 
end of the swing spool. The entire assembly (up
per), Figure 185, cannot be removed through 
one end. 

5. Remove the shaft 114) from the spool. 

6. Using a wrench, remove the end plug 11), shims 
13), spring 14) and 15), and washer 16). 

7. Remove the poppet 113) which houses the screw 
plug orifice 110), spring (11) and ball 112). 

NOTE: Identify poppets as to which end of the 
spool they belong. 
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Figure 182 
Backhoe Control Valve - Exploded 

1. Inlet Cover 
2. a-Rings 
3. System Relief Valve 
4. Circuit Relief Valve 
5. Swing Circuit Relief Valve 
6. Swing Cushioning 
7. Outlet End Cover 
8. Pump Pressure 
9. Return Oil 
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Figure 183 
Lift Spool Assembly 

1. Capscrew 7. Retainer 
2. Cap 8. a -Ring 
3. Screw 9. a -Ring 
4. Washer 10. Wiper Assembly 
5. Spring 11. Spool 
6. Flat Washer 12. Check Valve 

INSPECTION 

Inspection of the inner swing spoollparts 9-14) , Figure 
185. 

• Inspect the poppets for damage and/ or dirt. 

• Check the spring with a spring from stock to see 
if any distortion is evident . 
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• Check the ball for damage. 

• Inspect the screw plug orifice hole making sure it 
is free from dirt. 

1. Saw Kerf 
2. Bore - 718 in., 

122.23 mm) 
Diameter 

Figure 184 
Spool Clamp 

For Swing Spool 
5/ 8 in. 115.88 mm) Diameter 
For Other Spools 

ASSEMBLY 

1. Assemble the poppets (13), Figure 185, by in
stalling the ball (12), spring I ll) and screw plug 
orifice (10) into the poppets (13). 

2. Insert the poppet in the centering spring end of 
the spool. 

3. Align the parts 1-6 on the centering spring end 
and install them in the swing spool, thus pushing 
the poppet into position. DO NOT TIGHTEN 
THE SPOOL END (1). 

NOTE: Before installing the spool end 111, 
rep/ace the O-ring (2) with a new O-ring and coat 
the threads with L octite . 

4. Insert the shaft (14) into the spool. 
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Figure 185 
Swing Section Valve Spool 

1. Detent End 
2. O-Ring 
3. Shim 
4. Outer Spring 
5. Inner Spring 
6. Washer 
7. Swing Spool 
8. Eye End 
9. Screw Plug 

10. Orifice Hole 
11 . Spring 
12. Ball 
13. Poppet 
14. Shaft 
15. Snap Ring 
16. Cap 
17. Spring 
18. Washer 
19. Cap 

5. Install the poppet (131 in the spool eyelet end of 
the spool. 

6. Align parts 3-6 in the spool eyelet end of the 
swing spool. 

NOTE: Before installing the spool eyelet end (8), 
replace the O-ring (2) with a new O-ring and coat 
the threads with Loctite. 

7. Install the spool eyelet end (81 with a new O-ring 
(21 into the end o.f the swing spool. 

8. With the spool clamped in the fabricated spool 
tool (of 7/8" (22.23 mml hole diameter, Figure 
184, torque the spool eyelet end with a suitable 
wrench at 5-8 Ibs. ft. (0.69-1.1 kgml . 

9. Using a suitable wrench torque the spool end (1 I 
to 5-8 Ibs. ft. (6.7-10 .8 Nml. 

SYSTEM RELIEF VALVE -

The system relief valve is serviced as an assembly only. 
The system relief is a poppet-spring design, which is 
preset to relieve at 2125-2225 psi (85.90-92.79 bar! . 
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CIRCUIT RELIEF VALVES 

The circuit relief valves, Figure 182, are serviced as 
assemblies only. They are factory set to specifications. 
After servicing, pressure check the valves, making 
sure the proper pressures are attained . See 
"Specifications" for pressure settings. 

LOAD CHECK VALVE 

The check valve assembly, Figure 183, can be remov
ed by loosening and removing the plug from the valve 
body . The check valve and spring can be removed 
with a magnet or by inverting the valve body and 
allowing the valve and springs to fall from the bore. 

INSPECTION AND REPAIR 

Spools : Spool assemblies should be checked for 
centering spring breakage and damage to the spool 
lands . Inspect the spools for scratches. wear, and / or 
other damage. The fit of the spool in the valve bore 
permits a small amount of oil to bypass between the 
mating parts to provide a lubricated spool surface. 
Because of oil bypass between these highly finished 
surfaces, it is necessary to maintain clean oil. Dirty oil 
carries abrasive particles which have a tendency to cut 
and erode between the close-fining surfaces, and will 
eventually cause excessive bypassing of oil. Produc
tion tolerances on new valves permit 115 OF (46.1 °C) , 
oil to be bypassed at the rate of 6.15 oz . 1204.88 MLJ 
per minute at 1000 psi. 188.94 bar!' Normal wear and 
higher pressures and higher temperatures will increase 
this leakage rate proportionately. 

Where it is evident that scratches or other serious 
wear is present, it will be necessary to install a new 
valve section assembly. Reconditioning of the valve 
body and spools is not recommended because select 
fining and test stand facilities are required. 

VALVE BODY 

• Inspect the O-ring and wipers at each end of the 
spool bore in the valve body. Install new O-rings 
and wipers where damage and external leaking is 
evident. 

• Inspect the internal bores of the valve for 
damage or wear. Where damage is evident, in
stall a new valve section assembly . 
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• Inspect the poppet seats at the check valves. 
Minor scratches and other damage can be cor
rected using a fine abrasive to recondition the 
seat. 

NOTE: When using abrasives or lapping com
pound, be sure to clean all traces of the 
substance from the valve body. 

CHECK VALVE 

Check valve malfunctioning is usually the result of 
fore ign material lodging between the seat and poppet. 

1. Examine the seat surface for dirt or metal par
ticles. Check the seating surfaces for nicks or 
scratches. 

2. Minor scratches and nicks can be removed using 
a fine lapping compound. Care must be used to 
prevent lapping compound from entering and re
maining in the control valve body. 

3. Remove the O-ring from the plug and install a 
new O-ring. 

4. Install the check valve and torque to 35 Ibs. ft . 
147.2 Nml. 

ASSEMBLY 

Spools: 

1. Lubricate the spool with a light coat of hydraulic 
oil and position the O-ring seal, and seal retainer 
plate on the spring end of the spool. 

2. Install the centering spring and caps and secure 
the retaining screw with Loctite to a torque of 
10-30 Ibs. ft. 113.5-31.3 Nml. ISwing spool uses 
a snap ring as a retainer!. 

3. Insert the eye end of the spool into the valve 
body. Do not force the spool through the bore. A 
slight twisting motion will relieve binding. Before 
the spool is inserted completely, start the O-ring 
seal and seal retainer plate into the valve body 
recess. 

4. With the O-ring seal and seal retainer plate fully 
inserted in the valve body recess, insert the spool 
fully into the bore and position the seal plate at 
the spring end of the spool. 
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NOTE: The O-ring at the clevis end must be in
stalled in valve body groove prior to inserting the 
spool fully into the bore. 

5. Position the spool wiper assembly over the eye 
end of the spool and secure the wiper plate to 
the valve section with the screws previously 
removed . 

6. Install the cap at the spring end and secure with 
the screws previously removed. 

INLET AND OUTLET COVERS 

Located in the inlet cover is a system relief valve (1), 
Figure 186, with a relief setting of 2125 psi. 1146.50 
bar!. A test port 121 for checking the relief valve 
pressure is also located in this end section. 

The power beyond port and the outlet to sump port 
are found in the valve outlet end cover. The power 
beyond leads to the loader control valve. 

Figure 186 
Valve Inlet and Outlet End Covers 

1. System Relief Valve 
2. Test Port 
3. High Pressure Inlet 
4. Power Beyond Port 
5. Outlet to Sump 
6. Pump Pressure 
7. Return Oil 

E. COMBINATION VALVE 

The combination valve contains two functional valves, 
a cushioning valve, and a flow control valve . Each 
valve body contains two complete sets of valve com
ponents, except for the cushioning valve seat, which 

slides and serves as a seat for both sides of the valve, 
and the f low control spool which slides and houses the 
two poppets. The sliding cushioning valve seat and 
the flow control spool are selectively fit in the valve 
body bores and are not serviced separately. The items 
which are not serviced separately are marked with an 
asterisk in Figure 106. All other components shown 
are serviced items. 

REMOVAL 

The combination valve is attached to the mainframe 
by two bolts. The swing cylinder hoses attach to the 
bottom of the valve and the main control valve hoses 
attach to the top of the valve as shown. 

1. Remove the hoses at the combination valve con
nections. 

2. Remove the valve body from the mainframe by 
removing the two bolts. 

DISASSEMBLY 

Thoroughly clean the valve body in a suitable cleaning 
solvent and dry with compressed air. Disassemble the 
valve body in clean surroundings to prevent entry of 
dirt into the system. Refer to Figure 187 for parts 
identification . 

1. Remove the two plugs that retain the flow con
trol plunger in the valve body. 

2. Remove the springs and washers used to locate 
and center the spool. 

3. Remove the flow control spool from the body 
bore. 

4. Remove the plugs that retain the springs and 
poppets in each end of the spool. 

5. Loosen and remove the caps that retain the 
cushioning valve components in the valve body. 
Remove the springs, poppets, sleeves and 
sliding seat . 
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10. Flow . Valve Seat 11. Cushioning 
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178, D-Ring Seal 
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INSPECTION AND REPAIR 

Because of the close tolerance involved, the spool and 
the cushioning valve seat are a select fit and are ser
viced only with the combination valve body. Minor 
nicks and burrs may be removed using crocus cloth or 
a fine abrasive. Major damage or excessive wea r will 
require the installation of a new assembly. 

1. Inspect the spool for damage and wear. 

2. Check the springs fo r set by comparing the old 
spring with a new spring from stock. 

3. Check the cushioning valve seat for nicks, scor
ing , or burrs. 

ASSEMBLY 

1. Assemble the spool, lubricate lightly, and insert 
into the valve body. Tighten the plugs secu rely 
to make sure of a proper seal. 

2. Install the cushioning valve assembly in t he valve 
body, using new O-rings. Secure the caps to 
make su re of a proper seal. Also tighten the 
plugs and screws in the caps securely. 

F, AUTOMATED BACKHOE CONTROLS 

DISASSEMBLY 

1. Remove the shut-off valve spool from the se
quencing valve body by removing the small slot
ted plug, Figure 188, then carefully slide the 
spool through the plug end of the valve body. 

NOTE: Because of the spool stop, removal of 
the shut-off valve spool through the bottom of 
the valve body is not possible. 

2. Remove the internal O-ring seal from the shut-off 
valve spool bore with a suitable hooked w ire . 

3. Remove the regulating valve from the valve body 
by removing the large slotted plug ; then remove 
the valve spring , valve and ball assembly and 
plunger, 

4. Turn the valve body over and remove the large 
hexagonal ca p. Remove the regulating valve 
bushing spring, the seat and the bushing 
assembly. 

5. Remove the two detent plugs, the shims, the 
springs, and detent plungers from the bores. 

6. Remove the valve spool guides f rom the sequenc
ing valve spool bores . 

NOTE : To prevent the loss of the inner de tent 
plungers, the detent bores should be covered 
when removing either sequencing valve spool. 

7. Partially remove either the lift or bucket sequenc
ing valve spool, Figure 188. This will permit the 
remova l of the inner detent plungers and spring . 

8. Remove the sequencing valve spools from the 
valve body by holding the protruding portion of 
the spool and pulling straight from the bore. 

9. If necessary, remove the two swivel connectors 
from the valve body . Then if equipped, remove 
the two orifice plates, located behind the swivel 
con nectors by turning them counter-clockwise 
with a screw driver. 

10. If necessary, remove the 90° elbows and the se
quencing valve pressure sensing tube connec
tors. 

INSPECTION AND REPAIR 

IMPORTANT: The shut-off and sequencing valve 
spools are matched to the bores in the valve body. If 
worn or damaged, install a complete new assembly. 

Shut-Off Valve : 

Inspect the spool and the spool bore f or wear or 
damage. If either are worn or damaged, replace the 
compelte sequencing valve assembly. 

Regulating Valve: 

Check the valve plunger, the valve and bushing 
assembly, both springs, and the valve seat fo r wear or 
damage. Discard worn or damaged components. 

NOTE: The valve and bushings are serviced as an 
assemblv. The ball is included as part of the valve. 
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Figure 188 
Sequencing Valve Assembly 

1. Bucket Valve Spool 
2. Spool Guide 
3. Lift Valve Spool 
4. Slotted Plug (large) 
5. Regulating Valve Spring 
6. Connectors 
7. Detent Plug 
8. O-Ring 
9. Regulating Valve Bushing 

10. Regulating Valve Seat 
11. Regulating Valve Bushing Spring 
12. Hexagonal Cap 
13. Shims 
14. Detent Plug 
15. Inner Detent Assembly 
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Bucket and lift Sequencing Valves: 

Inspect both spools, the spool guides and the spool 
bores in the valve body for damage or wear. If either 
spool is worn or damaged, install a new sequencing 
valve assembly. 

Check the four detent plungers and three springs. If 
necessary, install new parts as required. 

Tubing and Hoses: 

Inspect the two hoses, the high and low pressure 
tubes and both pressure sensing tubes for wear or 
damage. If necessary, install new parts. 

ASSEMBLY 

NOTE: To prevent damage to the a -ring seals and 
valve components, lightly coat each component with a 
film of petroleum jelly before assembling_ 

1. If removed , install the 90 ° elbows and pressure 
sensing tube connectors. 

2. Insert the orifice plates in the valve body and 
tighten securely . Then install the two swivel con
nectors. 

IMPORTANT: The sequencing valve spools are 
matched to their respective bores. Be sure they 
are correctly installed. 

3. Install the bucket sequencing valve spool, Figure 
188, (groove end) in the spool bore. 

4. Partially install the lift sequencing valve spool so 
that it does not cover the inner detent plunger 
bore. Then insert into the inner detent plunger 
bore, in the following order; a detent plunger, a 
spring and another detent plunger. Compress 
the assembly with a suitable tool to allow posi
tioning of the lift sequencing valve spool. 

5. While the inner detent spring is compressed, 
move the lift sequencing valve spool inward until 
it bottoms on the pressure sensing tube connec
tor. 

6. Carefully slide the valve guides over the sequenc
ing valve spools. Thread each guide into the 
valve body and tighten securely. 

7. Install the outer detent plunger , the spring . the 
shim and secure it with the detent bore cap. Per
form the same operation on the opposite side of 
the valve body. 

8. Insert the control valve bushing, the seat and the 
spring in the hexagonal cap end of the valve 
body. 

9. Insert the shim(s) (if fitted) in the bore in the hex
agonal cap. Then install the cap into the valve 
body and tighten . 

10. Turn the valve body on end (opposite end in
dicated in Step 8) and install the regulator valve 
plunger, the valve assembly and the valve spring. 
Secure the assembly with the large slotted cap. 

11. Position the shut-off valve spool in the valve 
body and secure it with the retaining ring . Then 
install the small slotted cap and tighten it secu re
ly. 

CONTROL CYLINDER OVERHAUL 

DISASSEMBLY 

1, Remove the plunger cap, the spring seats, the 
spring, the bushing, and the two flat washers, 
Figure 189, by removing the upper clevis from 
the cylinder rod. 

Figure 189 
Control Cylinder Components 

1. Upper Clevis 
2. Lock Washer 
3. Control Cylinder 
4. Plunger Cap 
5. Washer 
6. Spring Seat 
7. Spring 
8. Bushing 
9. Spring Seat 

10. Washer 
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2. Using a manual or hydraulic press as shown in 
Figure 190, compress the internal cylinder spring 
slightly to relieve the pressure on the lower snap 
ring . Then, remove the snap ring with a suitable 
pair of pliers. 

3. After removing the cylinder "from the press, 
remove the lower rod and the cylinder spring. 

Figure 190 
Control Cylinder Disassembly 

1. Control Cylinder 
2. Snap Ring Pliers 

4. Remove the bushings, Figure 191, from the 
cylinder rod (upper) by removing the roll pin w ith 
a suitable punch and hammer. 

IMPORTANT: The spacer, Figure 191, located 
between the cylinder rod bushing and the 
cylinder is utilized only on the lift cylinder and is 
the only difference between the lift and bucket 
cylinder. 

5. The upper rod, the washer and the gland are 
removed from the cylinder by removing the up
per snap-ring with a su itable pair of pliers. 
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Figure 191 
Control Cylinder 

1. Washer 6. Cylinder Spring 
2. Cylinder Rod (Upperl 7. Upper Snap Ring 
3. Gland Assembly 8. Spacer 
4. Lower Snap Ring 9. Bushing 
5. Cylinder Rod (Lowerl 10. Cylinder 

INSPECTION AND REPAIR 

NOTE: Installation of new seals is recommended 
whenever the cylinders have been disassembled for in
spection. 

1. Check the gland , the rods, the internal spring 
and the cylinder, especially the cylinder walls, 
for wear or damage. Discard any damaged or 
worn parts. 

2. Inspect the bushing, the external spring, the spr
ing seats, and the plunger cap for wear or 

damage. Install11ew parts as necessary. 

ASSEMBLY 

Refer to Figures 189 and 191 for parts identification. 

NOTE: A light film of petroleum jelly applied to the 
a -ring seals will prevent damage and ease assembly of 
the cylinder. 
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1. Install a new O-ring seal on the upper cylinder 
rod and gland. Then insert the shaft through the 
bore in the gland. 

2. Apply a small amount of petroleum jelly to the 
cup seal and position it in the gland. 

3. Insert the upper rod and gland assembly into the 
cylinder. 

4. Slide the large flat washer onto the cylinder rod 
(upper) and secure the components with a snap 
ring . 

5. Install the internal spring and the lower rod into 
the cylinder. Then compress the spring, Figure 
190, and secure the assembly with a snap ring . 

6. Install the spacer (lift cylinder onlyl and position 
the bushing on the upjper rod. Secure the 
bushing with a roll pin. 

7. Position the plunger cap on the upper rod. Then, 
in the following order, install a flat washer, a 
spring seat, a bushing, the spring, a spring seat, 
a flat washer, a lock washer and the clevis. 
Thread the clevis on the upper rod until the 
spring seats firmly in the plunger cap. Tighten 
the clevis securely. 

5 . HYDRAULIC PUMP 

DISASSEMBLY 

Before disassembling the pump, clean the body with a 
suitable solvent and dry with compressed air. Do not 
allow solvent to enter the pump, Mark the pump 
across the front plate, body and back plate to assist 
reassembly. 

1. Remove the eight tie bolts, Figure 192, 193 and 
195, in an alternating pattern to reduce the 
possibility of imposing unusual stresses on the 
pump components. 

2. Cradle the pump body in both hands and tap the 
drive shaft against a wooden block in order to 
separate the back plate from the front plate. (The 
body will remain connected to either the front or 
back plate). 

3. To separate the body from remaining section, 
place the drive gear in the body and tap the pro
truding end of the gear shaft with a plastic 
mallet. 

A . MODEL 555 PUMP 

Prod. 2-22-82/ -

Mfg. Sperry-Vickers 

1. Remove and discard the seals (2) and seal re
tainer (31, Figure 192. 

2. Remove and discard the shaft seal (111 . 

3. Remove the front and rear wear plate . 

INSPECTION AND REPAIR 

The pump is serviced only as an assembly. Repairs are 
limited to replacement of the seal kit consisting of 
items 2-3 and 11. 

Inspection of the pump may be desireable if the pump 
performance test indicates a borderline condition , or a 
leaking seal. 

1. Clean all parts in a suitable solvent and blow dry 
with compressed air not to exceed 30 psi (2.1 
bar!. 

2. Inspect the gear shafts and gear teeth for 
roughness or excessive wear. 

3. Inspect the gear track in the body (4) for ex
cessive wear. 

4. Inspect the front and rear wear plates (61 for 
wear. 

5. Install a new shaft (7) seal in the cover. Lubricate 
the seal and assemble the seal with the spring 
toward the inside of the pump. 

6. Lubricate and assemble the seal and seal re
tainers and all internal components. Flat side of 
seal retainer must face wear plate. 

7. Assemble wear plates with bronze side facing 
the gears. 

NOTE: Assemble the pump components with 
the identification notches aligned. 

8. Install and torque bolts to specification, Chapter 
6. Note use of short and long bolts, insure their 
use is in the correct location. 

9. Rotate the pump shaft. Torque to turn shaft 
must not exceed 35 Ibs. in. (3.9. Nml . 
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Figure 192 
Hydraulic Pump Exploded View 

IVickers Gear-) 2-82/-
1. Rear Cover 7. Alignment Notch 
2. Gland Seal 8. Wear Plate - Front 
3. Seal Retainer 9. Front Cover 
4. Wear Plate - Rea r 10. Tie Bolts 
5. Gear Set 11 . Shaft Seal 
6. Center Section 

B. MODEL 555 PUMP 

Prod. 75/ 2-21 -82 

Mfg. Webster 

The hydraulic pump, Figure 193, is serviced as an 
assembly only. Repairs are limited to the removal of 
minor scratches or nicks with crocus cloth and replac
ment of O-rings, seals and non wearing parts. Inspec
tion of the parts may be desireable if the pump perfor
mance test indicates a borderline condition, or if 
evidence of a leaking seal exists. 
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1. Remove the pressure pre-load seals 12), pressure 
load seals 13), wear plates 14), and seal rings 15) 
from both sides of the pump. Remove the gear 
shaft seal (11), Figure 193. 

2. Clean all parts in a suitable sovlent and blow dry 
with compressed air not to exceed 30 psi 12.1 
bar) . 
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Figure 193 
Hydraulic Pump Exploded View (555) 

(Webster) 4-78 / 2-82 
1. Back Plate Assembly 7. Dowel Pins 
2. Pressure Pre-Load Seals 8. Gear Set 
3. Pressu re Load Seals 9. Front Plate Assembly 
4. Wear Plates 10. Tie Bolts 
5. Seal Rings 11. Shaft Seal 
6. Pump Gear Body 

INSPECTION AND REPAIR 

1. Inspect the gear shafts and teeth for roughness 
or excessive wear. 

2. Inspect the bearings in the front and back plates. 
Pump replacement is necessary if the following 
conditions are not met: 

a. The bearings in the front and back plates 
should be flush with the plate surfaces. 

b. The oil grooves in the bearings (2), Figure 194, 
should be in line with the dowel pin holes (1) 

and pointed toward the outside surface of the 
plate. 

3. Inspect the gear pockets of the body for scoring 
or wear. If the gear pocket (31 shows signs of any 
wear past the point (4) shown in Figure 194, 
replace the pump. Wear beyond this point will 
severely limit the efficiency of the pump. 

4. Inspect the wear plates for damage. If damage 
cannot be remedied with crocus cloth, replace 
the pump. 

5. Install the seal rings (5) , Figure 193, in the front 
and back plates. 

6. Install the pre-load seals (21, load seals (31 , and 
wear plates (4) in the front and back plates. 

7. Dip the gear and shaft assemblies in hydraulic oil 
and install them in the front plate bearings. 

8. Install dowel pins (7) in the body (6). 

9. Apply a thin coat of heavy grease to both faces 
of the body. Install the body over the gears onto 
the front plates. 

10. Slide the back plate (11 over the gear shafts (81 
until the dowel pins are engaged. 

11. Install the tie bolts (101. t ightening them alter
nately and evenly to a torque of 41 -45 Ibs. ft . 
(56-61 Nm). 

12. Dip the shaft seal (11) in hydraulic oil and install it 
on the pump shaft, being careful not to cut the 
rubber sealing. lip. 
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Figure 194 
Hydraulic Pump Inspection 

1. Dowel Holes 
2. Bearing Oil Grooves 
3. Low Pressure Pocket 
4. Maximum Wear Point 

13. Place a proper size sleeve over the pump shaft 
and seat the shaft seal by driving the sleeve 
down with a plastic mallet. 

14. Rotate the pump shaft by hand. A small amount 
of drag should be felt; however, the pump 
should turn freely after a short period of use. 

C. MODEL 550 PUMP 

Prod. 75/3-78 

Mfg . Cessna 

1. Remove the thrust plate from the back plate , 
Figure 195. 

2. Remove and discard the O-ring seals from the 
front and back plates. 

3. Remove the diaphragm (13) from the front plate. 
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4. Remove the check valve spring (15) and ball (4) 
carefully noting that the bore in which they are 
removed is on the inlet side of the pump. 

5. Remove and discard the grey back-up gasket (6), 
white protector gasket (14), and diaphragm seal 
(51 . 

6. Remove and discard the shaft seal, (2). 

INSPECTION AND REPAIR 

1. Thoroughly clean and dry all parts. 

2. Inspect the shaft and gear assemblies for 
roughness or excessive wear at the bearing and 
seal areas. 

3. Inspect the gear faces for scoring or excessive 
wear. Carefully remove any sharp areas on the 
gear teeth with emery cloth. 
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) 

) 

Figure 195 
Hydraulic Pump (Model 5501 

(CessnaI75/ 3-78 

1. Back Plate Assembly 5. Dowel Pin 
2. Thrust Plate 6. Drive Gear Assembly 
3. O-Ring 7. Diaphragm 
4. Body 8. Back-Up Gasket 

4. Inspect the bea rings in the front and back plate. 
As the bearings are an integral part of the front 
and back plate and are not serviced separately, 
the complete plate should be replaced if the 
following conditions are not met. 

(al The bearings in the front plate should be 
flush w ith the raised portions of the groove 
pattern. 

(bl The oil groo\(es, in the bearings shou ld line 
up with the dowel pin holes and be 180 ° 
apart for both front and back plate. 

(cl The inside diameter of each bearing should 
not exceed 0.879 in. (22.327 mml as 
measured with a telescopic gauge and 
micrometer . 

5. Inspect the gear pocket of the body for scoring 
or wear. 

INSPECTION AND REPAIR 

The th rust plate, diaphragm, back-up gasket, protec
tor gasket diaphragm seal, shaft seal and O-ring seals 
should be renewed during re-assembly. 

1. Fit the diaphragm seal, Figure 195, into the 
groove in the front plate with the raised rim away 
from t he front plate. 

9 . 
10. 
11. 
12. 

Protector Gasket 13. Front Plate Assembly 
Diaphragm Seal 14. Shaft Seal 
Spring 15. Tie Bo lts 
Steel Ball 

2. Press the white proteter gasket and grey back-up 
gasket into the diaphragm seal. 

3. Insert the check valve ball and spring, tapered 
end first , into the bore in the front plate. 

4. Place the diaphragm on top of, and with the steel 
face toward the back-up gasket. 

NOTE : The entire diaphragm must fit inside the 
raised rim of the diaphragm seal. 

5. Dip the gear assemblies in hydraulic oil and in
stall in the fro nt plate bearings. Insta ll the dowel 
pins, Figure '195, in the body. 

6. Apply a thin coat of heavy grease to both milled 
faces of the body . 

NOTE: The halfmoon port cavities in the body 
must face away from the {rant plate and the 
small dnJled hole in one of the cavities must face 
the outlet (pressure) side of the pump. Slide the 
body over the gears and onto the front plate. 

7. Install the thrust plate, bronze face toward the 
gears and cutaway mid-section on the inlet side 
of the pump. The thrust plate must fit ins ide the 
gear pockets. 
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8. Slide the backplate over the gear shafts until the 
dowel pins are engaged, ensuring that the port 
cavities match with those in the body. 

9. Intall the bolts and tighten them evenly to the 
specified torque - Chapter 6. 

10. Dip the shaft seal in hydraulic oil and install it on 
the drive shaft, being careful not to cut the rub
ber sealing lip. 
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11. Fully seat the seal into the recessed bore in the 
front plate. 

12. Rotate the pump drive shaft by hand. A small 
amount of resistance should be felt, however, 
the pump should turn freely after a short period 
of use. 
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1. GENERAL 

This portion of the repair manual is devoted to trouble 
shooting loader and backhoe hydraulic malfunctions. 
If trouble shooting is approached in a systematic man
ner, the malfunction can be diagnosed quickly and ac
curately. Follow the step-by-step procedures outlined 
below. 

Preliminary Checks 

As a first step in the trouble shooting procedure, 
several preliminary checks should be made. These 
checks are essential in that once performed they need 
no longer be considered as a possible cause of the im
mediate malfunction. 

• Check for proper backhoe and loader and / or 
hydraulic accessory installation. 

• Check hydraulic oil level. 

• Check for external oil leaks. 

• Check for external mechanical damage such as 
kinked hoses or tubes, damaged cylinders, bent 
or binding structural members . 

• Perform the system relief valve pressure checks 
and adjust if necessary. If the pressure cannot be 
adjusted to specifications, refer to Trouble 
Shooting, outlined below. 

Trouble Shooting 

Having performed the preliminary checks and failing to 
locate the cause of malfunctioning , the following pro
cedures should be used. 

1. If possible, operate the backhoe and make note 
of the operating characteristics. Cycle each con
trol lever to operate each of the cylinders to both 
the extended and retracted positions. 

2. Compare the operating characteristics observed 
in Step 1 with the problems listed in the Trouble 
Shooting Chart . 

EXAMPLE: " Backhoe lift circuit slow to raise, 
all other circuit positions work normally. 

Listed in the column under " PROBLEM" in the Trou
ble Shooting Chart, the malfunction relating to the ex
ample problem would be : " Lift fails to operate, is 
slow, or has loss of power." 

• The column labeled " PROBLEM" lists the 
observed malfunctions when the backhoe or 
loader is operated . 

• The column labeled " POSSIBLE CAUSES" lists 
all the items in the circuit which could cause the 
observed malfunction . 

• The column labeled " TEST" lists the test which 
should be used to determine the item causing the 
observed malfunction . 

Refer to "TEST" column and periorm the recom
mended tests. Proper testing will reduce the time re
quired in locating the cause of the malfunction . Proper 
testing will also provide a more accurate indication of 
the malfunction and will save the time of unnecessary 
disassembly and inspection of all the components in 
the particular circuit . If adequate test equipment is not 
available, disassembly and inspection of the items 
listed under "POSSIBLE CAUSES" must be under· 
taken . 
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TROUBLE SHOOTING CHART 

PROBLEM POSSIBLE CAUSE REMEDY 

All circuits fail to operate . Pump drive inoperative. Investigate and repair as 
necessary . 

Pump worn. Perform pump performance 
test and overhaul as necessary . 

Low oil level. Check and add oil. 

Faulty loader/ backhoe system Check system reliat valves and 
relief valve. adjust or overhaul as necessary. 

Restricted pump suction line . Perform pump performance test 
and repair as necessary . 

Hoses or tubes incorrectly Visually inspect. 
connected. 

Slow operation or loss of Pump worn. Perform pump performance 

power in all circuits. test and overhaul as necessary. 

Restricted pump suction line. Perform pump performance 
test and overhaul as necessary . 

Faulty system relief valve. Check system relief valves and 
adjust or overhaul as necessary . 

2. LOADER TROUBLE SHOOTING 

PROBLEM 

Lift fails to operate, is slow. or 
has loss of power. 

Bucket fails to operate, is slow, 
or has loss of power. 
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POSSIBLE CAUSE 

Internal valve leakage. 

Piston packings and / or piston 
O-rings or cylinder walls of lift 
cylinders . 

Internal valve leakage or a relief 
valve leak . 

Piston packings and / or piston 
O-rings or cylinder walls of bucket 
cylinders. 

TEST 

Loader Valve Circuit and Accu
mulated Leakage " Tee" Test. 

CyHnder Packing Leakage Test . 

Loader Valve Circuit and Accumu
lated LeaKage "Tee" Test . 

Cylinder Packing Leakage Test . 
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PROBLEM 

Loader lift and bucket fails to 
operate , is slow. or has loss of 
power. 

Cylinder leak down (spools in 
neutral). 

Hesitation in loader lift or 
bucket cylinders when 
control initially moved. 

PROBLEM 

Lift fails to operate. is slow, has 
loss of power, or not holding . 

Crowd fails to operate, is slow, 
has loss of power, or not holding . 

POSSIBLE CAUSE 

Hydraulic pump drive inoperative. 

Hydraulic pump gears or pressure 
plates damaged or worn. 

Aeration: Air entering the system 
suction tube, pump shaft, fit
tings, or cylinder gland packings. 

TEST 

Visual . 

Hydraulic Pump Performance Test. 

Hydraulic Pump Performance Test. 

Cavitation: Restriction in the system Visual and / or Hydraulic Pump 
at the suction line, or at the suction Performance Test . 
screen in the reservoir. 

Loader system relief valve stuck 
open, set too low, O-rings damaged 
or missing. and / or damaged seat. 

Backhoe system relief valves stuck 
open, set too low, etc. 

Faulty piston packing or cylinder 
bore damaged . 

Internal valve leakage. 

Piston packings and / or piston 
O-rings or cylinder walls of lift 
cylinders. 

Check valve stuck open. 

Loader Valve System Relief Test, 
or Loader Valve Circuit and Accu 
mulated Leakage "Tee" Test. 

Backhoe Valve Circuit and 
Accumulated Leakage "Tee" Test. 

Loader Valve Circuit and Accumu
lated Leakage "Tee" Test. 

Cylinder Packing Leakage Test. 

Overhaul valve block. 

3. BACKHOE TROUBLESHOOTING 

POSSIBLE CAUSE 

Piston packing and l or piston 
O-rings or cylinder walls . 

Valve spool leakage. 

Lift circuit relief valve stuck open, 
set too low, or seat is leaking . 

Piston packings and / or piston 
rings or cylinder walls. 

Valve spool leakage. 

Crowd circuit relief valve (piston 
end) stuck open, set too low or 
seat is leaking. 

TEST 

Cylinder Packing Leakage Test. 

Circuit and Accumulated Leakage 
"Tee" Test. 

Backhoe Lift Circuit Relief Valve 
Test. 

Cylinder Packing Leakage Test. 

Circuit and Accumulated Leakage 
"Tee" Test. 

Crowd Circuit Rel ief Valve Test. 
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PROBLEM 

Extendible Dipstick fails to 
operate, is slow. has loss of 
power. or not holding. 

All Backhoe Circuits fail to 
operate. are slow. or have loss 
of power. 

POSSIBLE CAUSE 

Piston packings and/ or piston 
O-rings or cylinder walls. 

Valve spool leakage. 

Extendible dipstick circuit relief 
valve (piston end) in top of valve 
body stuck open, set too low 
or seat is leaking . 

Regenerative check valve poppet in 
control valve outlet end cover 
stuck open or seat is leaking . 

Hydraulic pump pumping. 
element damaged or worn gears , 
pocket, or pressure plate. 

System relief valve is stuck open 
or leaking. 

