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Power Transmission, Propulsion
Variable displacement hydrostatic propulsion pump
The hydrostatic propulsion pump is a variable displacement axial piston pump with a tilt swashplate. Reversing the direction 
of the tilt of the swashplate reverses the flow of oil from the pump, which reverses the direction of rotation of the motor 
output.
Two multi function valves are designed in the pump. These multi function valves incorporate a check valve, pressure limiter,
high pressure relief valve and a bypass function.
Charge oil pressure is directed to the displacement control valve internally in the pump. A travel lever is mechanically 
connected to the control lever on the pump, which is connected to the displacement control valve. As the operator moves 
the travel lever, the displacement control valve will move, directing charge oil pressure to the appropriate end of the servo
control cylinder. The servo control cylinder is connected to the pump swashplate, therefore movement of the servo cylinder 
will tilt the pump swashplate, changing the pump displacement. The position of the propulsion control lever to the “S” (Stop)
position, acts as a dynamic brake.

Basic closed circuit
The main ports of the pump are connected by hydraulic lines to the main ports of the motor. Hydraulic fluid flows in either
direction from the pump to the motor, then back to the pump in this closed circuit. Either of the hydraulic lines can be under 
high pressure. In pumping mode, the position of the pump swashplate determines which line contains high pressure as well 
as the direction of hydraulic fluid flow.

Charge pump
The hydrostatic pump contains an integral gerotor type, fixed displacement charge pump that is driven off the main pump 
shaft. The charge pump supplies cool, filtered oil to the hydrostatic circuit and keeps the circuit charged under low pressure 
to prevent cavitation.
A charge pressure filter is remotely mounted inside the battery box compartment. The charge pump also makes up for 
leakage in the hydraulic components necessary for cooling and lubrication. Charge pressure is also used to operate the 
pump control system, the brakes and the two speed function. The flow of charge oil from the pump to the charge filter is as 
follows. The filtered oil returns back to the pump to charge the closed loop. Charge pressure when the machine is stationary 
is limited by the charge relief valve located in the hydrostatic pump body.

NOTE!
Incorrect charge pressure settings may result in an inability to build required system pressure and/or inadequate loop 
flushing flows. Correct charge pressure must be maintained under all conditions of operation to maintain pump control 
performance and prevent damage to the components.

Case drain
The hydrostatic pump and motors have controlled internal leakage for lubrication purposes and to remove hot oil from the 
system. Case drain lines are required to direct this oil back to the hydraulic oil tank. These lines should be drained from the 
topmost drain port to ensure that the case remains full of oil. These lines must be unrestricted to prevent pressure build up
in the housing.

Drum drive motor
The drum drive motor is a variable displacement bi-directional cartridge motor with a minimum and maximum displacement 
setting. The motor has a hydraulically activated spool control which selects minimum or maximum swashplate angle for high 
and low speed. Low speed = maximum displacement (maximum swashplate angle); High speed = minimum displacement 
(minimum swashplate angle).

Rear axle drive motor
The rear axle drive motor is a variable displacement bi-directional cartridge motor with a minimum and maximum 
displacement setting. The motor has a two position electro hydraulic control which selects minimum or maximum 
swashplate angle for high and low speed. Low speed = maximum displacement (maximum swashplate angle); High speed = 
minimum displacement (minimum swashplate angle).



Loop flushing valve
The loop flushing valve is located on the inside frame rail on the right side of the machine under the operator's platform on 
the DX and F models equipped with the Traction Enhancement System. For models without the Traction Enhancement 
System, the loop flushing valve is located in the axle motor.
A loop flushing valve protects the system components by removing a controlled amount of hot oil and any contaminants 
from the hydrostatic closed loop. The loop flushing valve consists of a shuttle valve and a relief valve. Oil from the 
hydrostatic pump in either forward or reverse mode will exert pressure against the shuttle valve. This high pressure oil will
shift the shuttle valve cartridge spool so that a small percentage of the loop return oil will flow through the shuttle cartridge 
to the relief valve. The relief valve is set lower than the charge relief valve in the pump; therefore, the relief valve will open 
and direct a small percentage of the return loop to flow through the hydraulic oil cooler to the hydraulic oil tank. Charge 
pressure will be limited by the relief valve in the pump when the machine is not in motion. When the machine is in motion, 
charge pressure will be limited by the relief valve in the loop flushing valve.

