Testing And Adjusting

Introduction
NOTE: For Specifications with illustrations, make reference to SPECIFICATIONS for 225 EXCAVATOR
HYDRAULIC SYSTEM, Form No. SENR7734. If the Specifications are not the same as in the Systems
Operation and the Testing and Adjusting, look at the printing date on the back cover of each book. Use the
Specifications given in the book with the latest date.

Troubleshooting

Hydraulic oil, under pressures that can be higher than 41 500 kPa (6000
psi) can remain in the hydraulic systems on this machine after the
engine and pump have been stopped. Serious injury can be caused if
this pressure is not released before any service is done on the hydraulic
system. To prevent possible injury, refer to section, RELEASING
PRESSURE IN THE HYDRAULIC SYSTEM, before any fitting, hose
or component is loosened, tightened, removed or adjusted.
When possible, the bucket must always be lowered to the ground before
service is started. When it is necessary for the boom to be raised while
tests or adjustments are done, be sure that boom and stick have correct
support and the bucket is in the full open position.
Always move the machine to a location away from the travel of other
machines. Be sure that other personnel are not near the machine when
the engine is running and tests or adjustments are being made.

During a diagnosis of the hydraulic system, remember that correct oil flow and pressure are necessary for
correct operation. Pump output (oil flow) is a function of engine speed (rpm). Oil pressure is caused by
resistance to the flow of oil.
Visual checks and measurements are the first steps when troubleshooting a possible problem. Then do the
Operation Checks and last the Instrument Tests.
Use the 5S5123 Hydraulic Test Group, a stop watch, a magnet and a mm (inch) ruler for basic tests to
measure the following:
1. The opening pressure of the relief valve for the main system and the opening pressure for each of
the line relief valves in the individual circuits. Relief valve pressures that are too low will cause an
increase in the cycle time of the travel, swing and boom characteristics of the machine. Opening
pressures that are too high will cause a decrease in the service life of hoses and components.
2. Drift rates in the boom, stick and bucket circuits. Circuit drift (drifting) is caused by leakage past
cylinder pistons, O-rings, check valves or make-up valves that do not seat correctly. Wear or poor fit
of spools in the main control valves will also cause drifting.
NOTE: If the drifting is in a direction opposite to normal drift, it is a good indication that the leak is
on the pressure side of the control valve.
In the swing and travel circuits, a ready check of the condition of the motors can be made by an
accurate measure of the case drain flow.
3. Cycle times for each of the circuits, boom, stick bucket, swing and travel. Cycle times that are
longer than shown in the specifications, (See the 225 HYDRAULIC SYSTEM SPECIFICATIONS,
Form No. SENR7734) are the result of leakage, pump wear, pump speed (rpm) or the angle of the
swashplate in the pump is not correct. (The control system for the pumps does not have correct
adjustment).
4. Pilot system operation. Since the pilot system controls the movement of spools in the main control
valves, it is important the pressure and flow of oil from the gear-type pump be according to
specifications. The pressure in the pilot system is controlled by the pilot system is controlled by the
pilot relief valve.
5. Pump signal pressure (See CHECK OF PUMP CONTROL SYSTEM). Correct pilot pressure does
not mean that the signal pressure for control of the pumps is also correct. If the adjustment on the
summing valve is not correct, the signal pressure to the pumps will not be according to specifications.
If the basic testing gives an indication of circuit leakage, additional testing is necessary.
The right track, bucket and boom controls are connected in a series arrangement in the control valve with
three stems. The swing, left track and stick controls are connected in a series arrangement in the control
valve with five stems. The other two stems in the five stem valve are the boom and stick crossover valves.
The boom crossover valve works with the pilot valve for boom control to send rear pump flow to the main
control valve for the boom during boom RAISE. The stick crossover valve works with the pilot valve for
stick control to send front pump flow to the main control valve for stick during stick (OUT) operation.
The three stem valves operate an oil from the front piston pump. The five stem valves operates on oil from
the rear piston pump. Each of the circuits has a load check valve to prevent cylinder drift during valve spool
movement. Each circuit also has a make-up valve for each end of the cylinders and motors and there is a line
relief valve for each of the circuits.

Visual Checks

A visual inspection of the system is the first step when troubleshooting a problem. Make the inspection with
the engine off and the implements lowered to the ground.
1. Check the level of the oil in the hydraulic tank. Slowly loosen the tank filler cap and release the pressure
before the cap is removed.
2. Remove the filter element and check it for materials that give an indication of damage to a component.
3. Inspect all lines and connections for damage or leaks.
4. Inspect control linkage for bent, broken or damaged components.

Checks During Operation
The checks during operation can be used to find leakage in the system. They can also be used to find a valve
or pump that is not working correctly. The speed of rod movement or the torque on a motor can be used to
check the condition of the cylinders, motors and the pumps.
Raise and lower the boom. Move the stick in and out. Open and close the bucket. Move the swing control for
swing right and swing left. Do each of these operations several times.
1. Watch the cylinders on the boom, stick and bucket as they are extended and retracted. Movement must be
smooth and regular.
2. Listen for noise from the pumps.
3. Listen for the sound of the relief valves when they open. The relief valve for the boom, stick and bucket
circuits must open at 24 800 ± 1030 kPa (3600 ± 150 psi). The relief valve for the swing circuit must not
open until the swing circuit pressure reaches 17 000 ± 1030 kPa (2500 ± 150 psi).
NOTE: The relief valve for the track circuit must open at 27 500 ± 1030 kPa (4000 ± 150 psi).

Troubleshooting
When troubleshooting a problem in the hydraulic system, keep the basic facts that follow in mind.
1. The main control valves for the right track, bucket and boom are connected in series and make the
three stem valve group. They get their supply of oil from the front axial piston pump. Since the three
valves are connected in series, the oil flow goes through the track valve first, then the bucket valve, the
boom valve and finally through the stick crossover valve. This means that if the track valve is fully
open, there is no oil going to the other three valves. Therefore, the bucket and the boom cannot be
used when the machine is traveling at full speed. The same is true of the boom and stick crossover
when the bucket valve is fully open. The right track still has priority. If the track valve is only open
part way, then part of the oil will go to the track and the rest is available to operate the bucket or boom
or to send to the stick for two pump operation. The track and the implement will operate at reduced
speed under conditions of partial flow.
2. The main control valves for swing, left track, stick and boom crossover are connected in series and
make the control valve with five stems. They get their supply of oil from the rear axial piston pump.
Like the valve with three stems, the oil flow in the valve with five stems goes through the swing valve
first, then the right track valve, the stick valve and finally the boom crossover valve. The swing valve
has priority, then the track valve, the stick valve and the boom crossover valve. Their operation is the
same as the valve with three stems.