Unload valve poppet stem 
broken off . 

Bucket fails to operate, is slow, Piston pac kings and l or piston O-
ar has loss of power. rings or cylinder walls. 

Valve spool leakage. 

Bucket circuit relief valve stuck 

TEST 

Cylinder Packing Leakage Test . 

Circuit and Accumulated Leakage 
" Tee" Test . 

Extendible Dipstick Circuit Relief 
Valve Test . 

Back pressure Relief Valve and 
Unload Valve Test. 

Hydraulic Pump Performance Test. 

System Relief Test, or 
Circuit and Accumulated Leakage 
" Tee" Test. 

Remove and make visual check. 
Back pressure Relief Valve and 
Unload Valve Test. 

Cylinder Packing Leakage Test. 

Circuit and Accumulated Leakage 
" Tee" Test. 

Backhoe Bucket Circuit Relief 
open, set too low, or seat is leaking. Valve Test. 

R or l Swing fails to operate, 
is slow, or has loss of power. 

Model 555 

Model 550 
(Sectional Valve) 

Model 550 
(Monoblock Valve) 
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Piston packings and l or piston 
O·rings or cylinder walls 
damaged, and leaking . 

Either cushioning valve in swing 
cylinder end or circuit relief valves 
in swing valve not seating, set 
too low or seat is leaking . 

Either cushioning valve in 
swing spool section or 
circuit relief valve in top 
of swing valve not seating, 
set too low or seat is leaking. 

Circuit relief in the swing 
section malfunctioning. 

Cushioning Valve poppet not seating . 

Cushioning Valve sliding 
seat sticking. 

Valve spool leakage. 

Disassemble and inspect. 

Backhoe Swing Cushioning Relief 
Valve Test, or Backhoe 
Swing Circuit Relief Valve Test . 

Conduct swing cushioning 
test and overhaul as necessary . 

Circuit and Accumulated Leakage 
" Tee" Test. 
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PROBLEM 

R or L Swing late to decelerate 
or fails to cushion . 

Model 555 

Model 550 
(Sectional Valvel 

Model 550 
(Monoblock Valvel 

Model 550 (Sectional Valvel 
swing fails to maintain chain 
tension . 

Model 550 (Monoblock Valvel 

A or L Stab fails to operate, is 
slow or has loss of power. 

POSSIBLE CAUSE 

Cushioning valve or swing circuit 
relief valves not seating , set too low 
or seat is leaking. Decelerato~ rod 
not seating properly. 

Internal leakage in backhoe control 
valve . 

Cushioning valve in top of 
swing spool section or circuit 
relief valve in bottom of swing 
valve section not seating, set 
too low or seat leaking . 

Cushioning valve in bottom of 
swing spool section or circuit 
relief valve in top of swing valve 
section stuck open, set too 
low or seat is leaking. 

Internal leakage in swing 
valve . 

Cushioning valve spring pressure 
setting too low. 
Broken cushioning valve spring . 

Cushioning valve sliding seat 
sticking. 

Swing spool poppets stuck and 
failure to move with oil 
pressure change. 

Swing spool orifice holes 
blocked and failing to pass 
oil to shift poppets. 

Combination Valve - Malfunction 
Flow control poppet valve 
spring broken, seat 
leaking or flow 
control spool sticking . 

Piston pac kings and l or piston 0 -
rings or cylinder walls. 

Valve spool leaking. 

TEST 

Backhoe Swing Cushioning or 
Circuit Relief Valve Test. 

Circuit and Accumulated Leakage 
"Tee" Test . 

Conduct Swing Cushioning 
Test and Swing Circuit Relief 
Valve Test and overhaul as 
necessary. 

Conduct Circuit Performance 
"Tee" Test and overhaul as 
necessary . 

Conduct Swing Cushioning 
Test and Swing Circuit Relief 
Valve Test and overhaul as 
necessary. 

Overhaul combination valve. 

Overhaul valve spool. 

Overhaul combination valve. 

Cylinder Pa9king Leakage Test. 

Circuit and Accumulated Leakage 
"Tee" Test. 
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PROBLEM 

System noisy . 

Hydraulic oil exhausts from 
breather at the reservoir . 

Oil heating. 

Shaft seal leakage. 

Foaming Oil. 
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4. PUMP TROUBLESHOOTING 

POSSIBLE CAUSE 

Worn or damaged pump gears or 
pressure plates. 

Aeration: Air entering the system 
at: suction tube, pump shaft, 
fittings or cylinder gland 
packings. 

Cavitation: Restrictions in the 
system at the suction line, or at 
the suction screen in the 
reservoir. 

Water in system . 

System relief valve chatter. 

Tubing vibration. 

Cold Hydraulic Oil. 

Wrong type oil being used . 

Reservoir overfilled. 

Aeration: Air entering the system 
at: suction tube, pump shaft, 
fittings or cylinder gland 
packings. 

Cavitation: Restriction in the 
system at the suction line, or at 
the suction screen in the 
reservoir. 

Oil supply low. 

Contaminated Oil. 

Setting of relief valve too high 
or too low. 

Oil in system too light . 

Worn shaft seal. 

Broken diaphragm seal or 
back-up gasket . Bearings out of 
position. Excessive internal wear. 

Low oil level. 

Air leaking into suction line, 

Wrong kind of oil. 

TEST 

Hydraulic Pump Performance 
Test. 

Hydraulic Pump Performance 
Test . 

Visual and l or Hydraulic Pump 
Performance Test. 

Visual. 

Visual. 

Visual. 

Check Operating Temperature. 

Check Hydraulic Oil Level. 

Hydraulic Pump Performance 
Test . 

Visual and / or Hydraulic 
Pump Performance Test. 

Fill reservoir. 

Drain reservoir and refill with 
clean oil. 

Set to correct pressure. 

Drain reservoir and refill with 
proper viscosity oil. 

Replace shaft seal. 

If replacing the shaft seal does 
not stop leakage, the pump 
should be disassembled and 
checked for broken diaphragm 
seal or back-up gasket, bearings 
out of position or excessive 
internal wear. 

Fill reservoir . 

Tighten fittings. 

Drain and fill reservoir with 
non-foaming oil. 
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PRESSURE TEST and ADJUSTMENTS 

MECHANICAL ADJUSTMENTS 
A. LOADER BUCKET LEVEL INDiCATOR . .. . ........ . . . . . . . . . 
B. RETURN TO DIG SWITCH ... 
C. CAM LEVER - SWING CONTROL IModel5501 
D. AUTO-DIG BACKHOE CONTROL VALVE LINKAGE 

PRESSURE TESTING. 
A. HYDRAULIC PUMP PERFORMANCE. 
B. LOADER CONTROL VALVE . .. 
C. LOADER CIRCUIT AND ACCUMULATED 

LEAKAGE TEE TEST . . ..... .. .... ... .. . . .. . 
D. BACKHOE CONTROL - MAIN RELIEF VALVE 

Model 555 
Model 550 IMonoblock! . . ..... .. . 
Model 550 ISectional! . . ...... . 

E. CIRCUIT RELIEF VALVES .. 
MODEL 555. 
MODEL 550. 

BUCKET CYLINDER .. . 
LIFT CYLINDER 
CROWD CYLINDER .. 
EXTENDIBLE DIPSTICK .. ... . . .. . 
SWING RELIEF . 
SWING CUSHIONING . . 
BACK PRESSURE RELIEF and UNLOAD VALVE. 

MODEL 550 IMonoblock and Sectional Valve .. ..... ... .. . 
BUCKET CYLINDER 
LIFT CYLINDER ......... . 
CROWD CYLINDER .... .. . 
SWING RELIEF ISectional! ....... ..... .... . ....... .. . 
SWING CUSH IONING ISectional! . . .... ... . 
COMBINATION VALVE IMonoblock and Sectional!. 

F. GENERAL HYDRAULIC TESTS . . 
G. CIRCUIT AND ACCUMULATED LEAKAGE TEE TEST . 

1. MECHANICAL ADJUSTMENTS 
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A. LOADER BUCKET LEVEL INDICATOR 
ADJUSTMENT 

1. Position the bucket so that the bottom of the 
bucket is resting evenly on a smooth level su r
face. The rod, Figure 196, should be positioned 
level with the end of the indicator tube. 

2. If adjustment is necessary, loosen the indicator 
tube clamp and slide the tube up or down the rod 
until the end of the tube is level with the end of 
the rod. 

3. Tighten the indicator tube clamp. 
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Figure 196 
Bucket Level Indicator & Return to Dig 

Switch Adjustment 
1. Return to Dig Switch 
2. Bucket Level Indicator Rod 
3. Bucket Level Indicator Tube 
4. Bucket Level Indicator Tube Clamp 
5. Return to Dig Adjustment 
6. Return to Dig Switch Bolts 
7. Return to Dig Switch Cover 
S. Return to Dig Switch Cover Screws 

B. RETURN TO DIG SWITCH ADJUSTMENT 

1. Check to be certain that the bucket level in
dicator is properly adjusted as described above . 

2. If the return to dig switch does not open at the 
correct point, adjust the switch as follows: 
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a. Position the bucket with the bottom resting 
on a smooth level surface. 

b. Slacken the tube clamps, Figure 196, and 
move the tube until the switch just operates. ' 

C. CAM LEVER SWING CONTROL 
ADJUSTMENT - MODEL 550 

The swing control cam lever contacts the swing post 
cam and returns the swing control lever to neutral to 
prevent collision of the swing post and the main
frame. The override spring is pre-set at the factory 
with the spring retaining nut at the end of the linkage 
rod (minimum spring compression). The cam lever 
spring may be overriden to obtain a full swing arc of 
the boom. The cam lever linkage should be adjusted 
so that the cam lever is equidistant when the swing 
post is centered . 

1. Center the boom so that it is positioned directly 
in line with the backhoe controls. 

2. Remove the cotter pin and drilled pin from the 
clevis that is attached to the cam lever, Figure 
197. 

Figure 197 
Adjusting Cam Lever Linl<age 

1. Cotter Pin 
2. Drilled Pin 
3. Cam Lever 
4. Lobes Equidistant IBoth Sides} 
5. Cam Linkage Clevis 

3. Position the cam lever so that both lobes of the 
lever are equidista'nt from the contact points on 
the swing post. ~ 

4. Adjust the clevis so that the rod and clevis can be 
connected to the cam lever. 
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5. Insert the drilled pin and secure with the cotter 
pin. 

D. AUTO-DIG BACKHOE CONTROL VALVE 
LINKAGE ADJUSTMENT 

1. Adjust the clevis on the control cylinder, Figure 
198, so that the ends of the lift and bucket spools 
protrude from the va lve body .5625 in. 114.29 
mm). 

Figure 198 
Automated Backhoe Adjustment 

1. Spool Neutral Position 
2. Spool Adjustment 
3. Shut-Off Valve 
4. Shut-Off Adjustment 
5. Hump 

2. Adjust the clevis so that the shut-off control 
valve rod will just clear the raised portion when 
the selector lever is moved while the control lever 
is in neutral position. 

2. PRESSURE TESTING 

The specifications provided in this manual for 
hydraulic pump and circuit components were 
established, based on the use of Ford Specified 
Hydraulic Oil. Where other oils of varied quality are us
ed, erroneous test results may be obtained. 

A. HYDRAULIC PUMP PERFORMANCE TESTS 

The hydraulic pump must deliver a specified quantity 
of oil through the backhoe and loader circuits within 
prescribed pressure limits. If the pump flow falls below 
specification and possibly fails to achieve specified 
pressure, the efficiency of the hydraulic system will be 
reduced. 

The hydraulic pump performance test is performed 
with the pump isolated from the loader-backhoe cir
cuit so that system leakage in not a factor in the test . 
With the tester properly installed, all pumped oil is 
directed to the tester unit, measured at the desired 
pressure and returned to the reservoir through the 
tester outlet. 

IMPORTANT: Do not, under any circumstances ex
ceed the system pressure when testing the pump. Ex
cessive pressures could cause major pump damage. 

TEST EQUIPMENT INSTAllATION 

TRACTOR - lOADER UNIT ONLY 

1. Disconnect the pump outlet hose adjacent to the 
right hand sub frame, Figure 199. Cap the open 
end of the tube with plug, Tool No. 1104. 

2. Connect the special "Tee" Tool No. 1213, to the 
hose and cap the end of the 'Tee' fitting with cap 
1103, Figure 199. 

3. Connect a suitable hydraulic hose to the inlet 
port of the hydraulic tester and connect the other 
end to the " Tee" fitting. 

4. Connect a hose to the outlet port of the tester 
and route the free end of the hose to the reser
voir filler opening. Hose should be pushed into 
reservoir for enough so end is below oil level. 

NOTE : Due to the volume of od passed by the 
hydraulic pump the hose must be secured in the 
reservoir filler opening. 

TRACTOR-lOADER-BACKHOE UNIT 

1. With the tractor engine shut off, relieve the 
hydraulic oil pressure by actuating the backhoe 
control levers. 
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Figure 199 
Pump Performance Test 

Tractor-Loader Only 
1. Pump Pressure Hose 
2. Input Hose to Tester 
3. Tee Fitting, Tool No. 1213 
4. Cap, Tool No. 1103 
5. Plug , Tool No. 1104 Inot visible) 
6. Reducer, Tool No. 0786 (use with 1-1116 

-12JIC Tester Hosel 
7. Connector, Tool No. 0770 luse with 1 lZI16 

-12JIC Tester Hosel 
8. Tester Inot shownl 

2. Disconnect the high pressure hose 111), F~ure 
200, from tube 141 and connect it to the ana lyzer 
input hose (10), utilizing fittings. Tee fitting No. 
1213, reducer No. 0786. Install Cap No. 1103 and 
plug No. 1372 as shown, Figure 200. 

3. Disconnect the backhose power beyond return 
hose 1121 from the tube 161 utilizing fittings Tee 
fitting No. 1370, reducer No. 1369 and cap No. 
1103 as shown, Figure 200. Connect the ana lyzer 
outlet hose 1141 to the Tee fitting, No. 1370. 

4. Tighten all connnections securely. 

TEST PROCEDURE 

1. Start the tractor engine operating at 1700 rpm 
and heat the oil in the system to 165 OF. 173.8 °C.I 
by providing a load through the tester. 

2. Record the flow meter reading at 1700 rpm, no
load psi and 165°F. 173.8°C.I. 
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3. Applying load gradually to 2200 psi 1151.67 bar), 
correct the engine rpm to 1700 by increasing the 
throttle and record the flow. 

IMPORTANT: Use care to prevent test 
pressures from exceeding recommended 
pressures or pump damage will result. 

NOTE: The readings at no-load psi and 2200 psi 
1151.67 bar) must be taken at a constant 1700 
engine rpm. If the rpm ;s not kept constant, the 
volume readings Will not give the desired results 
when determining pump efficiency. 

4. Determine pump efficiency by dividing the no
load psi volume figure into the 2200 psi (151.67 
barl volume figure. The efficiency must be 65% 
or more . A pump that is less than 65% efficient 
wi ll generate excessive heat and be detrimenta l 
to the system, therefore, the pump should be 
repa ired or replaced. If the pump is more than 
65% efficient and the owner complains of a loss 
of power (speed), the operational requirements 
of the unit w ill determine if the pump should be 
repaired or replaced to achieve top performance . 

5. To determine if the pump is cavitating (not 
receiving sufficient oil to charge the pump at al l 
speeds), set the load valve at no-load psi and the 
throttle to give 900 rpm. Record the flow. In
crease the speed to 1800 rpm and record the 
flow. 

NOTE: Since the pump is a positive displace
ment pump and is capable of producing system 
pressure, the no-load volume at 1800 rpm should 
be twice the no-load volume at 900 rpm. If the 
volume 'S not doubled, a restriction in the suc
tion line or reservoir filter IS evident because suf
ficient oil is not entering the pump. 

6. Set the load valve at no-load psi and the engine 
speed at 2100 rpm. Record the flow at no-load 
psi and 1800 p~i (124.08 bar) 1550 Swing Test 
should be conducted at 1200 psi (82.72 bar!. 
These same settings will be used for comparison 
in the Circuit and Accumulated "Tee" Test . 
therefore, do not move the throttle. When hoses 
are switched or a portion of the test completed, 
turn off the key-starter switch and pull out the 
diesel stop control, but do not move the throttle. 
This w ill help to produce more accurate test 

results. 



-------------------------------CHAPTER5-------------------------------

.J 
~ 

1 

Figure 200 
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I <. r 

Pump Performance Test 
Model 555 . Tractor· loader Backhoe Intallation 

1. Return Hose to Reservoir 
2. Tee Fittings, Tool No. 1370 11·5/16·12 

MJIC x 1·5/ 16·12 FJIC x 1-5/16-12 MJIC) 
3. Backhoe High Pressure Inlet Tube Plug , 

Tool No. 137211 -5/16-12 MJIC) 
4. Backhoe High Pressure Inlet Tube to Valve 
5. High Pressure Power Beyond Tube to Valve 
6. Low Pressure Oil Return to Tube to Reservoir 
7. Cap, Tool No. 110311-3/ 16-12 FJIC) 
8. Reducer, Tool No. 078611-3/16-12 FJIC 

x 1-1 / 16-12 MJIC) 

9. Tester, Inlet Hose 
10. Tee Fitting, Tool No. 1213 11-3 / 16Z-12 MJIC 

x 1-3/16-12 FJIC x 1-3/16-12 MJIC) 
11 . Low Pressure Hose from Pump 
12. Low Pressure 011 Return Hose to Reservoir 
13. Reducer, Tool No. 1369 11-5116·12 FJIC 

x 1-1/ 16-12 MJIC) 
14. Tester Outlet Hose 
15. Tester Inot shown) 
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PUMP SUCTION LEAKAGE TEST 

A simple and yet effective test can be performed to 
help diagnose noisy pump operation. Where air 
leakage is suspected as being the cause of the noisy 
pump, use a squirt-type oil can filled with a light 
hydraulic oil and squirt oil on: 

• The pump shaft 

• The pump housing 

• The suction line 

If air is entering the pump, the oil will provide a tem
porary seal and cause a distinct change in the sound 
made by the pump. 

30(1141 

25(951 

20(761 

15(571 

10(381 

5(191 

PUMP PERFORMANCE CHART 

The pump performace chart is for reference only. It in
dicates the rated flow of a new pump under specific 
test stand conditions of accurately measured pump 
rpm, constant oil temperature, and specified type and 
grade of oil. The pump should maintain this rated flow 
for many hours of operation unless premature wear or 
damage is caused by dirty oil, overheated oil, or struc
tural failure. 

1M PORTANT: This chart is forreference only. Do not 
compare Field Test data with this chart. 

O-+----------.---------~r_--------_,----------._--

500 1000 1500 2000 _ 2500 

RPM 

Pump Performance Chart 
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HYDRAULIC TEST DATA 

Test Will Reveal Engine RPM Data Required 

I. Pump efficiency by compar- Maintain constant 1700 rpm dur- 1. Record pump volume at 
ing no-load (Step 2) to full ing test. Will require hand throttle no-load. 
load (Step 3). adjustments when applying load. 2. Record pump volume at 

2500 psi (166 bar). 

(I. Suction line restriction Set 900 rpm. 1. Record pump volume at 
(pump cavitation) by compar- no-load. 
ing 900 rpm reading to 1800 Set 1800 rpm. 
rpm reading. Reading should 2. Record pump volume at 
increase in proportion to rpm . no-load. 

III. Oil volume data for com- Set 2100 rpm at no-load. Do not 1. Record pump volume at 
parison with CIRCUIT readjust rpm . Allow rpm to no-load . 
PERFORMANCE "TEE" reduce when applying load. 2. Record pump volume at 
TEST 1800 psi (124 bar). 

3. Record pump volume at 
1200 psi (82.7 bar) when 
550 swing test is conducted 

Circuit Performance "Tee" Test: Tester " Tee" fitting in loader and / or backhoe circuit. All pumped oil 
except circuit leakage travels through the tester and is directed to sump 
through the outlet hose of the tester. Maintain oil temperature at 
165°F. (73.8°C), 

Test Will Reveal Load and Engine RPM Data Required 

Circuit leakage at 1800 psi 2100 rpm, no-load . Set load (Record Data Below) 
(124 bar) when volume data valve to 1800 psi (124 bar) 
is subtracted from data (1200 psi (82.7 bar) on 550 
obtained in Step III or " PUMP Swing Test) but do no readjust 
PERFORMANCE TEST" rpm. Record volumes with 

levers in the position 
indicated in the test procedure. 

Four Lever Control Two Lever Control 

First I Second First Second 
Sequence ~equence Sequence Sequence 

R. Stab. R. Stab. 
Swing Crowd 
Bucket Bucket 
Lift Swing 
Crowd Lift 
L. Stab. L. Stab. -
Ext. Dipstick Ext. Dipstick 
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B. LOADER CONTROL VALVE 

SYSTEM RELIEF VALVE TEST 

If the unit is equipped with a backhoe the loader 
system relief valve pressure setting can be checked 
with the pressure gauge installed to the backhoe con
trol valve. Install the pressure test equipment as detail
ed in BACK-HOE CONTROL VALVE SYSTEM RELIEF 
VALVE TEST and proceed from step 3. 

Loader Only : 

1. Place the loader bucket on the ground, stop the 
engine and relieve all loader circuits of residual 
pressure by actuating the loader control lever in 
all directions of travel. 

2. Disconnect the loader bucket cylinder rod end 
hose and install " Tee" fitting , Tool No. 0840 and 
adapter Tool No. 0745. Connect the gauge and 
hose assembly, Tool No.'s 7099 and 2028, as 
shown, Figure 201 . 

3. Start the engine and operate the hydraulic 
system until the oil reaches normal operating 
temperature (approximately 165 OF (73.8 °C I. 

4. Actuate the loader control lever to fully lower the 
loader lift arms. Hold the lever in this position 
and record the pressure reading with the engine 
running at 2100 rev / min. 

NOTE: As the backhoe system relief valve and 
loader system relief valve have a very close 
pressure specifications, it is essential to establish 
by audible means that the system relief valve in 
the loader control valve is relieving oil. 

5. If the pressure reading is below the specified 
figure, see Specifications, Chapter 6, remove the 
System Relief Valve and cap, Figure 202, and 
add sufficient shims to raise the pressure setting 
to within specification. Shims of thickness 0.010 
in. (0.254 mml and 0.025 in. (0 .635 mml are 
available . Each 0.010 in . (0.254 mml shim in
creases the pressure setting by approximately 
100 psi (7.0 barl. Re-check the pressure setting 
after adjustment. 
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Figure 201 
Loader System Relief Valve Pressure Check 
1. Gauge, Tool No. 2028 
2. Tee Fitting, Tool No. 0840 
3. Adaptor, Tool No. 0745 
4. Quick Coupler Hose, Tool No. 7099 

LOADER BUCKET CYLINDER 
CIRCUIT RELIEF VALVE TESTS 

Loader produced prior to date code 6L 15 contained 
one circuit relief valve in the valve bucket section to 
protect the piston rod against damage due to 
overloading. 

Loaders produced after date code 6L 15 contained an 
additional circuit relief valve to protect the bucket 
leveling linkage against damage due to excessive load 
conditions. 

NOTE: This added eireit relief valve may be installed in 
prior units if desired 8S follows. 

Remove the original top bucket port load check valve 
from the loader control valve and install the 3500 psi 
circuit relief, anti-cavitation and check va lve in its 
place. The assembly sequence is as shown in Figure 
203. 
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The piston end circuit relief valve is located in bucket 
section lower part, Figure 202. The rod end circuit 
relief valve is located in the bucket section top part, 
Figure 202. 

The two circuit relief valves have different pressure 
settings. See Specifications, Chapter 6 for proper 
pressure rating. 

Figure 202 
Loader Control Valve - System Relief Valve 

and Bucket Circuit Relief Valve 
1. System Relief Valve End Cap 
2. System Relief Valve Spring 
3. Bucket Circuit Overload Relief Valve End Cap 
4. Bucket Circuit Overload Relief Valve Spring 
5. Bucket Circuit Overtoad Relief Valve Shims 
6. Loader Control Valve 
7. System Relief Valve Shims 

CIRCUIT RELIEF VALVE TEST 

Piston End 

If the unit is equipped with a backhoe the loader 
bucket piston end circuit relief valve can be checked 
with the pressure gauge installed to the backhoe con
trol valve. Install the pressure test equipment as detail
ed in BACKHOE CONTROL VALVE SYSTEM RELIEF 
VALVE TEST, and proceed from step 3. 

1. Place the loader bucket on the ground, stop the 
engine and relieve all loader circuits of residual 
pressure by actuating the loader control lever in 
all directions of travel. 

2. Disconnect the bucket cylinder piston end hose, 
Figure 204, and install the " Tee" fitting, Tool No. 
0840 and adapter Tool No. 0745. Connect the 
gauge and hose assembly, Tool No.'s 7099 and 
2028 as shown, Figure 204. 

3 . Start the engine and raise the hydraulic oil 
temperature to normal operating level (approx . 
73.8°C-165°FI by operating the loader. Raise the 
loader so the bucket is clear of the ground. 

4. Actuate the loader control lever to fully dump the 
bucket . Hold the lever in the dump position and 
record the pressure readings with the engine run
ning at 1000 rev / min . It is important that the 
engine does not operate above 1000 rev / min. 
during this test. 

5. If the pressure reading is not to the specified 
figure, see Specifications, Chapter 6, remove the 
Circuit Relief Valve and cap, Figure 202, and add 
or remove sufficient shims to adjust the pressure 
setting to within the range. Shims of thickness 
0.010 in . 10.254 mml and 0.025 in . 10.635 mml 
are available. Re-check the pressure setting after 
adjustment. 

Figure 203 
Circuit Relief and Check Valve Components 

1. Plug 7. Sleeve 12. Sleeve 
2. a-Ring 8. Back-Up Washer 13. Back-Up Washer 
3. Spring 9. a-Ring 14. a-Ring 
4. Shim 10. Poppet 15. Spring 
5. Shim 11. Spring 16. Poppet 
6. Poppet 
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Figure 204 
Loader Valve Dump Circuit Relief Valve Test 
,. Tee Fitting, Tool No. 0840 
2. Gauge, Tool No. 2028 
3. Adapter, Tool No. 0745 
4. Quick Coupler Hose, Tool No. 7099 

CIRCUIT RELIEF VALVE TEST 

Rod End 

Due to the high pressure setting on the rod end circuit 
relief valve, the following test procedure using the 
loader lift cylinder as a pressure booster, Figure 
205, may be used. 

Before proceeding with the test, check the loader 
system pressure to be sure the pressure is to specifica
tion. See SpeCifications, Chapter 6. 

,. Place the loader bucket in the full dump position 
and resting on the ground. Stop the engine and 
relieve all loader circuits of residual pressure by 
actuating the loader control lever in all direc
tions. 

2. Disconnect the loader right hand lift cylinder rod 
end hose from the tube at the fitting located 
beneath the right hand side of the cab adjacent 
to the subframe, Figure 205. 

3. Install the check valve, Ford Part No. 292230, 
Adapter Fitting, 378240-S8, and "Tee" Fitting 
292243, Figure 205. Reconnect the hose to the 
"Tee" Fitting. 

4. Install " Tee" Fitting, Ford Part No. 292243, 
together with adapter, hose end gauge from the 
universal pressure test kit 2003. 
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Figure 205 
Bucket Cylinder Rod End Circuit 

Relief Valve Test 
, . Bucket Cylinder Rod End Hose 
2. Pressure gauge and adaptor from Universal 

Pressure Test Kit 2003 
3. Loader Lift Cylinder Rod End Hose 
4. " Tee" Fittings 292243 121 
5. Check Valve 292230 
6. Fitting 378240-S8 
7. Loader Lift Cylinder 
8. Loader Control Valve 

5. Disconnect the bucket cylinder rod end circuit 
hose from the right hand bucket cylinder and 
connect the hose to the " Tee" Fitting 292243. 

NOTE: On units equipped with "return to dig" 
option the wire to the switch is attached to this 
hose. It is not necessary to remove the wire form 
the hose, remove the box from the switch and 
disconnect the wires from the terminals. Cover 
the wire ends with insulating tape. 

6. Cap the exposed tube using a suitable plug. 
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7. Start the engine . With the engine running at 
1000 rpm actuate the loader control lever to raise 
the loader arms. Record the pressure indicated 
on the gauge while the loader cylinders are ex
tending. It is important that the engine does not 
operate above 1000 rpm during this test. 

B. If the pressure reading is not within specifica 
tions, adjust by adding or removing the spring 
shims. Recheck the pressure setting after ad
justing. 

9. Remove the test equipment and reconnect the 
hoses and the "return to dig" wires where fitted. 

C. LOADER CIRCUIT PERFORMANCE TEST 
See "Circuit and Accumulated Leakage 
Tee Test" , page 186 for test procedure. 

CYLINDER PACKING LEAKAGE 

If cylinder packing leakage at the packing is 
suspected, a simple test can be performed to deter
mine if oil is leaking to the low pressure side of the 
cylinder. 

1, Start the engine and extend or retract the 
cylinder its full length. 

2. Remove the hose from the low pressure side of 
the cylinder. 

3. Actuate the control lever and hold. This will exert 
system pressure on the packings. 

4. Note any oil leaking from the hose port of the 
cylinder, or the hose end. 

NOTE: Since the loader bucket and !ift cylinder 
are double cylinders connected in parallel, 
leakage in one cylinder will affect the operation 
of both cylinders. 

Various factors contribute to the volume of leakage. 
Each of these factors should be considered prior to in· 
stallation of new packings. 

• leakage increases proportionately with an in
crease in temperature pressure. 

• Cylinders containing single piston packings will 
leak more in one direction, depending on the 
direction of the 'V' facing of the packing. 

All cylinder packings leak in small quantities for 
packing-ta-cylinder barrel lubricating purposes. 
Cylinder dimensions must be considered because an 
increase in the surface provides additional area of 
leakage. 

D. BACKHOE CONTROL VALVE 

SYSTEM RELIEF VALVE TEST 

Before checking the valve pressure settings, the 
hydraulic system must be at normal operating 
temperature (approx. 165 °F-73.8 °C) . Valve pressure 
adjustments made when the hydraulic oil is cold will 
result in inaccurate relief pressures during actual 
operating conditions. 

IMPORTANT: The backhoe hydraulic system incor· 
porates a system relief valve in the backhoe main con
trol valve, a second relief valve is located in the loader 
control valve. The system relief pressure setting for 
the loader valve is set at a lower pressure than the 
system relief pressure setting of the backhoe. When 
pressure testing the backhoe, only actuate the 
backhoe control levers. 

Three different types of controls are utilized in the 
models 550 and 555 backhoe. The main system relief 
valve is located in the backhoe control valve and may 
be tested as follows: 

NOTE : The system relief valve can also be checked 
with the hydraulic tester using the "Circuit and Ac
cumulated Leakage Tee Test " test hook-up. 
Regardless of the method used, the system relief 
should always be checked before any other tests are 
made. 

MODEL 555 (Sectional Valve) 

1. Remove the 9/ 16" . 18 UNF plug from the cap 
plug on the lower left side of the backhoe control 
valve assembly to install a pressure gauge in the 
system. 

2. Install the pressure gauge, hose assembly. and 
Tool No.'s 2028, 7099 and 0013, as shown in 
Figure 206. 

3. Start the tractor engine and set its speed at 2200 
rpm. 
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4. Sit in the backhoe seat, and when the hydraulic 
oil is up to operating temperature, raise one of 
the stabilizers to the end of its stroke and hold in 
that position. Note the reading, it should read 
2450-2600 psi (169-179 bar). 

Adjusting Relief Valve Pressure: 

1. Loosen the lock nut (2), Figure 206 on the relief 
valve. 

Figure 206 
System Reli ef Pressure Check and Adjustment 

1. Adjusting Cap 
2. Lock Nut 
3. Control Valve 
4. System Relief Valve 
5 . Gauge, Tool No. 2028 
6. Hose, Tool No. 7099 
7. Fitting, Tool No. 0013 

2. Actuate the stabilizer to the end of its stroke to 
obtain a pressure reading on the gauge. Hold the 
control lever to retain a pressure reading. 

3. Turn the adjusting cap (1) counterclockwise to 
decrease the pressure setting and clockwise to 
increase the pressure setting. When adjusting 
the relief valve, it must be reset to obtain a relief 
pressure setting of 2500 psi (172 bar!. 
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4. Hold the adjusting cap in the correct position and 
tighten the lock nut. 

5. Release the control lever and shut off the engine. 

6. Actuate all backhoe control levers to release any 
accumulated pressure. 

7. Remove the test equipment from the control 
valve. Install the plug and O-ring and tighten 30 
Ibs. ft . (40 Nm). 

MODEL 550 (Monob lock Valve): 

(System Relief Valve Test) 

The system relief valve is located in the main control 
valve, at the left and front portion of the main control 
valve. See Figures 207 and 208. The system relief valve 
is checked and adjusted as follows: 

Figure 207 
System Relief Valve Adjustment (Monoblock 

Valve) 
1. Locknut 
2. Screwdriver 
3. Relief Valve Adjusting Screw 
4. Backhoe Control Valve 
5. System Relief Valve 
6. Gauge 
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Figure 208 
System and Circui t Relief Valve locations 

1. Circuit Relief Bucket Rod End 
2. Circuit Relief Lift Rod End 
3. Circuit Relief Control Piston End 
4. Circuit Relief Lift Piston End 
5. System Relief 

NOTE: The system relief valve can also be checked 
and adjusted with the hydraulic tester using the "Cir
cuit and Accumulated Leakage Tee Test" test hook
up. Regardless of the method used, the system relief 
should always be checked and adjusted before any 
other tests are made. 

1. Remove the 1/ 4" pipe plug from the main con
trol valve and install a 0 to 5000 psi (0-344.5 barl 
pressure gauge as shown in Figure 207. 

2. Start the tractor engine and operate it at 1700 
rpm as indicated on the Proof-Meter. 

3. Actuate the backhoe stabilizer cylinder control 
levers and hold the cylinder in a retracted posi
tion at intervals of 30 seconds so that the relief 
valve will function. (This procedure also aids in 
quickly heating the oil I. 

4. With the engine speed at 1700 rpm, actuate and 
hold the cylinder control lever in the retracted 
position, and observe the gauge. The gauge 
reading should be 2150-2300 psi (14B.22-158.56 
bar) at 1700 engine rpm at 165°F. (73.8°C). 

5. If the pressure is not to specification , remove the 
relief valve acorn nut and loosen the lock nut on 
the adjusting screw. 

6. With the relief valve operating , i.e., performing 
Step 4, use a screwdriver to turn the screw in or 
out until 2150-2300 psi (14B.22-158.58 bar) is ob
tained on the gauge. 