Brake system
The machine is equipped with multi disc brakes. The rear axle has two multi disc brake units mounted internally on the 
output shafts. The drum drive torque hub has a multi disc brake system mounted internally on the input shaft. The brakes 
(rear and front) are spring applied and released by oil pressure (which must be sufficient enough to overcome spring 
pressure). Charge pressure from the main hydrostatic pump is used to release the brakes. Loss of engine power or loss of 
hydraulic pressure to the brake circuit, will allow the spring applied brakes to apply.

Hydraulic oil cooler
The oil cooler is located on the front of the engine radiator. The engine fan draws air through the hydraulic oil cooler then 
through the engine radiator. The hot oil flows through the many tubes inside the oil cooler and loses heat to the air flowing
around the tubes. The cooled oil flows out of the oil cooler and back to the hydraulic oil tank.

Thermal bypass valve
The thermal bypass valve is controlled both by temperature and pressure. It is used in the system to control the proper 
operating temperature of the oil and to prevent damage to the hydraulic oil cooler. If the temperature is below 60° C (140° 
F), the bypass valve will send the oil directly to the hydraulic oil tank. Between 60° C (140° F) and 74° C (165° F), some oil is 
directed to the hydraulic oil tank and some through the oil cooler. At temperatures of 74° C (165° F) and higher, the bypass 
valve directs the oil to flow through the oil cooler and back to the hydraulic oil tank. If a pressure spike of 2 bar (25 psi) 
occurs in the return circuit, the bypass valve will open allowing the high pressure oil to flow to the hydraulic oil tank in order 
to prevent damage to the oil cooler.

Traction Enhancement System (DX and F Models)
The Traction Enhancement System is standard on both the DX and F Models. The purpose of this system, is to limit the 
amount of slip between the front and rear drive motors. The speed of each motor is transmitted to a micro processor which 
continuously compares the speed of each motor to the other. If one motor begins to over speed (drum or wheel slip), the 
micro processor directs a proportional valve to reduce the flow (depending on the direction of travel) either to or from that
motor. This reduction in flow to or from the spinning motor increases the relative traction effort of the end of the roller 
(drum or tyres) that is not slipping or spinning.

The major components of the Traction Enhancement System are as follows:






A micro processor labelled “SX Traction Control” located in the battery compartment
Two speed sensors; one located on the drum drive motor and one located on the axle drive motor
A traction control valve located on the inside of the main frame on the right side under the operator's platform
A remote loop flushing valve located on the inside of the main frame on the left side

NOTE!
The Traction Enhancement System only functions in the compaction or low travel speed setting.

Combination Valve (Pump De-stroke, Two Speed and Brake Release Valve)
Pump de-stroke valve and solenoid
The de-stroke solenoid valve ensures that the machine will not travel with the brakes applied. The combination valve which 
incorporates the de-stroke valve, two speed valve and brake release valve is located on the left inside frame rail underneath
the operator's platform (the solenoids and valves can be serviced by opening the battery box access door). The parking 
brake switch in the instrument panel provides power for both the de-stroke solenoid valve and brake release solenoid valve.
When the parking brake switch is in the ON or applied position, the de-stroke solenoid is not energized and the valve 
(spool) stays in the normally open position. In this open position, the hydrostatic drive pump servo control pressure is equal 
on both sides of the control pistons (open loop), so the pump cannot be stroked and therefore, the swashplate will remain in 
neutral.
The brake release solenoid is also not energized and the valve remains in the normally closed position. The valve blocks 
charge pressure oil from releasing the spring applied brake units in the axle and drum torque hub.



When the brake switch is in the OFF or released position, the de-stroke solenoid is energized and the valve (spool) moves to
the closed position. In this position (now closed loop), the servo pressure is directed to one of the two servo cylinders in the 
pump when the operator moves the control lever. When the brake switch is in the OFF or released position, the brake 
solenoid is energized and the valve (spool) moves to the open position allowing charge pressure to enter the brake units 
and overcome spring pressure. This releases the brakes in the axle and drum torque hub.