3. All eight valves are actuated by pilot pressure from the pilot control valves. The design of the pilot
valves is such that it is possible to modulate the main control valves with pilot pressure.
4. Since the track brakes are activated by spring force, it is necessary for the brake valve to release
them before the machine can be moved.
5. An increase in load on an implement can cause the piston pumps to decrease their output. This is
done by a signal that is sent to both pumps that causes them to "stroke back" (change the angle of the
swashplate toward minimum). The signal to the pumps comes from the summing valve when there is
an increase in load on an implement.
6. In order to be sure that the correct signal pressure is sent to the piston pumps, the setting of the
pressure in the pilot system must be correct. Pilot pressure is adjusted by changing the quantity of
shims in the relief valve for the pilot system. When measured at the pressure tap under the cab, the
pilot pressure must be 2300 ± 170 kPa (335 ± 25 psi).
7. If there is a problem of power that is common to all operations, check the pump control system.
(See CHECK OF PUMP CONTROL SYSTEM).
PROBLEM: A reduction in the rpm of the engine (to near stall) when the load on the hydraulic
system is increased.
This condition can only happen when the piston pumps do not stroke back and there is no reduction in their
output. It can be caused by:
1. Low pressure setting in the pilot system. (Check the setting of the relief valve for pilot system
pressure).
2. Low horsepower output from the engine.
3. The actuator or servovalve in one or both of the piston pumps has been damaged.
4. The setting of the summing valve is too low.
PROBLEM: The time needed (cycle time) to extend or retract all cylinders is more than shown in the
specifications.
There are several things that can cause this type of problem.
1. The high idle setting of the engine is too low. This will cause a reduction in the output flow of the
pumps.
NOTE: The full load engine rpm is the speed at which maximum horsepower transfer is available.
Full load engine speed (rpm) is changed by adjustment of the high idle setting.
2. The setting for opening pressure of the relief valve in the pilot system is not correct.
3. Both piston pumps are damaged.
4. The swashplates in the implement pumps are at a minimum angle. (See CHECK OF PUMP
CONTROL SYSTEM).
PROBLEM: The time needed (cycle time) to extend or retract only one cylinder is more than shown in
the specifications.
The cause for this type of problem will be found in the specific controls of the circuit in which it has
happened.
1. Check the linkage between the control lever and the pilot valve. Be sure it is connected correctly
and not bent or damaged in any way.
2. There is possible damage to the spool or housing in the main control valve. When this type of
problem happens, it usually causes the loss of too much oil.
3. Check the cylinder for damage or leaking piston seals.

4. Check the front piston pump if the problem is in the boom or bucket circuits and the rear pump if
the problem is in the swing or stick circuits.
PROBLEM: with the engine running at full load rpm, there is not enough force or pressure at the
implements.
1. The relief valve pressure in the pilot system is too low. This will cause a condition of modulation in
the main control valves. There is not enough pilot pressure to move the spools in the main control
valves full travel.
2. The setting of the main relief valve is too low.
3. There is possible damage on the inside of the pump(s). It is not possible to get relief valve pressure.
(Check the flow from the case drain on the pump).
4. The setting on the summing valve is not correct.
PROBLEM: A large amount of air in the oil.
1. A leak in the oil line between the tank and the pump.
2. Failure to correctly bleed the hydraulic system after assembly, inspection or testing.
3. Operation is not correct; relief valve constantly opens and closes.
4. Leakage in and around cylinder seals.
PROBLEM: Pumps are too noisy.
Noise from the area where the pumps are located may not be coming from the pumps. When trying to find
the cause of noise in this area, be sure to check the pump drive. Noise from the pump drive will follow the
connecting shaft and housings and make it seem as through the noise is in the pump.
1. If all the pumps are found to be noisy, there is probably air in the oil (oil aeration).
2. If the noise is found to be in only one pump, it is probably caused by wear or damage to that pump.
PROBLEM: Hydraulic oil temperature is too high.
Oil temperature that is too high can be caused by many things. The removal of baffles in the control
compartment can let hot air move across the pumps and cooler. Operation of the machine with one or more
relief valves open longer than necessary. In addition, there can be:
1. Oil aeration (air mixed with the oil).
2. A restriction to the flow of cool air through the oil cooler. Ambient (outside) air temperature too
high.
3. A restriction that would keep the heat from the cooler from going into the surface air.
4. A restriction to the flow of oil through the cooler because the cooler flow control valve is being held
open.
PROBLEM: Hydraulic oil temperature is too low.
Low oil temperature can cause many problems. It can also be the cause of symptoms of other problems. The
temperature of the oil must be such that it flows through the lines and components freely. Low oil
temperature can be caused by:
1. The cooler flow control valve lets too much oil flow go to the cooler.
2. The cooler, tank and other hydraulic components do not have enough protection from low outside
temperature and/or winds.
PROBLEM: The modulation of all the implements is not normal.

The only part of the hydraulic system that is common to all implements is the pilot circuit. A defect in the
pilot system can keep the engine from working correctly, cause surging in the implement circuits and
prevent the correct operation of the piston pumps. Some of the causes of pilot system problems are:
1. Leakage in the system that prevents the pressure from going to 2300 ± 170 kPa (335 ± 25 psi).
2. The temperature of the oil is too low.
3. The opening pressure of the relief valve in the pilot system is too low.
4. Oil aeration (air mixed with the oil).
5. The pilot pump has been damaged or has too much wear.
PROBLEM: The modulation of one implement is not normal.
When the problem happens in only one circuit, the cause can usually be found in a component that is
common to that circuit only.
1. The linkage to the spool in the pilot valve that controls the implement is out of adjustment, bent or
not connected.
2. If the main control valve for the implements has just been assembled after repair, it is possible that
there is air in the cover over the end of the spool. (See PROCEDURE TO REMOVE AIR FROM THE
PILOT SYSTEM).
3. The spool in the main control valve does not move freely.
PROBLEM: The machine will not move when FORWARD or REVERSE pedals are pushed down.
Components in the track circuits are the front and rear piston pumps (one pump for each track motor), main
relief valve, line relief valves, swivel, motors, (one for each track), make-up valves, main control valves,
pilot control valves, overspeed valves and the overspeed damping orifice. The only components that are
common to both track motors are the main relief valve and the swivel. In addition, the track brake valve in
the pilot system is common to both tracks (a signal pressure from the track brake valve must release the
brakes before the machine can be moved). Make the checks that follow if the machine will not move in
either direction:
1. Pressure in the pilot system must be higher than 1790 kPa (260 psi) before the track brakes will
release.
2. The safety lever is in the SAFE position.
3. The stop has been turned in on the track brake valve and signal pressure can not release the track
brakes.
4. There is dirt in the track brake valve.
5. There is a bad seal in the brake line part of the swivel.
6. There is an object keeping the tracks from turning.
7. The dampening orifice is not plugged.
PROBLEM: The machine will move but has no steering.
The only component that can have a defect in this problem is the steering valve and linkage. Check the
linkage between the steering lever and steering valve. Be sure that it is adjusted correctly and not bent,
broken or disconnected. If there is no problem with the linkage, check inside the steering valve to be sure the
lever is connected.
PROBLEM: Too much drift in one of the hydraulic cylinders.
Leakage, in or around a component, is normally the cause of cylinder drift. In the stick and bucket circuits
are the main control valves, line relief valves, make-up valves and cylinders. In the boom circuit, in addition
to the same components used in the other two circuits, there is the boom vent valve, and the boom check and
relief valve. Following are some of the causes of drifting to be found in these circuits:

1. Leakage in and around the seals on the pistons in the cylinders.
2. Leakage past a line relief valve or make-up valve in the main control valve for the circuit with drift.
3. The spool in the main control valve is not correctly centered. This problem can be caused by a
broken spring or sticky valve spool.
4. There is a small amount of pilot pressure at the end of the spool in the main control valve. This
causes the spool to be off-center and leakage will let the cylinder drift. (Check the pilot control valve).
5. If the drift problem is in the boom cylinders, the cause can be any of those above. In addition, the
cause can be in the boom vent valve or the boom check and relief valve.
PROBLEM: The boom will not raise or lower, but all of the other implements operate correctly.
The same components that cause cylinder drift will also cause this problem.
1. The spool in the boom vent valve is stuck. This will cause the boom check valve to be blocked and
will not let head end oil go out of the cylinder for boom LOWER.
2. There is no movement by the spool in the main control valve. This can be caused by a defect in the
spool or body of the valve.
3. Control linkage between the lever and pilot valve for the boom is disconnected, bent or out of
adjustment.
PROBLEM: The oil level in the compartment of the final drive is too high.
1. Too much oil has been added to the compartment.
2. There is oil leakage from the track motor.
3. There is oil leakage from the track brake.
PROBLEM: The oil level in the compartment of the pump drive is too high.
1. There has been too much oil added to the compartment.
2. Leakage from one or both of the piston pumps. It is possible for oil to get past the seals in the pump.
PROBLEM: When the control valve for the boom or stick is activated, the implement (boom or stick)
moves with a surge.
1. The summing valve is not working correctly.
2. There has been a change in the horsepower output of the engine.
3. The line from the summing valve to the pumps is not open.
PROBLEM: Line relief valves are noisy.
1. The setting of the relief valve is too low.
2. The setting of the main relief valve is too high.

Testing And Adjusting
Machine Performance Checks
An analysis of the engine rpm during specific load conditions is an important aid in troubleshooting
problems.
For the tests that follow, put the governor control at its maximum setting.

Analysis
NOTE: The engine rpm information given is to be used as a guide only. As will be seen later, the actual rpm
may vary between machines.
In an analysis of machine performance, comparison of engine rpms under different conditions of loading is
of very little value. There are conditions however, when a change in engine rpm can be an indication of the
cause of a problem.
1. Pilot pressure must always be according to specifications.
If the pilot pressure is less than specifications, it will not be possible to get maximum signal from the
summing valve to the pump servovalves. This means that the pumps would not stroke back (change
angle) to minimum displacement. Under this condition the engine rpm will go below full load rpm
whenever it is loaded.
2. Axial piston pump displacement must always be the same.
Output from the pumps must always be the same for each pump. This means that the signal pressure to
each of the pumps must be the same. Servovalve adjustment must be such that output from one pump
is the same as from the other. If the signal to each pump is the same, then the cause for the difference
in output is probably a difference in the setting of the maximum angle stops. This can be seen in a
difference in rpm between Tests 2 and 3. It will also make a difference in Test 4. Use the cycle times
to check on the flow from the pumps.
3. Maximum machine performance and efficiency are possible only when there is a balance between
horsepower needed to do the job and horsepower available from the engine. If both of the axial piston
pumps were operated under conditions of maximum flow (output) and pressure, the horsepower
needed would be approximately 2.3 times the amount available from the engine. If some way to
control the load on the engine was not installed on the machine, the engine would lug to a stop. The
pump control system is designed to keep an exact relationship between engine rpm, pump discharge
pressure and pump flow output (swashplate angle) times.

Make reference to WARNING on first page of EXCAVATOR
HYDRAULIC SYSTEM TESTING AND ADJUSTING section.
Use high pressure testing equipment only. Pressure can be more than 31
000 kPa (4500 psi).

Adjustment Of Relief Valve In Main System Oil

PRESSURE TAPS FOR PRESSURE OF MAIN SYSTEM
1. Location of pressure tap for circuits of rear pump supply. 2. Location of pressure tap for circuits of front pump supply.

Use Steps 1 through 9 to check and make adjustment of the opening pressure of the relief valve in the main
system oil.

RELIEF VALVE FOR MAIN SYSTEM OIL
3. Relief valve.

1. Install pressure gauge in location (1) and/or (2).
2. Screw the plunger in on the track brake valve until the spool is blocked.
3. Start the engine.
4. Move the hand lever for control of stick movement to the STICK OUT or IN position and hold it there
after the stick cylinder is either fully extended or retracted. The oil pressure at location (1) must be 24 800 ±
1030 kPa (3600 ± 150 psi).
5. Move the hand lever for control of boom movement to the BOOM RAISE or LOWER position and hold it
there after the boom cylinders are either fully extended or retracted. The oil pressure at location (2) must be
24 800 ± 1030 kPa (3600 ± 150 psi).

CROSS-SECTION OF THE TRACK BRAKE VALVE
4. Plunger.

6. If the oil pressures at locations (1) and (2) are not the same, make an inspection of the check valves in the
combiner valve.
If the oil pressures at locations (1) and (2) are less than 23 700 kPa (3450 psi) or more than 25 800 kPa
(3750 psi), remove cover (7) and add/or remove shims (8). Each 0.12 mm (.005 in.) shim will change the
opening pressure approximately 310 kPa (45 psi). Add shims for a higher opening pressure and remove
shims for a lower opening pressure.
7. Push down on either of the foot pedals for machine travel. The oil pressure at locations (1) and (2) must be
27 500 ± 1030 kPa (4000 ± 150 psi).
8. If the pressure is less than 26 500 kPa (3850 psi) or more than 28 500 kPa (4150 psi), add or remove
shims (8).
9. Unscrew the plunger in the track brake valve until the spool operates normally.

Adjustment And Check Of Line Relief Valves

COMBINER AND MAIN RELIEF
5. Plug. 6. Spool. 7. Cover. 8. Shims.

Make reference to WARNING on first page of the TESTING AND
ADJUSTING section.
Extreme caution must be used when testing the line relief valves. These
valves are set to open at 33 000 kPa (4800 psi) except the track circuits
which are set to open at 38 000 kPa (5500 psi). Under conditions of
tolerance build-up these pressures can exceed 42 880 kPa (6200 psi).
The procedure that follows is to be used only if it is absolutely
necessary.

When testing the line relief valves, spool (6) must be put in its reverse position.
Remove plug (5) and spool (6). Install spool (6) end for end (reverse position to that shown) and install the
plug. This stops the oil flow to the pilot valve. The oil pressure in each circuit is now limited by the line
relief valve in that circuit.
1. Move the hand lever for control of boom movement to the BOOM RAISE position and hold it there after
the boom cylinders are fully extended. The oil pressure at location (2) must be 33 000 ± 1380 kPa (4800 ±
200 psi), the opening pressure of the line relief valve in the boom check and relief valve.
If it is necessary to test the line relief valve for boom LOWER, remove it and install it in one of the other
circuits. DO NOT USE THE BOOM LOWER CIRCUIT FOR TESTING. The opening pressure must be 33
000 ± 1380 kPa (4800 ± 200 psi).