7. Lock the screw in position with the lock nut and 
install the acorn nut. 

MODEL 550 (Sectional Valve) : 

(System Relief Valve Test) 

1. Remove the 7/16" O-ring plug from the inlet end 
plate of the main control valve and install a 0 to 
5000 psi (0-344.5 bar) pressure gauge as shown 
in Figure 209. 

Figure 209 
Backhoe System Relief Pressure Check 

1. System Relief Valve 
2. Gauge, Tool No. 2028 
3. Hose, Tool No. 7079 
4. Fittin, Tool No. 0039 

NOTE: Automated control backhoe control 
valves have an elbow and hose connected to this 
port. 
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2. Start the tractor engine and operate it at 2100 
rpm as indicated on the Proof-Meter. 

3. Actuate the backhoe stabilizer cylinder control 
lever and hold the cylinder in a retracted position 
at intervals of 30 seconds so that the relief valve 
w ill function. (This procedure also aids in quickly 
heating the oil.) 

4. With the engine speed at 2100 rpm , actuate the 
cylinder and hold in the retracted position and 
observe the gauge. The gauge reading should be 
2000-2350 psi (137 .88-162.01 bar) at 2100 engine 
rpm with the oil temperature at 165°F. 173.9 °C) . 

5. If the pressure is not to specification, replace the 
system relief valve with a new valve and recheck 
the pressure . 

NOTE : The swing cushioning valves can be 
checked at chis point also. See "Swing Cushion
ing Valve Test," If the swing circuit is to be 
checked. 

E. CIRCUIT RELIEF VALVE TESTS 

MODEL 555 ISectional Valve) 

T he location of the circuit relief valves are shown in 
Figures 171 and 172. Note that the valves are stacked 
differently between the two lever control and four 
lever control model. When an extendible dipstick is 
not used , the appropriate valve section is removed 
from the staCking. 

Cartridge 
Circuit Relief Valve Identification 

Crowd Piston, Std. Dipstick 3500 
Crowd Piston, Ext. Dipstick 2600 
Lift Piston , Std . Dipstick 3500 
Lift Piston, Ext. Dipstick 3000 
Lift Rod 4050 
Bucket Rod 2375 
Swing, both 2500 
Extendible Dipstick Piston 2375 
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Figu re 210 and 211 shows a schematic of the circuit 
relief valve test procedure for the four lever standard 
dipstick model. The other models use the same test 
principle but the valves are stacked diHerently. Note 
the use of bucket and crowd cylinders as a booster. 
The bucket cylinder ratio between the piston end and 
the rod end is approximately 2 to 1. By applying 
system pressure of 2450 psi 1169 bar) to the piston 
end, up to about 4800 psi 1331 bar) can be developed 
at the rod end w hen the cylinder is extended. This 
pressure exceeds the ci rcuit relief overload pressures 
and by directing the flow of oil , as shown, the pressure 
at which the circuit relief valve relieves can be read at 
the gauge for all tests except the bucket cylinder. For 
testing the bucket cylinder use the crowd cylinder for 
the boost pressure source. 

The circuit relief valve Cartridge Identification, Test 
Pressures, and Reset Pressures are listed below. The 
Cartridge Identification is stamped on a metal band 
and w rapped around the valve body. When perform
ing the circuit relief test, the pressure reading should 
be within the Test Pressure specification. If not, adjust 
to obtain the Reset Pressure specification and NOT to 
the Cartridge Identification . The circuit relief tests are 
performed at 1700 engine RPM and a test flow of 10 
gpm. 138 Ipm) 18.33 Imp. gpm) . 

NOTE: Circuit relief test equipment provides a 2: 1 
ratio. Operated at 1700 engine rpm, pump flow will be 
20 gpm !76Ipm) and test flow will be 10 gpm 1381pm). 

Test Reset 
Pressure - PSllbar) Pressure - PSI Ibar! 

3450-3750 1238-259) 3550 (245) 
2550-2850 1176-197) 2650 (183) 
3450-3750 1238-259) 3550 (245) 
2950-3250 1203-224) 3050 (210) 
4050-4400 1279-303) 4200 (290) 
2325-26251160-181) 2450 (169) 
2400-2700 1165-186) 2500 (172) 
2325-26251160-181) 2450 (169) 
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Relief Valve Test Schematic 

ADJUSTING AND REPLACING THE 
CIRCUIT RELIEF VALVE 

To adjust the valve : 

1. Shut the tractor engine off and relieve the 
hydraulic pressure by actuating the control 
levers . 

2. Loosen the adjusting cap lock nut on the valve to 
be adjusted. 

3. Screw the adjusting cap "on" to increase the 
pressure setting, and " off" to decrease the 
pressure . Do not adjust more than 1/ 16 of a turn 
in either direction before rechecking the pressure 
setting. 

4. Tighten the locknut to 45 Ibs. ft . (61 Nml and 
recheck the pressure. 

To replace the valve: 

1. Shut the tractor engine off and relieve all 
hydraulic pressure by actuating the control 
levers. 

2. Using the appropriate wrench, grasp the valve 
on the largest hex , and unscrew. 

3. Note the position of O-rings and back-up rings. 
Remove and install new ones. 

4. Lightly lubricate the new O-rings . Install the cir
cuit relief valve in the control valve body and 
tighten to 75 Ibs. ft. (102 Nml. 

CIRCUIT RELIEF VALVE TEST 

Model 550 (Monoblock Valve I 

The location of the Monoblock Control Valve Circuit 
Relief Valves is shown in Figure 212. 

To adjust the valves: 

1. Remove the acorn nut and loosen the locknut. 

2. Turn the adjusting screw in , to increase pressure 
and out, to decrease pressure. Do not turn the 
adjusting screw more than 1/ 16 turn at a time. 

3. Tighten the locknut and reinstall the acorn nut. 

4. Recheck the pressure . 

To replace the valve: 

1. Shut the engine off and relieve all the hydraulic 
pressure by activating the control levers. 
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Figure 212 
Model 550 Backhoe (Monoblock Valve ) 

1. System Relief Valve 
2. Crowd - Piston Circuit Relief 
3. Lift - Piston Ci rcuit Relief 
4. Lift - Rod Circuit Relief 
5. Bucekt - Rod Circuit Relief 
6. Inlet Port 
7. Outlet Port 
8. Test Port 

2. Using an appropriate wrench, remove the com
plete circuit relief valve from the main control 
va lve . Note the O-ring seal on the circuit relief 
valve body (remove and install new ones!. 

3 . Lubricate new O-rings and install the new circuit 
relief valve assembly. See Torque Specifications. 
Chapter 6. 

CIRCUIT RELIEF VALVE TEST 

Model 550 (Sectional Valve) 

The location of the sectional control valve circuit relief 
valves is shown in Figure 213. 

Circuit relief valves used in the sectional valve are NOT 
adjustable and if incorrectly calibrated must be replaced . 

The following procedure for testing circuit relief valves 

is applicable to al l backhoe valves. 

170 

_~.1- --:j.. 
- . -, ,~, h 

i 
i 

Figure 213 
Sectional Circuit Relief Valves 

1. Crowd Cylinder Relief Valve (Piston End) 
2 . Lift Crowd Relief Valve (Rod End) 
3. Lift Cylinder Relief Valve IPiston End) 
4. Bucket Cylinder Relief Valve (Rod End l 
5. Swing Cushioning Valves 
6. Swing Circuit Relief Va lve 

Figures 210 and 211 show a schematic of the circuit 
relief valve test procedure. Note that we are using the 
different area of the rod versus the cylinder end to 
boost the pressure high enough to check the circuit 
relief valves. 

NOTE: Prior to any pressure checks, warm the 
hydraulic all to 165 °F (73.8 °C) by actuating the contro l 
levers. (Approximately 15 minutes). Relieve aU 
hydraulic pressures. 

NOTE: Refer to Specifications, Chapter 6 for informa
tion on pressure settings. -Discrepancies may arise as 
to the identifying pressure stamped on the relief valve 
and the actual test relief pressure. Valves stamped 
with the test stand pressure should provide test results 
as shown in the Specifications, Chapter 6. 
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CIRCUIT RELIEF VALVE 
TEST PROCEDURE 

Model 555 

Use the following equipment to test the circuit re lief 
valves . 

Tool No. Description 

2028 0-5000 psi guage 
7099 Hoses with 7/16"-20 FJIC with 

disconnect 
1362 Check Valve: 

1-1/16-12 FJIC x 1-1/16-12 MJIC 
1363 Tee Fitting: 

1/2-14 FJIC X 1-1/16-12 MJIC 
x 1-1/16-12 FJIC 

0092 Adapter: 
1-1/ 16-12 MJIC x 1-1/ 16-12 MJIC 

1361 Tee Fitting: 
1-1/16-12 FJIC x 1/ 2 FNPT x 
7/16-20 MJIC 

1407 Tee Fitting: 
3/4-16 MJIC x 3/4-1 6 FJIC 
x 7/16-20 MJIC 

0022 Cap: 1-1/16-12 FJIC 
0768 Plug: 1-1/16-12 MJIC 
0020 Cap: 3/4-16 FJIC 
1340 Hose: 118' with 1/2 

MNPT both ends. 
0093 Hose: 1-1/ 16-12 FJIC both ends 

BUCKET CYLINDER CIRCUIT RELIEF 
VALVE TEST PROCEDURE 

Warm the hydraul ic oil to 165°F (73.8°C) by operating 
the backhoe for approximately 15 minutes before in
stalling the test fittings. Use the crowd cylinder for 
boost pressure. 

1. Position the bucket and dipstick on the ground, 
stop the engine and relieve pressure within the 
system by actuating the control levers. 

2. Disconnect the rod hose 151, Figure 214, from 
the bucket cylinder and install a cap 141 on the 
port on the cylinder. Connect the 1340 hose 131 
to the 1361 Tee fitting and 0092 adapter com
bination. Attach the bucket cylinder hose to the 
adapter and attach the test gauge and hose .to 
the Tee fitting. 

3. Install the 0022 cap in the open end of the 
cylinder tube. 

Figure 214 
Bucket Circuit Relief Test 

1. Tee Fitting, Tool No. 1363 
2. Check Valve Elbow, Tool No. 1362 
3. Hose, Tool No. 1340 
4. Cap, Tool No. 0022 
5. Bucket Rod Hose 
6. Adaptor, Tool No. 0092 
7. Tee Fitting, Tool No. 1361 
8. Gauge Hose, Tool No. 7099 
9. Gauge, Tool No. 2028 

4. Disconnect the crowd cylinder rod end hose. 

5. Assemble the 1362 check valve and 1363 Tee fit 
ting, Figure 214. Attach the crowd cylinder hose 
to the Tee fitting and _connect the crowd cylinder 
supply tube to the check valve. 

6. Attach the 1340 hose to the Tee fitting and 
tighten all connections. 
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7. Start the tractor and increase the engine speed 
to 1700 rpm . 

IMPORTANT: Do not actuate the bucket cylinder 
control lever. 

8. Actuate the crowd cylinder lever so that the 
crowd cylinder will extend, thus opening the 
bucket circuit relief valve at 2325-2625 psi 
(160-181 bar). Read the gauge as the crowd 
cylinder functions. If not within specifications, 
readjust to obtain a reading of 2450 psi (169 bar). 

NOTE: During all circuit relief valve tests, once 
the boost cylinder is fully extended the system 
relief valve will function. The circuit relief valve 
pressure setting should be read while the boost 
cylinder is in motion. 

9. Shut off ttle tractor engine and relieve the 
hydraulic pressu res by actuating the control 
levers. 

10. Remove the testing equipment and secure all 
hoses as they were during normal operation. 

IMPORTANT: Be sure the oil has had time to 
cool and the pressure has been relieved before 
attempting to disconnect the hydraulic lines. 

LIFT CYLINDER CIRCUIT RELIEF TEST 
PROCEDURE 

Warm the hydraulic oil to 165°F 173.8 °C) by operating 
the backhoe for approximately 15 minutes. 

For all remaining circuit relief valve tests the bucket 
cylinder is utilized for boost pressure, Figure 215. 

1. Secure the boom in the transport position using 
the transport boom latch or chains. Stop the 
engine and relieve pressure within the system by 
actuating the control levers. 

2. Disconnect the bucket cylinder rod hose at the 
bucket cylinder. Connect the check valve 
assembly (5), Figure 215, to the bucket rod hose. 

3. Connect the hose (1) to the bucket cylinder rod 
tube and the Tee fitting, Figure 215. 
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Figure 215 
Circuit Relief Test Hook-Up at Bucket Cylinder 

1. Hose, (Parts Stock Hose 7703884) 
2. Bucket Rod Hose 
3. Adaptor, Tool No. 0092 
4. Bucket Rod Tube 
5. Check Valve Elbow, Tool No. 1362 
6. Tee Fitting, Tool No. 1363 
7. Hose, Tool No. 1340 

LIFT CYLINDER - ROD END CIRCUIT 

Relief Valve Test 

1. Disconnect the lift cylinder rod hose (4), Figure 
216, from the left side swing post fitting and plug 
as shown. Connect the 1361 Tee fitting (3) to the 
swing post port and connect the 1340 hose (6) to 
the Tee fitting. 

2. Install the gauge (1), and hose assembly (2), to 
the Tee fitting (3), Securely tighten all fittings. 

3. Start the engine and set its speed at 1700 rpm, 
actuate the bucket control lever to extend the 
bucket cylinder. Read the gauge while the 
bucket cylinder is on the move. 
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Figure 216 
Lift Rod Circuit Relief Test 

1. Gauge, Tool No. 2028 
2. Gauge Hose. Tool No. 7099 
3. Tee Fitting . Tool No. 1361 
4. Lift Cylinder Rod Hose 
5. Plug , Tool No. 0768 . 
6. Hose, Tool No. 1340 

4. If a reading between 4050-4400 psi 1279-303 barl 
is not obtained, adjust the lift cylinder rod end 
circuit relief valve to a setting of 4200 psi 1290 
bar!. 

5. Shut the tractor engine off and relieve all 
pressures by actuating the control levers. 

6. Remove the T ee fitting from the swing post and 
reconnect the lift cylinder rod end hose as it was 
originally. 

LIFT CYLINDER - PISTON END 

Circuit Relief Valve Test 

1. Disconnect the lift cylinder piston end hose from 
the right side of the swing post and install the 
1361 Tee fitting. Install the plug in the loose end 
of the lift cylinder hose, as shown in Figure 217. 

2. Start the engine and set its speed at 1700 rpm. 
Actuate the bucket cylinder control lever to ex
tend the bucket cylinder. Read the gauge while 
the bucket cylinder is on the move. 

3. The standard dipstick model lift cylinder piston 
end circuit relief valve has a test pressu re of 
3450-3750 psi 1238-259 barl and a reset pressure 
of 3550 psi 1245 barl. The extendible dipstick mod· 
el lift cylinder piston end circuit relief valve has 
a test pressure of 2950-3250 psi 1203-24 barl and 
a reset pressure of 3050 psi 1210 barl. Adjust to 
the reset pressu re, according to the model, if the 
test pressure is not within specificat ions. 

4. Diconnect the test equipment from the swing 
post and connect the life cylinder hose to the fit
ting on the swing post as it was orginally. 

Figure 217 
lift Piston Circuit Relief Test 

1. lift Cylinder Piston Hose 
2. Plug , Tool No. 0768 
3. Gauge, Tool No. 2028 
4. Gauge Hose. Tool No. 7099 
5. Tee Fitting, Tool No. 1361 
6. Hose. Tool No. 1340 

CROWD CYLINDER: PISTON END CIRCUIT 
RELIEF VALVE TEST 

1. Disconnect the crowd cylinder piston end hose 
and install the plug . 
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2. Connect the 1361 Tee fitting to the crowd 
cylinder piston end supply tube as shown in 
Figure 218. 

Figure 218 
Crowd Piston Circuit Relief Test 

1. Tee Fitting , Tool No 1361 
2. Hose, Tool No. 1340 
3. Crowd Cylinder Piston Hose 
4. Plug, Tool No. 0768 
5. Gauge, Tool No. 2028 
6. Gauge Hose, Tool No. 7099 

3 . Start the engine and set its speed at 1700 rpm. 
Actuate the bucket control lever to extend the 
bucket cylinder. Read the guage while the 
bucket cylinder is on the move. 

NOTE: Do not actuate the crowd cylinder. 

4. The standard dipstick crowd cylinder piston end 
circuit rel ief valve has a test pressure of 
3450-3750 psi 1238-259 barl and a reset pressure 
of 3550 psi 1245 barl. The extendible dipstick 
model crowd cylinder piston end circuit relief 
valve has a test pressure of 2550-2850 psi 1176-197 
bar) and a reset pressure of 2650 psi (183 bar). 
Adjust to the reset pressure, according to the 
model, if the test pressure is not within specifica

tions. 
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5. Disconnect the test equipment from the crowd 
cylinder tube and reconnect the cylinder hose as 
it was originally. 

EXTENDIBLE DIPSTICK CYLINDER 
CIRCUIT RELIEF VALVE TEST 

1. Disconnect the extendible dipstick cylinder 
piston end hose 171. Figure 219, from the right 
side of the swing post and install a 3/4" plug in 
the loose end of the hose. 

2. Connect the 1407 Tee fitting to the swing post 
post. Utilizing adapter 1367, attach the 1340 
hose to the Tee fitting as shown Figure 219. 

Figure 219 
Extendible Dipstick Piston Circuit Relief Test 
1. Gauge, Tool No. 2028 
2. Gauge Hose, Tool No. 7099 
3. Hose, Tool No. 1340 
4. Swivel Connector, Tool No. 1367 
5. Tee Fitting, Tool No. 1407 
6. Plug, Tool No. 0019 
7. Extendible Dipstick Piston Hose 

3. Install the pressure gauge and hose assembly on
to the Tee fitting . 

4. Start the engine and set the speed at 1700 rpm. 
Actuate the b!Jcket cylinder control lever to ex
tend the cylinder. Read the gauge while the 
cylinder is on the move. 

NOTE: Do not actuate the extendible dipstick 
control lever. 
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5. If a reading of 2325-2625 psi 1160-181 barl is not 
obtained, adjust the ci rcuit relief valve to obtain a 
pressure reading of 2450 psi 1169 bar). 

Disconnect the test equipment and reconnect the 
hose to the swing post. 

SWING CYLINDER CIRCUIT 
RELIEF VALVE TEST 

1. Disconnect the right swing cylinder hose (1), 
Figure 220, from the swing cylinder rod end port. 
Install a double male fitting, Tool No . 6729, in the 
hose and attach the 1407 Tee fitting and test 
hose as shown, Figure 220. 

Figure 220 
Right Swing Circuit Re lie f Tes t 

1. Right Swing Cylinder Hose From Control Valve 
2. Cap, Tool No. 0019 
3. Hose, Tool No. 1340 
4. Swivel Connector, Tool No. 1367 
5. Tee Fitting , Tool No. 1407 
6. Straight Connector, Tool No. 6729 
7. Gauge , Tool No. 2028 
8. Guage Hose, Tool No. 7099 

2. Install a 3/4" cap on the swing cylinder Tee fit
tinQ . 

3. Start the engine and set the speed at 1700 rpm. 

4. Actuate the bucket cylinder control lever to ex o 

tend the cylinder. Read the pressure gauge while 
the cylinder is on the move. 

5. If the reading is not 2400-2700 psi 1165-186 barl, 
adjust the circuit relief valve to obtain a reading 
of 2500 psi 1172 bar!. 

6. Stop the engine and relieve all pressure by ac
tuating the control levers. 

7. Disconnect the test equipment and reconnect 
the cylinder hose to the cylinder. 

8. Connect the test equipment to the left swing 
cylinder hose as shown in Figure 221 and repeat 
the test for the left swing circuit relief valve. 

Figure 221 
Left Swing Circuit Relief Test 

1. Left Swing Cylinder Hose from Contro l Valve 
2. Cap, Tool No. 0019 
3 . Hose, Tool No. 1340 
4. Swivel Connector, Tool No. 1367 
5. Tee Fitting, Tool No. 1407 
6. Straight Connector, Tool No. 6729 
7. Gauge, Tool No. 2028 
8. Gauge Hose, Tool No. 7099 
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9. Relieve all hydraulic pressure in the system and 
remove the test fittings from the swing cylinder 
hose. 

10. Reconnect the cylinder hose to the cylinder Tee 
fitting. 

SWING CYLINDER 
CUSHIONING VALVE TEST 

In general, when the rear port of the swing cylinder is 
pressurized you are checking the swing cushion valve 
in the opposite cylinder. Also, the pressure behind the 
swing cushion valve being tested must be relieved by 
pushing or pull ing (depending on which cushion valve 
is being checked) the swing lever. This connects the 
downstream area of the cushion valve to tank . Care 
must be taken when pressurizing the swing cylinders 
since this will cause the boom to swing. The boom 
must be restrained whenever pressurizing the swing 
cylinders . 

Due to the inter~acti on of the swing cylinders, being 
hydraulically connected together, a malfunction of 
cylinder affects the operation of both cylinders. 
Therefore it is necessary to isolate the cylinders from 
each other to perform a hydraulic test. 

Utilizing the bucket cylinder for boost pressure, per
form the cushioning valve test as follows: Refer to 
Figures 222, and 223. Also see Alternate Test Step 7A. 

1. To test the left swing cylinder, as viewed from 
the operators seat, swing the boom to the right 
stop. 

2. Stop the engine and relieve the hydraulic 
pressure in the system by actuating the control 
levers. 

3. Disconnect the left swing cylinder hose (4), 
Figure 222, from the cylinder rod end Tee fitting 
(2). 

4. Remove the cylinder tube (3) , from the Tee and 
attach a suitable drain hose to the tube and run it 
into a drain pan . 

5. Remove line 82, from the left hand cylinder, 
Figure 223, and plug the line and cylinder part 
with a 3/ 4-16 JIC plug and cap. 

6. Remove line A2 from the right hand cylinder and 
cap the cylinder part with a 3 /4-16 JIC cap . 
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Fi gure 222 
Model 555 - Swing Cylinder Cushioning 

Valve Test 
1. Swing Cylinder Assembly 
2. "Tee" Fitting 
3. Tube 
4. Swing Cylinder Hose 

7. Connect line A2 to the boost pressure test hose 
Tee fitting with the pressu re gauge and hose. 
See Figure 215 for bucket cylinder boost 
pressure installation . 

7a. Alternate cushioning valve test. 

If a swing cylinder only test is desired , the follow
ing alternate test procedure may be performed 
for determining oil leakage at the piston packing , 
cushioning valve seals or a faulty cushioning 
valve. 

a. Perform steps 1 thru 6 above. 

b. Connect line A2, Figure 223. to the swing 
cylinder hose previously removed from the left 
hand cylinder Tee using connector Tool No. 
6729. 

c. Install a 0-5000 psi pressure gauge in the main 
control valve high pressure port, Figure 206. 

NOTE : The main system relief valve pressure 
may need to be raised slightly to cause the 
cushioning valve to function . If so, be sure to 
rese t the relief valve to specifica tion upon com
pletion of the test. 

A CAUTION : Do not raise the relief valve 
pressure above 2750 psi. 



--------------------------------CHAPTER5--------------------------------

A1 

B3 

A 

I 

A3 B1 
)}:£.itS, 

Al 

A1 

A 

o o 
RIGHT LEFT 

, 
I , 

" 

FiniNG 

Figure 223 
Cushioning Test (Left Cylinder) 

8 , Start the engine and set the speed to 1700 rpm, 

9. Actuate the bucket cylinder lever and observe 
the following conditions, 

a. Gauge pressure reading as oil flow begins 
from drain hose indicating cushioning valve 
openi ng. 

b. Oil leakage from drain hose before cushioning 
valve opens. 

C. Oil flow from cylinder rod end Tee fitting. 

Test Results Indicate: 

a, Gauge pressure should read 2500-2800 psi 
(172-183 barsl. If not at this reading replace 
the cushioning valve, Figure 158. 

NOTE: If new valve is installed recheck the 
prl!ssure. 

b. Oil flow from drain hose before cushioning 
opens indicates a faulty cushioning valve or 
faulty cushioning valve or faulty cushioning 
valve seals. 

C. Oil flow from cylinder Tee fitting indicates 
piston packing leakage. 

10. Stop the engine and relieve the pressure by ac
tuating the control levers. 

11. Disconnect the test hose Tee fitting from the A2 
hose. 

12, Reconnect lhe left hand cylinder tube and hose 
to the cylinder Tee fitting , 

RIGHT HAND CYLINDER 
CUSHIONING VALVE TEST 

1. Disconnect the right cylinder hose and tube from 
the cylinder Tee fitting , Figure 222. 

2, Attach the drain hose to the cylinder tube fitting, 
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3. Remove the B2 hose plug and reinstall it in the 
A2 hose, Figure 223 . 

4. Install a 314" ·16 JIC cap on the A2 port of the 
right hand cylinder. 

5. Connect the test hose Tee fitting to the B2 hose. 

6. Start the engine and perform the tests in the 
same manner as described for the left cylinder. 

7. After completing the tests remove the test equip
ment from the backhoe and reinstall all hoses 
and tubes in their original locations. Insure all 
con nections are tight. See Specifications, 
Chapter 6. 

BACKPRESSURE RELIEF VALVE AND 
BACKPRESSURE UNLOAD VALVE 
TEST PROCEDURES 

Model 555 - 4-7815-80 

The valves in the outlet end cover function only when 
oil is being exhausted from a cylinder. Therefore, the 
condition must be simulated to test the pressure set
tings of the backpressure relief valve and back pressure 
unload valve. 

NOTE: These valves are not utilized in 12 ft. and 14 ft. 
backhoe con trol valves produced after 5-80. (Current 
on all 15 ft. models) 

Tools Required : 

Tool No. 

1364 
1366 
7099 
2027 
0013 

Description 

Test Block 
Shut-OH Valve 

Gauge 
Gauge 

O-ring Fitting 12-Reg. 1 

A simulation test made by disconnecting the hoses 
from the lift cylinder and connecting the hoses to the 
circuit relief valve test block 121, Figure 224, Tool No. 
1364, and conversion valve 111. Tool No. 1366 as 
shown. Thus, when the lift control lever is actuated 
with the engine running , oil will flow from port to port. 

To test the back pressure unload valve, a resistance to 
the flow of oil from port to port must be provided to 
cause a buildup of system pressure. Partially closing 
the conversion valve 111 provides the pressure buildup. 
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Test Installation and Procedure 

1. Raise the boom to the transport position and 
secure with the tra nsport lock . 

NOTE: If close quarters limit the height to which 
the boom can be raised, the backhoe may be 
positioned with the bucket resting on the 
ground. However, care must be exercised to pre
vent moving the crowd, bucker. swing or extend
ible dipstick control when the engine is running. 

2. Neutralize system pressure by actuating the 
lift control lever back and forth several times 
with the engine stopped. 

3. Disconnect the hoses from the backhoe lift 
cylinder rod and install the circuit relief test 
block , conversion valve, and adapters, as shown 
in Figure 224. 

Figure 224 
Test Block and Conver-sion Valve Installation 
1. Conversion Shut-oH Valve, Tool No. 1366 
2. Test Block, Tool No. 1364 
3. lift Cylinder Hose 
4. Cap, Tool No. 0022 
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4 . To test the backpressure relief valve, install a 600 
psi (41.4 barl gauge (11. Figure 225. to the sump 
oil test port (6) on the outlet end cover. Install 
another 600 psi (41.4 barl gauge (2) to the return 
oil test port 171 on the inlet end cover. Open the 
converesion valve fully. 

5. Start the tractor engine and operate at wide 
open throttle (2200 rpm l. 

6. Actuate the lift control and hold into either the 
raise or lower position . Pressure gauge (2) 
should read 250 ± 50 psi (17 .2 ± 3.5 barl higher 
than the reading on gauge (1). The above pro
cedure was the " Backpressure Relief Valve 
Test". Record the pressu re reading and proceed 
to Step 7, which begins the " Backpressure 
Unload Valve Test" procedure. 

7. Actuate the control levers several times to relieve 
accumulated pressure. Remove the 600 psi 141.1 
barl pressu re gauge (21. Figure 225. and insta ll 
the plug and a-ring. Install a 3000 psi 1206.9 bar) 
pressu re gauge (21. Figure 226. in the high 
pressure test port , as shown . Leave the 600 psi 
(41.4 barl pressure gauge and th e test block in
stalled as during the " Backpressure Relief Valve 
Test" procedure. 

B. Start the tractor engine and operate at wide 
open throttle 12200 rmpl. 

9. Move and hold the lift control lever fully into 
either the raise or lower position. Slowly close 
the conversion valve 11), Figure 224, until the 
pressure indicated by gauge (21, Figure 226. 
begins to rise. Slowly continue closing the con· 
version valve until the pressure indicated by 
gauge (21 suddenly drops. This maximum 
pressure is the pressure at which the unload 
valve opens. Therefore, the pressure reading on 
gauge (21 must be 900 ± 100 psi (62 ± 6.9 bar) 
higher than the reading on gauge (11 at the in 
stant the reading on gauge (21 drops . Open the 
conversion valve before attempting to take a se· 
cond reading on the gauges. 

10. Since the unload valve and backpressure valve 
cannot be adjusted without the use of special 
test equipment, each test must be performed 
and then the valves and external O·rings replac
ed with new ones if faulty pressure readings 
were obtained. For example, if an incorrect 
pressure reading was obtained during the 
" Backpressure Unload Valve Test", replace the 

back pressure relief valve with a valve of known 
good quality. Also, if the pressure reading for the 
" Backpressure Unload Valve Test" was incorrect 
and not for the " Backpressure Relief Valve 
Test", replace the backpressure unload valve. If 
incorrect readings are obtained during bolt tests, 
begin by replacing the unload valve. Remove and 
replace the backpressure relief and unload valves 
as outlined under "Outlet End Cover". After 
replacing the valve(s), perform the test pro
cedu re over. 

11 . Remove the test fittings and gauges. Connect 
the hoses to the lift cylinder. and install the plugs 
and O·rings in the test port fittings. 

0-0 

Figure 225 

1 , i 
I 

Back Pressure Relief Valve Test 
1. Gauge. Tool.No. 2027 
2. Gauge. Tool No. 2027 
3. Gauge Hose. Tool No. 7099 
4. Outlet End Cover 
5. Inlet End Cover 
6. Sump Test Port. Tool No. 0013 
7. Return Oil Test Port. Tool No. 0013 

CIRCUIT RELIEF VALVE TESTS 
(Monoblock and Sectional Valve) 

Model 550 

Prior to any pressure tests, warm the hydraulic oil to 
165°F (73.8 °C) by actuating the control levers. Relieve 
the hydraulic pressure by actuating the control levers 
with the engine off. 
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Figure 226 
Back Pressure Unload Valve Test 

1. Gauge, Tool No. 2027 
2. Gauge, Tool No. 2028 
3. Gauge Hose, Tool No. 7099 
4. Outlet End Cover 
5. Inlet End Cover 
6. Sump Test Port, Tool No. 0013 
7. High Pressure Test Port, Tool No. 0013 

BUCKET CYLINDER CIRCUIT RELIEF CHECK 

1. Position the bucket and dipstick on the ground, 
stop the engine and relieve pressure within the 
system by actuating the control levers. 

2. Disconnect the rod hose from the bucket 
cylinder, capping the port on the cylinder. Can· 
nect the 1340 hose to a 1361 and 0092 combina
tion and the bucket hose previously discon
nected, Figure 227 . 

3. Install a combination check valve set up of a 1362 
and 1363 to the crowd rod port and hose. 

4. Attach the 1340 hose to the 1363 Tee. 

5. Install a 0.5000 psi 10-344.70 barl gauge to the 
1361 tee fitting as shown in Figure 227. 

6. Start the tractor, increasing the engine speed to 
1700 rpm . 

1ao 

Figure 227 
Bucket Cylinder Circuit Relief Rod End 

1. Tee Fitting , Tool No. 1361 
2. Adaptor, Tool No. 0092 
3. Gauge, Tool No. 2028 
4. Gauge Hose, Tool No. 7099 
5. Hose, Tool No . 1340 
6. Cap, Tool No. 0022 
7. Check Valve Elbow, Tool No. 1362 
8. Tee Fitting, Tool No. 1363 

IMPORTANT: Do not actuate the bucket 
cylinder control lever. 

7. Actuate the crowd cylinder control lever forward 
thus, blowing the bucket circuit relief valve at 
2350-2650 psi 1162.01 -182.69 barl. Read the 
gauge as the crowd cylinder functions. 

NOTE: Once the cylinder is fully extended, the 
system relief valve wI/I function. For the bucket 
circuit relief, read the gauge with the crowd 
cylinder in motion. 

8. Shut off the tractor engine and relieve the 
hydraulic pressures. 

9. Remove the testing equipment and secure all 
hoses as they were during normal operation. 
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IMPORTANT: Be sure the oil has had time to 
cool and the pressure has been relieved before 
attempting to disconnect the hydraulic lines. 

LIFT CYLINDER CIRCUIT RELIEF TEST 

Warm the hydraul ic oil to 165°F (73.8 °C) by operating 
the backhoe for approximately 15 minutes before in
stalling the test fittings. 

1. Position the bucket and dipstick on the ground, 
stop the engine and relieve pressure within the 
system by actuating the control levers. 

2. Disconnect the bucket cyli nder rod hose and 
connect the check valve and Tee fittings as in the 
insert, Figure 228. 

Figure 228 
Lift Cylinder Circuit Relief - Rod End 

1. Tee Fitting, Tool No. 1363 
2 . Check Valve Elbow, Tool No. 1362 
3. Adaptor, Tool No. 0092 
4. Gauge, Tool No. 2028 
5. Gauge Hose, Tool No. 7099 
6. Lift Cylinder Rod Port 
7. Hose, Tool No. 1340 
8. Plug, Tool No. 0768 
9. Tee Fitting, Tool No. 1361 

3. Disconnect the lift cylinder rod hose and plug as 
shown. Connect the 1361 Tee fitting to the swing 
post port . 

4. Install the 0.5000 psi (0-344.70 bar! gauge and 
hose assembly to the 1361 Tee fitting by the lift 
cylinder rod port on the swing post. 

5. Start the engine operating at 1700 rpm, actuate 
the bucket cylinder control lever. As the bucket 
curls, read the pressure gauge. 

6. If a reading between 3600-4200 psi 
(248.18 - 289.55 bar) is not obtained, replace the 
circuit relief valve with a new valve, and recheck 
the pressure. 

7. Shut the tractor engine off and relieve all 
pressures by actuating the control levers. 

8. Disconnect the Tee fitting with the hose 
assembly from the swing post left side and con
nect it to the right side of the swing post, Figure 
229. 