Two speed valve and solenoid
The two speed solenoid is activated by a high/low switch in the instrument panel. When activated, the solenoid moves the 
valve (spool) to an open position, which allows charge pressure oil to flow to the drum drive motor and shift a valve (spool). 
The shifting of this spool sends charge oil pressure to the servo piston, which in turn decreases the swashplate angle, thus 
increasing motor speed.
The axle motor shifts at the same time, by means of an electrical solenoid mounted in the motor assembly. When activated, 
the solenoid shifts a valve (spool). The shifting of this spool sends charge oil pressure to the servo piston, which in turn 
decreases the swashplate angle, thus increasing motor speed.

Brake release valve and solenoid
The parking brake switch in the instrument panel provides power for both the de-stroke solenoid valve and the brake 
release solenoid valve. When the brake switch is ON or applied, there is no current to the solenoid. The brake release 
solenoid is also not energized and the valve remains in the normally closed position. The valve blocks charge pressure oil 
from releasing the spring applied brake units in the axle and drum torque hub. When the brake switch is in the OFF or 
released position, the brake solenoid is energized and the valve (spool) moves to the open position. This allows charge 
pressure to enter the brake units and overcome spring pressure, which releases the brakes in the axle and drum torque hub.

Vibration Circuit
Vibration hydraulic circuit
The closed loop, dual amplitude, vibration circuit uses a variable displacement axial piston pump and a fixed displacement 
motor.

Variable frequency vibration option
The variable frequency vibration option controls the speed and direction of rotation of the eccentric weight. There are five 
VPM (vibrations per minute) set points for the high amplitude range and five VPM set points for the low amplitude range. 
The purpose of this system is to maintain the selected VPM during natural fluctuations in machine performance. This is 
achieved by supplying a signal from a speed sensor at the eccentric motor to a micro processor. This micro processor then 
regulates the output of the vibration pump to maintain the selected VPM.
The major components of the variable vibration control are as follows:






A micro processor labelled SX C Loop Vibration Control located in the battery compartment
A speed sensor located on the vibration motor
A five position selector switch located on the instrument panel
The electronic displacement control located on the vibration pump

Closed loop circuit
The main ports of the pump are connected by hydraulic hoses to the main ports of the motor. Fluid flows in either direction
from the pump to the motor then back to the pump in this closed circuit. Either of the hydraulic hoses can be under high 
pressure. The direction and speed of fluid flow and (the motor output shaft rotation) depends on the position of the pump 
swashplate. The system pressure is determined by the load.

Charge system and filter
A gerotor type, fixed displacement charge pump is located in the vibration pump. The charge pump supplies cool filtered oil
to the system and keeps the closed loop charged to prevent contamination. A charge pressure filter is remotely mounted in 
the battery box compartment. The charge pump also makes up for oil leakage in the hydraulic components necessary for 
cooling and lubrication. Charge pressure flows from the pump through the charge pressure filter and returns to the vibration 
pump to charge the closed loop circuit.

NOTE!
Incorrect charge pressure settings may result in an inability to build required system pressure and/or inadequate loop 
flushing flows. Correct charge pressure must be maintained under all conditions of operation to maintain pump control 
performance and prevent damage to the components.

Check/high pressure relief valves
Circuit pressure is maintained by the combination charge check valve and high pressure relief valve. The check valve allows
charge flow to replenish the low side of the working loop. The high pressure relief valve provides pressure protection to the
high pressure side of the working loop. There are two cartridge style valves to handle each side of the working loop.

Vibration pump - dual amplitude
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The vibration pump is a variable displacement, axial piston pump mounted to the back of the main propulsion pump. It is 
controlled by an EDC (Electrical Displacement Control) mounted on the top of the pump. It is activated by the vibration 
switch in the forward-stop-reverse handle. The EDC has three positions: OFF, High Amplitude and Low Amplitude. The 
amplitude range is controlled by a rocker switch in the instrument panel. This control has three positions: OFF, High 
Amplitude (lower portion of the switch pushed in), Low Amplitude (upper portion of the switch pushed in).
When the vibration system is turned ON by the vibration switch in the control panel to the High Amplitude position, the 
high amplitude solenoid on the vibration pump is activated. The control module allows the swashplate to tilt to a preset 
angle and provide oil flow out of port A of the pump to port A of the vibration motor, which turns it in a clockwise direction. 
The vibration motor is coupled directly to the eccentric shaft in the drum assembly, turning it clockwise as well.
When the vibration system is turned ON by the vibration switch in the control panel to the Low Amplitude position, the low 
amplitude solenoid on the vibration pump is activated. The control module allows the swashplate to tilt to a preset angle 
and provide oil flow out of port B of the pump to port B of the vibration motor, which turns it in a counter clockwise 
direction. The vibration motor is coupled directly to the eccentric shaft in the drum assembly, turning it counter clockwise as 
well.