2. Move the hand lever for control of bucket movement to the BUCKET OPEN position and hold it there
after the bucket cylinder is fully retracted. The oil pressure at location (2) shows the opening pressure of the
line relief valve in the outer end of the bucket control valve. The opening pressure must be 33 000 ± 1380
kPa (4800 ± 200 psi).
Move the hand lever for control of bucket movement to the BUCKET CLOSE position and hold it there
after the bucket cylinder is fully extended. The oil pressure at location (2) shows the opening pressure of the
line relief valve in the inner end of the bucket control valve. The opening pressure must be 33 000 ± 1380
kPa (4800 ± 200 psi).
3. Screw plunger (4) in on the track brake valve until the brake valve spool is blocked.
4. Push down on the pedal for FORWARD travel and hold it down. Move the hand lever for control of
steering to full STEER LEFT position and hold it in that position. The oil pressure at location (2) shows the
opening pressure of the line relief valve on the outer end of the control valve for movement of the right
track. The oil pressure at location (1) shows the opening pressure of the line relief valve at the inner end of
the control valve for the movement of the left track.
5. Push down on the pedal for REVERSE travel and hold it down. Move the hand lever for control of
steering to full STEER RIGHT position and hold it in that position. The oil pressure at location (2) shows
the opening pressure of the line relief valve on the inner end of the control valve for movement of the right
track. The oil pressure at location (1) shows the opening pressure of the line relief valve at the outer end of
the control valve for the movement of the left track.
The opening pressure of all line relief valves tested in Steps 3 and 4 must be 38 000 ± 1380 kPa (5500 ± 200
psi).
6. Unscrew the plunger in the track brake valve until the brake valve spool operates normally.
7. Move the hand lever for control of stick movement to the STICK OUT position until the stick cylinder is
fully retracted and hold. The oil pressue at location (1) shows the opening pressure of the line relief valve at
the outer end of the stick control valve. Move the hand lever for control of stick movement to the STICK IN
position until the stick cylinder is fully extended and hold. The oil pressure at location (1) shows the opening
oil pressure of the line relief valve at the inner end of the stick control valve. The opening pressure of the
line relief valves must be 33 000 ± 1380 kPa (4800 ± 200 psi).
NOTE: Drop the swing lock pin into the LOCKED position.
8. Move the hand lever for control of swing movement to the SWING RIGHT position and hold. The oil
pressure at location (1) shows the opening pressure of the line relief valve for swing RIGHT. Move the hand
lever for control of swing movement to the SWING LEFT position and hold. The oil pressure at location (1)
shows the opening pressure of the line relief valve for swing LEFT. The opening pressure of the line relief
valves must be 17 300 ± 1030 kPa (2550 ± 150 psi).

LINE RELIEF VALVE (Example shown is from the line relief for swing)
9. Shims.

All line relief valves are the same except for the number of shims (9). One of the shims (9) will change the
opening pressure of the line relief valve 785 kPa (114 psi) in all cases except the swing. One shim in the line
relief for swing will change the opening pressure 840 kPa (122 psi).

Adjustment Of Relief Valve In Pilot System
Use steps 1 through 4 to check and make adjustment of the relief valve in the pilot system.
1. Install pressure gauge at location (1).
2. With the engine running between 1000 rpm and high idle, the pressure at (1) must be 2300 ± 170 kPa (335
± 25 psi).

TEST LOCATION FOR PRESSURE OF PILOT SYSTEM
1. Location for pressure gauge.

CROSS-SECTION OF RELIEF VALVE
3. Cover. 4. Shims.

RELIEF VALVE FOR PILOT SYSTEM
2. Relief valve.

3. If gauge indication is less than 2120 kPa (310 psi), remove cover (3) and add to shims (4). Each shim
changes the opening pressure approximately 129 kPa (18.5 psi).
4. If gauge indication is more than 2470 kPa (360 psi), remove cover (3) and remove from shims (4).

Testing The Control Valves For Speed And Direction
Valves (1) and (3) give modulation for the rate of oil flow to the track motors. (See SPEED AND
DIRECTION CONTROL in SYSTEMS OPERATION).
Use the steps that follow to test the outlet pressures to the control valves for oil flow to the track motors.
1. Screw the plunger in on the track brake valve until the spool is blocked.

CONTROL VALVE FOR SPEED AND DIRECTION
1. Valve for control of movement in the REVERSE direction. 2. Valve for control of steering. 3. Valve for control of movement in
the FORWARD direction.

CROSS-SECTION OF CONTROL VALVE FOR SPEED AND DIRECTION
4. Plunger. 5. Plunger. 6. Shims. 7. Shims.

2. Install pressure gauges in the covers on the ends of the stems of the main control valves for track
movement.
3. With the engine running, push plunger (4) of valve (1) down 7.9 mm (5/16 in.). The pressure at the inner
(tang) end of the stems of the control valves for right track and left track movement must be 1200 ± 28 kPa
(175 ± 4 psi). If the pressures are not the same, check the oil lines to the control valves for restriction.
If the pilot pressure to the control valves is less than 1175 kPa (171 psi) or more than 1228 kPa (179 psi),
make an adjustment by adding or removing shims (6). Each 0.13 mm (.005 in.) shim will change the
pressure of the pilot oil to the control valves 12 kPa (1.7 psi). Add shims to increase the pressure. Remove
shims to decrease the pressure.
When plunger (4) is pushed down to its full travel, the oil pressure to the control valve must be 2300 ± 170
kPa (335 ± 25 psi).
4. Do Step 3 again and use plunger (5), in valve (3), for oil pressure to the outer (spring) end of the stems of
the control valves for right track and left track control. Use shims (7) to make adjustment of oil pressure.
5. With plunger (4) pushed down to its full travel, move the hand lever for control of steering to the left, one
half the distance of its full travel. The pressure of the oil to both ends of the spool for left track movement
and the outer end of the spool for right track movement must be approximately 2300 kPa (335 psi).
Move the lever for steering control to the left to the limit of its full travel. The pressure of the oil to the inner
end of the spool for left track movement and the outer end of the spool for right track movement must be
approximately 2300 kPa (335 psi).
6. With plunger (5) pushed down to its full travel, move the hand lever for control of steering to the right,
one half the distance of its full travel. The pressure of the oil to both ends of the spool for right track

movement will be near zero and the pressure of the oil to the inner end of the spool for left track movement
will be approximately 2300 kPa (335 psi).
Move the lever for steering control to the right to the limit of its travel. The pressure of the oil to the outer
end of the spool for right track movement and the inner end of the spool for left track movement must be
approximately 2300 kPa (335 psi).
7. Unscrew the plunger in the track brake valve until the spool operates normally.

Flushing Procedure
See Special Instruction, SMHS6936, PROCEDURE TO FLUSH AND CLEAN EXCAVATOR
HYDRAULIC SYSTEMS.

Test Of A New Machine For Correct Pump Control Adjustments
1. Connect the positive lead from the 6V3030 Multimeter to the 12 volt terminal of the 24 volt battery group.
2. Set the multimeter on the 20 volt scale.
3. Touch the negative lead from the multimeter to the machine frame. The meter must read 12 to 14 volts.
4. Connect the negative lead from the multimeter to the brass terminal post on the governor.
5. Start the engine and pull the governor control lever into the HI IDLE position.
6. Get the temperature of the oil to 49 to 71 ° C (120 to 160°F).
7. Move the safety lever to the OPERATE position. Move the bucket to the CLOSED position (bucket
cylinder fully extended). Move the stick to the OUT position (stick cylinder fully retracted).
8. Slowly, and at the same time, move the stick control lever to the OUT position and the bucket control
lever to the CLOSED position. There must not be a voltage reading on the multimeter.
9. If there was no voltage reading on the multimeter, remove the multimeter. The machine has the correct
adjustments.
10. If there was a voltage reading on the multimeter, do the following procedure.