9. Attach the lift cylinder rod end hose in place and 
cap the piston hose end. 

Figure 229 
Lift Cylinder Circuit Relief - Piston End 

1. Plug, Tool No . 0768 
2. Gauge, Tool No. 2028-
3 . Gauge Hose, Tool No . 7099 
4. Tee Fitting, Tool No. 1361 
5. Hose, Tool No. 1340 
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10. Repeat Steps 5-7. 

11 . Disconnect the test equipment from the lift 
cylinder port, and reconnect the cylinder hose to 
the swing post. Do not remove the test equip
ment from the bucket cylinder until completion 
of the remaining relief valve tests. 

CROWD CYLINDER CIRCUIT RELIEF 
VALVE CHECK 

Warm the hydraulic oil to 165°F (73.8 °CI by operating 
the backhoe for approximately 15 mintues before in
stalling the test fittings. 

1. With the bucket and dipstick on the ground, stop 
the engine and relieve pressure within the system 
by actuating the control levers. 

2. Disconnect the crowd piston hose and plug as 
shown in Figure 230, 

I 

I 
Figure 230 

Crowd Circuit Relief Test 
1. Gauge, Tool No. 2028 
2. Gauge Hose, Tool No. 7099 
3. Tee Fitting, Tool No. 1361 
4. Tee Fitting, Tool No. 1363 
5. Check Valve Elbow, Tool No. 1362 
6. Swivel Connector, Tool No. 0770 
7. Hose, Tool No. 1340 
8. Plug Tool No. 0768 

182 

3. Connect the 1361 Tee fitting and hose to the 
crowd cylinder port. 

4. Install the 0.5000 psi 10.344,70 bar) gauge and 
secure all fittings. 

5. Start the engine, operating at 1700 rpm and ac
tuate the bucket control lever. As the bucket 
curls, check the pressure gauge. 

6. If the pressure is not between 4100-4500 psi 
1282.65-310.23 barl , replace the crowd circuit 
rel ief valve with a new valve from stock. 

7. Recheck the new valve and disconnect the test 
equipment. 

8. Make sure all hoses are properly routed and 
secure them to their respective ports. 

SWING CIRCUIT RELIEF VALVE TEST. 

Model 550 - Sectional Valve Only 

1. With the bucket end dipstick positioned on the 
ground, relieve the pressure within the hydraulic 
system by actuating the control lever with the 
engine off. 

2. Use the bucket cylinder for source of hydraulic 
power as in previous circuit relief valve tests. 

3. Disconnect the left hand swing cylinder hose 
from the tube, Figure 231 , and install the plug in 
the hose end. 

4. Connect the 1340 hose and 1407 Tee fitting. 

5. Start the tractor operating at 1000 rpm and ac
tuate the bucket contra) lever. Read the gauge 
whi le the cylinder is in motion. 

6. If the pressure is not 2875 -3000 psi 
1196.48-220.61 barl replace the circuit relief 
valve, Figure 213. 

7. Check the right swing circuit relief valve by con
necting the test equipment to the right swing 
cylinder hose 171. Repeat steps 5 and 6 for the 
right swing cylinder relief valve. 

8. Shut off the tractor engine and remove all test 
equipment and reconnect the hydraulic hoses 
and tubes to their respective positions. 
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IMPORTANT : Do not attempt any adjustments 
or disconnecT any hoses with the engine run~ 

nin.g. 

• • 

~ ___ -4..)I------

'" 

Figure 231 

\ 

Swing Circuit Reli ef Valve Test 
M odel 550 Sectional Valve 

1. Tee Fitting, Tool No. 1407 
2. Gauge, Tool No. 2028 
3. Gauge Hose, Tool No. 7099 
4. Hose, Tool No. 1340 
5. Tee Fitting, Tool No. 1363 
6. Check Valve Elbow, Tool No. 1362 
7. Plug, (Swing Hosel Tool No. 0019 
8. Right Swing Cylinder Tube 
9. Left Swing Cylinder Tube 

.'1, 
1 

'-
~ 

f . .4l 
~ ... 

0 
. ~ 

> 
/ ./ 
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SWING CUSHIONING TEST-SECTIONAL VALVE 

Warm the hydraulic oil to 165°F 173.8°C) by operating 
the backhoe for approximately 15 mintues before in
stalling the test fittings. 

1. Position the bucket and dipstick on the ground, 
stop the engine and relieve pressure with in the 
system by actuating the control levers. 

2. Install the pressure gauge as in the backhoe 
system relief valve check, Figure 209 . 

3. Start the tractor and swing the boom to the ex 
treme right and read the gauge. The control lever 
must be held on while reading the gauge. 

4. The pressure reading should be taken with a 10 
gpm 137.89 1/ min.) flow and read 1500-1800 psi 
1103.41 -124.09 bar) at 1000 rpm . 

5. If the proper reading is not attained, shut off the 
tractor. After relieving the hydraulic pressure, 
replace the malfunctioning cushioning valve w ith 
a new valve and check the new valve, Figure 
213. 

6. Repeat the procedure for the left swing cylinder. 

7. Shut off the tractor engine and relieve all 
hydraulic pressures. 

8. Remove the test equipment and reconnect the 
hydraulic hoses to their respective position. 

COMBINATION VALVE RELIEF VALVE 
PRESSURE SETTING-MONOBLOCK VALVE 

To determine if the relief pressure of the combination 
valve is properly set: 

1. Remove the 1/ 4" pipe plug from the main con
trol valve and install a 0 to 5000 psi 10-344.70 bar) 
pressure gauge as shown in Figure 207. 

2. With the hydraulic system 9il at operating 
temperature 165°F. 173.8°C), position the boom 
against the swing stop. 

3. Set the engine speed for 1000 rmp and actuate 
the swing against the stop. 
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The gauge reading should be 1600-1800 psi 
1110.3-132.09 bar) for both directions of swing 
with a pump output of 10 gpm 137.85 1/ min.!. 
The swing lever must be held in the on position 
when reading the gauge. 

4. If adjustment is required, remove the valve plug, 
Figure 232, along with the spring from the plug. 
Install or remove shims as required. The sh ims in 
the left valve plug control the right -hand swing 
pressure and the shims in the right valve plug 
control the left-hand swing pressure . 

5. Repeat the test for the other opposite swing 
relief valve util izing the boom against the op
posite boom stop . 

Figure 232 
Swing Pressure Adju stm ent - M onob lock Valve 

1. Left Valve Plug 
2. Right Valve Plug 
3. Combination Valve 

F. HYDRAULIC TESTS GENERAL 

The hydraulic test instrument can be used as an ef
fetive service-sales tool by indicating to the equipment 
owner the condition of this machine. The tester unit 
wi ll : 

• Measure the volume of oil passing through the 
tester . 

• Measure the temperature of oil passing through 
Ihe lesler. 
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• Provide a manually variable means of restricting 
the oil passing through the tester and measure
ment of resultant pressure. 

Each test procedure consists of: 

1. Learning how much oil in gallons per minute is 
circulating in the system at no-load. 

2 . Applying a predetermined pressure on all the 
components, finding out how much of the oil is 
available for work because: 

a. It is not being delivered by the pump due to in
ternal slippage caused by wear. 

I J. 
I - I=--

• 

b. Not being delivered to the working compo
nent (cylinderl because it is leaking back to 
the reservoir through passageways supposed
ly closed (valve leakagel. 

c. No being used properly by the cylinder because it 
is leaking past the cylinder packing and returning 
to the reservoir without having produced any 
useful work. 

The two tests described on the following pages are 
basic tests that can be used with any hydraulic system 
having a positive displacement pump connected in 
series with the hydraulic control valves. Refer to 
Figures 233 and 234 for these tests. 

Figure 233 
Accumulated Leakage "Tee" Test 

1. Tester Hose 10utieti 6. Reducer, Tool No. 0786 11. Oil Return Hose 
2. Tee Fitting , Tool No. 1370 7. Power Beyond Tube 12. Reducer, Tool No. 1369 
3. Tee Fitting, Tool No. 1213 8. Tester Hose (Inletl 13. Oil Return Hose 
4. Reducer , Tool No. 2210 9. Reducer, Tool No. 0786 
5. Control Valve Inlet Tube 10. High Pressure Hose - from Pump 
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Figure 234 
Pump Performance Test 

1. Oil Return · To Sump 
2 . Tester Hose ~ Outlet 
3. High Pressure Hose - from Pump 
4. Tee Fittin, Tool No. 1370 
5. Cap, Tool No. 1371 
6. Reducer, Tool No. 1369 
7. Reducer, Tool No. 1369 
8. Tee Fitting, Tool No. 1370 
9. Plug , Tool No. 1372 

10. High Pressure - to Backhoe Valve 
11. Tester Hose · Inlet 

G. CIRCUIT AND ACCUMULATED 
LEAKAGE "TEE" TEST 

This test procedure consists of installing a "T" in the 
pump pressure outlet line and attaching the tester to 
the "T" fittings. Connecting to the hydraulic system in 
this manner permits the application of any desire 
pressure to individual components. Through the pro~ 
cess of elimination, it is possible to trace leakage to a 
particular component while white system is under 
pressure. Since the tester is designed to measure oil 
flow under pressure in terms of gallons per minute, it is . 
not feasible to detect valve neutral spool leakage. This 
type of test requires the use of complex test stand in· 
strumentation capable of measuring cu bic inch quan
tities. 

The hydraulic tester, when installed for a circuit per· 
formance check, can be used to determine the follow
ing: 

• Valve spool leakage 

• Relief valve leakage and setting 

• Packing leakage in the cylinder 

• Valve coring cracks 
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INSTALLATION 

Warm the hydraulic oil to 165°F. 173.8°C.) by 
operating the backhoe for approximately 15 minutes 
before installing the test fittings. 

1. Position the bucket end dipstick on the ground , 
stop the engine and relieve pressure within the 
system by actuating the control levers. 

2. Disconnect the pump pressure line (10), Figure 
233, and install fittings, as shown, between the 
pump hose and backhoe inlet fitting. 

3. Connect the tester inlet hose to the pump 
pressure line Tee fitting. 

4. Disconnect the oil return line (1 1) from the return 
tube and install the Tee fitting as shown. 

5. Connect the tester outlet hose to the return line 
Tee fitting. 

It is essential that the system relief valve be checked 
and adjusted before checking circuit performance. If 
the system relief was not checked as outlined earlier, it 
can be checked with the tester as follows, using the 
above test installation, 

1. Completely open the tester load valve. Start the 
tractor and set the engine speed at 2100 rpm as 
indicated on the Proof-Meter. 

2. Completely close the tester load valve. 

3. Pull the left-hand stabilizer control handle full 
rearward, and hold. Observe the load needle, it 
should show the pressure as specified under 
"System Relief Valve Test", as the system relief 
fuctions to relieve system pressure. 

4, If the pressure is not to specification , replace or 
adjust the system relief valve depending on the 
type of backhoe valve used. 

CIRCUIT PERFORMANCE TEST PROCEDURE 

For most accurate results the complete circuit perfor
mance test should be made at two pressure settings. 
The backhoe system pressure is designed for opera
tion at or above 2000 psi :137.88 bar), however, Model 
550 backhoes utilizing the combination valve have a 
secondary circuit in the swing circuit designed to 

operate at 1500-1800 psi 1103.41·124.49 barl at 10 gpm 
137.851 l / min .) To prevent loss of oil at the relief 
valves, the pressures established for the actual test are 
below the crack pressure of the specific valves, 

1. Start the tractor engine and set the engine speed 
at 2100 rpm as indicated on the tra ctor Proof
Meter. 

2. Set the tester load valve at 0 psi and the flow 
meter at the 25 gpm setting. 

3. Check the temperature of the oil. If below 165 °F 
(73,8°C), allow to warm to this temperature. 

4. Move a control handle and hold until the cylinder 
has reached the end of the travel. With the han
dle held in posit ion, slowly turn the tester load 
valve closed until a reading of 1800 psi 1124.49 
bar) is observed on the pressure gauge. 

Four Lever Control Models: 

1, Pull all control levers, one at a time, toward the 
operator's seat. Allow the control lever to return 
to its neutral position when the cylinder has 
reached the end of its stroke. If equipped with an 
extendible dipstick, retract the dipstick by step 
ping on the heel of the control pedal. 

CAUTION: When operating the control 
levers, make certain that there is suffi
cient clearance around and above the 
backhoe and tractor. Make certain a/l 
personnel are clear of the backhoe com-
ponents. 

Model 555: Test Sequence 

2, Pull the right stabilizer control rearward and hold 
in this position. Record the flow indicated on the 
tester flow gauge. DO NOT RELEASE THE CON
TROL LEVER . 

3. With the stabilizer control held rearward, pull the 
swing control rearward. Release the stabilizer 
control when the swing control is pulled rear
ward, and hold the swing control. Do not release 
the swing control. Record the flow indicated on 
the flow gauge at the tester. 
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4. At this time, it will be feasible to check the other 
swing circuit while the boom and crowd are in 
the retracted condition. Push the swing control 
lever forward to swing the backhoe to the left. 
Release the lever when the cylinder bottoms. 

5. Pull the right stabilizer control lever rearward and 
hold in this position. Record the flow indicated. 
Do not release the control lever. 

6. With the stabilizer control lever held rearward, 
push the swing control lever forward. When the 
swing control is pushed forward , release the 
stabil izer control and hold the swing control. 00 
not release the swing control. Record the flow 
indicated . 

7. Pull the bucket cylinder control rearward and 
hold in this position. Record the flow indicated. 
Do not release the control lever. 

8. Pull the left control lever rearward and when fully 
held , release the bucket control. Do not release 
the lift control. Record the flow indicated. 

9. Pull the crowd cylinder control rearward. When 
held fully, release the lift control. Do not release 
the crowd control. Record the flow indicated. 

10. Pull the left stabilizer control lever rearward. 
When held fully, release the crowd control. Hold 
the stabilizer lever and record the flow indicated. 

11. If equipped with an extendible dipstick, step on 
the heel of the contro l pedal, when held, release 
the left stabilizer control lever. Hold the control 
pedal heel down and record the flow indicated. 
Release the control pedal. 

12. Perform the test for the opposite end of the 
cylinder by pushing the control levers away from 
the operator's seat. Repeat the checks in the se
quence outlined in Steps F through K. It is not 
necessary to recheck the swing circuit. 
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IMPORTANT: The dipstick and boom must be 
extended into a trench when the levers are push
ed away from the operator's seat. othefWise the 
unit will lift off the ground and be unstable. If 
conditions will not permit this, the rod end of the 
lift cylinder may be disconnected from the boom 
and the bucket allowed to rest on the ground. 

Two lever Control Models: 

1. Manipulate the control levers, one at a time in 
the order listed. When the cylinder has reached 
the end of its stroke, release the lever. Pull the 
right stabi lizer control rearward. Pull the right 
control lever rearward to bring the crowd in, then 
move the same lever to the left to curl the bucket 
in. Pull the left control lever rearward to lift the 
boom, then move the same lever to the right to 
swing the boom to the right. Pull the left 
stabilizer control lever rearward. If equipped with 
an extendible dipstick, step on the heel of the 
control pedal to retract the extendible dipstick. 

CAUTION: When operating the control 
levers, make certain that there is suffi
cient clearance around and above the 
backhoe and tractor. Make certain that 
all personnel are clear of the backhoe 
components. 

2. Pull the right stabilizer control rearward and hold 
in this position . Record the flow indicated on the 
tester flow gauge. DD NOT RELEASE THE CON
TROL LEVER. 

3. With the stabilizer control held rearward, pull the 
right-hand control rearward (crowd in). When 
held fully, release the stabilizers control. Do not 
release the crowd control. Record the flow in
dicated. 

4. With the right control lever held rearward, move 
the same lever over to the left (bucket fill) posi
tion and push lever to neutral. Do not release 
lever or let the lever move through the neutral 
position. Record the flow indicated. 

5. With the righi control lever held move the left 
control lever to the right (swing right mode). 
Release the right control and hold the left control 
lever. Record the flow indicated. 

6. At this time, we w ill check the left swing circuit. 
Perform Steps 2 thru 5 than go directly to Step 7. 
Make sure that the backhoe is swung fully left 
before beginning test. Also, operate the swing 
left control and not the swing right control. 
Record the flow indicated, 

7. With the left control lever held over to the left 
(swing left mode), pull the same control lever 
rearward (boom lift model) and move lever right 
to neutral and hold in this position. Do not allow 
the lever to move through the neutral position. 
Record the flow indicated. 
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8. With the left control lever held rearward, pull the 
left stabilizer control rearward and release the 
other control lever when held fully . Record the 
flow indicated. 

9. If equipped with an extendible dipstick, step on 
the heel of the control pedal, and when held, 
release the stabilizer control lever. Hold the con
trol pedal in position and record the flow in
dicated. 

10. Perform the tests for the opposite ends of the 
cylinders by operating the control levers opposite 
of the above procedures. It is not necessary to 
recheck the swing circuit. 

Model 550: Test Sequence 
(Backhoes utilizing swing combination 
valve assembly) 

1. Pull the right stabi lizer control rearward and hold 
in this position. Record the flow indicated on the 
tester flow gauge. DO NOT RELEASE THE CON
TROL LEVER. 

2. With the stabilizer control lever held rearward, 
pull the bucket cylinder control lever rearward. 
When the control lever is pulled rearward , 
release the stabizer control lever and hold the 
bucket control lever in position . Do not release 
the bucket control lever. Record the flow in
dicated on the flow gauge at the tester. 

3. Pull the lift control lever rearward , and when fully 
held, release the bucket control lever. Record the 
flow indicated on the flow gauge of the tester. 
Do not release the control lever . 

4. Pull the crowd cylinder control lever rearward. 
when fully positioned rearward, release the lift 
control lever. Hold the crowd control lever in 
position and record the flow as indicated on the 
flow gauge of the tester. Do not release the 
crowd cylinder control lever. 

5 . Pull the left stabilizer control lever rearward . 
When fully positioned rearward, release the 
crowd control lever. Hold the left stabilizer con
trol lever in position and record the flow as in
dicated on the flow gauge of the tester. Release 
the let stabilizer control lever. 

6. Perform the test for the opposite end of the 
cylinders by pushing all levers away from the 
operator's seats. Repeat the checks in the se
quence outlined in Steps 6 through 10. 

IMPORTANT: The dipstick and boom must be 
extended into a trench when the levers are push
ed away from the operator's seat, othefWise the 
unit will lift off the ground and. be unstable. If 
conditions will not permit this, the rod end of the 
lift cylinder may be disconnected from the boom 
and the bucket allowed to rest on the ground. 

SWING CYLINDER 
(Backhoes with swing combination valve) 

The procedure for determining swing cylinder plunger 
leakage is identical to that indicated for the stabilizer, 
lift, crowd, and bucket circuits, except that the tester 
load valve should be set at 1200 psi. 

Perform the test at 1200 psi (82.72 bar) and record the 
readings. Actuate the swing circuit after the right 
stabilizer cylinder. 

The boom must be blocked away from the mainframe 
during the swing tests, otherwise the override spring 
will make the swing lever hard to actuate. 

TEST SUMMARY 

In the first portion of the circuit performance tests, 
flow readings were taken at 1200 and 1800 psi (82.72 
and 124.08 bar!. Consequently, the rate of delivery to 
the main control valve has been predetermined. 

As the control handles are held in position, all pumped 
oil, blocked at the plunger, circulates through the 
tester and to the reservoir. Oil leaking by the packings, 
or internal valve leakage will be revealed as a reduced 
flow reading . 

The test will provide information to include the system 
relief pressure s,tltting and detection of the following 
leakage problems. 

• Main Control Valve 

• Control Valve (Operating Position) 

• Cylinder Packing 

• Circuit Relief Valve 
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Model 550 - Summary 

The flow readings recorded during the test for the lift, 
crowd, bucket and stabilizer cylinder circuits should 
compare with the previously recorded pump flow at 
1800 psi. (124.08 bar) . 

)f all cylinder circuit test readings are consistently 
below the previously recorded pump flow at 1800 psi 
(124.08 bar), system oil bypass in the main relief valve 
is indicated. If only the lift crowd bucket cylinder cir
cuit readings are below the previously recorded pump 
flow at 1800 psi (124.08 bar), circuit relief valves 
and l or cylinder pac kings leakage is indicated. if 
readings are below the pump flow at 1800 psi (124.08 
bar) in both the fully extended and retracted position , 
a cylinder l>acking leakage problem is indicated. If the 
crowd circuit flow reading is low only on the cylinder 
extended position, or the bucket circuit in the 
retracted position, a circuit relief valve leakage pro
blem is indicated. 

If the stabilizer circuit readings are below the previous
ly recorded flow at 1800 psi (124.08 bar), cylinder 
packing leakage is indicated. 

Model 556 - Summary 

The flow readings recorded during the test for the lift, 
crowd, bucket, swing, extendible dipstick, and 
stabilizer cylinder circuits ·should compare with the 
previously recorded pump flow at 1800 psi (124 bar!. If 
aU cylinder circuit test readings are consistently below 
the previously recorded pump flow at 1800 psi 1124 
bar), system oil bypass in the main relief valve is in
dicated. If the lift and swing circuit readings are below 
the previously recorded pump flow at 1800 psi 1124 
bar) circuit relief valves and l or cylinder packing 
leakage is indicated. If the readings are below the 
pump flow at 1800 ysi 1124 bar) in both the fully ex
tended and retracted position, a cylinder packing 
leakage problem is indicated. If low in only one posi
tion, a circuit relief valve may be at fault. 

If a crowd or extendible dipstick circuit flow reading is 
low only on the cylinder extend position , a circuit relief 
valve leakage probiem is indicated . If low in both ex
tend and retract positions, a cylinder packing leakage 
is indicated . 

If the bucket circuit flow reading is low only on the 
cylinder retract position, circuit relief valve leakage is 
indicated. If low in both the extend and retract posi
tions, a cylinder packing leakage is indicated. 
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If the stabilizer circuit reading is low, cylinder packing 
leakage is indicated. 

The specifications provided in this manual for 
hydraulic pump and circuit components were 
established, based on the use of Ford M-2C 48A 
Hydraulic Oil. Where other oils of varied quality are us
ed , erroneous test results may be obtained. 

CYLINDER PACKING LEAKAGE 

If cylinder leakage at the packing is suspected, a sim
ple test can be performed to determine if oil is leaking 
to the low pressure side of the cylinder. 

1. Start the tractor and extend or retract the 
cylinder its full length . 

2 . Remove the hose from the low pressure side of 
the cylinder. 

3. When the oil stops dripping from the hose, ac
tuate the control levers in the same direction as 
previous Ipulled or pushed ) and hold . This will 
exert pressure at the packings. 

4. Note any oil leaking from the hose port of the 
cylinder. 

Various factors contribute to the volume of leakage. 
Each of these factors should be considered prior to in
stallation of new packings. 

• Leakage increases proportionally with an in
crease in temperatures and pressure . 

• Cylinders containing single piston packings will 
leak more in one direction, depending on the 
direction of the " V" facing of the packing. For 
example: swing and stabilizer cylinders. 

., All cylinder packings leak in small quantities for 

packing-te-cylinder barrel lubricating purposes . 
Cylinder dimensions must be considered 
because an increase in the surface provides addi
tional area of leakage. 



------------------------------CHAPTER5-------------------------------

FACTORS THAT AFFECT TEST RESULTS 

Erratic or strange gauge readings can generally be 
diagnosed as a result of the following: 

1. If the flow gauge moves widely or erratically, an 
air leak in the system or low oil level is indicated. 

2. If pump starvation (cavitation) is indicated, the 
problem should be corrected prior to performing 
any further tests . 

3. The units hydraulic pump is engine driven. It is 
essential that the engine be performing satisfac
torily to provide the required pump test rpm. If 
the engine is not performing satisfactorily, the 
test results will not reflect the t rue condition of 
the circuit performance. 

The specifications provided in this manual for 
hydraulic pump and circuit components were 
established, based on the use of Ford M-2C 48A 
Hydraulic Oil. Where other oils of varied quality are 
used, erroneous test results may be obtained. 
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PART 9 
FORD 550/555 - LOADER, BACKHOE 

AND HYDRAULICS 
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1. SPECIFICATIONS 

GENERAL DIMENSIONS 

LOADER 550/555 
LIFT CYLINDERS 

Type ..... . ........ .. • ....... .. ..... . . .. . . .• .. ... . .......... . ....... Double Acting 
Piston Diameter ........ . . ..... . . . • .....•.. . . .. .. . . . ... . . .•.. . ........ . . 3" (76 mm) 
Rod Diameter .......................... . .. . ..... . ...................... 2" (51 mm) 
Extended Length . . ... . .. . .. . .. . ......• .. • .. •. . • ..... . .. . .. .... .... 81.03" (2058 mm) 
Retracted Length ..... • .....•..•.. . ...... . . . •..... . .. . . . .. . ...... 45.43" (1153.9 mm) 
Stroke ............. . ... . ........ . ... • .. . .. ......• . . • ..•.. • ....... 35.6" (904.2 mm) 

BUCKET CYLINDERS 
Type .................•.. . .. . .. . .. . .. . ...... ...•. . • .. . .. . . . . ........ Double Acting 
Piston Diameter ......•..•..•..•. . •..•.. . ...... . ..•. . ...... . ... ... . ..... 3" (76 mm) 
Rod Diameter .. .. . ...•..•.....•.. . ........ . ...... . ... .. .. • . . .. . ... 1· 1/2" (38 mm) 
Extended Length ............... •. .... . ......... .. • ..•... .. • ..... 71.84" (1824.7 mm) 
Retracted Length ......•..• . . • ..• . .•...... .. •• .. • .. •. ..... .. ...... 44.4" (1127.8 mm) 
Stroke ...... ... . .. ..• .. • .••.. • . .. . ..... . ... .. . ..•..•. . ........... 27.44 (697.0 mm) 
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Model 560 Model 566 

Backhoe 13 ft. 15 ft. 15 t. H .D. 14 ft . 16 ft. 

Lift Cylinder 

4.0" 4.5" 5.0" 4.52" 4.92" 
Piston Diameter (102 mm) 1114 mm) 1127 mm) 1115 mm) 1125 mm) 

2.0" 2.0" 2.5" 2.2" 2.48" 
Rod Diameter 151 mm) 151 mm) 163.5 mm) l56mm) (63 mm) 

n .65" n .65" 
Extended Length 11972 mm) 11972 mm) 

45.05" 45.05" 
Retracted Length 11145 mm) 11145 mm) 

32.6" 32.6" 
Stroke 1827 mm) 1827 mm) 

Crowd Cylinder 

4.0" 4.5" 4.5" 4.52" 4.52" 
Piston Diameter 1102 mm) 1114 mm) 1114 mm) 1115 mm) 1115 mm) 

2.0" 2.25" 2.25" 2.48" 2.48" 
Rod Diameter 151 mm) 157 mm) 157 mm) l63mm) l63mm) 

72.48" 75.0" 
Extended Length 11847 mm) (1905 mm) 

45.71" 43.9" 
Retracted Length 11161 mm) (1115 mm) 

26.77" 31 .30" 
Stroke 1686 mm) I7SO mm) 

Bucket Cylinder 

3.5" 3.5" 3.5" 3.54" 3.54" 
Piston Diameter 189 mm) 189 mm) 189 mm) ISO mm) ISOmm) 

2.5" 2.5" 2.5" 2.48" 2.48" 
Rod Diameter l64mm) 164 mm) (64 mm) 163 mm) l63mm) 

72.24" 72.24" 
Extended Length 11835 mm) (1835 mm) 

42.24" 42.24" 
Retracted length 11073 mm) 11073 mm) 

30.0" 30.0" 

Stroke 1762 mm) 1762 mm) 
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Stabilizer Cylinders 

Piston Diameter 

Rod Diameter 

Extended Length 

Retracted Length 

Stroke 

Swing Cylinders 

Piston Diameter 

Rod Diameter 

Extended Length- · 

Retracted Length** 

Stroke 

ExtendIble DIpstIck 
Cylinder 

Piston Diameter 

Rod Diameter 

Extended Length 

Retracted Length 

Stroke 

13 ft. 

4.0" 
(102 mm) 

1.75" 
(44 mm) 

4.0" 
(102 mm) 

1.75" 
(44 mm) 

NA 

NA 

NA 

NA 

NA 

Model 550 

15 ft. 15 ft . H.D . 

4.0" 4.0" 
(102 mm) (102 mm) 

1.75" 1.75" 
(44 mm) (44 mm) 

4.5" 4.5" 
(115 mm) (115mm) 

1.75" 1.75" 
(44 mm) (44 mm) 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

** As measured from the center point of the trunions to the center of the rod eye. 

NA - Not Available 

Model 555 

14 ft . 15 ft. 

3.93" 3.93" 
(100 mm) 1100 mm) 

1.96" 1.96" 
(50mm) (50 mm) 

66.3" 66.3" 
(1684 mm) 1684 mm) 

39.2" 39.2" 
(996 mm) (996 mm) 

27.1 " 27.1 " 
(688 mm) (688 mm) 

4.33" 4.33" 
(110 mm) (110 mm) 

2.2" 2.2" 
(56mm) (56 mm) 

20.44" 20.44" 
(51 9 mm) (519 mm) 

10.75" 10.75" 
(273 mm) (273 mm) 

9.69" 9.69" 
(246 mm) (246 mm) 

3.14" 
NA (SOmm) 

1.96" 
NA (50 mm) 

117.54" 
NA (2985 mm) 

69.54" 
NA (1767 mm) 

48.0" 
NA (1218 mm) 
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HYDRAULIC SYSTEM 

Operating Pressure Field .specifications 

Loader Valve 

Main Relief (5501 ......• .. •..•...... •...... . 2000-2250 psi @25gpm (2100 rpml 

Main Relief (5551 ..... .... .... .. ....•....... 2100-2400 psi @27gpm (2200 rpm) 

Bucket Circuit Relief (piston end) ..... . ....... 1050-1350 psi @ 10 gpm (1000 rpm) 

Bucket Circuit Relief (rod end) ..... .. 3350-3BOO psi @ 10 gpm (1700 rpm ) 

Hydro (4 in I) Circuit Relief (rod end) ......... 2450-2750 psi @ 10 gpm (1700 gpm) 

Model 555 

Backhoe Valve ~ Sectional 
Main Relief . . . ......... 2450-2600 psi @2200rpmand27 gpm and at 165°F 

Crowd Piston , Std. Dipstick .... _ .. _ •........ 3450-3750 psi @ 10 gpm (1700 rpm) 

Crowd Piston , Ext. Dipstick . . .. . •. •• . .• ..... 2550-2850 psi @ 10 gpm (1700 rpm) 

Lift Piston, Std. Dipstick ..........•......... 3450-3750 psi @ 10 gpm (1700 rpm) 

Lift Piston. Ext . Deipstick ....•..... • .. •. .... 2950-3250 psi @ 10 gpm (1700 rpm) 

Lift Rod .. . . . . . .. . . . . . . .. .......... 4050-4400 psi @ 10 gpm (1700 rpm) 

Bucket Rod ..... . .. . . ....... .............. 2325-2625 psi @ 10 gpm (1700 rpm) 

Swing, both . ..... . . .... . .. .......•..... 2400-2700 psi @ 10 gpm (1700 rpm) 

Extendible Dipstick Piston . . .. ......•..• ..... 2325-2625 psi @ 10 gpm (1700 rpm) 

Swing Cushioning Valve ..... •.. • ..• . .• .. . .. 2600-2900 psi @ 10 gpm (1 700 rpm) 

Model 550 
Backhoe Valve - Monoblock 

Main Relief ............ . ........ . ..... . . ....... 2150-2300 psi@25.3gpm 
@2100 rpm 

Crowd Relief (piston end) .........•......... 3850-4200 psi @ 10 gpm (1700 rpm) 

Lift Relief (piston end) ....•..•.. . ........... 3350-3700 psi @ 10 gpm (1700 rpm) 

Lift Relief (rod end) .. .. ....... . .....• . . _ .... 4000-4500 psi @ 10 gpm (1700 rpm) 

Bucket Relief (rod end) ......•..•...•....... 2200-2550 psi @ 10 gpm (1700 rpm ) 

Combination .....• .. .... .. . •. . • .. •..•..... 1600-1800 psi@ 10 gpm (1000 rpm) 
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Field Specifications 
(Metric) 

137.88-155.12 bar @ 95.76 
l / min . (2100 rpm) 

144.82-165.50 bar @02.19 
l / min. (2200 rpm) 

72.41-93.10 bar @ 37.85 
l / min . (1000 rpm ) 

231 .02-262.05 bar @ 37.85 
l / min . (1700 rpm) 

168.95-189.64 bar @ 37.85 
l / min. (1700 rpm) 

169-179 bar @ 102.19 
1 I min. 2200 rpm and at 
74 ° C 

(238-259 bar) 

(176-197 bar) 

(238-259 bar) 

(203-224 bar) 

(279-303 bar) 

(160-181 bar) 

(165-186 bar) 

(160-181 ba r) 

(172-200 bar) 

148.22-158.56 bar @ 95.76 
l / min . (2100 rpm) 

268.42-289.55 bar @ 37.85 
l / min . (1700 rpm) 

230.95-255.08 bar @ 37.85 
l / min. (1700 rpm) 

275.76-310.23 bar @ 37.85 
l / min . (1700 rpm ) 

151 .67-175.80 bar @ 37.85 
l / min . (1700 rpm ) 

110.30-132.09 bar @ 95.76 
l/ min . (2100 rpm) 
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Model 550 

Backhoe Valve - Sectional 

Field Specifications'" 
IU.S.) 

Main Relief ........ ........... .. _ . ....... 2000-2350 psi @25.3 gpm 12100 rpm) 

Crowd Circuit Relief. . . . . . ........... .... .410014500 psi @ 10 gpm 11700 rpm) 

Lift Circuit Reliefs . . . . . . . . . . .. • ..•. ...... 3600-4200 psi @ 10 gpm 11700 rpm) 

Bucket Circuit Relief .. ........ ..... . •....... 2350-2650 psi @ 10 gpm 11700 rpm) 

Swing Cushioning ......................... 1500-1800 psi @ 10 gpm 11000 rpm) 

Swing Circuit Relief .... .. . • .. • . . •. . • .. . . . .. 2850-3200 psi @ 10 gpm 11700 rpm) 

Field Specifications· 
IMetric) 

137.88-162.01 bar @ 95.76 
l / min . 12100 rpm) 
282.65-310.23 bar @ 37.85 
l / min . 11700 rpm) 

248.18-289.55 bar @ 37 .85 
l / min . 11700 rpm) 
162.01 -182.69 bar @ 37 .85 
l / min . 11700 rpm) 

103.41 -124.09 bar @37.85 
l / min . 11000 rpm) 

196.48-220.61 bar @ 37 .85 
l / min . 11700 rpm) 

... If the test pressure is not within specifications, adjust to obtain the reset pressure . 

•• Circuit relief test equipment provides a 2:1 ratio. Operated at 1700 engine rpm, pump flow will be 20 gpm 11761pm) 
and test flow will be 10 gpm 138 l / min .). 

Automated Backhoe Control Specifications 

Regulating Valve Setting ......... . . ................... .. . . . .............. 350 ± 50 psi 124.13 ± 3.45 bar) 
System Pressure . . . . . . .. . . . .. . . . . . . ... . . .... ... .. .... .. . . . .... .. . . ..... 2200 ± 50 psi 1151.67 ± 3.45 bar) 
Lift and Bucket Cylinder Link Trave) ... .. . .. .. .. . ...... . . . .. ............ . . ......... . . . 9/ 16" 114.28 mm) 

Shut-Off Valve Travel ... ...... . .... ..... ... .. . ... ......... ......... ..... ............... 7/1 6" 111 .11 mm) 

Hydraulic Pump 
Pump Capacity 

Vickers 13-82/- ) .............................................. .. .... 28.9 gpm. @2200rpm. 2500 psi, 180°F. 
1109.4 Ipm, 2@ 2200 rpm, 172.4 bar, 82°C) 

Webster 14-78/ 2-82) . .. .. . •.. • . .• .. • .....•............ . ..•. . .. . ...... 27.0 gpm, @22oorpm, 2500 psi, 165°F 
1102.2 Ipm, @ 2200 rpm, 172.4 bar, 74°C) 

Cessna 175 / 3-78) .. .. ................. ... ... ... ....... .... ........... 27.0 gpm, @22oorpm, 2500 psi, 180 0 F 
1102.2 Ipm, @ 2200 rpm, 172.4 bar, 82°C) 

Lubrication 
Loader and Backhoe Pins ... ..... ......... .......... ... .. . .... . . .. . ... ..... .. ........... . . .. ESA-MIC75B 

IMolybdenum Disulphide Base) 

Hydraulic Fluid Type M2C48A 
Capacity: ......... . ........... . ... .......... .. . .. ............. .. . .. ................ 96 qts. 190.8 liters) 
Thread Sealant 1 Locktite) ............ . ................. .. ...... .. ................... . ..... Part No. 251152 
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TORQUE VALUE 

Backhoe Control Valve to Frame ......... . .. •. .... . .... . .....•.. • ..•....... . ..•..... . ... 55Ibs. ft . (74.5 Nml 
Backhoe Bucket Cylinder Piston Nut .. ... • ..•..• . .... ..... . . . .. . . .. •. ...... . ..•....... 900 Ibs. ft. (1219. Nml 

Backhoe Bucket Cylinder Gland . ... ... . . • .. .. ........ ... . . ..• . . • ..•.......... . ..... . .. 350 Ibs. ft. (474. Nml 

Backhoe Bucket Cylinder Packing Nut. ...•... . .•..•. . •. . ..... . .. . . .• .. •.•• . .. . . .. . ..... 200 Ibs. ft . (271. Nml 
Backhoe Crowd Cylinder Piston Nut .. ...... .. .......... . ..•........ . . . ..•. . •.. . . .. . ... 900 Ibs. ft. (1219 Nml 

Backhoe Crowd Cylinder Gland Nut ... ... . ..• .. ...... .... ....... ... • . .... .. .. .. . . •.. .. . 350 Ibs. ft . 1474. Nml 

Backhoe Crowd Cylinder Packing Nut. ...... •. .•.....•. . . .... . ..•.. • .. . .......•. . •.. . . . . 200 Ibs. ft . (271 Nml 
Backhoe Lift Cylinder Piston Nut ........ . .. •.. . .....•.. . .... . .. . ..•..• . . . . .. . . . .. . .. .. 900 Ibs. ft. (1219 Nml 

Backhoe Lift Cylinder Gland Nut .. .. .....•.. • . .•...... . . • .. . .... •.. • . ...•. .. . . • . ....... 350 Ibs. ft. (474. Nml 

Backhoe Lift Cylinder Packing Nut . . . . ..•. . . .. . .. ... • . .• .. . . . .. • .. • .....•. . •. .. .. ... .. 200 Ibs. ft. (271 . Nml 

Backhoe Swing Cylinder Piston Nuts .. . . . ..... .. . . •. . • . . . . . ..•. .• ..• . • . .•• . .•.••...... 900 Ibs. ft . (1219. Nml 
Backhoe Swing Cylinder Glands . .... .. ....... . •.... . •. .. .... . .. .. .• . . . .•. . .. . . ... . .... 400 Ibs. ft. (542. Nm) 

Backhoe Swing Cylinder Packing Nuts ... ..... ...... . . . . . . . .....•. ... .. ... . .. .. . ..... . . 200 Ibs. ft. (271. Nml 

Backhoe Stabilizer Cylinder Piston Nuts . . ..... . ... . .... .. .•. . • ..•. . •. ..... .. ..•.... .. . 900 Ibs. ft . (1219. Nml 
Backhoe Stabilizer Cylinder Glands .. . .. .... . .. .. . ..... . . . .. . •.. •. ... . ..... . ..•........ 400 Ibs. ft . (542. Nml 

Backhoe Stabilizer Cylinder Packing Nuts . . . . ... ....... .... . . . . . .• . .• ..•. .. ... .. ... . .... 200 Ibs. ft . (271 . Nm) 

Backhoe Control Valve Spool Centering Spring Retaining Screw ... . .. . ......• . .• . . ..... 72·84 in. lb. (8.1·9.5 Nml 
Backhoe Control Valve Circuit Relief Valves . .... ........ . . . ...... .. ...... . .....•..... . ... 751bs. ft . (102. Nml 

Loader Bucket Cylinder Piston Bolts . .. . ... .. . . ..•.....•.....•.. .. ...•..•. . ... . ........ 475Ibs. ft . (643. Nml 

Loader Bucket Cylinder Gland Nuts .. ................... . .................. . . . ....... . . 225Ibs. ft. (304. Nml 
Loader Lift Cylinder Piston Bolts ........ . . . .... . ... . ... . ..•..•..........•.. .. . .. ..... . .475Ibs. ft. (643. Nml 

Loader Lift Cylinder Gland Nuts . . . . .. . ...... .... .. . . ........ . ....... . .... .. . . ......... 225Ibs. ft. (304. Nml 

Hydraulic Pump Cap Screws .............. . . . .. .. .. . ............... .. .... .. .... . 80-90 Ibs. ft . (108·121. Nml 
Backhoe Control Valve Thru· Bolts . . . . . . . . . . ....•. .•..• ..•..•. . ....... . •. . •. . .. .. . 25·30 Ibs. ft. (33·40 . Nml 
Backhoe Hook Nuts . . . . ............ • .... .. ..... . ........•.....•....... . ... . ....... 440 Ibs. ft . (596. Nml 

Torque Requirements for 37° Flare Fittings 

Torque 
Thread Size Lbs. Ft. Nm 

711 6·20 . .. .......... .. . . ........ . ................... . ............. . 9· 11 13·15 
1/2·20 ..... . ... . . . . . ........... . ... ... .... . ..... . . 13· 15 18·20 
9116·18 ............... ............ . .................... . .............. .. . . 16· 18 22·25 
3/4· 16 ............ . ......... . ..... .. ............ . ..... . ........ . ...... . 30·35 40·45 
7 / 8-14 ............. . .. .... . ......... ..... ... ... ...... ... ........... . . 45·50 60·70 
1· 1/ 16· 12 .. . ..... . ..... . .... . ...... .. ....... · ... · .... ..... . . .. . . . ........ . . . 65·75 90·105 

1·311 6·12 .. . .. . .............. ... ................... ·· .. ·· .. · ...... · .. · .. .... . 80·90 105·120 

1·511 6·12 .................... . ................. · .. .. · .. · .. · .. · .... · .. ·· .. 105· 120 145·165 
1·5/8· 12 ..... . ......... . .. . ...... .. .... ......................... .. 135· 155 185·210 
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Torque Requirements for SAE O-Ring Fittings 

Thread Size 

7116-20 ................................................................. . ... . 
112-20 . ...... .... . .... . ..... . ......... • ........ ... .... 
9116-18 . . . ............ . ...................... .. ............. . . ..... . 
3/4-16 ... . . . . . . . ..... ...... .......... . .. .. ... .. .. .. . . •.. . . . .. .. .......... 
7/8-14 ........ . . ...... . .. . .... .. •.. . .. . .. .. . .. . ... ....•..... . ................ 
1·1 / 16-12 . . . . . .. . .....•.. . ............ • . .... . .................. . ............. 
1-311 6·12 .... . . .. .. . ..... . .. • ..... .. ........•..•................. . ........... 
1-5/ 16-12 ................•..•...... . .. . .. . .. .. .•..•...... . .. . ................ 
1·5/8-12 ...... . .. .....•........ • ..•......•.. . ............................. . .. 

Fittings and Adapater Data 

Torque 
Lb • . Ft. 

6-11 
8·15 
12-18 
17·35 
25·50 
40-75 
50-90 

60-120 
75-155 

Nm 
8-15 
11 ·20 
16-25 
23·45 
37-70 
55-105 
70-120 
80-165 
100-210 

Size Thread 
Tubing Size Symbol Size 

1/8.. ... . . . ......... . ............ . ...... .. .. 2 ........ .. ..................... . .... 5116·24 
3116 ..................... .. . ... . . .. . . • . . ........ 3 .. . ........•.......... . ...... .. .. . ....... . 3/ 8-24 
1/ 4 .................. .. ........•.. • .. • . ......... 4 ..... . . ........ .. ..... ........ ....... .. . . 7 / 16·20 
5116 .. ...•.....• . .•..•. _ .. . .•.. . ..• .. •. . .• . _ . ... 5 .... .. .. . •. . .. .. _ .• . .. _ . • _ ... . . . .• . . ...... 1/2-20 
3 /8 ..... .. .. . ..•..... .. . .. ..•..•. . • ... ..... . . ... 6 .... _ . .. _._ . .. __ ... ..... . .... _ . . ... . ... . . 9116-18 
112 . ........•..• .. • .. •... •. . • . .• • . •. . • .. •.. ... . . 8 ................. . ........ .. ..... ... . . . . 3/ 4-16 
5/8 ............•.....•.. . ..•...•..•..•. . •. .. .. . . 10 .... . .......... ... . . ..... . ... ............ . 7/ 8-14 
3/4 ....... . • ......... ... ...•. . •................ . 12 . .... ....... . ................. . ... . .... . 1-1/ 16-12 
7 /8 ........ . ....... . .• . .•........... .... . ...... . 14 ......... . ... ... ........... . .. .... .... . . 1·3 / 16-12 
1 ... ... ............... . . . ................. . ..... 16 .... ..• ... . . .... . . •.. .. ... .. . .. .. . .. . .. . 1-5/ 16-12 
1-1/4 .... . . . • ..•..•..•.. . .. . •..•..•..•.. . • . ... . . 20 ..... . . . . ........ . . . .. .... . .... . . .. . .... . 1-5/8-12 
1·1 /2 ....•... ........•. ........... •. . • ........ . . 24 ... . ... . ....... . .. . . . .......... . ........ . 1-7/8-12 
2 . . ... ..... . ...... . ........ . . . . .......... . 32 ....... . .... . ........... ... . .. . . ...... .. . 2-112-12 
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2. SPECIAL TOOLS 

Nuday Prior 
Tool Tool 

Qty. Number Number Description 

2755 HS-30-3 Tester - 0-50 gpm or 
2750 0-75 gpm 

2 0093 Tester Hose - 3/ 410 x 96" ,1 -1/ 16-12 FJIC Ends 
1 1340 Nll00-HS Hose - 3/8" 10 x 118" W / 1/2 MNPT Ends 
1 770388 Hose - Parts Stock Item 
2 7099 Gauge Hose - 1/4" 1.0. x 16-1 /4 w17116-20 FJIC and Disconnect 
1 2028 T8503-A Gauge - 0-5000 psi 
2 2027 Gauge - 0-600 psi 
1 1370 NllOOCR14 Tee - 1-5116-12 MJIC x 1-5/ 16-12 FJIC x 1-5/ 16-12 MJIC 

1213 N95A Tee - 1-3/ 16-12 MJIC x 1-3 / 16-12 FJIC x 1-3/ 16-12 MJIC 
1363 Nl100CR4 Tee - 1-1116-12 MJIC x 1-1 / 16-12 FJIC x 1/2-14 FNPT 
1361 NllOOCR2 Tee - 1-1116-12 FJIC x 1/2-14 FNPT x 7116-20 MJIC 
0840 Tee -7 /8-14 MJIC x 7/8-14 FJIC x 7 /8-14 MJIC 

1 1407 Nlloo-W Tee - 3/4-16 MJIC x 3/4-16 FJIC x 7116-20 MJIC 
2 0092 NllOOCRl Connector - 1-1 / 16-12 MJIC x 1-1/ 16-12 MJIC 
2 0770 W-l09 Connector - 1-1/ 16-12 FJIC x 1-1116-12 FJIC 
1 1367 Nl100CRll Connector - 3/4-16 FJIC x 1/2-14 FNPT 
1 6729 6729 Connector - 3/4-16 MJIC x 3/4-16 MJIC 
2 1369 NllooCR13 Reducer - 1-5/ 16-12 FJIC x 1-1 / 16-12 FJIC 
2 2210 Nl1ooCR6 Reducer - 1-3/ 16-12 MJIC x 1-1 / 16-12 FJIC 
2 0786 NllOOCR5 Reducer - 1-3116-12 FJIC x 1-1/ 16-12 MJIC 
2 0013 Adapter - 7116-20 MJIC x 9116-18 MSAE a -ring 
1 0745 T8525-A Adapter -7 / 16-20 MJIC x 7 /8-14 FJIC 
1 0039 Adapter - 7/ 16-20 MJIC x 7 / 16-20 M SAE a -ring 
2 1371 Nl100CR15 Cap - 1-5116-12 FJIC 
2 1103 Fe 151 Cap - 1-3116-12 FJIC 
2 0022 Cap - 1-1/ 16-12 FJIC 
2 1372 Nll00CR16 Plug - 1-5/ 16-12 MJIC 
2 1104 Plug - 1-311 6-12 MJIC 
2 0768 Plug - 1-1 / 16-12 MJIC 
2 0019 Plug - 3/4-16 MJIC 
1 1362 Nll00CR3 Check Valve Elbow - 1-111 6-12 FJIC x 1-1/ 16-12 MJIC 
1 1364 Nll00CR7 Test Block 
1 1388 Nll00CR8 Shut-Off Valve 
1 292230 Check Valve - 7 /8"-14, 37 0 M x 718" -14, a -ring Fe (Ford Part) 
1 37824O-S8 Adapter Fitting - 7 /8"-14, a-ring M . x 7 /8"-14, 37° M. 
2 292243 Tee Fitting - 7 /8"-14,37° Fe x 7/ 8-14, 37° fe x 7 /8"-14,37° M 
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PART 10 
SEPARATING THE UNIT 

Chapter 1 
COMPONENT REMOVAL AND INSTALLATION 

Sec t ion Page 
1 A. ENGINE REMOVAL AN D INSTA LLATION 

B. TRANSMISSION REMOVAL AND INSTALLATION 9 
12 C. REAR AX LE REMOVAL AN D INSTALLATION 

A . ENGINE REMOVAL AND INSTALLATION 

REMOVAL 

1. Remove the loader lift arms and linkage as 
described in Part 9, Chapter 2, Section 3, Loader 
Removal. 

2. Remove the fuel tank as follows: 

a. Remove the hood, Figure 1. 

b. Remove the ' muffler. 

Figure 1 

C. Disconnect the air cleaner hose from the air 
cleaner; and disconnect the hydrau lic 
breather hose from the vapor separator (jf fi t 
tedl. 

d. Remove the air cleaner to heat shield bolts 
and lift the air cleaner from the tractor. 

e. Turn the fuel shut-off valve 'off' and discon
nect t he fuel line from the shut-off valve and 
fuel f ilter. 

Fuel Tank Removal 
1. Hood 5. Heat Shield 
2. Muffler 6. Fuel Leak-Off Line 
3. Hydraulic System Breather Tube 7. Fuel Gauge Sender Unit 
4. Air Cleaner 

1 
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f. Disconnect the fuel gauge sender wire. 

g. Disconnect the fuel leakoff line from the fuel 
tank filt er neck and the thermostart reservoir 
(where fittedl . 

h. Remove the fuel tank mounting bolts, Figure 
2. 

i. Lift the tank from the vehicle with a chain at
tached to the hood support as shown in 
Figure 3. Carefully remove the wiring harness 
clips from the bottom of the tank. 

NOTE: The Tank must be supported with a 
block so that the fuel shut off valve is clear of 
the floor. Setting the fuel tank down without 
a block under the right end will result in 
damage to the fuel shut off valve. 

3. Drain the hydraulic system reservoi r by discon
necting the filter-reservoir tube at the oil filter 
Figure 4. 

Figure 2 
Fuel Tank Mounting Locations 

1. Bolt Locations 
2. Fuel Tank 

Figure 3 
Removing Fuel Tank 

1. Chains 
2. Hood Support 
3. Fuel Tank 

Figure 4 
Expansion Chamber and Oil Filter 

1. Filter to Reservoir Tube 
2. Pump to Expansion Chamber Tube 
3. Expansion Chamber 
4. Return to Filter Tube 
5. Filter Assembly 
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4. Disconnect the pump to expansion chamber 
tube, Figure 4, at the expansion chamber fitting. 
Remove the subframe tube clamp from the 
tubes. 

5. Drive wooden wedges between the front support 
and the axle on each side of the support to pre
vent the support from tipping sideways, Figure 
5. 

6. Disconnect the engine stop cable, Figure 6, and 
the proofmeter cable from the engine . 

7. Remove the pump driveshah flange bolts, Figure 
7 , from the engine drive pulley. 

8. Disconnect the battery cables, then the wiring 
harness, Figure 8, from the engine. Disconnect 
the throttle linkage from the fuel injection pump, 
or carburetor as applicable, Figu re 9. 

9. Disconnect the power steering tubes at the sup
port bracket, Figure 10, then remove the 
bracket. 

10. Remove the front grill and disconnect the 
transmission oil cooler lines from the cooler. 
(power reversing transmissions only) . 

••••••••••••••••••• •••••••••••••••••• ••••••••••••••••••• •••••••••••••••••• ••••••••••••••••••• •••••••••••••••••• 
••••••••••••••••••••••••••••••••••••• ..................................... 
••••••••••••••••••• •••••••••••••••• •• 

• • 

Figure 5 
Wedging Front Support 

1. Front Axle Support 
2. Wedge 
3. Front Axle 

11 . Close the two heater hose valves. Figure 11. 
Disconnect the heater hoses on cab-equipped 
tractors. 

12. Install engine lifting Fixture, Tool No. 6011 , 
Figure 12, and attach to a suitable hoist. 

13. Place a safety stand beneath the transmission 
case and each loader subframe. 

Figure 6 
Engine Stop Control Cable 

1. Stop Control Cable 
2. Cable Clamp 
3. Inner Cable Clamp 

Figure 7 
Hydraulic Pump Installation 

1. Hydraulic Pump 
2. Drive Shah Flange Securing Bolt 

3 
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Figure 8 
Engine Wiring Harness (Mode( 550) 

1. Electrical System Power Supply 8. Horn Wire (Blue & Yellow) 
(Yellow & Black) 9. Engine Temperature Wire (Violet) 

2. Alternator Output Wire (Brown) 10. Alternator 
3. Safety Start Wire (Red) 11. Oil Pressure Sender Wire (Blue) 
4. Thermostart Wire (Brown & Orange) 12. Proofmeter Cable 
5. Positive Battery Cable (Blackl 13. Regulator Wire (Red) 
6. Negative Battery Cable (Black) 14. Field Wire (Green) 
7. Starter Motor 15. Ground Wire (Black) 

14. Remove the subframe to front support bolts, 
Figure 13. 

15. Remove the starter. 

16. Remove the engine to transmission bolts and roll 
the engine and front support assembly forward 
out of the vehicle. 

4 

17. Drain the radiator and disconnect the radiator 
hoses from the engine block . 

18. Place a safety stand under the front support, as 
shown in Figure 14, and raise the engine until the 
support is resting on the safety stand. 

19. Remove the engine to front support bolts and lift 
the engine from the support. 
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Figure 9 
Diesel Stop and Gasoline Choke Cables 

1. Diesel Stop Cable 
2. Housing Clamp 
3. Cable Clamp 
4. Gasoline Choke Cable 

INSTALLATION 

1. Install the Engine Support Fixture, Tool No. 6011 
and lift the engine into position on the front sup
port. Install the engine to front support bolts, 
Figure 15, and tighten the bolts to the specified 
torque, see Chapter 2. 

2. Determine the gap between the front axle sup
port and the engine oil pan with a feeler gauge. 

-~---

Figure 10 
Power Steering Tubes 

1. Power Steering Tubes 2. Tube Support Bracket 

Figure 11 
Cab Heater Hose and Shut-Off Valves 

1. Shut-Off Valves 2. Heater Hose 

3. Install the appropriate shims, Figure 15, and the 
engine oii pan front support bolts. Torque the 
bolts to the specified torque. see Chapter 2. 
Shims are available in thicknesses as follows: 

• 0.014-0.015 in. 10.355-0.381 mml 
• 0.017-0.018 in. 10.431-0.457 m;"1 
• 0.020-0.022 in. 10.508-0.558 mml 
• 0.023-0.025 in. 10.584-0.635 mml 
• 0.026-0.028 in. 10.660-0.711 mml 

5 
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1. Hoist 

Figure 12 
Engine lifting Fixture 

2. Lifting Fixture Tool No. 6011 
3. Engine 
4. Wedge 
5. Heater Hose Valves 

i 
r r , 

"'
Figure 13 

• 

Subframe to Front Support Bolts 
1. Subframe 
2. Bolt 
3. Spacer 
4. Front Support 

NOTE: Steps 4-8 must be followed when install
ing the 4 x 4 power reversing transmission only. 

4. Install the torque converter and drive plate on the 
engine and install the flywheel to converter drive 
bolts linger tight, Figure 16. Rotate the Ilywheel 
two revolutions to center the converter pilot and 
drive plate and then tighten the baits to the 
specified torque, Chapter 2. 

5. Install two long guide stud bolts in the transmis
sion case for aligning the engine to the transmis
sion. 

6. Apply a lubricant to the converter drive hub and 
the pump seal to make assembly easier and 
without damage to the seal during assembly. 

7. Move the engine in close to the transmission and 
rotate the flywheel to align the converter drive 
tangs with the slots in the pump drive gear. 

8. Carefully move the engine and front axle 
assemblies into place on the transmission mak~ 
ing sure that the converter drive tangs gently 
engage with the pump drive gear . 

9. Units equipped with manual transmission, ac~ 

curate alignment of the clutch disc, is important. 
II the clutch has been removed and installed , the 
disc must be correctly aligned as outlined in Part 
4. 

10. Install the transmission-to-block bolts and the oil 
pan studs and tighten to the specified torque, 
Chapter 2. 

11 . Align the sublrame Figure 13, with the lront sup
port and install the spacers and bol ts. Torque the 
bolts to the specified torque, see Chapter 2. 

12. Remove the safety stands, engine lift fixture and 
front support axle wedges. 

13. Place the pump driveshaft on the pump splines, 
align the drive flange holes with the engine pulley 
holes and install ttie four bolts, Figure 7. Tighten 
the bolts to the specilied torque, see Chapter 2. 

14. Connect the transmission oil cooler tubes, and 
install the clamp . 

15. Attach the radiator hoses to the engine. If equip
ped with a cab and heater, connect the heater 
hoses and open the valves. 
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16. Connect the power steering lines, Figure 10. 

17. Connect the hydraulic system pressure and 
sump lines. Figure 4, and install the front gril l. 

18. Connect the throttle linkage, Figure 17. 

19. Install the starter motor and connect the battery 
cables to the motor . 

20. Install the wiring harness and diesel stop cable 
on the engine, Figure 6 and 8. 

21. Install the fllel tank as follows: 

a, Attach the forward fuel tank mounting 
bracket to the vehicle and place rubber vibra
tion dampers on the tank mounting bolt loca
tions, Figure 2. 

b. Route the wir ing harness including battery 
cables and engine stop cable . 

C. Attach a chain to the tank as shown in Figure 
3 and lift the tank into position. Take care not 
to disturb the rubber vibration dampers. 

d. Install the fuel tank mounting bolts where 
shown in Figure 2. 

e. Install the wiring harness clips on the fuel 
tank. Be certa in that the harness does not 
contact any sharp edges. 

f. Connect the fuel line to the fuel shut·off valve 
and open the fuel shut-off valve by turning the 
knob anti -clockwise. 

g. Attach the fuelleakoff line to the fitting on the 
tank filler neck, Figure 1. 

h. Attach the fuel gauge sender wire to the 
sender unit, Figure 1. 

i. Position the vibration dampers between the 
tank and heat shield, then install shield to tank 
bolts, Figure 2. 

j. Install the air cleaner to the air cleaner heat 
shield bolts and attach the hoses and clamps 
to the air cleaner, Figure 1. 

k. Install the hood. 

I. Install muffler and clamp. 

Figure 14 
Front Support 

Figure 15 
Shimming Front Support to Engine Oil Pan 

1. Engine Block 
2. Engine Block to Front S.upport Bolts 
3. Front Support 
4. Eng ine Oil Pan to Front Support Bolts 
5. Shims 
6. Engine Oil Pan 

7 
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Figure 16 
Power Reversing Transmission 
Torque Converter Installation 

1. Flywheel 
2. Pilot Hub 
3. Spacer 
4. Drive Plate 
5. Torque Converter 
6. Drive Plate Securing Bolt 

22. Bleed the filter and fuel injection pump. 

23. Check and fill as needed the radiator, power 
steering reservoir and hydraulic reservoir . Refer 
to Operators Manual for the proper fluids to use. 

24. Install the loader lift arms and linkage as de
scribed in Part 9, Chapter 2, Section 3, ' Loader 
Installation' . 

25. Check the oil level in the 4 x 4 power reversing 
transmission . Fill with lubricant specified in the 
Operators Manual. 

26. Turn the steering wheel several times with the 
engine running to remove ai r from the system. 
then stop the engine and check the power steer
ing oil level. 

8 

Figure 17 
Transmission Control Valve Cover 

and Linkage (550 Shown I 
1. Reversing Linkage Drop Rod 
2. Drop Rod Lower Coupling 
3. Transmission Control Valve Cover 
4. Hand Throttle Drop Rod Lower Coupling 
5. Foot Throttle 
6. Throttle Rod Coupling 
7. Control Valve Shaft Lever 
8. Cover Attaching Bolts 

Figure 18 
Brake Pivot (Power Reversing Transmission) 

1. Brake Pivot Bracket 2. Transmission Case 
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B . TRANSMISSION REMOVAL 
AND INSTALLATION 

REMOVAL 

1. Follow steps 1·12 of Section A, 'Engine 
Removal.' 

2. On units equipped with power reversing 
transmissions disconnect the power reversing 
control linkage at the lower coupler, Figure 17. 

3. Remove the oil filter and cooler lines from the 
power reversing transmission. 

4. Unbolt the brake linkage pivot brackets from the 
transmission case, Figure 18, (Power Reversing 
Transmission) . 

NOTE: On manual rev8Ising transmissions, it 
will be necessary to remove both brake and 
clutch linkage pivots. 

5. Disconnect the hand and foot throttle linkage, 
Figure 17. 

6 . Remove the lower console cover, Figure 19, after 
the brake and clutch pedals have been removed . 

7. Disconnect the differential lock pedal clevis 
Figure 20, and the parking brake linkage. If the 
unit has the stB;ndard parking brake, disconnect 
the drop rod, Figure 20, from the pawl. If the unit 
has the optional parking brake, disconnect the 
cable clevis, Figure 21 , from the actuator lever 
and unbolt the cable guide from the rear axle. 

B. Lift the floor mat up and to the right until the 
transmission and rear axle access covers are ex
posed, Figure 22, then remove the transmission 
and rear axle access covers. On units equipped 
with power reversing transmissions disconnect 
the transmission temperature sender wire. 

9. Drain the rea r axle of lubricant. Position the 
transmission cover as shown in Figure 23, to 
clear the hydraulic system tubing . 

10. Remove the transmission and rear axle dipsticks; 
then remove the transmission and rear axle 
covers. 

11. Remove the subframe-front suppon bolts and 
spacers after supporting each subframe with a 
safety stand , Figure 24. 

Figure 19 
Lower Console Cover 

1. Lower Console Cover 
2. Brake Pedal 

Figure 20 
Differential Lock and Parking 

Brake Latch Linkage 
1. Brake Latch Drop Rod 
2. Brake Latch Pawl 
3. Differential Lock Linkage Clevis 
4. Differential Lock Lever 
5. Differential Lock Linkage Clevis Pin 

9 
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Figure 21 
Optional Parking Brake Linkage 

1. Cable Clevis 
2. Cable Guide 
3. Inner Cable 
4. Bell Crank 

~ . , . 

Figure 22 
Cab Floor Access Panels 

1. Transmission Access Panels 
2. Bolts 
3. Rear Axle Access Panel 
4. Loader Control Valve Access Panel 

10 
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12. Attach a hoist to the rear of the engine lifting fix
ture, Tool No. 6011 , and support the engine
transmission assembly. 

13. Place a safety stand under the front of the rear 
axle center housing and remove the trans
mission-rear axle ' buckle-up' bolts, Figure 25. 

14. Roll the transmission-engine assembly forward 
out of the vehicle. 

15. Place a safety stand under the rear of the engine 
and lower the engine until it rests on the stand. 

16. Attach a suitable lifting bracket to the transmis
sion and, using a hoist to support the transmis
sion, remove the engine to transmission bolts 
and separate the transmission from the engine . 

INSTALLATION 

1. Attach a suitable lifting bracket to the transmis
sion and follow steps 4-10 for coupling the 
transmission to the engine. 

NOTE: Steps 4-10 apply to the 4 x 4 powerrever
sing transmission only. 

NOTE: On units equipped with manual transmis
sion, accurate alignment of the clutch driven 
plate, or plates, is important. If the clutch has 
been removed and installed, the clutch disc must 
be correctly aligned, as outlined in Part 4. 

2. Tighten the six transmission-to-engine attaching 
bolts and two transmission-to-oil pan stud nuts 
to the specified torque see Chapter 2. 

3. Remove the lifting bracket from the transmis
sion. 

4. Position the transmission 'buckle-up' gasket on 
the transmission . Use heavy grease to hold the 
gasket in position . 

5. Lift the engine/ transmission assembly from the 
safety stand with Engine Lifting Fixtures, Tool 
No. 6011, and roll the assembly into position 
with the rear axle. 

6. Place the coupler, Figure 26, on the transmission 
output shaft, align the coupler with the drive pin
ion and roll the transmission against the rear 
axle center housing . 
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7. Install the tr.ansmission-to-rear axle 'buckle-up' 
bolts and tighten as specified in Chapter 2. 

NOTE: Correct bolt usage and bolt torque is very 
critical. 

8. Install the transmission and rear axle covers, 
Figure 23, then install the transmission and rear 
axle access covers, Figure 22. Fill the rear axle 
with oil as specified in the Operators Manual. 

9. Connect the differential lock pedal clevis Figure 
20, to the differential lock lever; then connect the 
parking brake linkage. If the unit has the stan· 
dard parking brake, connect the drop rod, Figure 
20, to the pawl. If the unit has the optional park· 
ing brake, connect the cable clevis, Figure 20, to 
the actuator lever and bolt the cable guide to the 
rear axle. 

10. Position the mat on the floor. 

11. Install the lower console cover, Figure 18. 

12. Install the clutch and brake pedals . 

13. Connect the power reversing valve control lever 
linkage where fitted and the throttle linkage as 
shown in Figure 17. 

14. Install the wiring harness, diesel stop cable, and 
the proofmeter on the engine. 

NOTE: Pull the proofmeter cable toward the 
engine to remove slack cable from inside the 
console. Failure to do so will result in instrument 
failure. 

15. Install the starter and connect the battery cables 
to the starting motor . 

16. Install the power steering line bracket and con· 
nect the power steering lines. 

17. On units equipped with power reversing 
transmissions connect the transmission oil 
temperature sender wire and install the transmis
sion oil cooler tubes and filter. 

18. Attach clutch and brake linkage pivot points to 
the transmission case, Figure 18. 

19. Complete steps 21·27 of Section A, 'Engine In· 
stallation' . 

Figure 23 
Removing Transmission Cover 

1. Transmission Cover 
2. Safety Start Switch Wire 

~.,. '~ . • "".... ,.T., -. 
I n . ~ 

, 
, )!II 

! 

I 
I , 

~igure 24 
Subframe to Front Support Bolts 

1. Subframe 
2. Bolt 
3. Spacer 
4. Front Support 

11 



C. REAR AXLE REMOVAL 
AND INSTALLATION 

REMOVAL 

1. Remove the backhoe or weight kit as described 
in Part 9, Chapter 2, Section 4, 'Backhoe 
Removal'. 

2. Loosen the sublrame-to-lront support bolts, 
Figure 13. 

3. Remove the lower console, Figure 19, after 
removing the brake and clutch pedals. 

4. Disconnect the differential lock pedal clevis, 
Figure 20, and the parking brake linkage. II the 
unit has the standard parking brake, disconnect 
the drop rod, Figure 20, lrom the pawl. II the unit 
has the optional parking brake, disconnect the 
cable clevis, Figure 21, from the actuator lever 
and unbolt the cable guide lrom the rear axle. 

5. Lift the Iloor mat up and to the right until the 
transmission and rear axle access covers are ex
posed, Figure 22, then remove the transmission 
and rear axle access covers. 

6. Drain the rear axle of lubricant. 

7. Remove the rear axle dipstick then remove the 
rear axle cover. 

8. Remove the hydraulic tubing clamps, lrom the 
rear axle. 

9. Remove the rear axles-to-subframe bolts, Figure 
27, and loosen the lront support-to-sublrame 
bolts, Figure 13. 

10. Remove the backhoe clamp nuts, and drop the 
clamps down. 

11. Raise the sublrame and platform assembly until 
the subframe clears the axle. Support the sub
frames with safety stands ahead of the rear 
wheels. Support the rear of the transmission 
with a safety stand. 

12 

NOTE: Do not raise the subframes more than 
necessary to clear the axle or damage may result 
as the driveline pivots within the subframe and 
platform assembly. 

Figure 25 
Rear Axle to Transmission " Buckle-Up" 

1. Transmission 
2. Rear Axle to Transmission Gasket 
3. Rear Axle 
4. "Buckle-Up" Bolts 

12. Support the front of the center-housing with a 
floor jack and remove the rear axle-to
transmission 'buckle-up' bolts, Figure 25. 