Adjustment Procedure For the Pump Control System

SUMMING VALVE
1. Summing valve.

SERVOVALVES
2. Servovalves (two).

There are three valves used in the adjustment of the pump control system: the summing valve (1) (part of the
main relief-combiner valve group) and the servovalves (2) (one in each of the implement pumps). The
summing valve sends a signal to the pumps (servovalves) whenever there is a load on one or more of the
implements. The amount of signal pressure increases as the load increases. Both the summing valve and the
servovalves are adjustable.
The procedure that follows will give the correct setting for each of these valves. This will then give the
correct hydraulic horsepower for operation of the machine. The procedure must be used whenever there is a
change in engine horsepower or when a new summing valve or pumps has been installed.
NOTE: All tests made on the pump control system must be made with accurate gauges. Heat the hydraulic
system until the oil is 54 to 65°C (130 to 150°F). it may be necessary to stop the flow of air through the
cooler in order to get the correct temperature for testing.

Adjustment of Pump Controls
6V3079 Hose Assembly.*6V4142 Nipple.*6V4143 Coupler.*6V3030 Multimeter.FT1612 Wrench.2-25 foot
long - 22 gauge wire with small clips.2 - 5P7336 Bolts (9/16 - 18 thread) 467.4 mm (18.4 in.) long.
*

Use pipe sealer and put these items together.

Adjustment Procedure
1. Put the machine on a level surface. Swing the boom around until it is over the track motors. Put the swing
pin in the LOCKED position.
2. Raise the boom, put the stick in full out position and the bucket in fully closed position.
3. Lower the boom until the bucket is on the ground.
4. Put the safety valve in the SAFE position and leave it in this position for the rest of the test.
5. Stop the engine.
6. Check the level of the hydraulic oil in the tank. It must be above the ADD mark.

Installation of Tools and Preparation of the Machine

VOLTMETER CONNECTION AND TEST Connection point for 12 volts

1. Connect the positive lead from the multimeter to a 12 volt terminal of the 24 volt battery group.
NOTE: Use one of the 25 foot wires.
2. Set the voltmeter on the 20 volt scale.
3. Turn the machine disconnect switch ON.
4. Touch the negative lead from the voltmeter to the machine frame. The meter must read 12 to 14 volts.
5. Use the second 25 foot wire and connect the negative lead from the voltmeter to the brass terminal post on
the governor.

CONNECTION OF BRASS TERMINAL ON GOVERNOR

6. DO NOT START THE ENGINE.
7. Pull the governor control lever to the rear (wide open). Then push it forward (shut off).
8. Multimeter must read 12 to 14 volts with governor control wide open and zero with the governor control
closed.
NOTE: If the multimeter reads full scale when the governor control is in the shut off position, hit the
governor housing lightly. This will loosen the pin and lever inside the housing. If it does not, it will be
necessary to remove the housing cover and push the contractor pin down. The pin can be cleaned with steel
wool or fine grit emery paper.

LOCATION FOR CONNECTION OF PRESSURE GAUGE

PLUGS IN END HOUSINGS FOR STICK AND STICK CROSSOVER VALVES
1. Plug (stick crossover). 2. Plug (stick).

9. Connect a 52 000 kPa (7500 psi) pressure gauge in the pressure tap for the rear pump.
10. Remove plugs (1) and (2) from the end housings for the main control valves for stick and stick crossover.

5P7336 BOLTS INSTALLED IN END HOUSINGS

11. Install a 5P7336 bolt in each of the end housings.
12. Turn each of the bolts in until they touch the end of the valve spools.
13. Start the engine and pull the governor control lever to full open. Turn the bolt on the stick control valve
in (clockwise) until the valve spool stops. The pressure gauge must read 24 800 ± 1030 kPa (3600 ± 150
psi). Turn the bolt out until the pressure gauge reads 1200 kPa (175 psi) or less. Stop the engine.

SUMMING VALVE
3. Cap. 4. Locknut.

NOTE: Use the long hose assembly, coupler and nipple from the tool list to bring pressure gauge to the
other side of the machine.
NOTE: If the pressure gauge did not read 24 800 ± 1030 kPa (3600 ± 150 psi), check the accuracy of the
gauge or change shims in the main relief valve and do Step 13 again.
14. Remove cap (3) and loosen locknut (4) on the summing valve.
15. Use a 1/4 in. hex wrench and turn the adjustment screw out (counterclockwise) 4 or 5 turns. Tighten
locknut (4) to prevent a change in adjustment due to engine vibration.

CAPS OVER SERVOVALVE ADJUSTMENT SCREWS

16. Remove the caps from the adjustment screws on the servovalves.
17. Use a 3/16 in. hex wrench and turn the adjustment screw out (counterclockwise) until the screw is
against the stop. Always lock the adjustment screws to prevent changes due to engine vibrations.
NOTE: Shut the engine off.
18. Disconnect signal line (5) from the tee under the front pump (6). Put a 9S5518 Plug in the line. Do not
put a cap on the tee. Leave the servovalve port open to atmosphere.

SIGNAL LINE TO PUMPS
5. Signal line. 6. Front axial piston pump.

NOTE: A very small amount of oil will be lost from the open line. A large amount is an indication of a
leaky seal in one of the servovalves.
19. Start the engine and pull the governor control lever full open.
20. Get the temperature of the hydraulic oil to 49 to 71°C (120 to 160°F).
NOTE: Temperature gauge on instrument panel must be 1/4 to 1/2 into green temperature band.
Oil can be heated by turning the bolt on the stick control valve in (clockwise) until the pressure gauge reads
between 17 000 and 20 700 kPa (2500 and 3000 psi).
21. If used, remove the cardboard in front of the cooler after the gauge indicator is 1/4 into the green band.
Keep the governor control wide open and the temperature constant for the rest of the test. Turn the bolt on
the stick valve out (counterclockwise) when the oil reaches the desired temperature.

Finding the Balance Point of the Engine
22. Turn the bolt on the stick control valve in slowly until the voltmeter reads between 1.0 and 2.0 volts.
Write this pressure down. This is the balance point pressure. Turn the bolt out until the pressure gauge reads
less than 1200 kPa (175 psi).
23. Stop the engine.
NOTE: If the stick control valve comes up against the stop (main relief valve pressure will be read on the
gauge) before a 1.0 to 2.0 volt reading is obtained in the voltmeter, it is an indication of one or more of the
following problems.
a. Power setting on the engine is too high.
NOTE: This will result in fuel consumption that is too high.
b. Maximum swashplate angle, in the rear pump, is out of adjustment.
c. Pressure gauge in use is not accurate.
The problem(s) must be taken care of, if possible. If it is not possible, write down a balance point pressure of
22 400 kPa (3250 psi) or more.
If the balance point pressure is 18 600 kPa (2700 psi) or higher, connect the signal line back to the tee on the
front pump and go to Step 24.