13. Roll the rear axle assembly to the rear of the vehi
cle. 

INSTALLATION 

1. Place the wheels on the rear axle and tighten the 
wheel nuts to the specified torque, see Chapter 
2. 

NOTE: Be sure that center housing side plates 
and correct bolts are installed and torqued, see 
Part 7, Chapter 3. 
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Figure 26 
Installing Rear Axle to Transmission 

,. Transmission 
2. Transmission Output Shaft 
3. Drive Shaft Coupling 
4. Drive Pinion 
5. Rear Axle Center Housing 

Figure 27 
Rear Axle to Subframe Securing Bolts 

1. Securing Bolts 
2. Rear Axle 
3. Subframe 

2. Support the front of the center housing with a 
floor jack inserted from the rear. 

3. Install the coupler, Figure 26, on the transmis
sion output shaft. 

4. Place the 'buckle-up' gasket on the transmission 
case. Use heavy grease to hold the gasket in 
position. 

5. Roll the rear axle into the vehicle. 

6. Install the 'buckle-up' bolts and torque the bolts 
as shown in Chapter 2. 

7. Remove the safety stands from the subframes 
and the transmission case . 

8. Install the rear axle anchor plates and subframe 
bolts, Figure 27, and torque the bolts to the 
specified torque, see Chapter 2. 

9. Install the backhoe lower links and tighten to the 
specified torque, Chapter 2. 

10. Position the rear hydraulic tubing, and install the 
tubing clamps. Connect the brake linkage . 

11 . Install the rear axle cover. 

12. Fill the axle with lubricant specified in the 
Operator's Manual, then install dipstick. 

13. Install the transmission and rear axle access 
covers, Figure 22. 

14. Connect the differential lock pedal clevis, Figure 
20, to the differential lock lever; then connect the 
parking brake linkage. If the unit has the stan
dard parking brake, connect the drop rod, Figure 
20, to the pawl. If the unit has the optional park
ing brake, connect the cable clevis, Figure 21, to 
the actuator lever and bolt the cable guide to the 
rear axle. 

15. Install theiower console cover, Figure 19. 

16. Install the clutch and brake pedals, as applicable 
to the unit. 

17. Position the floor mat. 

18. Tighten subframe-to-front support bolts, Figure 
13, to the specified torques - see Chapter 2. 
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A. SPECIFICATIONS 

BOLT TORQUES 

ENGINE - TRANSMISSION 
1. 260 Ib / tt. 136.0 kgs) 
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Page 
15 
16 

15 



------------ PART 10 - SEPARATING THE UNIT ------------

o 

TRANSMISSION REAR AXLE BOLT TORQUE 
75/ 1-82 
Bolt Size Torque 
1 - 1/ 2". 58-75Ibs. -ft . (78.5-101.6nml 
2 - 7 / 16", 31-43lbs.-ft. (42.0-58.3 nm) 
3 - 1/ 2". 58-75Ibs.-ft . 178.5-101.6nm) 

Engine - Front Support Bolts ......... . .... . ......•.... 
Engine - Oil Pan - Front Support Bolts ... .. ...•........ 
Engine - Oil Pan - Transmission . ............ , .... . ... . 
Engine - To Transmission - Side Bolts (4) ............. . . 
Engine To Transmission Top & Bottom Bolts (4) ......•.... 
Flywheel - Torque Converter Bolts . . ............... . ... . 
Front Support - Subframe Bolts .............. . ... . •. . .. 
Hydraulic Pump Driveshaft Bolts ..... . . .. .. ... .. . .. . . 
Rear - Axle - Subframe Bolts ......... . .. .. ..... . 
Wheel Nuts - Rear ....... . . . ..... . •..•.. . ... . ... . . .. . 

ADJUSTMENTS 

Clutch 
Drop Rod Length 
Free Travel ........ ... . . . .. .. . ..• .. .. . .. . • . ... .• ... ... 
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2-82/
Bolt Size 
9/ 16" 
1/ 2" 
9/16" 

lb. ft . 
200 
200 
260 
133 
260 

30 
200 
35 

110 
675 

Torque 
77-105 Ibs.-ft . 1104-142 Nm) 
58-75 Ibs.-ft. 178.5-101.6 Nm) 
77-105 Ibs.-ft . 1104-142 Nm) 

Ikgm) 
(28) 
12B) 
(36) 
(18.4) 
135.9) 
(4) 

(28) 
(5) 
(15) 
193.5) 

(Nm) 
(270. ) 
(270.) 

1351 .) 
(179 .) 
(351 .) 
1 40 .) 
1270.) 
1 47.) 
1148.) 
1912.) 

34.6 in . 187.9 em) 
1.6 in. 14.06 em) 
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Brakes 
Drop Rod Length 
Free Travel .. 

B. SPECIAL TOOLS 

Engine Lifting Fixture ......•.....•..•.. • .........•..... 

35.0 in. 188.9 em) 
1.5 in. 13.8 em) 

NUDAY 
NO. 

6011 

CHURCHILL 
NO. 

FE· l40 
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PART 11 
CAB AND AIR CONDITIONING 

Chapter 1 
CAB REMOVAL AND INSTALLATION 

Section 
A. CAB REMOVAL AND INSTALLATION 

A. CAB REMOVAL AND INSTALLATION 

REMOVAL 

Page 
1 

1. Discon nect the battery cables from the battery, 
Figure 1. 

2. Remove the brake and clutch pedals, then 
remove the lower console cover. Remove the 
seat, Figure 2. 

1. Battery 

Figure 1 
Battery Installation 

2. Negative Cable 
3. Positive Cable 

Figure 2 
Console Panel 

1. Lower Console Panel 
2. Brake Pedal , 
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3. Disconnect the wIring harness connectors 
located behind the lower console cover, Figure 3 
and push the connectors through the fire wall . 

4. Disconnect the diesel stop cable, at the injection 
pump and disconnect the proof meter cable at 
the engine drive. 

Figure 3 
Wire Harness 

1. Electrical Connections 
2 . In-Line Fuses 

5. Disconnect the throttle and power reversing con
trol linkages, Figure 4. 

6. Remove the floor mat, then remove the 
transmission , rear axle and loader control valve 
access covers. 

2 

Figure 4 
Hand Control Linkage 

1. Power Reversing Linkage Coupler 
2. Hand Throttle Linkage Coupler 

7. With reference to Figure 5, remove the loader 
control valve buckets spool link pin 161, discon
nect the lift spool pivot link 181. remove the 
linkage front support 171 and slide the linkage for 
ward and up out of the vehicle. 
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Figure 5 
Loader Control Valve Actuating Linkage 

1. Control Lever 
2. Linkage Front Support 
3. Lift Spool Link Pivot 
4. Linkage Rear Support 
5. Bucket Spool Link Pin 
6. Lift Spool Link Pin 
7. Support Securing Bolts 
8. Loader Control Valve 

8. Disconnect the clutch and brake drop rods, 
Figure 6, at the clevises, remove the upper 
clevises and lock nuts and lower the drop rods 
out of the vehicle. 

A 
00 

Figure 6 
Clutch Linkage 

A. 34.60 in. 1878.84 mml 
B. J.6 in. 140.6 mml 
1. Clutch Pedal 
2. Clutch Pedal Pivot 
3. Clutch Rod Top Clevis 
4. Drop Rod Adjuster 
5. Drop Rod Lower Clevis 
6. Pedal Free Travel Adjuster 
7. Return Spring 
8. Drop Rod 

3 
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9. Disconnect the power steering lines at the left 
hand side of the tractor, Figure 7. 

Figure 7 
Power Steering Lines 

1. Power Steering Lines 
2. Power Steering Line Support Bracket 

10. Disconnect the foot throttle actuator rod con
nector from the lever. Figure 8. Disconnect the 
ground cable from the rear axle cover. 

Figure 8 
Foot Throttle linkage 

1. Foot Throttle Lever 
2. Cab Ground Cable 
3. Actuating Rod Connector 
4. Throttle Actuating Rod 

4 

11. Disconnect the two heater hoses from the right 
side of the engine. Figure 9, if so equipped. 

Figure 9 
Heater Hoses 

1. Heater Shut-Off Valve 2. Heater Hoses 

12. Disconnect the air co nditioning hoses from the 
compressor, Figure 10, if so equipped. 

Figure 10 
Air Conditioning Compressor 

1. Idler Pulley Bolt 2. Drive Belt 

3. Compressor 
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13. Remove the iso-mount bolts and nuts, Figure 11. 

Fig u re 11 
Cab Mount Locatio ns 

1. Front Mounts 
2. Rear Mounts 

14. Lift the cab from the vehicle as shown in Figure 
12. 

Figure 12 
Cab Removal 

INSTALLA TI ON 

1. Position the upper iso -mount pads, then lower 
the cab or deck onto the vehicle, Figure 13. 

! [ 

i j. 

1. Nut 

Figure 13 
Cab Mount 

2. Cab Mount Upper Pad 
3. Cab Mount Lower Pad 
4. Bolt 
5. Subframe Bracket 
6. Cab Bracket 

2. Install the lower iso-mount pads, the washers, 
spacers, bolts and nuts. Torque the mount bolts 
to the specif ied torque - see Chapter 4. 

3. Connect the power steering tubes. 

4. Connect the diesel stop cable, to the fuel injec
tion pump. 

5. Connect the hand and foot throttle linkage as 
shown in Figure 4. Connect the deck ground 
cable, Figure 8 to the rear axle cover. 

6. Install and adjust the brake and clutch linkages 
as follows. 

5 
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Clutch 

a. Adjust the drop rod to a length of 34.60 in . 
1879 mm) as shown in Figure 6. Cut a wire of 
the specified length and push it through the 
grommet beside this rod to measure drop rod 
length . 

b. Lengthen or shorten the adjusting link until 
clutch resistance is felt when the pedal is 
depressed 1.6 in. 140.6 mm) . 

Brakes 

a. Adjust the drop rods to a 35.0 in . 1889.0 mm) 
length, Figure 14. Cut a wire of the specified 
length and push it through the grommet 
beside the rod to measure drop rod length. 

IT 

II 2 

~-- ~~-~. ------Y-" 

\.. .. 
A 

\ 

Figure 14 
Foot Brake Linkage 

A. 35.0 in. 1889.0 mm) 
B. 1.5 in. 138.1 mm) 
1. Pedal Pivot 
2. Drop Rod 
3. Grommet 
4. Return Spring 
5. Drop Rod Lower Clevis 
6. Pedal Free Travel Adjuster 
7. Brake Pedal 
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b. Adjust the R.H. pull rod to give 1.5 in. 138.1 
mm) free pedal travel. Tighten the pull rod 
lock nut, Figure 14. 

c. Repeat for the left hand brake pedal. 

7. Position the loader control lever. Figure 5, and 
install the linkage front support. Connect the lift 
spool pivot link and install the bucket link pin . 

8. Push the wiring harness connectors through the 
firewall and connect the wiring harnesses . Con
nect the power reversing linkage . 

9. Intall the lower console cover, and the brake and 
clutch pedals. Install the brake and clutch pedal 
rubber bumpers. 

10. Install the transmission , rear axle and loader 
valve access covers , 

11 . Install the floor mat. 

12. If equipped , reconnect the heater hoses. 

13. If equipped, reconnect the air conditioner hoses 
to the compressor and recharge the air condi
tioning system, see Chapter 3. 
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Chapter 2 
CAB HEATING SYSTEM 

Section 
A. CAB HEATING SYSTEM - DESCRIPTION AND OPERATION 
B. CAB HEATING SYSTEM - OVERHAUL 

A. CAB HEATING SYSTEM -
DESCRIPTION AND OPERATION 

The cab heating system for the Ford Tractor cabs, im
proves the comfort and health of the operator by pro
viding warmth, cleanliness and circulation of the air 
within the cab. 

The tractor heating system, consists of a radiator type 
heater core and blower which are located in the cab 
roof and are interconnected with the engine coolant 
system by hoses and tubes. 

The hoses and tubes are routed from the engine under 
the right -hand side of the cab then upwards within the 
cab front piliar to the roof. 

Figure 15 

Page 
7 
9 

Hot water from the engine cylinder head flows within a 
hose (identified by a red stripe) to the cab roof then 
passes through a control valve before circulating 
through the heater core. Cab Heater and Valve 

The coolant returns via a hose connected to the 
engine at the water pump outlet. 

HEATER ASSEMBLY 

1. Temperature Control Valve 
2. Heater Core 
3. Air Louver 

BLOWER MOTOR AND FAN ASSEMBLY The heater assembly, Fig':lre 15, consists of a number 
of turns of continuous coil mounted in a series of thin 
cooling fins to provide a maximum of heat transfer in a 
minimum amount of space. 

A blower motor, Figure 16, and dual fan assembly is 
located in the heater housing . 

7 
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Figure 16 
Heater Blower Motor and Fan Assembly 

1. Fan Housing 
2. Fan Hub Retaining Screw 
3. Heater Blower Motor 
4. Fan 
5. Motor Support Bracket 

When the sliding panel of the plenum chamber filter 
door is opened, the blower fan draws air from the cab 
through the heater core. The hot air is then blown 
through louvred outlets back into the cab for re 
circulation. 

When the sliding door is closed, the blower fan draws 
in fresh air through a set of filter elements. 

CAB AIR FILTER 

An aluminium encased paper air filter, Figure 17, is 
located in the front section of the cab plenum 
chamber. Air is drawn through a wire mesh grill 
located on the front of the cab before passing through 
the filter. 

HEATER WATER CONTROL VALVES 

The hose to engine connections feature control 
valves, Figure 18, to isolate the heating system in hot 
weather conditions. 
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1. Filter 

Figure 17 
Cab Air Filter 

2. Filter Retaining Clips 
3. Foam Filter Material 
4. Foam Filter Retainer 
5. Foam Filter Access Cover 

Figure 18 
Heater Hoses 

1. Heater Shut-Off Valves 
2. Heater Hoses 

HEATER WATER TEMPERATURE 
CONTROL VALVE 

The temperature control valve, Figure 15, should be 
turned clockwise to increase the temperature of the air 
from the heater and fully counter-clockwise to obtain 
unheated air from the louvered outlets. 



CHAPTER 2 

BLOWER CONTROL SWITCH 

The blower control switch, Figure 19, activates the 
three-speed heater blower / air conditioner motor. Turn 
the switch clockwise to the first position for low 
speed. Further rotation selects medium and fast 
speeds. 

NOTE: When the cab windows are closed, the blower 
may be used to pressurize the cab to exclude dust. For 
maximum pressurization and optimum dust exclusion, 
operate with the sliding panel closed. 

Figure 19 
Cab Overhead Controls 

1. Heater Plenum Panel 
2. Blower Control 
3. Temperature Control 
4. Windshield Wiper Control 
5. Door Fasteners 
6. Air Filter Access Door 

B. CAB HEATING SYSTEM - OVERHAUL 

HEATER ASSEMBLY 

REMOVAL 

1. Drain the cooling system. 

2. Remove the heater plenum panel, Figure 19. 

3. Release the retaining clips then pull the hoses off 
the heater inlet and outlet tubes. 

4. Remove the heater retaining bolts and withdraw 
the assembly from the tractor roof. 

5. Cap or plug all exposed hose and pipe ends. 

6. Remove the blower retaining screws and discon
nect wiring harness connector. 

INSTALLATION 

Installation of the heater assembly follows the removal 
procedure in reverse. 

On installation, tighten the tube couplings and heater 
retaining bolts to the correct torques, see "Specifica
tions" . 

BLOWER MOTOR AND FAN ASSEMBLY 

REMOVAL 

1. Disconnect the banery. 

2. Remove the heater plenum panel Figure 19. 

3. Unfasten the filter access door to gain access to 
the wiring harness and blower retaining screws. 

4. Disconnect the heater harness from the blower 
motor. 

5. Withdraw the retaining screws and firmly pull the 
blower motor and fan assembly from the under
side of the roof. 

DISASSEMBLY 

1. Invert the blower motor and fan assembly, 
Figure 16, then insert an hexagonal key between 
the fan blades and slacken the fan hub securing 
screws. 

2. Withdraw the fan outer end cover retaining 
screws then remove the covers and extract the 
fans. 

3. Remove the four retaining nuts from one of the 
motor support brackets and withdraw the sup
port . 

4. Remove the two retaining nuts securing the 
motor to the second bracket then carefully ex
tract the motor through the fan housing . 

9 
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INSPECTION AND REPAIR 

1. Clean the fan blades and housing with a damp, 
lint-free cloth. 

2. Inspect the fan blades .for damage. If bent the 
blades may be straightened but replace if 
broken. 

3 . Be sure the fan drive shafts are straight and free 
to revolve. 

ASSEMBLY 

Assembly of the blower motor and fan assembly 
follows the disassembly procedure in reverse. On 
assembly be sure the fans are positioned centrally and 
the hub retaining screws are securely tightened. 

INSTALLATION 

Installation of the blower motor and fan assembly 
follows the removal procedure in reverse. 

CAB AIR FILTER 

REMOVAL 

1. Open the access door and release the two retain
ing clips, remove the filter , Figure 17. 

2. Clean the filter by tapping it against your hand. 

NOTE: Compressed air not exceeding 30 psi may 
be used to clean the filter. Hold the air nozzle 6 
in. (150 mml from the filter and blow from the 
rear to the front. 

INSTALLATION 

1. Installation of the cab air filter follows the 
removal procedure in reverse. Be sure the ele
ment is installed with the seal facing downwards. 

HEATER WATER CONTROL VALVES 

REMOVAL 

1. Disconnect the hoses from the control valves at 
the engine . Cap or plug the' hoses, Figure 18. 
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2. Unscrew the control valves from the engine. 

3. Unscrew the control valve elbow or adaptors 
(where fitted) if necessary. 

INSTALLATION 

1. Installation of the heater shut-off valves follows 
the removal procedure in reverse . 

HEATER WATER TEMPERATURE 
CONTROL VALVE 

REMOVAL 

1. Remove the heater plenum panel , Figure 19. 

2. Disconnect the hoses from the valve, Figure 15. 

3. Remove the retaining screws and remove the 
control valve. 

INSTALLATION 

Installation of the heater water control valve follows 
the removal procedure in reverse. 

BLOWER CONTROL SWITCH 

REMOVAL 

1. Disconnect the battery. 

2. Remove the heater plenum panel, Figure 19. 

3. Disconnect the heater harness from the control 
switch. 

4. Pull off all the switch knobs from within the cab. 

5. Remove the locknut and washer and withdraw 
the control switch. 

INSTALLATION 

Installation of the blower control switch follows the 
removal procedure in revetse . 
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A. AIR CONDITIONING SYSTEM -
DESCRIPTION AND OPERATION 

The optional air conditioner system improves the com
fort of the operator by controlling the temperature, 
humidity, cleanliness and circulation of the air within 
the cab . 

Heat reduction is effected by circulating the air 
through a cooling unit called an evaporator. This unit 
also serves to reduce the moisture content of the air 
for the wet surface of the evaporator collects dust and 
pollen particles which drain off with the condensed 
moisture. 

The air conditioning system, Figure 20, consists of a 
evaporator, condenser and dehydrator-receiver 
located in the overhead plenum compartment and a 
pump (compressor) located along side the engine all 
inter-connected by hoses and tubing. 

A special refrigerant, which can be easily heated and 
cooled is circulated through the evaporator and con
denser by the compressor pump. 

Heat always flows from hot to cold and based on this 
fact, the tractor cab air is conditioned in the following 
manner. 

Low temperature refrigerant in the evaporator absorbs 
heat from the hotter air in the operator 's compart 
ment, thereby cooling the air . 

The now warmer refrigerant is drawn out of the 
evaporator by the compressor pump. The action of the 
compressor raises the pressure of the refrigerant vapor 
and at the same time effects a rapid rise in 
temperature. The vapor is pumped to the condenser. 

In the condense"r, the hot, high pressure vapor gives 
up its heat to an outside airstream that flows over the 
condenser fins. The cooling effect on the refrigerant 
vapor causes the refrigerant to return to a liquid state . 
Still under pressure from the compressor, the liquid 
refrigerant flows through the dehydrator - receiver in 
readiness for another cycle through the system. 

In summary, the tractor air conditioning system serves 
to create a temperature differential inside the cab so 
that the heat will move from the warmer air to the 
cooler refrigerant in the evap_orator. Outside the cab, a 
temperature differential is created to move heat from 
the warmer refrigerant in the condenser to the cooler 
outside air. 

11 
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Figure 20 
Air Conditioning System 

1. High Pressure Vapor Hose 
2. Evaporator 
3. Heater 
4. Low Pressure Vapor Hose 
5. Com pressor 
6. Expansion Valve 
7. Dehydrator and Receiver 
B. Condenser 
9. Blower Assembly 

10. High Pressu re Liquid Hose 
11 . Heater Hose Connections 

REFRIGERANT R-12 

To achieve the absorption and the release of heat 
which is, in essence, the function of an air condition
ing system, requires the use of a suitable "refrigerant" 
- a liquid that has a relatively low temperature boiling 
point, plus certain desirable safety and stabi lity 
features . 

The refrigerant selected for the Ford Tractor cab air 
conditioning systems is Refrigerant R-12. (Trade 
names include Freon 12, Arctan 12, Genetron 12 and 
Freeze 121. 

12 

The boiling point of R-12 is - 21.7'F (-30.1°CI when 
under no pressure. 

If the pressure is increased, R-1 2 will readily vaporize 
to absorb heat at temperatures between 11°F (-ll .7'CI 
at 15 psi (1.03 barl (1.05 kgf / cm'l and 32'F (00 CI at 30 
psi (2.07 barl (2.11 kgf/ cm'l in the evaporator. 

At higher pressures, R- 12 will condense and give off 
heat at temperature between 1300 F (54.4° CI at 180 psi 
(12.4 bar! (12.65 kgf / cml and 1500 F (65.6° CI at 230 
psi (15.85 barl (16.17 kgf /em') in the condenser. 
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R~ 12 is an ideal refrigerant being stable at all operating 
temperatures and possessing certain desirable 
characteristics as follows: 

• Non-inflammable 

• Non-explosive 

• Non-toxic (except when exposed to an open 
flame I 

• Non-corrosive to metal or rubber 

• Soluble in oil 

• Able to absorb great quantities of heat 

• Odorless in concentrates of less than 20 per cent. 

NOTE: R-12, when detected by smell, has a 
slight odor of carbon tetrachloride. 

AIR CONDITIONING SYSTEM COMPONENTS 

The Ford Tractor air conditioning system, Figure 20, 
comprises the following components. 

• Compressor 

• Condenser 

• Dehydrator and Receiver 

• Expansion Valve 

• Evaporator 

• Blower Fan 

Before describing the design and operation of the 
components, it is important to remember the basic 
function of the air conditioning system is as follows. 

iii To provide a temperature differential inside the 
cab so that heat will move from the warmer air to 
the cooler refrigerant in the evaporator and then 
(after the heat laden refrige-rant has been cir
culated to the condenser) to the outside of the 
cab. 

{ii} To provide a temperature -differential that will 
move the heat from the refrigerant to the cooler 
outside air. 

COMPRESSOR 

The Ford Tractors with air conditioning feature a com
pressor mounted at the front left hand side of the 
engine being belt driven from the crankshaft pulley, 
Figure 21 . 

Figure 21 
Air Conditioning Compressor 

1. Idler Pulley Bolt 
2. Drive Belt 
3. Compressor 

The compressor separates the low and high pressure 
sides of the system and is basically a pump which has 
two functions: 

0) To raise the refrigerant temperature by compres
sion to a higher degree than the ambient (outside 
air) temperature. 

(ii) To circulate the required volume of refrigerant 
through the system. 

13 
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COMPRESSOR OPERATION -

The pulley and bearing assembly is mounted on the 
front end of the compressor crankshaft, Figure 22. 
Rotation of the crankshaft is effected by the clutch 
which magnetically engages the hub and shoe as
sembly, mounted on the end of the crankshaft, with 
the pulley assembly. 

Figure 22 
Compressor (2 Cylinder In-Line Type) 

1. Reed Valve Assembly . 
2. Foam Seal 
3. Stationary Field Clutch 
4. Oil Sump 
5. Crankshaft 
6. Piston and Ring Assembly 
7. Valve Plate 
8. Cylinder Head 

Two in-line pistons and connecting rods are mounted 
on the crankshaft and a common cylinder head, with 
high and low pressure side service connections, is 
used for both pistons. As the compressor crankshaft 
revolves, each piston works in opposition to the other. 

While one piston is on the suction stroke the other is 
on the discharge stroke. This arrangement provides a 
constant flow of refrigerant through the compressor. 

A positive pressure lubrication system utilizes the 
pressure differential between the suction inlet and the 
crankcase, plus centrifugal force, to circulate oil to 
and from the compressor. 
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COMPRESSOR VALVE OPERATION 

For each cylinder, two steel, circular reed valves, 
Figure 23, are centrally mounted, one each side of a 
lapped, cast iron valve plate. 

Radially drilled inlet ports in the valve plate are open on 
the cylinder head side but are covered by the large 
diameter inlet reed valve located on the piston side of 
the plate. Sectored exhaust ports in the valve plate are 
open on the piston side but are covered by the smaller 
diameter exhaust reed valve mounted on the cylinder 
head side of the plate. 

The high and low pressure side service connections 
lead through the valve plate to two separate reservoirs 
formed in the cylinder block. These reservoirs are con
nected through ports in the valve plate to two separate 
galleries formed within the cylinder head casting. 

An outer gallery covers the inlet ports in the valve plate 
while an inner gallery covers the exhaust ports. 

On the downstroke (suction) the exhaust reed valve is 
held closed while the inlet reed valve opens to allow 
low pressure vapor refrigerant from the evaporator to 
enter the cylinder. On the upstroke (discharge) the 
refrigerant holds the inlet reed valve closed and forces 
the exhaust reed valve to lift thereby allowing high 
pressure vapor to be discharged to the condenser. 

The degree of lift of the exhaust reed valve is controll
ed by a circular, dished steel backing plate . 

COMPRESSOR CLUTCH 

The compressor has an electro-magnetic clutch, 
Figure 24, which functions to engage or disengage the 
compressor as required in the operation of the air con
ditioning system. 

The clutch is of a stationary coil type and forms an in
tegral part of the compressor pulley assembly, Figure 
24. The clutch is belt-driven from the engine 
crankshaft and when --energized serves to engage the 
pulley to the compressor. When the clutch is de
energized the pulley and the compressor are disen
gaged. 

The coil assembly is bolted to the compressor housing 
while the hub and shoe assembly is mounted on the 
compressor driveshaft. The pulley runs on a bearing 
which is mounted on the hub. 
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1<';, ' I HIGH PRESSURE VAPOR 

k:n«d LOW PRESSURE VAPOR 

Figure 23 
Compressor Valve Operation 

A. From Evaporator (Suction) 
B, To Condenser (Dischargel 
C. To Front of Tractor 
1. High Pressure Side Service Connection 
2. Cylinder Block 
3. Valve Plate 
4. Sectored Exhaust Port 
5. Inlet Reed Valve 
6. Inlet Port 
7. Outer Gallery 
8. Cylinder Head 
9. Low Pressure Side Service Connection 

10. Inner Gallery 

15 
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Figure 24 
Compressor Clutch (Stationary Coil Type) 

1. Pulley 
2. Hub 
3. Shoe Assembly 
4. Bearing 
5. Mounting Plate 
6. Coil 

COMPRESSOR CLUTCH OPERATION 

When the system is inoperative (no current to the coil) 
no magnetic force is applied to the shoe. Under this 
condition, the pulley turns freely on the hub which re
mains stationary on the compressor driveshaft. 

The clutch is controlled by automatic thermostatic 
switches and when current is fed to the coil, via the 
switches, a magnetic force is created which pulls the 
shoe into the pulley and both units turn as one. As the 
hub and shoe assembly turn they cause the com
pressor driveshaft to rotate and activate the air condi
tioning system. 

The air conditioning systems may be turned ON or 
OFF at any engine speed and consequently, scoring 
can be expected on the shoe and pulley suriaces. This 
is a normal condition and should be disregarded. 

IMPORTANT: To be sure of satisfactory compressor 
clutch operation, the correct drive belt tension must 
be maintained, see "Specifica,.tions". 
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CONDENSER 

The condenser located in the cab roof compartment 
consists of a number of turns of continuous coil 
mounted in a series of thin cooling fins to provide a 
maximum of heat transfer in a minimum amount of 
space. 

The condenser enables the hot vaporized refrigerant 
from the compressor to lose heat to the cooler outside 
air. 

SIGHT GLASS 

The sight glass, Figure 25, is located in the liquid line 
from the condenser to the receiver through which a 
solid column of refrigerant flows. The sight glass is 
used to observe the condition of the refrigerant as 
follows: 

• Clouded - Dessiccant is escaping from the 
dehydrator and circulating through the system. 
The dehydrator and receiver must be replaced 
and the system purged (refrigerant replaced). 

• Oil Streaks, Foam or Bubbles - Insufficient 
refrigerant in the system. (Occasional bubbles 
during initial operation is normal). 

• Clear - A correct charge, an over-charge or a 
complete lack of refrigerant. (An over-charge is 
indicated when test gauge readings are above 
normal). 

Figure 25 
Cab Electrical Controls 

1. A I C Thermostat Controls 
2. Sight Glass (Not Visablel 
3. Windshield Wiper Control 
4. Blower Motor Control 
5. Heater Thermostat Control 
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DEHYDRATOR AND RECEIVER 

The dehydrator and receiver, Figure 26, located be
tween the condenser fans in the cab roof compart
ment, is a storage tank which receives the high 
pressure, warm liquid refrigerant from the condenser 
through an inlet line and delivers the refrigerant 
through an outlet line to the thermostatic expansion 
valve . 
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Figure 26 
Dehydrator and Receiver 

1. Screen 4. Inlet Line 
2. Out let Line 5, Desiccant 
3. Filter 6. Fiber Glass Pads 

The receiver stores the liquid refrigerant to be sure a 
steady flow to the thermostatic expansion valve is 
maintained under widely different operating condi
tions. 

The dehydrator section contains a desiccant to absorb 
any moisture within the system and a filter prevents 
the entry of foreign particles. 

NOTE: Any moisture in the air conditioning system is 
extremely harmful. Moisture not absorbed by the 
dehydrator will circulate with the refrigerant and 
droplets may collect and freeze in the thermostatic ex
pansion valve onfice. This action will block the 
refrigerant flow and stop the cooling action. Moisture 
will also react with Refrigerant R· 12 to form a cor· 
rosive hydrochloric acid. 

The desiccant can only absorb a limited amount of 
moisture before reaching saturation point and the 
ability to retain the moisture is dependent upon 
temperature . As the temperature increases, the ability 
to absorb decreases. This explains why an air condi
tioning system may operate satisfactorily when out
side temperatures are low but stop cooling when am
bient temperatures increase and the saturated desic
cant releases moisture into the system . For details of 
this condition and correction , see " Trouble 
Shooting" . 

EXTERNALLY EQUALIZED THERMOSTATIC 
EXPANSION VALVE 

The expansion valve , Figure 27, is located on the 
pressure line leading from the dehydrator and receiver 
into the evaporator and performs the fo llowing func
tions: 

(i) METERING ACTION - A metered orifice 
changes the liquid refrigerant from a high to a 
low pressure. 

(ii) MODULATING ACTION - A thermostatically 
controlled valve w ithin the expansion valve body 
controls the volume of liquid refrigerant passing 
through the orif ice and makes sure the refriger
ant is full y vaporized within the evapor
ator. Liquid refrigerant would damage the com
pressor reed valves or freeze the pistons. 

(iii) CONTROLLING ACTION - The valve responds 
to changes in the heat load conditions. Increased 
heat load causes the valve to open to increase 
the refrigerant flow and a decreased heat load (or 
increased compressor volume due to increased 
engine speed) causes the valve to close and 
decrease the refrigerant flow . 

EXPANSION VALVE OPERATION 

The thermostatic expansion valve , Figure 27, controls 
refrigerant flow by the action of a spring-loaded valve 
which is controlled by differential pressures within a 
diaphragm chamber on the valve. Diaphragm move
ment is transmitted to the valve through pins . 

The differential pressure is a result of pressure sup
plied by the temperature sensing bulb and capillary 
tube (pressure above the diaphragm) and equalizing 
pressure (pressure below the diaphragm) supplied by 
refrigerant pressure from the low pressure (outlet) 
side. 

17 
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B .... 
Figure 27 

Externally Equalized The rmostatic 
Expansion Valve 

A. Inlet from Dehydrator and Receiver 
B. Outlet to Evaporator 
1. Filter Screen 
2. Metering Orifice 
3. Metering Valve 
4. Valve Spring 
5. Operating Pin 
6. Equalizer Tube 
7. Temperature Sensing Bulb 
8. Capillary Tube 
9. Diaphragm 

The capillary tube, tube end and upper diaphragm 
chamber form a "closed system" filled with 
Refrigerant R-12. The tube end is clamped to the 
evaporator outlet pipe to reflect the temperature of the 
refrigerant leaving the evaporator. 

Any increase in refrigerant temperature at the 
evaporator outlet will increase the pressure in the tube 
system and exert a downward pressure on the 
diaphragm (tending to open the valve I. Conversely, a 
decrease in refrigerant temperature will decrease the 
pressure on the diaphragm (tending to allow the valve 
to closel . 

The lower diaphragm chamber reflects the evaporator 
inlet temperature and provides the differential action 
by opposing outlet against inlet temperatures. 
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An external equalizer tube, connected into the 
evaporator outlet line, feeds refrigerant pressure to the 
underside of the diaphragm to balance the pressure on 
the upper side and provide the desired refrigerant 
flow. 

A spring below the valve tends to move the valve 
towards the closed position and acts in conjunction 
with the diaphragm to control the valve movement. 
The spring is pre-set to be sure of correct valve action 
and to provide a temperature differential between the 
evaporator inlet and outlet temperatures. 

This temperature differential is the "Superheat" which 
makes sure the vapor at the evaporator outlet contains 
no droplets of liquid refrigerant when returned to the 
compressor. 

EVAPORATOR 

The evaporator, Figure 20, is located within the roof of 
the cab and like the condenser consists of a number of 
turns of continuous coil mounted in a series of thin 
cooling fins to provide a maximum of heat transfer in a 
minimum amount of space . 

The evaporator enables the warm cab air ·to lose heat 
to the circu lating low temperature refrigerant. 

BLOWER FAN 

The blower fan , Figure 20, is located in the evaporator 
housing and draws warm air from the cab and forces it 
through the evaporator. The cooled air is then blown 
through the air conditioner outlets back into the cab. 
The blower motor is controlled by a three-speed 
switch. 