If the balance point pressure is less than 18 600 kPa (2700 psi) check for one or more of the following
causes:
a. Machine is working at an altitude above 2286 m (7500 ft.).
b. Machine has one or more hydraulic attachments that get their oil from an auxiliary pump or from
the standard hydraulic circuit. (Power beyond from one of the main control valves).
c. Engine has been equipped with many attachments, (for example, an auxiliary electric power
generator, an air compressor, etc).
d. Machine is being used in areas of extreme temperatures of heat [above 38°C (100°F)] or cold
[below - 18°C (0°F)].
NOTE: When the outside (ambient) temperature is very cold it will be necessary to run the engine until the
hydraulic oil gets warm.
If any of these conditions are applicable, connect the signal line to the tee at the front axial piston pump and
go to Step 24.
If none of these conditions are applicable, a balance point pressure that is less than 18 600 kPa (2700 psi)
may be an indication of one of the following.
a. Fuel API is not correct.
b. Low engine power setting.
c. Fuel lines have air in them.
d. Governor linkage is not free to move.
e. High idle setting on the engine is not correct.
f. Pressure gauge is not accurate.
g. Other engine problems.
h. Bearings in pump drive are too tight.
The problem(s) must be taken care of, if possible. If it is not possible, the machine can be set so that the
engine does not lug and work can be done until it is possible to get the problem(s) fixed. The power settings
that are obtained under these conditions can result in slower machine movement and longer cycle times.
Connect the signal line to the tee at the front pump and proceed as follows.

Adjustment of Summing Valve Signal Pressure
24. If the balance point pressure is less than 22 400 kPa (3250 psi) go to Step 30.
25. If the balance point pressure is 3250 psi or higher, put pilot pressure to the main relief valve where the
line from the track brake valve enters. This can be done by connecting a line between the tee tap for the pilot
system and the line from the track brake valve and the main relief valve. Put a tee and line (from the 5P5224
Pressure Gauge Kit) on the tee tap for the pilot system. Disconnect the line between the track brake valve
and the main relief valve at the track brake valve. Install the coupler and nipple (from the tool list) in the line
to the main relief valve. Connect the two lines together. Put a cap on the track brake valve where the line
was removed.

Take the line from the top of the filter around the front of the hydraulic
tank away from the engine.

26. Start the engine and pull the governor control lever fully open.
27. Turn the bolt on the stick valve in (clockwise) until the spool is against the stop. The pressure gauge
must read 28 900 ± 1030 kPa (4200 ± 150 psi) [27 500 ± 1030 kPa (4000 ± 150 psi) on machines with serial
numbers 76U1317-76U1648].
28. Turn the bolt on the stick control valve out (counterclockwise) until the pressure gauge reads 1200 kPa
(175 psi) or less.
29. Stop the engine.
NOTE: Make adjustments to the main relief valve for the tracks, if necessary, and do Step 27 again.
30. Start the engine and pull the governor control lever fully open.
31. Turn the bolt on the stick valve in (clockwise) until the spool is against the stop.
32. Take the voltmeter under the machine and turn the adjustment screw on the summing valve in
(clockwise) until the voltmeter reads 1.0 to 2.0 volts. Lock the adjustment screw after adjustment is
complete.
33. Turn the bolt on the stick valve out (counterclockwise) until the pressure gauge reads 1200 kPa (175 psi)
or less.
34. Check the temperature of the hydraulic oil to make sure that it is not too hot [needle 3/4 (or more) of the
way into the green band]. If the oil is too hot, let the engine run at half throttle (all controls in neutral) until
the oil temperature is down to the desired range, (1/4 to 1/2 of the way into the green temperature band).

Pump Servovalve Spring Adjustments
35. Pull the governor control lever fully open.
36. Turn the bolt on the stick valve in (clockwise) until the spool is against the stop. Write down the reading
on the voltmeter.
37. Take the voltmeter around to the rear axial piston pump and turn the servovalve adjustment screw in
(clockwise) until the voltmeter reads 1.0 to 2.0 volts more than the voltage read in Step 36. Lock the
adjustment screw.
38. Turn the bolt on the stick valve out (counterclockwise) until the pressure gauge reads 1200 kPa (175 psi)
or less. Check the temperature of the hydraulic oil to make sure that it is not too hot. (See Step 34).
39. Pull the governor control lever fully open.
40. Turn the bolt on the stick crossover valve in (clockwise) until the spool is against the stop. Write down
the reading on the voltmeter.
NOTE: The value of this reading can be 0 volts.
41. Take the voltmeter around to the front axial piston pump and turn the servovalve adjustment screw in
(clockwise) until the voltmeter reads 1.0 to 2.0 volts more than the voltage reading in Step 40. Lock the
adjustment screw.
42. Turn the bolt on the stick crossover valve out (counterclockwise) until the bolt no longer touches the
spool.

Final Adjustment of the Summing Valve and Pump Servovalves
43. If the balance point pressure is 22 400 kPa (3250 psi) or less use 11 000 ± 690 kPa (1600 ± 100 psi)
pressue to load the rear pump in Steps 48 and 49. Go to Step 46.
44. If the balance point pressure is 3250 psi or more, stop the engine and disconnect the pilot pressure line
that was installed between the tee tap for the pilot system and the main relief valve. Connect the line
between the track brake valve and the main relief valve.
45. Turn the adjustment screw on the summing valve out (counterclockwise) 1/2 turn.
46. Turn the front and rear pump servovalve screws out (counterclockwise) one turn each to keep the engine
from lugging too much during the following steps. Lock the adjustment screw.
47. Start the engine and pull the governor control lever fully open. Check the temperature of the hydraulic
oil to make sure that it is not too high.
48. Turn the bolt on the stick crossover valve in (clockwise) until the spool is against the stop.
49. Turn the bolt on the stick valve in (clockwise) until the pressure gauge reads 15 900 ± 690 kPa (2300 ±
100 psi).
50. Take the voltmeter and the pressure gauge around to the front and rear axial piston pumps. Turn the
servovalve adjustment screw on each pump out (counterclockwise) an equal amount of turns until the
voltmeter reads 1.0 to 2.0 volts. Keep the pressure on the rear pump (bolt in the stick valve) adjusted to the
correct load pressure while the servovalves are being adjusted. Lock the adjustment screws.
51. Turn the bolt on the stick valve out (counterclockwise) until the bolt no longer touches the spool. The
pressure gauge must read less than 1200 kPa (175 psi).
52. Turn the bolt on the stick crossover valve out (counterclockwise) until the bolt no longer touches the
spool.
53. Stop the engine.
54. Turn the servovalve adjustment screws on each of the pumps out (counterclockwise) an equal number of
turns, as shown in the chart below.
55. Turn the summing valve adjustment screw out (counterclockwise) the number of turns shown in the chart
below.
NOTE: Use the balance point pressure to determine the number of turns for both the summing valve and the
servovalves.

Check of the Final Settings of the System
56. Remove the 5P7336 Bolts from the end of housings and install the plugs. Move the voltmeter to a
location where it can be seen from the cab.
57. Start the engine and pull the governor control lever to the full open position. Move the safety lever to the
OPERATE position. Move the bucket to the CLOSED position (bucket cylinder fully extended).
58. Slowly and at the same time, move the stick control to the IN position and the bucket control to the
CLOSED position. There must not be a voltage reading on the voltmeter.
59. If there was no voltage reading on the voltmeter in Step 58, remove the pressure gauge and voltmeter
from the machine. Install the caps on the adjustment screws for the servovalves and summing valve.
60. If there was a voltage reading on the voltmeter in Step 58, do the procedure again. Start at the beginning.
NOTE: This procedure can give hydraulic power settings that can cause the engine to lug below the balance
point during the first 5 to 15 minutes of operation after a cold start. This is normal and is caused by the loads
caused by cold oil. After the oil temperature increases, the engine will run normally.