High blower speed provides the greatest volume of cir
culated air however, a slower, speed will allow the air 
to contact the cooling fins and coils of the evaporator 
for a longer period resulting in the warm air giving up 
more heat to the cooler refrigerant. Therefore, the 
coldest air temperature is obtained when the blower 
fan is operated at the lowest speed. 

SYSTEM OPERATION 

The compressor receives the refrigerant as a low 
pressure COLD VAPOR and raises the temperature of 
the vaporized refrigerant by compression to a level 
above that of the ambient temperature. The refriger
ant leaves the compressor as a high pressure HOT 
VAPOR . 
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The condenser receives the heat laden high pressure 
refrigerant vapor from the compressor at the top hose 
connection . The hot vapor passes down through the 
condenser coils and heat moves from the hot refriger
ant vapor into the cooler outside air flowing across the 
condenser coils and fins. 

NOTE: Outside air is drawn through the condenser by 
two fans located in the cab roof compartment, Figure 
28. 

r - , 

air into the cooler refrigerant. When the liquid 
refrigerant reaches the pressure and temperature that 
will induce a change of state, a large quantity of heat 
moves from the air into the refrigerant which then 
changes from a low pressure COLD ATOMIZED 
LIQUID to a low pressure COLD VAPOR. 

The system circuit is completed as the low pressure 
cold vaporized refrigerant passes from the evaporator 
to the compressor via an inlet line which incorporates 
a self sealing coupl ing to facilitate cab removal. 

AIR CONDITIONING SYSTEM CONTROLS 

The air conditioning system controls consist of elec
trical switches connected in series with the com
pressor clutch to regulate the compressor operation. 

THERMOSTAT ASSEMBLY 
(High Pressure Cut-Out Switch I 

Blockage of the condenser fins will restrict outside air 
/ flow, hinder heat exchange and increase the tempera

ture and pressure of the refrigerant in the condenser. 
The thermostat or high pressure cut-out switch , is 
located on the outlet line from the condenser and 
opens to cut off electrical power to the clutch when 
the temperature reaches 170"F 176.7' CI. The switch 

Figure 28 
Air Conditioner Compartment 

1. Condenser Fans 
2. Compartment Cover 

When the refrigerant vapor reaches the pressure and 
temperature that will induce a change of state, a large 
quantity of heat is transferred to the outside air and 
the refrigerant changes from a high pressure WARM 
LIQUID. 

The warm liquid refrigerant passes to the dehydrator 
and receiver via an inlet line which incorporates a sel f
sealing coupling to facilitate cab removal. The 
refrigerant is then filtered and desiccated before pass
ing through an outlet line to the thermostatic expan
sion valve. The ref rigerant enters the thermostatic ex
pansion valve as a high pressure WARM LIQUID but 
on passing through the metering orifice, the pressure 
and temperature are reduced and the refrigerant 
leaves the thermostatic expansion valve as a low 
pressure COLD ATOMIZED LIQUID. 

The cold liquid refrigerant passes through the 
evaporator coils and heat moves from the warm cab 

closes to re-engage the clutch when the temperature 
drops back to 160' F (71.1' CI. 

The switch is factory sealed and cannot be adjusted. 

THERMOSTATIC SWITCH 

As air passes through the evaporator, moisture con
denses on the coils and drains off as water . However, 
when maximum cooling and low blower speed is re
quired, the evaporator temperature may become so 
low as to cause the moisture condensate to freeze and 
form as ice on the evaporator coils. This action will 
restrict air flow, hinder heat exchange and decrease 
the cooling action in the evaporator. 

The thermostatic switch is located in the cab roof and 
opens to cut off electrical power to the clutch when 
the evaporator temperature approaches freezing 
point. The switch closes when the evaporator 
temperature rises to a pre-set level. 

The switch cut-out and cut-in temperatures are 
established in manufacture and should not require ad
justment. 

.9 
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THERMOSTATIC SWITCH OPERATION 

The thermostatic switch, Figure 29, consists of a 
bellows-type thermostat and a capillary sensor tube 
filled with Refrigerant R-12. The bellows are attached 
to a frame which pivots to open or close a set of con 
tact points. One end of the capillary tube is inserted 
between the fins about 3 in. (75 mml deep into the 
evaporator core. 

5 1 

4 3 2 

Figure 29 
Thermostatic Switch Operation 

1. Bellows 
2. Capillary Tube 
3. Cam Follower 
4. Temperature Control Camshaft 
5. Pivoting Frame 
6. Contact Points 

When the evaporator temperature drops, the 
refrigerant within the capillary tube and the bellows 
contracts, thereby causing the switch points to open 
and cut off electrical power to the clutch. 

Conversely, a rise in evaporator temperature will cause 
the bellows to expand, close the points and fe-engage 
the clutch. 

The thermostat has a manually operated temperature 
control comprising a camshaft a cam follower (con
nected to the pivoting frame by a spring) and an exter
nal control knob. The cam follower spring tension 
tends to open the points. 
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Turning the control knob clockwise decreases the cam 
follower spring tension which results in a greater force 
being required to open the pivots. Therefore, a greater 
drop in evaporator temperature is necessary before the 
bellows contract far enough as to open the points . 
Cooler air circulation to the operator is thus assured. 

A second spring governs the temperature interval be
tween the points opening and closing. This interval en
sures satisfactory defrosting of the evaporator before 
the system starts to re-function. 

Turning the control knob fully counter-clockwise 
(OFF) keeps the contact points open and prevents 
operation of the system. 

NOTE: The blower motor switch also controls the 
compressor and both the blower and thermostatic 
switch must be turned ON for the air conditioning 
system to operate. 

B. AIR CONDITIONING SYSTEMS 
OVERHAUL 

IMPORTANT: Study this section throughly before at
tempting to service the air conditioning systems. 

Overhaul of the Ford Tractor air conditioning system 
should only be undertaken by a specialist refrigeration 
engineering outlet or a specially equipped Ford Tractor 
Dealer who must provide the following facilities : 

1. The services of a competent mechanic properly 
trained in air conditioning overhaul procedure. 

2. A comprehensive ~ir conditioning test kit in
cluding a gas leak detector. 

3. Procurement and storage facilities fo r 
Refrigerant R-12. 

W hen removing the cab or splitting the tractor, great 
care must be taken not to rupture the air conditioning 
system pressure lines. Self-sealing couplings facilitate 
cab removal and the engine , front and rear transmis
sions may be separated without interrupting the 
system, see " SEPARATING THE TR ACTOR" - Part 
10. However, separating the tractor between the 
engine and the front axle _w ill necessitate discharging 
the system. 

The compressor is the only item in the air conditioning 
system which may be repaired . 
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All other damaged or faulty components must be 
replaced and no repair anempted by the dealer or 
specialist refrigeration engineer. When replacing any 
system components. the complete system must be 
discharged, evacuated and re-charged . 

GENERAL PRECAUTIONS 

To prevent the entry of moisture or any foreign 
material , observe the following points: 

o Be sure all tools, gauges and replacement parts 
are kept clean and dry. 

• Clean all hoses and fittings before disconnecting. 

• Immediately cap or plug all openings when 
disconnected. 

• When adding refrigerant oil be sure the transfer 
equipment (hoses, containers etc.) is clean and 
free of moisture. 

• Always uncap and re-cap the oil container im
mediately before and after use. 

NOTE: The lubricating oil which is mixed with 
the refrigerant is free of moisture. 

• Always evacuate any system that has been 
opened and sealed. 

PRECAUTIONS WHEN HANDLING 
REFRIGERANT R·12 

Refrigerant R· 12 is colorless in both the liquid and 
gaseous forms. Under normal temperature and pres
sure conditions, R-12 is a vapor (gas) which is heavier 
than air. 

Refrigerant R·12 is available in bottles and 14 ounce 
(400 g) cans. As the cans are easy to handle and are 
also disposable, they are used extensively for servicing 
air conditioning systems. 

Although R·12 is considered to be generally safe, the 
containers are under considerable pressure and safety 
precautions must be observed as follows: 

• NEVER store or use containers in direct sunlight. 
in or near a welding ' or steam cleaning area or 
near any source of heat. 

If the refrigerant must be warmed , use hot water 
or wet cloths at temperatures not exceeding 
120"F (4SOC). Never apply direct heat. 

• N EVER store or discharge refrigerant in an area 
where there is an open flame, such as a gas 
heater or welding torch. Although normally non
poisonous, a heavy concentration of refrigerant 
exposed to a flame will produce a poisonous gas . 

• NEVER attempt to use a refrigerant can without 
installing a suitable can valve see " Refrigerant 
Can Valve" . 

• N EVER expose eyes or skin to refrigerant. 
Remember, the refrigerant temperature at at
mospheric pressure is 11°F (-11.7°Cl. 

• ALWAYS allow space for expansion when 
transferring refrigerant from a large container to 
a small one. 

• Always wear safety goggles and gloves when 
servicing any part of the air conditioning system. 

IMPORTANT: If refrigerant should contact the 
eyes, DO NOT RUB THE EYES. Splash cold· 
water on the eyes to bring the temperature up 
above freezing. If refrigerant should contact the 
skin, treat as for frostbite. Warm the affected 
area with a hand or lukewarm water (90°·1()()OF) 
132°·38°CI and cover loosely with a dry band· 
age. In either case, consult a doctor immediate
ly. 

REFRIGERANT CAN VALVE 

All refrigerant cans are sealed and must be opened 
with a can valve which, after installation serves to 
puncture the can and controls the escape of 
refrigerant. 

NOTE: Be sure the valve sealing gaskets are in good 
condition before installing the valves. 

The can valves are of two types as follows: 

Screw Type Valve 

The screw type valv~, Figure 30. features a locking 
ring. To install the valve: 

• Turn the valve handle counter-clockwise to the 
fully open position. 

21 
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• Be sure the locking ring is turned counter
clockwise to the top of the threaded section. 

• Screw the valve assembly securely onto the can. 

• Turn the locking ring clockwise to fully secure 
the valve to the can. 

• After the valve is installed, rotate the handle 
clockwise to close the valve and pierce the can. 

A B 

Figure 30 
Refrigerant Can Valves 

A. Screw Type Valve 
B. Flat Type Valve 
1. Handle 
2. Locking Lugs 
3. Valve Sealing Gaskets 
4. Locking Ring 
5. Handle 
6. Cam Lever 

Flat Type Valve 

The flat type valve, Figure 30, features a camlock ac
tion. To install the valve: 
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• Turn the valve handle counter-clockwise to the 
fully open position. 

• Rotate the valve one turn counter-clockwise 
relative to the valve base and secure the locking 
lugs over the can flange. 

• Pull the cam lever to lock the valve to the can. 

• Rotate the valve clockwise and tighten to be sure 
it is sealed. 

• After the valve is installed, rotate the handle 
clockwise to close the valve and pierce the can. 

Service Valves 

The air conditioning system is equipped with a 
Schrader type service valve, Figure 31, which features 
a service gauge port to facilitate discharge evacuation 
and charging of the system. The service valve is 
mounted on the compressor and incorporates connec
tions for the low and high pressure side hose fittings. 

This unit is a three-position, internal, double seating 
valve with the valve stem located under a cap opposite 
the hose connection. 

NOTE: A Wrench, Special Tool No. 0178 or 10559 
(see "Special Tools") must be used to turn the valve 
stem. 

The three valve positions are as follows: 

A, Front-Seated (Shut-Off Position) - In this posi
tion the valve stem has been rotated fully clockwise to 
seat the front valve face and isolate the compressor 
from the system. 

WARNING : Never operate the system with the ser
vice valves in the front-seated position. 

B. Mid-Position (Test Position) - In this position 
the valve stem has been rotated 1-1/2 to 2 turns 
counter-clockwise from the " Front-Seated" position . 
The valve assumes a mid-position so that test gauge 
readings may be taken with the system operating. 

C. Back-Seated (Operational Position) - In this 
position the valve stem has been rotated fully counter
clockwise to seat the rear valve face and close the ser
vice gauge port. 

VALVE CAPS 

The service valves have protective caps installed on 
the service ports and valve stems. These caps have to 
be removed for· test gauge connections and valve 
operation and MUST be replaced when service opera
tions are completed . The caps serve as a seal to pre
vent valve leakage and to keep out dirt and moisture. 
Non-replacement of caps could result in refrigerant 
loss and system failure. 
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A 

c 

Figure 31 
Stem Type Service Valve Operation 

A. Front-Seated 
B. Mid-Position 
C. Back-Seated 
1. Valve Seats 
2. Hose Connection 
3. Compressor Connection 
4 . Valve Cap 
5. Valve Stem 
6. Service Gauge Port 
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MANIFOLD GAUGE SET 

The Manifold Gauge Set, Tool No. 0172 or 40153, is 
the most important tool used in testing and servicing 
the air conditioning system. 

The gauge set is used for trouble shooting, discharg
ing . evacuating and charging the system. 

The gauge set, Figure 32, consists of a manifold with 
two gauges (low side and high side), three service 
connections and two hand valves . 

LOW SIDE GAUGE 

The left-hand, low side gauge and the service fitting 
beneath are used for testing the low pressure side of 
the system. This compound gauge registers from 
0-250 psi. (0-17.2 bar! (0-17.6 kgf / cm') on the 
pressure scale and 0-30 in. (0-76.2 em) of Mercury on 
the vacuum scale . 

A • 

Figure 32 
Manifold Gauge Set - Tool No. 0172 or 40153 

A . Low Pressure Side 
B. High Pressure Side 
1. High Side Pressure Gauge 
2. High Side Hand Valve 
3. Test Hose to High Side Service Connector 
4. Center Service Hose 
5. Test Hose to Low Side Service Connector 
6. Low Side Hand Valve 
7. Low Side Compound Gauge 
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HIGH SIDE GAUGE 

The right-hand, high side gauge and the service fitting 
beneath are used for testing the high pressure side of 
the system. This gauge reg isters pressure only from 
0-500 psi (0-34.5 bar! (0-35.2 kgf/cm'). 

SERVICE FITTINGS 

The right and left-hand service fittings facilitate con
nection of test hoses to the high and low pressure 
sides of the system respectively. 

IMPORTANT: ALWAYS connect the Low Side fit 
ting to the LOW PRESSURE (suction) side of the 
system. 

The center service fitting is used for discharging , 
evacuating or charging the system and should be cap· 
ped when not in use. 

HAND VALVES 

The hand valves, Figure 22, serve to isolate the high 
and low side of the manifold from the center service 
fitting . 

IMPORTANT: ALWAYS close the hand valves (turn 
clockwise until seated) during all test operations. 

In the closed position refrigerant circulates around the 
valve stems to the gauges. Therefore, when the 
manifold gauge set i~ connected into a system, 
pressure is registered on both gauges. 

OPERATING PRECAUTIONS 

Operating precautions must be observed as follows: 

• NEVER open the HIGH SIDE hand valve when 
the system is operat ing . 

• NEVER open the HIGH SIDE hand valve if a 
refrigerant can is connected to the center service 
fitting for charging the system . 

• ALWAYS open the LOW SIDE hand valve when 
adding refrigerant . 
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MANIFOLD GAUGE SET CONNECTION 

With Reference to Figure 38. 

WARNING: STOP the tractor engine during connec
tion of the manifold gauge set. 

1. Remove the protective caps from the com
pressor service gauge ports. 

2. Be sure the gauge set hand valves are closed 
(turned fully clockwise). 

3. Connect the high side gauge hose to the high 
side service valve and the low side gauge hose to 
the low side service valve. 

IMPORTANT: Prior to connection of the 
manifold gauge set, identify the suction lIow 
pressure) and discharge (high pressure) service 
gauge ports. The high pressure service valve is 
a/ways in the line from the compressor to the 
condenser. 

4. Purge the gauge hoses using one of the follow
ing methods: 

PURGING GAUGE HOSES 

Method A - Using System Refrigerant 

1. Be sure the high and low side manifold gauge 
hose connections at the compressor service 
ports are tight. 

2. Purge the high side test hose by opening the 
high side gauge hand valve for 3-5 seconds, to 
allow system refrigerant to purge air from the 
test hose and discharge through the manifold 
center hose, then close the hand valve . 

3. Purge the low side test hose in the same manner 
by opening the low side gauge hand valve for 3-5 
seconds then close the hand valve. 

Method B - Using Refrigerant Can 

1. Be sure the low and high side manifold gauge 
hoses are loosely connected at the compressor 
service ports. 

2. Install a can valve on a can of Refrigerant R-12 
and connect the can to the gauge set center 
hose. 

3. Purge the high side test hose by opening the 
refrigerant can valve and "cracking" (opening 
slightly) the high side gauge hand valve for 3-5 
seconds, to allow refrigerant to purge air from 
the test hose and discharge through the loose 
connection at the compressor service port, then 
tighten the hose connection and close the hand 
valve and can valve. 

4. Purge the low side test hose in the same manner 
by "cracking" the low side gauge hand valve for 
3-5 seconds, then tighten the hose connection 
and close the hand valve and can valve . 

STABILIZING THE SYSTEM 

After the manifold gauge set has been connected and 
before pressure tests can be made, the system must 
be stabilized as follows: 

1. Run the engine at a fast idle speed (approximate
ly 1000-1200 rev / min). 

2. Operate the system at maximum cooling, with 
the blower fan at high speed, for 10 minutes to 
stabilize all components. 

3. Check the system for full refrigerant charge by 
observing the sight glass. 

4. Check the normal gauge readings, see "Trouble 
Shooting". A low, high side gauge reading is a 
sign of an insufficient refrigerant charge. 

If the refrigerant charge is determined to be in
sufficient, the system must be tested for leaks 
and re-charged before accurate tests can be 
made for normal system operation . 

NOTE : Natural loss of some system refrigerant 
can be expected over a period of time. 

LEAK TESTING 

The majority of atr conditioning system malfunctions 
result from a loss of refrigerant due to leaks which 
generally occur at points of connection and are caused 
by vehicle vibration. 

Leak tests should be made as follows : 

0) Whenever service operations result in disturbing 
refrigerant lines or connections. 
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• Whenever a complaint indicates a system leak 
may be involved. 

• Whenever more than 0.5 lb . 10.25 Kg) of 
refrigerant is lost from the system aher a seasons 
operation. 

The two types of leak detectors in common use are the 
Propane Torch and Electronic. 

PROPANE TORCH LEAK DETECTOR 

The Propane Torch leak detector, Tool No. 0171 , 
Figure 33, consists of a burning torch equipped with a 
sampling tube Ireactor plate and chimney) and a pick
up hose. 

Figure 33 
Propane Torch Leak Detector-Tool No. 0171 
1. Chimney 
2. Reactor Plate 
3. Pick-up Hose 
4. Propane Tank 
5. Valve 

In operation, the propane flame draws leaking 
refrigerant over the hot copper alloy reactor plate in 
the sampling tube. If refrigerant is present the propane 
flame will change color. 
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WARNING: Do not operate the tractor engine during 
this test. If the surrounding air is contaminated with 
refrigerant gas, the leak detector wi'll indicate the 
amount of gas in the air at all times. Be sure area is 
well ventilated. 

1. Open the valve and light the torch . Adjust the 
flame just high enough to heat the reaction plate 
to a cherry red color. 

2. Lower the flame until just high enough to main
tain the cherry red color of the reaction plate. 

IMPORTANT: Too high a flame will burn out 
the reactor plate. 

3. Move the pick-up hose slowly around and under 
all parts of the system particularly at connection 
points. 

WARNING: Do not breathe fumes or smoke, 
particularly from a large leak. Avoid using an 
open flame near surfaces which can be eaSIlY 
damaged by heat. Be sure a fire extinguisher is 
readil y available. 

4 . Check the evaporator and condenser cores by 
probing with the end of the pickup hose. 

NOTE: A slight leakage from the compressor 
shaft seal and a small amount of refrigerant 
vapor in the pulley area is normal. If there is 
doubt concerning the extent of the leakage in 
these areasl clear with the compressed air and 
repeat the test. 

5. During the testing procedure, observe the flame 
for color changes as follows: 

• Pale blue - normal 

• Yellow or yellow -green - slight leak 

• Bright blue or purple - large leak 

NOTE: To facilitate leak detection on the high 
pressure side, operate the system for a few 
minutes then stop the engine and test im
mediately before the system pressures have a 
chance to equalize. 

6. If a slow leak is suspected but cannot be 
detected, the system may have to be overcharg
ed. This is done by increasing the refrigerant 
charge by 50% and repeating the test. This ac-



tion will increase the system pressure (without 
being dangerous) and make a small leak more 
easily detected. 

7. When the leak is located proceed as follows: 

• Discharge the system 

• Repair the leak 

• Evacuate the system 

• Charge the system 

ELECTRONIC LEAK DETECTOR 

This instrument, ITool No. 0855 or 147501, indicates 
leaks electronically by flashing a light or sounding an 
alarm signal. Directions for use are furnished with the 
instrument. 

COMPRESSOR OIL LEVEL CHECK 

Compressor oil level checks are not required under 
normal operating conditions when the air conditioning 
system is functioning satisfactori ly. However the oil 
level should be checked whenever refrigerant has been 
added or replaced. 

The compressor oil level can only be checked with the 
compressor removed from the tractor, therefore, the 
system must first be discharged, see "Discharging the 
System". To check the oil level proceed as follows: 

1. Use Oil Dipstick, Tool No. 6387 or 10545, or 
fabricate an oil level indicator according to the 
measurements shown in Figure 34. 

2. Remove the oil filler plug slowly to relieve 
residual crankcase pressure. Insert the oi l level 
indicator and check the oil level, Figure 35. 

NOTE: If necessary, rotate the compressor 
crankshaft to facilitate insertion of the oil in
dicator. 

3. Pour the correct grade and quantity of NEW 
refrigerant oil (see " Specifications") through the 
fi ller hole and rep lace the plug. 

NOTE: fach ounce 128 grami of oil added will 
raise the indicator reading approximately 0.25 in. 
16 mmi. 

I~~--0.5 in 
(12.7 mm l 

I 
1.12 in 

128.4 mm l 
50 " 

5.63 in 
1142.9 mm l 

I 
1.00 in 

125.4 mml 

Figure 34 
Compresso r Oil Level Indicator 

REFRIGERANT OIL 

Only new, pure, moisture free refrigeration oil should 
be used in the air conditioning system. Refrigeration 
oil is highly refined and dehydrated, therefore, the oil 
container must always be kept tightly sealed when not 
in use. 

If the refrigerant is contaminated by any substance 
such as air, moisture or dirt, the system must first be 
discharged to remove aU refrigerant and then 
evacuated. 

Discharging or purging the system is also necessary 
before attempting to replace or repair any of the com
ponents, and a manifold gauge set is used to control 
the rate of discharge thus minimizing the loss of 
refrigerant oil. 

IMPORTANT: Pflor to connection of the manifold 
gauge set, identify the suction (low pressure) and 
discharge (high pressure) service gauge ports. The 
high pressure service valve is always in the line from 
the compressor to the condenser. 
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Figure 35 
Checking Compressor Oil level 

1. Oil Level Check and Fill Port 
2. Oil Oipstick - Tool No. 6387 or 10545 

DISCHARGING PROCEDURE 

With reference to Figure 36. 

1. Connect the Manifold Gauge Set, Tool No. 0172 
or 40153, see " Manifold Gauge Set Connec
tion" . 

2 . Place the manifold center hose in a service bay 
exhaust outlet . 

3. Slowly open the low side gauge hand valve 11 / 4 
turn counter-clockwise) to allow the refrigerant 
to flow out of the center hose without loss of 
refrigerant oil. 

IMPORTANT: If the refrigerant is allowed to 
escape too fast; compressor oil will also be 
ejected and lost from the system. 

4. When the manifold gauge readings drop below 
50 psi 13.45 barl 13.52 kgf / cm') slowly open the 
high side gauge valve and adjust to be sure no oil 
is ejected. 

5. Observe the gauge readings and, as the system 
pressure drops, slowly increase the hand valve 
openings until the gauges indicate zero pressure. 
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Figure 36 
Discharging the System - Compressor with 

Schrader Type Service Valves 
1. High Side Service Valve 
2. High Side Gauge 
3. High Side Gauge Hand Valve 
4. Service Bay Exhaust Outlet 
5. Center Hose 
6. Low Side Gauge Hand Valve 
7. Low Side Compound Gauge 
8. Low Side Service Valve 

EVACUATING THE SYSTEM 

IMPORTANT: A system which is excessively low on 
refrigerant, or where the refrigerant has been removed 
to facilitate repairs, must be evacuated with a vacuum 
pump before new refrigerant is installed. 

Air and moisture are removed by evacuating the 
system using a Vacuum Pump, Tool No. 0179 or 
15037, and Manifold Gauge Set , Tool No. 0172 or 
40153. As the vacuum pump lowers the pressure of 
the system, the boiling point of the moisture in the 
system is also lowered . Therefore, when evacuating 
the system, the boiling point of any moisture in the 
system must be lowered to a point below the ambient 
temperature to be sure all the moisture is boiled off. 
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The relationship of system vacuum to the boiling 
t emperature at which the water vapor is removed from 
the system is as follows: 

System Vacuum Temperature 

In. Cm. of 
Mercury Mercury 'F 'C 

28.0 71.0 100 38 
28.9 73.4 80 27 
29 .4 74.6 80 16 
29.7 75.4 40 5 
29 .8 75.7 20 - 7 
29.9 75.9 0 -18 

NOTE: For every 1000 feet 1305 m) above sea level, 
the vacuum gauge reading must be corrected by add* 
ing 1 inch 12.54 cm) of Mercury to compensate for the 
change in atmospheric pressure. 

EVACUATING PROCEDURE 

With reference to Figure 37. 

IMPORTANT: Be sure the system is completely 
discharged as refrigerant will damage the vacuum 
pump. 

1. Connect the manifold gauge set, see " Manifold 
Gauge Set Connection". 

2. Connect the manifold center hose to the vacuum 
pump suction port. 

3. Fully open both the low and high side manifold 
hand valves. 

4. Close the vacuum pump vented exhaust valve by 
turning clockwise until the valve gently seats . 

5. Start the vacuum pump and note the low side 
gauge to be sure the system pulls down into a 
vacuum. 

6. Open the vented exhaust valve by turning ap
proximately one revolution counterclockwise. 

7. When the low side gauge attains the lowest 
steady vacuum, close the vented exhaust valve . 

NOTE: The pump achieves ultimate vacuum 
with the vented exhaust valve closed. 

Time the evacuation for a minimum of 20 
minutes from the point when lowest vacuum is 
attained . 

9. Check the system for leaks by closing the 
manifold hand valves, turning the vacuum pump 
off and noting the low side gauge reading . A 
drop of more t~an 2 inches (5 cm ) of vacuum in 5 
minutes indicates a leak in the system . 

NOTE: A further procedure for detecting leaks, 
with both hand valves still closed, is to remove 
the manifold center hose from the vacuum pump 
and connect the hose to a full can of refrigerant, 
Figure 36. Open both the low side hand valve 
and the refrigerant can valve a quarter turn to 
allow all the refrigerant, approximately 14 oz. 
1400 g. ), to enter the system. Close the 
refrigerant can valve and conduct a system leak 
test, see "Leak Testing Procedure". 

Discharge the system, repair the leak then repeat 
the evacuation procedu re. 

9. If the gauge needle remains stationary and the 
vacuum is maintained for 3-5 minutes, close both 
the high and low side manifold hand valves, turn 
off and disconnect the center hose from the 
pump. The system is now ready for charging . 

Figure 37 
Evacuating the System - Compressor with 

Schrader Type Service Valves 
1. High Side Service Valve 
2. High Side Gauge Hand Valve 
3. Center Hose 
4. Vacuum Pump Suction Port 
5. Vacuum Pump Vented Exhaust Valve 
6. Low Side Gauge Hand Valve 
7. Low Side Compound Gauge 
8. Low Side Service Valve 
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CHARGING THE SYSTEM 

IMPORTANT: Be sure there are no leaks in !h~ 

system; the compressor all level is correct and the 
system has been fully evacuated. Observe all safef}' .... 
recommendations when handling Refrigerant R- 12, ) 
see "Precautions When Handling Refrigerant R-12", 

REFRIGERANT CAN METHOD 

With reference to Figure 38. 

1. Refer to "Specifications" to determine the 
amount of refrigerant required . Set out the exact 
number of 14 oz. 1400 gl cans required to the 
nearest 14 oz. 1400 gl. 

To determine when half a can of refrigerant has 
been charged into the system, use either one or 
both of the following methods: 

• Weigh the can before charging and stop when 
half of the original weight is reached. 

• Stop charging when extreme cold is felt half
way down the can. 

2. Connect the Manifold Gauge Set, Tool No. 0172 
or 40153, see "Manifold Gauge Set Con
nections" . 

3. Attach a safety type can valve to the manifold 
center hose then install the valve on the 
refrigerant can, see " Refrigerant Can Valve". 

4. Loosen the center hose connection at the 
manifold , open the can valve slowly and allow 
escaping refrigerant to purge air from the center 
hose for about three seconds. Retighten the 
hose connection. 

5. Open both the low and high side hand valves and 
allow the full refrigerant charge to flow into the 
system . When the refrigerant can is empty, close 
the can valve, install a new can and repeat the 
process. When the system is fully charged close 
the manifold hand valves. 
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IMPORTANT: Do not overcharge the system. 
Too much refrigerant or air, in the system will 
create excessive pressure in the compressor 
head. This condition will be indicated by a higher 
than normal reading on the high pressure gauge 
and a normal reading on the low pressure gauge, 
refer to Pressure- Temperature Chart, see "Trou
ble Shooting". 

Figure 38 
Charging the System - Compressor with 

Schrader Type Service Valves 
1. High Side Gauge 
2. High Side Gauge Hand Valve 
3. Can Valve 
4. Can of Refrigerant R-12 
5. Center Hose 
6. Low Side Gauge Hand Valve 
7. Low Side Compound Gauge 
8. Low Side Service Valve 
g. High Side Service Valve 

It may be necessary to warm the remaining 
refrigerant cans to develop sufficient pressure to 
fully charge the system after the first can has 
been used. The refrigerant can should only be 
warmed after being connected to the system for 
charging. 

WARNING: If the can must be warmed, use hot 
water or wet cloths at temperatures not ex
ceeding 120°F 149°C). Never apply direct heat. 

6. With both gauge valves closed, start and operate 
the engine at approximately 1000-1200 rev / min. 
with the system controls set at maximum cooling 
and high fan speed. Check the sight glass which 
should be free of- bubbles when the system is 
fully charged. 

NOTE: The ambient temperature at the con
denser should be at least 70°F 121°C) for an ac
curate check. Below this temperature, bubbles 
may appear in the sight glass even though the 
system contains the correct amount of refrig
erant. 
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7. Test the system for satisfactory operation , see 
"Performance Testing the System". 

ll. If the system is operating satisfactorily, stop the 
engine, disconnect the gauge set and replace the 
prot ective caps on the compressor service 
vaives. 

9. After the system has been charged, test for 
leaks, see " Leak Testing Procedure". 

WARNING : A significant amount of refrigerant 
vapor may have condensed to a liquid at the ser
vice fitting at the high side of the compressor. 
Use a cloth or other protective material when 
disconnecting the manifold hose from this fit· 
ting. 

PERFORMANCE TESTING THE SYSTEM 

After completion of all repairs and the system is fully 
charged with refrigerant R-12, the air conditioner 
should be operated and performance tested to be sure 
all cont ro l components are operating correct ly and the 
system is cool ing satisfactorily . 

1. Connect the Manifold Gauge Set, Tool No. 0172 
or 40153, see " Manifold Gauge Set Connec
t ion" . 

2. Shut off the heater water contro l valves at the 
engine. 

3. Set the air conditioning cont rols f or maximum 
cooling and low fan speed. Set the air vent in the 
cab roof to the fresh air position and place a 
Thermometer, Tool No. 0174 or 10596, in the 
center of the right hand air outlet louver at the 
front of the cab roof . 

4. Set the parking brake, be su re the gear levers are 
in neutral , start the engine and close the cab win
dows and doors . 

5. Operate the engine for 10 minutes at 1000-1200 
rev / min . 

6. Check the thermometer reading w hich will vary 
according to outside air temperature and humidi
ty conditions. At an ambient temperature of 700F 
(21°C) with low humidity, the thermometer 
reading should be with in the range 35°-55°F 
(2'-13'C). If the outside air is well above 70"F 
(21'C) and the humidity, is high , the ther
mometer reading could be as high as 55°-65°F 
(13'-19'C) . 

7. Check the manifold low pressure gauge reading 
is with in the specified range of approximately 
4-36 psi (0.28-2.48 bar) (0.28-2.53 kgf / cm'). 

8. Check the manifold high pressure gauge reading 
as indicated in the chart below. 

Approximate Test Pressure Ranges 

Ambient Air 
Temperature High Pressure Gauge Reading 

' F 'C Ibf l in' bar kgf / cm' 

60 16 120-170 8.3-11 .7 8.4-12.0 
70 21 150-190 10.3-13.1 10.6-13.4 
80 27 170-220 11 .7-15.2 12.0-15.5 
90 32 190-250 13. "'7.2 13.4-17.6 

100 313 220-300 15.2-20 .7 15.5-21.1 
110 43 270-370 18.6-25.5 19.0-26.0 

NOTE : Ambient temperature readings are taken at a 
poing 2 in. (50 mm) in front of the condenser. 

COMPRESSOR OVERHAUL 

The only components of the compressor to be servic
ed are the clutch and pulley assembly clutch coil and 
shaft seal assembly. 

Any other faulty components w ill necessitate replace
ment of the complete compressor. 

REMOVAL 

Discharge the system. Disconnect and remove both 
the service valve and hose assemblies from the com
pressor . 

Immediately cap the valve ports in the compressor 
head and the service valves to prevent entry of dirt and 
moisture. Withdraw the reta ining bolts and remove 
the compressor. 
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OVERHAUL OF COMPRESSOR 

DISASSEM BL Y 

1. Use the Clutch Spanner Wrench, Tool No. 6386 
or 10546, to hold the clutch hub stationary and 
remove the retaining bolt from the end of the 
shaft. 

2. Install the Clutch Removing Bolt , Tool No. 6389 
or 10548, Figure 39. Hold the hub stationary, us
ing the spanner wrench tool, and tighten the bolt 
until the clutch assembly is removed from the 
shaft . 

Figure 39 
Clutch Assembly Removal 

1. Clutch Spanner Wrench - Tool No. 6386 or 
10546 

2. Clutch Removing Bolt - Tool No . 6389 or 10548 
3. Clutch Hub 

3. Withdraw the mounting bolts then remove the 
clutch coil assembly and the foam dirt seal. 

4. Remove the shaft key. 

5. Withdraw the secondary dust shield and the six 
retaining bolts then remove the seal seat plate, 
Figure 40 . 

6. Remove and discard the '0 ' -ring seal from the 
groove in the seal plate face. 
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Figure 40 
Seal Seat Plate Removal 

1. Shaft Seal 
2. Secondary Dust Shield and Seal Seat Plate 
3. Shaft 

NOTE: If a flat gasket is used instead of an 
'O '-ring, remove all traces of the gasket. 8e sure 
the seal recess, compressor shaft and seal plate 
face on the compressor are completely clean. 

7. Engage the tangs of the Compressor Seal Puller, 
Tool No. 6390 or 10549, behind the seal on the 
shaft. Rotate the ring part of the tool to lock the 
tangs over the seal. 

8. Pull firmly on the tool to remove the seal from 
the shaft, Figure 41. Discard the seal. 

ASSEMBLY 

1. Install all new seal parts furnished in the Seal Kit. 
Spray all parts with refrigeration oil prior to in
stallation. 

NOTE: An 'O'-ring and several flat gaskets are 
furnished in the kit, select and use the same type 
as removed from the compressor. Be sure the 
'G'-ring is seated evenly in the groove. 

2. Coat the exposed surface of the shaft and spray 
the seal w ith refrigeration oil . 

Set the seal on the shaft with the carbon ring and 
shoulder facing outwards. I lf the carbon ring is a 
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1. Shaft Seal 

Figure 41 
Shaft Seal Removal 

2. Compressor Seal Puller - Tool No. 6390 or 
10549 

3. Shaft 

separate part, place it on the shaft over the seal 
with the ground face outwardsl. Do not touch 
the carbon ring with fingers. Do not attempt to 
seat the seal in the recess as the seal is to be 
pressed in when the plate is installed. 

3 . Spray the seal seat plate with refrigeration oil 
and locate the plate on the Seal Installer and Seal 
Plate Aligner, Tool No. 6388 or 10547, with the 
outer face of the plate against the shoulder on 
the tool, Figure 42. 

4. Position the plate and tool on the shaft, align the 
bolt holes in the plate and compressor, and press 
the assembly straight in until the seal plate is 
seated on the compressor face. 

5. Install the bolts in the seal plate and finger 
tighten _ Remove the tool. 

6. Tighten the seal plate bolts in a circular or a 
diagonal pattern to the correct torque, see 
"Specifications" . 

7. Rotate the shaft by hand 15-20 revolutions to 
seat the seal parts. 

The remai nder of the assembly follows the 
disassembly procedure in reverse . 
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Figure 42 
Seal Seat Plate Installation 

1. Seal Seat Plate 
2. Seal Plate Aligner - Tool No. 6388 or 10547 

NOTE: After assembly, fill and check the com
pressor oil level. 

8. Install the compressor and adjust the belt ten
sion, Figure 43 . Tighten all connections to the 
correct torque, see specifications. 

Figure 43 
Compressor Belt Tension 

A . Belt Tension 1. Compressor Pulley 
Initial 90-120 Ibs . 2. Idler Pulley 
Reset 60-90 Ibs . 3. Crankshaft Pulley 

4. Drive Belt 
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CONDENSER ASSEMBLY OVERHAUL 

REMOVAL 

NOTE: The condenser assembly can only be removed 
after the entire system has been discharged, see 
"Discharging rhe Sysrem". 

1. Remove the cab roof top cover panel. 

2. Fully discharge the air conditioning system. 

3. Disconnect the condenser inlet and outlet hoses. 
Cap or plug the exposed connections. 

4. Remove the retaining bolts and remove the con
denser from the cab compartment. 

INSPECTION AND REPAIR 

1. Inspect the condenser assembly fins for damage 
and be sure they are free from obstruction. 

2. Check the condenser assembly for signs of 
leakage. If damage or leaks are evident install a 
new assembly. 

INSTALLATION 

Installation of the condenser assembly follows the 
removal procedure in reverse. On installation observe 
the following requirements: 
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• Install new 'C'-rings at the hose to condenser 
connections. 

NOTE: The 'O'-rings should be soaked in 
refrigerant oil prior to installation. 

• Tighten all hose couplings to the correct torques, 
see "Specifications". 

• Tighten all retaining bolts to the correct torques, 
see "Specifications". 

• Prior to running the air conditioner, evacuate and 
re-charge the system with refrigerant R-12, see 
"Evacuating the System" and "Charging the 
System". 

DEHYDRATOR AND RECEIVER ASSEMBLY 

REMOVAL 

The dehydrator and receiver assembly may only be 
removed after the air conditioning system has been 
discharged, see "Discha rging the System". 

1. Remove the cab roof cover retaining bolts and 
remove the cover, Figure 44. 

Figure 44 
Roof Compartment Open 

1. Condenser Fan 
2. Condenser 
3. Dehydrator-Receiver 

2. Disconnect the inlet and outlet tubes from the 
dehydrator and receiver. 

3. Unscrew and remove the dehydrator and 
receiver retaining bolts and withdraw the 
assembly. 

4. Cap or plug all exposed hose and pipe ends. 

INSTALLATION 

I~stallation of the dehydrator and receiver assembly 
follows the removal procedure in reverse . On installa
tion observe the following requirements. 

• Install new 'O'-rings at the hose to receiver con
nections. 
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NOTE: The 'O '-rings should be soaked in 
ref rigerant all p rior to installation. 

• Tighten all couplings to the correct torque 
values, see "Specifications". 

• Prior to running the air conditioner, evacuate and 
recharge the system with refrigerant R-12, see 
" Evacuating the System" and " Charging the 
System". 

EXPANSION VALVE ASSEMBLY - OVERHAUL 

REMOVAL 

NOTE: The expansion valve assembly can only be 
removed after the entire system has been discharged, 
see " Dfscharging the System", 

1. Remove the plenum panel , Figure 19. 

2. Release then withdraw the expansion valve 
equalizer tube from the evaporator. 

3. Unscrew the expansion valve to evaporator 
coupling then release the temperature sensing 
bulb retaining clamp and withdraw the bulb from 
the evaporator. 

4. Release the expansion valve inlet coupling then 
withdraw the valve. 

5. Cap or plug all exposed hose and pipe ends. 

INSTALLATION 

Installation of the expansion valve assembly follows 
the removal procedure in reverse. On installation 
observe the following requirements : 

• Be sure the temperature sensing bulb is in direct 
conta ct with the evaporator outlet pipe and the 
retaining clamp screw is tightened to the correct 
torque, see " Specifications. " 

• Wrap all outlet (suction ) tubes from the 
evaporator, and the temperature sensing bulb, 
with tape to Ford Specification ESA-M99G50-A. 

• Install new 'O'-rings at the hose to expansion 
valve connections. 

NOTE: The 'O'-rings should be soaked in 
refrigerant oil prior to installation. 

• Tighten all couplings to the correct torques, see 
" Specifications" . 

• Prior to running the air conditioner evacuate and 
re-charge the system with refrigerant R-12, see 
" Evacuating the System" and "Charging the 
System". 

EVAPORATOR ASSEMBLY - OVERHAUL 

REMOVAL 

NOTE: The evaporator assembly can only be removed 
after the entire system has been discharged, see 
"Discharging the System". 

1. Remove the plenum panel, Figure 19. 

2. Disconnect the evaporator outlet tube from the 
evaporator . 

3. Release then withdraw the expansion valve 
equalizer tube from the evaporator. 

4. Unscrew the expansion valve to evaporator 
coupling then release the temperature sensing 
bulb retaining clamp nut and withdraw the bulb 
from the evaporator. 

5. Carefully withdraw the thermostatic switch 
capillary tube from the evaporator core . 

6. Remove the evaporator retaining screws then lift 
and withdraw the assembly. 

7 . Cap or plug all exposed hose and pipe ends. 
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INSPECTION AND REPAIR 

1. Inspect the evaporator assembly fins for damage 
and ensure they are free from obstruction. 

2. Check the evaporator assembly for signs of 
leakage. If damage or leaks are evident install a 
new assembly. 

INSTALLATION 

Installation of the evaporator assembly follows the 
removal procedure in reverse . On installation observe 
the following requirements: 
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• Install the capillary tube 3.0 in. 176 mml into the 
evaporator assembly, 5.0 in. 1127 mml from the 
inlet side and 1.75 in. 144 mml up from the bot
tom . 

• Install new 'a' -rings at the hose to evaporator 
assembly connections . 

NOTE: The 'G'- rings should be soaked in 
refrigerant 01/ prior to installation . 

• Tighten the tube couplings to the correct torque, 
see " Specifications". 

• Tighten the retaining bolts to the correct torque, 
see "Specifications". 

• Prior to running the air conditioner, evacuate and 
re-charge the system with refrigerant R·12, see 
" Evacuating the System" and "Charging the 
System". 
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A . AIR CONDITIONING SYSTEMS 
TROUBLE SHOOTING 

SYSTEM TROUBLE SHOOTING 

The most important factor to consider in air condition
ing system trouble shooting is verification of the pro
blem by observing the system operation . 

In most instances, complaints about unsatisfactory 
operation of an air conditioning system will be: 

(a) "NO COOLING" 

(b) " INSUFFICIENT COOLING" 

(c) "INTERMITIENT COOLING" 

(d) "NOISY SYSTEM" 

To assist in the diagnosis of the fault, determine under 
which of the headings the problem may be classified 
then check the system according to the relevant trou
ble shooting guide shown as follows: 

(a) NO COOLING FROM THE SYSTEM 

1. Broken refrigerant line. 

2. Leak in system. 

3. Loose or defective drive belt. 

4. Blown fuse. 

5. Broken or disconnected ground wire . 

6. Broken or disconnected electrical wire. 

7. Electric switch contacts in thermostat burned ex
cessively or sensing element defective. 

8. Ignition switch or relay burned out. 

9. Clutch coil burned out or disconnected. 

10. Compressor partially or completely frozen . 

11 . Compressor reed valves inoperative - indicated 
by only slight variations of both gauge readings 
at any engine speed. 

12. Compressor shaft seal leaking. 

13. Blower motor disconnected or burned out. 

14. Expansion valve stuck open - indicated by nor
mal head pressure, high suction pressure and 
evaporator flooding. 

15. Clogged screen or screens in receiver 
dehydrator or expansion valve. 

16. Heater valve inoperative - indicated by hot 
water in heater and hot discharge air from 
evaporator . 
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Ib) INSUFFICIENT COOLING FROM SYSTEM 

1. Blower motor sluggish in operation. 

2. Obstructed blower discharge passage . 

3. Insufficient air circulation over condenser coils 
Ifins clogged) . 

4. Evaporator fins clogged . 

5. Compressor clutch slipping . 

6. Clogged air intake filter . 

7 . Outside air vents open. 

8. Insufficient refrigerant in system . 

9. Clogged screen in expansion valve - indicated 
by gauge pressures being normal or showing 
slightly increased head pressure and low suction 
pressure with high discharge output tempera
ture. 

10. Expansion valve thermal bulb has lost charge -
indicated by too high a low gauge reading and 
excessive sweating of evaporator and suction 
line. 

11 . Clogged screen in receiver - indicated by higher 
than normal reading on low pressure gauge and 
receiver and liquid lines cold to touch with possi
ble frost . 

12. Excessive moisture in system - indicated by ex
cessive high pressure gauge reading . 

13. Air in system - indicated by excessive high 
pressure and possibly bubbles in sight glass. 

14. Thermostat defective or improperly adjusted 
indicated by low gauge reading high or clutch 
cycling at too high a reading. 

Ie) INTERMITTENT COOLING 

1. Defective blower switch or blower motor. 

2. Improper ground or loose connection in com
pressor clutch coil. 

3. Compressor clutch sl ipping. 

4. Unit icing up - may be caused by excessive 
moisture in system, incorrect super heat adjust 
ment in expansion valve or thermostat adjusted 
too low . 

5. Thermostat defective or improperly adjusted 
indicated by low pressure gauge reading low or 
excessively high and adjustment will not correct. 

6. Evaporator fins clogged. 

Idl NOISY SYSTEM 

1. Loose panels on tractor. 

2. Noisy clutch . 

3. Loose or excessively worn drive belts. 

4. Compressor oil level low - lower parts of com
pressor hot. 

5. Compressor noisy - loose mountings or worn 
inner parts. 

6. High pressure service valve closed - com
pressor has excessive knocking noise, high 
pressure gauge reads above normal. 

7. Excessive charge in system - rumbling noise or 
vibration in high pressure line, thumping noise in 
compressor, excessive high pressure and suction 
pressure, bubbles or cloudiness in sight glass, or 
low head pressure. 

8. Low charge in system - hissing in evaporator 
case at expansion valve, bubbles or cloudiness in 
sight glass or low head pressure . 

9. Excessive moisture in system - expansion valve 
noisy. suction pressure low. 

10. Blower fan noisy - excessive wear in motor. 

To assist in determining why the air conditioning 
system is not operating at normal efficiency, the 
following pages summarize the common causes 
of improper cooling and provide corrective pro
cedures for each condition. 

To determine which conditions apply to a par
ticular complaint, conduct the diagnosis pro
cedure as follows: 
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DIAGNOSIS PROCEDURE 

1. Connect the manifold gauge set, see " Manifold 
Gauge Set Connections" . 

2. Operate the air conditioner to stabilize the 
system, see " Stabilizing the System. " 

3. Perform an operational test and compare actual 
gauge readings and indications with those listed 
under "Conditions". 

4. Note the trouble as listed under " Diagnosis" and 
make any additional tests as indicated. 

5. Perform all the repair procedures as indicated 
under " Correct ion", 

IMPORTANT: The high pressure gauge 
readings illustrated are for an ambient 
temperature of 95°F 135°C). If the temperature in 
the testing area is not the same, refer to the 
" PRESSURE TEMPERATURE RELA TlONSHIP" 
chart, shown below, for equivalent readings. 

PRESSURE - TEMPERATURE RELATIONSHIP 

Evaporator Temperature 

'F 'C psi 

-11 -23.9 4 
- 7 -21.7 6 
- 2 -18.9 8 

2 -16.7 10 
6 -14.4 12 

10 -12.2 14 
14 -10.0 16 
18 - 7.8 18 
20 - 6.7 20 
22 - 5.6 22 
24 - 4.4 24 
27 - 2.8 26 
~ - 13 ~ 

32 0 30 
36 2.2 35 

* 1-~ - - - - - ~:f - - - - :-
I 53 11.7 50 
I 58 14.4 55 
I 62 16.7 60 
I 66 18.9 65 

1Q 21.l 70 

low Pressure Gauge Reading 

bar 

0.28 
0.41 
0.55 
0.69 
0.83 
0.97 
1.10 
1.24 
1.38 
1.52 
1.66 
1.79 
1.83 
2.07 
2.41 -------
2.76 
3.10 
3.45 
3.79 
4.13 
4.48 
4.82 

kgf / cm' 

0.28 
0.42 
0.56 
0.70 
0.84 
0.98 
1.12 
1.26 
1.41 
1.55 
1.69 
1.83 
1.97 
2.11 
2.48 -------, 
2.81 I 
3.16 I 
3.52 
3.87 I 
4.22 I 
4.57 
4.92 I 

*NOTE: " Boxed" sections of charts indicate normal operating ranges. 
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Ambient Air Temperature High Pressure Gauge Reading 

'F 'C psi bar kgf / cm' 

60 15.6 95-115 6.6- 7.9 6.7- 7.9 
65 18.3 105-125 7.2- 8.6 7.4- 8.8 
70 21.1 116-135 8.0- 9.3 8.2- 9.5 
75 23.9 130-150 9.0-10.3 9.1 -10.6 . - - - - - -- - - - - - - - - - - - - - - -- - - ----. I 80 26.7 150-170 10.3-11 .7 10.6-12.0 I 

I 
85 29.4 165-185 11.4-12.8 11.6-13.0 
90 32.2 175-195 12.1-13.4 12.3-13.7 I 

I 95 35.0 185-205 12.8-14.1 13.0-14.4 I 
I 100 37.8 210-230 14.5-15.9 14.8-16.2 I 
I 

105 40.6 230-250 15.9-17.2 16.2-17.6 
__ 1.!Q.. ___ __ 43.3 ____ ~50-270 ____ 12:.2-.Jl!..6 ___ _ 12:.6-19.,Q J 

115 46.1 265-285 18.3-19.6 18.6-20.0 
120 48.9 280-310 19.3-21.4 19.7-21.8 

* NOTE: "Boxed" sections of charts indicate normal operating ranges . 

TEST CONDITIONS 

1. Tractor engine speed set at 1000-1200 rev / min . 

2. System fully charged. 

NOTE: Ambient air temperature readings are 
taken 2 in. (50 mm) in front of the condenser. 

1. NO COOLING 
LOW SIDE LOW - HIGH SIDE LOW 
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CONDITION 

1. Low side pressure too low. Gauge should read 
15-30 psi. 11.03-2.07 barl 11.05-2.11 kgf/cm'l. 

2. High side pressure too low. Gauge should read 
185-205 psi. 112.75-14.12 bar) 113.01-14.41 
kgf / cm') . 

3. Bubbles in s ight glass. 

4. Evaporator air not cold. 

DIAGNOSIS 

System Iowan refrigerant. May be caused by small 
leak . 

CORRECTION 

1. Leak test the system. 

2. Repair leaks . (Discharge the system, replace 
lines or components). 

3. Check compressor oil level. 

4. Evacuate the system. 

5. Charge the system. 

6. Performance test the system. 
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2. INSUFFICIENT COOLING 
LOW SlOE LOW - HIGH SlOE LOW 

CONOITION 

1. Low side pressure very low. Gauge should read 
15-30 psi. 11.03-2.07 bar) 11.05-2.11 kgf /em'). 

2. High side pressure too low. Gauge should read 
18!>-205 psi. 112.7!>-14.12 bar) 113.01 -14.41 
kgf/em'). 

3. No liquid or bubbles in sight glass. 

4. Evaporator air warm. 

DIAGNOSIS 

System refrigerant is extremely low. A serious leak is 
indicated. 

CORRECTION 

1. Leak test the system. 

NOTE: Give special attention to the compressor 
seal area. 

2. Discharge the system. 

3. Repair leaks. 

4. Check compressor oil level to assure no loss. 

5. Evacuate the system. 

6. Charge the system. 

7. Performance test the system. 

3. INSUFFICIENT COOLING 
LOW SIDE NORMAL - HIGH SIDE NORMAL 

CONDITION 

1. Low side pressure reading does not change. 
With a thermostatic control, pressure should 
drop until compressor cycles. 

2. High side pressure reading normal, but may 
range towards high. Should read 185-205 psi. 
112.75-14.12 bar) 113.01 -1 4.41 kgf/em') . 

3. Few or no bubbles in sight glass. 

4. Evaporator air not cold. 

DIAGNOSIS 

Non-condensables (air or moisture) present. System 
not fully charged. 

CORRECTION 

1, Leak test the system. 
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NOTE: Give special attention to the compressor 
seal area. 

2 , Discharge the system, 

3, Repair leaks, 

4, Replace the dehydrator and receiver, 

5. Check compressor oil level to assure no loss. 

6. Evacuate the system. 

7, Charge the system, 

8. Performance test the system . 

4, INSUFFICIENT COOLING 
LOW SIDE HIGH - HIGH SIDE LOW 

CONDITION 

1, Low side pressure reading too high , Should read 
15-30 psi, 11.03-2,07 bar) 11 ,05-2,11 kgficm'), 

2, High side pressure reading too low, Should read 
185-205 psi, 112,75-14,12 bar) 113,01-14.41 
kgficm'), 

3, No bubbles in sight glass Isystem fully charged). 

4, Evaporator air not cold, 
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DIAGNOSIS 

Internal leak in compressor caused by reed valves or 
gaskets leaking. Worn or scored pistons, rings or 
cylinders. 

CORRECTION 

1. Discharge system - disconnect and remove 
compressor, see compressor "Removal". 

2, Replace the compressor. 

3. Check compressor oil level. 

4. Evacuate the system. 

5, Charge the system lif evacuated). 

6. Performance test the system. 

5, INSUFFICIENT OR NO COOLING ENGINE 
OVERHEATS IN SOME CASES 
LOW SIDE HIGH - HIGH SIDE HIGH 

CONDITION 

1, Low side pressure reading too high, Should read 
15-30 psi, 11.03-2.07 bar) 11.05-2,11 kgficm'). 

2. High side pressure reading too high. Should read 
185-205 psi, 112,75-14,12 bar) 113,01-14,41 
kgf /c m'). 



CHAPTER 4 

3. Bubbles in sight glass occasionally. 

4. Liquid line hot . 

5. Evaporator air warm. 

DIAGNOSIS 

Lack of cooling caused by too high pressure on high 
side resulting from improper operation of condenser. 
IRefrigerant charge may be normal or excessive I. 

CORRECTION 

1. Check belt tension. Loose or worn drive belt 
could cause excessive pressures in the com
pressor head. 

2. Look for clogged passages between the fins and 
coil of the condenser. or other obstructions that 
could reduce the air flow through the condenser. 

3. If engine overheating is a symptom check the 
radiator fan and pressure cap for proper opera
tion . IAt this point, operate the system and 
check it's performance, if still unsatisfactory, 
proceed as follows. I 

4. Check for overcharge of refrigerant and correct 
as follows: 

lal Discharge refrigerant until bubbles appear in 
sight glass and both gauge readings drop 
below normal. 

Ibl Add new refrigerant until bubbles disappear 
and gauge readings are normal. Then, add 
(4-8 oz.11100·200 gms.1 refrigerant. IOperate 
the system and recheck the performance; if 
the gauge readings are still too high, proceed 
as follows. I 

5. Discharge the system. 

6. Remove the condenser, and clean and flush it to 
be sure a free flow of refrigerant , or, if the con· 
denser appears to be unduly dirty or plugged, 
replace it. 

7. Replace the dehydrator a.nd receiver. 

8. Evacuate and recharge the system. 

9. Performance test the system. 

6. INSUFFICIENT COOLING DURING 
HOTTEST PART OF HOT DAYS 
LOW SIDE NORMAL - HIGH SIDE NORMAL 

~
' 

, , 
. . .' . ~

.~ 
. ~) I . 
... t " ... 

CONDITION 

1. Low side pressure reading is normal 15-30 psi. 
11 .03-2.07 barl (1.05-2.11 kgf / cm' l, but it drops 
to a vacuum reading during testing. 

2. High side pressure reading is normal, approx
imately 205 psi. 114.12 barl (14.41 kgf/cm'l but it 
drops when low side reading shows a vacuum. 

3. Tiny bubbles in sight glass. 

4. Evaporator air is sufficiently cold until low side 
pressure gauge shows a vacuum reading, then it 
becomes warm. 

DIAGNOSIS 

Excessive moisture in system. Drying agent in 
dehydrator and receiver is saturated, and releases 
moisture during high outside air temperatures. This 
moisture collects and freezes in the expansion valve, 
thus preventing a flow of refrigerant through the 
evaporator. 
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CORRECTION 

1. Discharge the system. 

2. Replace the dehydrator and receiver. 

3. Evacuate the system. 

4. Charge the system. 

5. Performance test the system. 

7. INSUFFICIENT OR NO COOLING 
LOW SIDE HIGH - HIGH SIDE HIGH 

L _ _ __ 
CONDITION 

1. Low side pressure too high. Should read 15-30 
psi. (1.03-2.07 bar! (1.05-2.11 kgf/cm'). 

2. High side pressure too high. Should read 185-205 
psi. (12.75-14.12 bar) (13.01-14.41 kgf / cm'). 

3. Occasional bubbles in sight glass. 

4. Evaporator air not cold. 

DIAGNOSIS 

1. Air in system. This and the moisture in the air is 
contaminating the refrigerant, causing the 
system to operate improperly. 
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CORRECTION 

1. Discharge the system. 

2. Replace the dehydrator and receiver. 

3. Evacuate the system . 

4. Charge the system. 

o. Perto!mance test tne s~stem. 

8. INSUFFICIENT OR NO COOLING 
LOW SIDE HIGH - HIGH SIDE HIGH 

CONDITION 

1. Low side pressure. too high. Should read 15-30 
psi. (1.03-2.07 bar) (1 .05-2.11 kgf / cm'l. 

2. High side pressure too high. Should read 185-205 
psi . (12.75-14.12 bar) (13.01-14.41 kgf / cm'l. 

3. Evaporator air warm. 

4. Evaporator and suction hose (to compressor) 
surfaces show considerable moisture . 

DIAGNOSIS 

Condenser-evaporator expansion valve is allowing too 
much refrigerant to flow through the evaporator coils. 
Valve may be stuck open , or temperature sensing bulb 
may be mounted incorrectly. 



CHAPTER 4 

CORRECTION 

1. Check for sticking expansion valve or incorrect 
mounting of temperature sensing bulb. 

(a) Operate the system at maximum cooling. 

(b) Spray refrigerant on head of expansion valve 
and / or temperature sensing bulb. 

(cl Check low side gauge. It should show a 
vacuum reading. 

2. If the test (abovel shows that the expansion 
valve operation is satisfactory, proceed as 
follows: 

(a) Clean the surface of the evaporator outlet 
pipe and the temperature sensing bulb, and 
clamp the bulb to the pipe. 

(bl Operate the system and check performance. 

3. If test indicates that the expansion valve is defec
tive, proceed as follows: 

lal Discharge the system. 

(bl Replace the expansion valve. 

te) Evacuate the system. 

Idl Charge the system. 

(e) Performance test the system. 

9. INSUFFICIENT COOLING 
LOW SIDE LOW - HIGH SIDE LOW 

CONDITION 

1. Low side gauge reading too low. Should read 
15·30 psi. (1.03·2.07 barl 11.05·2.11 kgf / cm'!' 

2. High side pressure too low. Should read (185-205 
psil (12.75-14.12 barl 113.01 ·14.41 kgf / cm'!. 

3. Evaporator air cool, but not sufficiently cold. 

4. Expansion valve inlet pipe surface shows con
siderable moisture or frost. 

DIAGNOSIS 

Expansion valve is not permitting a sufficient flow of 
refrigerant . Causes include: valve stuck in restricted or 
closed position, valve screen clogged, or insufficient 
amount of refrigerant in temperature sensing bulb. 

CORRECTION 

1. Place finger on expansion valve inlet. If cold to 
touch proceed as follows: 

(a) Operate system at maximum cooling. 

(bl Spray refrigerant on head of valve andlor 
temperature sensing bulb. 

(cl Check low side gauge. It should show a 
vacuum reading. 

2. If the test labovel shows that the expansion 
valve is operating satisfactorily, clean the surface 
of the evaporator outlet pipe and the 
temperature sensing bulb and clamp the bulb to 
the pipe. 

3. If Step 1 indicates the valve is defective or if the 
valve inlet surface shows frost or heavy 
moisture, proceed as follows: 

(al Discharge the system. 

(b) Replace the expansion valve. 

4. After performing Step 3 above, proceed as 
follows: 

(a) Make sure temperature sensing valve is pro
perly mounted on the evaporator outlet pipe . 

(bl Evacuate the system. 

(cl Charge the system. 

5. Performance test the system. 
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10. INSUFFICIENT COOLING 
LOW SIDE LOW - HIGH SIDE HIGH 

CONDITION 

1. Low side pressure too low. Should read 15-30 
psi. 11.03-2.07 bar) 11.05-2.11 kgf / em'). 

2. High side pressure too high. Should read 185-205 
psi. 112.75-14.12 bar) (13.01-14.41 kgf / em'). 

DIAGNOSIS 

There is a restriction in the liquid line and / or 
dehydrator and receiver resulting in a "starved" 
evaporator (compressor removing refrigerant from the 
evaporator faster than it can enter) . 

CORRECTION 

1. Discharge the system. 

2. Replace the liquid lines, dehydrator and receiver, 
or other obstructed components. 

3. Evacuate the system. 

4. Charge the system. 

5. Pertormance test the system . 
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11 . COMPRESSOR CYCLES 
CUTS IN AND OUT) TOO RAPIDLY 
LOW SIDE HIGH - HIGH SIDE NORMAL 

CONDITION 

1. Low side pressure readings incorrect during ON 
and OFF compressor cycles or range between 
cycles incorrect . Readings should be: 
12-15 psi 10.83-1 .03 bar) 
(0.84-1.05 kgf / em') cycle OFF 
36-39 psi. 12.48-2.69 bar) 
12.53-2.74 kgf / cm') cycle ON 
24-28 psi. 11.66-1.93 bar) 
11.69-1.97 kgf / em') range between cycles. 

2. High side pressure normal. Should read 185-205 
psi 112.75-14.12 bar) 113.01 -14.41 kgf/ cm') . 

DIAGNOSIS 

Thermostatic switch is defective . 

CORRECTION 

1. Stop engine and shut off air conditioning 
system. 

2. Replace the thermostatic switch and be sure the 
capillary tube is installed in the correct position 
within the evaporator core . 

CAUTION: Tube is filled with refrigerant under 
pressure. Do not kink the capillary tube or bend it 
too sharply. 

3. Performance test the system and check the com
pressor cycles correctly. 
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B. CAB HEATING SYSTEM 
TROUBLE SHOOTING 

PROBLEM 

Blower Fans 
Inoperative. 

Insufficient Heat 
From System. 

POSSIBLE CAUSES 

1. Faulty circuit breaker. 
2. Faulty blower control 

switch. 
3. Faulty blower motor. 
4. Faulty key start switch. 

1. Heater shut-off valves 
closed. 

2. Temperature control valve 
stuck. 

3. Heater core dirty or 
plugged . 

4. Air filter dirty or plugged. 
5. Kinked or plugged heater 

hose. 
6. Blower fans loose on 

shaft. 

C. SPECIFICATIONS 

Compressor Oil Specification .............. . .......... . ESA-M2C31-A 
ESA-M17B2·A (R-12) 
4.0-4.5 lb. (1.81-2.05 kg) 
0.26 in. (6.5 mm) 

Refrigerant Specification . ........ . .. . . ... .. ... . .. .. ... . 
Refrigerant Charge .............. .. . .. . . •. . , . .. . . . . ... . 
Compressor Belt Deflection ........ . ... . .• .... . . .. ...... 

CLUTCH 
Drop Rod Length . . . . . . •. .•. . . . . . . . . . . . •. . . . . . . 34.6 in. 1879 mm) 
Free Travel ............. . . ...... .. .. . . .•. ....... . •.... 1.6 in . (40.6 mm) 

BRAKES 
Drop Rod Length ......... • . ................... 
Free Travel . ............ . .. . . . .. . .... . .. . 

35.0 in. (889 mm) 
1.5 in. (381 mm) 
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TORQUE SPECIFICATIONS 

Hose Clamp Retaining Bolts .......................•..•. 
Condenser to Mounting Bracket Retaining Bolts . ......... . 
Condenser Hose Connectors . ...................... . . . . . 
Compressor to Mounting Bracket Retaining Bolts .... .. .. .• 
Compressor Mounting Bracket Retaining Bolts ...... . .•..• 
Compressor Idler Pulley Bolt ............... . ........... . 
Compressor Clutch Wire Clip Retaining Bolt ......... ..... . 
Compressor Clutch Pulley Retaining Bolt ................ . 
Compressor Seal Plate Retaining Bolts ............. . . •..• 
Compressor Clutch Mounting Plate to Housing 
Retaining Screws .......................... . 
Compressor Valve Hose Connectors (High Pressure) . .. 

(Low Pressurel .. 
Dehydrator Mounting Retaining Bolts ....... .. .......... . 
Thermostat Assembly (High Pressure Cut Out Switch I 
Inlet Hose Connector . .................. _ ............. . 
Evaporator to Bracket Retaining Screws . .... _ . .......... . 
Evaporator Bracket Retaining Screws .... . . ........ . 
Evaporator Dutlet Tube to Outlet Coupling ... .. .......... . 
Expansion Valve Equalizing Tube to Evaporator Coupling ... . 
Expansion Valve Inlet Coupling .......... . .... . 
Expansion Valve Outlet Coupling .. . . . . . . . . . . .. . ....... . 
Expansion Valve Temperature Sensing Bulb Retaining Clamp 
Thermostatic Switch Retaining Nut . . ....... . . _ ......... . 
Heater Hose Clamp Screws . ........................ . .. . 
Heater Hose Clip Bolts .. . ................ . .... .. . .. .. . . 
Heater Radiator to Bracket Retaining Screws . . ........... . 
Heater Radiator Bracket Retaining Screws .. ............. . 
Heater Water Temperature Control Valve Retaining Screws . . 
Heater Blower Control Switch Locknut . . . . . . ...... . 
Cab 150-Mount Pad Bolts ..... . .. . ................ . ... . 
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Ib ft 

32 
~7 

26 
20-26 
20·26 
80-100 

14 
1~23 

6 

~7 . 5 

22-30 
35-45 
~7 

13 
~7 

5-7 
29 
13 
13 
25 
1.8 
22 
1.0 
8.0 
7.0 
7.0 
2.0 
2.0 
270 

Nm 

43 
7-10 
35 

27-35 
27-35 

108-136 
19 

20-31 
8. 1 

7-10 
30-41 
47-61 
7-10 

18 
7-10 
7-10 
39 
18 
18 
34 
2.4 
30 
1.5 
12.0 
10.0 
10.0 
3.0 
3.0 

Mkg 

4.4 
4.4 
3.6 

2.8-3.6 
2.8-3.6 
11.2-14 

1.9 
2.1·3.2 

0.8 

0.7-1.0 
3-4.2 

4.9-6.3 
0.7·1.0 

1.8 
0.7-1.0 
0.7-1.0 

4 
1.8 
1.8 
3.5 
0.25 
3.1 

0.13 
1.0 
1.0 
1.0 
0.3 
0.3 
37.5 



Tool No. 

2342 

0179 or 15037 
0172 or 40153 
0173 or 40069 
0174 or 10596 
0175 or 11001 
0176 or 12008 
0177 or 14326 
0178 or 10559 
0417 or 40083 
0171 
0855 or 14750 

6981 or 10550 

6386 or 10546 
8387 or 10545 
8388 or 10547 
6389 or 10548 
6390 or 10549 

CHAPTER 4 

D. SPECIAL TOOLS 

Description 

Air Conditioning Test Kit 
Consists of: 

Vacuum Pump 
Gauge and Manifold Set 
Charging Hose - 84 in. 12.1 ml 
Thermometer 8 in. 1203 mml Stem 0-90"C 1O-200"FI 
Refrigerant Dispensing Can Valve 
Plastic Goggles 
Metal Storage Box 
Ratchet Wrench 
Gasket Pack 
Gas leak Detector - Propane Torch* 
Gas leak Detector - Electronic 

Compressor Tool Kit 
Consists of: 
Clutch Spanner Wrench 
Oil Dipstick 
Seal Installer and Seal Plate Aligner 
Clutch Removing Bolts 
Compressor Seal Puller 

*NOTE: The Propane torch leak detector may not be approved for use in certain locations. Check local safety regula
tions. 
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