Procedure To Remove Air From The Oil In The Pilot System
Pockets of air in the pilot system can cause problems. This air can cause modulation and movement of the
implements and motors that are not normal. After the source of the air leak is found and corrected, use the
procedure that follows to remove the air from the system.

MAIN CONTROL VALVES
1. through 7. Bleed valves for the release of air from the pilot system oil.

1. Install the swing lock pin and lower the boom assembly to the ground.
2. Turn the plunger on the track brake valve all the way in.
3. Start the engine and set the governor control to high idle.
4. Move the safety lever to the OPERATE position.
5. Move the control lever for swing movement to the bumper spring for swing RIGHT position and hold it
there.
6. Open bleed valve (7) one-half turn and make adjustment as needed to remove air from the housing.
7. Tighten bleed valve (7) when there is no more air in the oil flow from the bleed valve opening.
8. Move the control lever to NEUTRAL.
9. Do Steps 5, 6, 7 and 8 for swing LEFT using the bleed valve on the inboard end of the swing valve.
[Opposite bleed valve (7)].
10. Do steps 5, 6, 7 and 8 for bucket OPEN. Use the control lever for bucket movement and bleed valve (2).
11. Do steps 5, 6, 7 and 8 for bucket CLOSED. Use the control lever for bucket movement and the bleed
valve on the inboard end of the bucket valve. [Opposite bleed valve (2)].
12. Do Steps 5, 6, 7 and 8 for boom LOWER. Use the control lever for boom movement and bleed valve (1).
13. Do Steps 5, 6, 7 and 8 for stick OUT. Use the control lever for stick movement and bleed valves (4) and
(5).
14. Do Steps 5, 6, 7 and 8 for boom RAISE. Use the control lever for boom movement and the bleed valves
on the inboard end of the boom valve and the boom crossover valve. [Opposite bleed valves (1) and (4)].
15. Do Steps 5, 6, 7 and 9 for stick IN. Use the control lever for stick movement and the bleed valve on the
inboard end of the stick valve. [Opposite bleed valve (5)].
16. Push down on the right pedal and hold. Do Step 6 and 7. Use bleed valves (3) and (6).
17. Push down on the left pedal and hold. Do Steps 6 and 7. Use bleed valves on the opposite end of the
right and left track valves. [Opposite bleed valves (3) and (6)].
18. Turn the plunger on the track brake valve all the way out.

Release Of Pressure In The Hydraulic System
Release the pressure in the implement hydraulic circuits (boom, stick and bucket) before any hydraulic lines
or components are disconnected or removed. Follow this procedure.
1. Fully extend the rod in the stick cylinder.
2. Adjust the position of the bucket so that it will be flat on the ground when the boom is lowered.
3. Lower the boom until the bucket is flat on the ground.
4. Shut off the engine and put the lever for the safety valve in the SAFE position.
NOTE: Small valves (bleed valves) have been installed in the boom, stick and bucket circuits.
5. Move the control levers for boom, bucket, stick and swing to all positions. This will relieve any pressure
that might be present in the pilot system.
6. Slowly loosen the filler cap on the hydraulic tank and release the pressure.
7. Tighten the filler cap back on the hydraulic tank.
8. Slowly open the bleed valves in the lines to the boom, bucket and stick cylinders.
9. Tighten the bleed valves.
10. The pressure in the system has been released and lines and components can be removed.
NOTE: There are no bleed valves in either the swing or track circuits. Normally, any pressure that might be
trapped in these lines, will bleed off through the motors.

Track Adjustment Procedure.
1. Drive the machine forward in the direction of the idlers.
2. Stop when one track pin is directly over the front carrier roller.
3. The correct adjustment is 25 to 40 mm (1.0 to 1.5 in.) of sag in the track halfway between the front carrier
roller and the idler.

To prevent possible personal injury, never visually inspect the relief
valve to see if grease is coming out. Always look at the track to see if it
has become loose or tight. Open the relief valve one turn only.

NOTICE
If the dimension between the end of the track roller frame and the
flange on the idler hub (as shown) is less than 16 mm (5/8 in.) do not
adjust the track.

4. Remove the plate, covering the fill and relief valves, on the track roller frame.
5. If the track is too loose, add grease in the fill valve until the track sag is correct.
6. If the track is too tight, turn the relief valve counterclockwise one turn and let grease come out until the
adjustment is correct.
NOTE: It will be necessary to move the machine back and forth to get the pressure equal.
7. Check the adjustment again.
8. If the adjustment is correct, tighten the relief valve and replace the cover plate.

Check Of The Adjustment Of Pump Stroking Pressure
1. Disconnect the signal line from the summing valve at the front pump and install a 9S5518 Plug in the end
of the line. Leave the port in the pump open.
2. Install a hose, 0-4150 kPa (0-600 psi) gauge and a gate valve, between the outlet side of the filter for the
pilot system and the inlet signal port on the pump to be tested.

SCHEMATIC DIAGRAM OF TEST ARRANGEMENT

3. Disconnect the pilot line from the stick crossover valve spring (outer) housing and install a plug in the end
of the line. Leave the connector on the housing open.
4. Connect a flow meter between the rear pump "TEE TAP" and the return line adapter to tank.
5. Fully open the throttle. Move the stick control to the stick IN position (full open). Turn the load valve on
the flow meter in (clockwise) until the pressure gauge reads 13 800 kPa (2000 psi).
6. Slowly turn the gate valve open (counterclockwise) until pressure on the gauge reads 550 to 830 kPa (80
to 120 psi). Watch the flowmeter closely and write down the signal pressure when the flow through the
meter decreases by 4.0 liter/min (1.0 gpm). This is the stroking signal pressure for the front pump.
7. Move the flowmeter connection to the front pump. Move the bucket control valve to the full OPEN
position. Turn the load valve on the flowmeter IN (clockwise) until the pressure gauge reads 13 800 kPa
(2000 psi).
8. Do Step 6 again for the rear pump.
9. Check the stroking signal pressures for the two pumps against each other. Each of the signal pressures
must be 690 ± 35 kPa (100 ± 5 psi). There must be no more than 25 kPa (4 psi) difference between them. If
there is, adjust the shims on the middle spring on the servovalve of the pump that is farther from 690 kPa
(100 psi) until it is the same [± 25 kPa (4 psi)] as the other pump.

Adjustment And Check Of Swing Relief Valve
1. Carefully open the cap on the filler tube for the hydraulic tank. Let any pressure in the tank out and tighten
the cap.
2. Install a 0 to 41 500 kPa (0 to 6000 psi) pressure gauge in the pressure tap for the rear (swing) pump.

NOTE: Remove the plug with care because some oil will come out when it is removed.
3. Install the swing lock pin in the LOCKED position.
NOTE: If the pin does not drop into place, start the engine and move the swing control to the right or left
until it does.
4. Start the engine.
5. Get the temperature of the oil up to 49 to 65°C (120 to 150°F).
6. Move the swing control lever to the swing RIGHT position. Pressure must read 17 000 ± 690 kPa (2500 ±
100 psi).
7. Move the swing control lever to the swing LEFT position. Pressure must read 17 000 ± 690 kPa (2500 ±
100 psi).
8. Add or remove shims as necessary. Add shims to increase the pressure. Remove shims to decrease the
pressure. Each 0.18 mm (.007 in.) shim will change the pressure setting 840 kPa (122 psi).

Pump Leakage
After the pump control tests are complete, it is known that the output of the pump of pilot system oil is
correct, the operation of the control valves for pump signal is correct, the relief valve in the pilot system is
set correct and operation of the servovalves is correct.
If the output of any of the piston pumps is not according to specifications, it is probable that there is too
much wear inside the pump. Leakage from the drain openings is an indication of the conditions inside the
pump.
Disconnect one end of the drain line and let the drain go into a bucket. Measure the amount of leakage per
minute.
The chart shows permissible leakage rates:

Testing Outlet Pressure Of Pilot Oil From The Pilot Valves To The
Main Control Valves For Boom, Bucket, Stick And Swing
Movement

Modulation of the pressure for outlet oil from pilot control valves (1) and (4) controls the movement of the
stems in the main control valves for boom, bucket, stick and swing. The movement of the stems in the main
control valves controls the flow of main system oil to the cylinders or swing motor. Do the steps that follow
to test the pressure of the outlet oil from the pilot valves.
1. Install the lock pin to stop swing movement.
2. Install 0 to 4150 kPa (0 to 600 psi) pressure gauges in the covers on both ends of the main control valve
for stick movement.
3. With the engine running to keep pilot system pressure at 2300 ± 170 kPa (335 ± 25 psi), check the
pressure at the outer end of the stick control valve when spool (3) is moved up:
to contact bumper spring ... pressure must be 345 ± 105 kPa (50 ± 15 psi)
at 6.4 mm (.25 in.) ... pressure must be 1135 ± 140 kPa (165 ± 20 psi)

PILOT CONTROL VALVE FOR STICK AND SWING CONTROL
1. Pilot control valve for stick and swing movement. 2. Spool for control of swing movement. 3. Spool for control of stick
movement.

at full travel ... pressure must be 2300 ± 170 kPa (335 ± 25 psi)
Do Step 3 again with spool (3) moved down. Read the pressure at the inner end of the main control valve.

PILOT CONTROL VALVE FOR BOOM AND BUCKET CONTROL
4. Pilot control valve for boom and bucket movement. 5. Spool for control of boom movement. 6. Spool for control of bucket
movement.

4. Do Steps 2 and 3 for:
Spool (2) and main valve for control of swing movement.
Spool (5) and the main valve for control of boom movement.

Spool (6) and the valve for control of bucket movement.
There is no adjustment on the pilot valve to change the value of output pressure. If the pressures are not
correct from the pilot valve, check to be sure the spools have free movement for full length of travel. Check
for restrictions in drilled passages.

Adjustment Of Bearings In Pump Drive
5P2390 Gauge Tool Group.8S2328 Dial Test Indicator Group.XT-3 Hose. 38.1 mm (1.5 in.) long 25.4 mm
(1.00 in.) inside diameter.
(The hose is used on the outer gears only.)

5P2390 GAUGE TOOL GROUP

1. Put the pump drive in a position with the engine mounting side down.
2. Install the bearing cage on the center gear. Use a full shim pack.
NOTE: A shim pack has 8 shims 0.15 mm (.006 in.) thick, 1 shim, 0.81 mm (.32 in.) thick and 10 shims
0.05 mm (.002 in.) thick. Total thickness of pack is 2.54 mm (.100 in.)
3. Tighten bolts for bearing cage to 58 ± 7 N·m (42 ± 5 lb. ft.).

TIGHTENING 5P2390 TOOL GROUP IN GEAR

4. Install the 5P2390 Gauge Tool Group in the bore of the center gear. Upper part of knurled area must be
even with upper part of gear spline.
NOTE: If tool is installed too far, it will cause errors in the indicator readings.

5. Hold the tool in the center of the gear and tighten the nut on the end of the tool until the tool is held tight
in the gear.
6. Install the 8S2328 Dial Indicator so the stylus is in position on the end of the center shaft of the 5P2390
Gauge Tool Group.

SEATING FRONT GEAR BEARING

7. Hold the tool by the handles. Push down on the tool and turn the gear 90° in each direction six times. This
seats the front bearings.
8. Turn the dial indicator to zero (0).
NOTE: The indicator stylus must stay on the end of the shaft during the 90° rotations. If it does not, loosen
the nut on the tool and be sure it is centered. Set the dial indicator on zero again.
9. Hold the tool by the handle again. Pull up on the handle and turn the gear 90° in each direction six times.
This seats the rear bearing.
10. Carefully watch the indicator for the amount of upward travel measured on the dial. This is the total
amount of end play with the full shim pack.
11. From this indicator reading, take away 0.20 mm (.008 in.) to find the number of shims to remove from
the shim pack to get the correct 0.20 ± 0.05 mm (.008 ± .002 in.) end play adjustment.
12. Remove the tool, bearing cage and shim pack.
NOTE: Use a plastic hammer to loosen the center shaft of the tool to prevent damage.

SEATING REAR GEAR BEARING

13. Remove the shims that are not needed.

14. Install the bearing cage, seal and the rest of the shims. Tighten the bolts to 58 ± 7 N·m (42 ± 5 lb. ft.).
NOTE: The 5P2390 Gauge Tool Group can be used to set the end play on the pump drive gears for the 225,
235 and 245 Excavators. A piece of 1 inch (inside diameter) XT-3 hose 1 1/2 in. long is needed to adapt the
tool group for use on the two outer gears of the 245 Excavator.
15. Use the same procedure to set the end play of the remainder of the gears.
NOTE: The shim pack on the outer gears has 5 shims 0.15 mm (.006 in.) thick, 7 shims 0.13 mm (.005 in.)
thick and 8 shims, 0.05 mm (.002 in.) thick. Total thickness of shim pack is 2.06 mm (.081 in.).

Checking Pump Efficiency (Piston-Type Pump)
For any pump test, the pump flow, measured in U.S. gpm (liter/min) at 690 kPa (100 psi) will be larger than
the pump flow at 6900 kPa (1000 psi) at the same rpm.
The difference between the pump flow of two operating pressures is the flow loss.
Method of finding flow loss

Flow loss when expressed as a percent of pump flow is used as a measure of pump performance.
Example of finding percent of flow loss

If the percent of flow loss is more than 5, pump performance is not good enough.
*

Numbers in examples are for illustration and are not values for any specific pump or pump condition. See
SPECIFICATIONS for pump flow of a new pump at 100 psi and 1000 psi.

Test On The Machine
Install a 9S200 Flow Meter. (See Form REG01191, EXCAVATOR PUMP TEST). Measure pump flow at
100 psi (690 kPa) and at 1000 psi (6900 kPa) with engine at 2000 rpm.
Formula I:

Test On The Bench
If the test bench can not be run at 1000 psi at full pump rpm, run the pump shaft at 1000 rpm. Measure the
pump flow at 690 kPa (100 psi) and at 6900 kPa (1000 psi). Use these values in the top part of Formula II.
For the bottom part of the formula, run pump shaft at 2000 rpm. Measure the pump flow at 690 kPa (100
psi).
Formula II:

Hydraulic Troubleshooting Chart
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