Vibration motor
The vibration motor is a fixed displacement axial piston motor. Oil pressure from the vibration pump enters port A and turns 
the motor shaft in a clockwise direction. Oil pressure from the vibration pump enters port B and turns the motor shaft in a 
counter clockwise direction. A small amount of oil is used in the motor for lubrication and cooling and is directed to the 
hydraulic oil tank by a case drain line.

Case drain
The propulsion pump and motors have controlled internal leakage for lubrication purposes and to remove hot oil from the 
system. Case drain lines are required to direct this oil back to the hydraulic oil tank. These lines should be drained from the 
topmost drain port to ensure that the case remains full of oil. These lines must be unrestricted to prevent pressure build up
in the housing.
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Travel hydraulics, troubleshooting
Propulsion system
NOTE!
Possible causes for each symptom are numbered in order of most likely occurrence.

Symptom Possible cause

No propulsion
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

Hydraulic oil level in reservoir (low)
Control cable
Linkage and lever
Bypass valve
Charge pressure
Inlet filter
Control valve
Inspect control orifice
Drive coupling
Electrical circuit
Transmission (replace)

One direction only
1.
2.
3.
4.
5.
6.
7.
8.

Control cable
Linkage and lever
Control valve
Pump multi-function valve
Servo control pressure
Loop flushing valve
Replace control valve
Pump malfunction

Sluggish
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.

Hydraulic oil level in reservoir (low)
RPM (low)
Bypass valve
Traction control valve (optional)
Air in system
Charge pressure
System relief pressure
System pressure check
Control valve
Contaminated system
Pump malfunction
Transmission (replace)



Neutral difficult to find
1.
2.
3.
4.

Linkage and lever
Control cable
Control valve
Pump malfunction

System operating “HOT”
1.
2.
3.
4.
5.

Hydraulic oil level in reservoir (low)
Heat exchanger
Inlet filter
Bypass valve
System pressure check
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Power train, related components

Figure 1
Power train, components

1.
2.
3.
4.
5.
6.
7.
8.
9.

Propulsion (hydrostatic) pump
Drum drive motor
Axle drive motor
Axle
Thermal bypass valve
Traction control valve
Loop flush valve
Brake valve
Charge filter



10.
11.

Hydraulic tank
Oil cooler
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Two speed valve and solenoid, description
The two speed solenoid is activated by a high/low switch in the instrument panel. When activated, the solenoid moves the 
valve (spool) to an open position, which allows charge pressure oil to flow to the drum drive motor and shift a valve (spool). 
The shifting of this spool sends charge oil pressure to the servo piston, which in turn decreases the swashplate angle, thus 
increasing motor speed.
The axle motor shifts at the same time, by means of an electrical solenoid mounted in the motor assembly. When activated, 
the solenoid shifts a valve (spool). The shifting of this spool sends charge oil pressure to the servo piston, which in turn 
decreases the swashplate angle, thus increasing motor speed.



Figure 1
Two speed valve and solenoid

1.
2.
3.
4.
5.
6.

Solenoid
Fitting
Plug
Elbow fitting
Tee fitting
Pressure switch
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Pump de-stroke valve and solenoid, description
The de-stroke solenoid valve ensures that the machine will not travel with the brakes applied. The combination valve which 
incorporates the de-stroke valve, two speed valve and brake release valve is located on the left inside frame rail underneath
the operator's platform (the solenoids and valves can be serviced by opening the battery box access door). The parking 
brake switch in the instrument panel provides power for both the de-stroke solenoid valve and brake release solenoid valve.
When the parking brake switch is in the ON or applied position, the de-stroke solenoid is not energized and the valve 
(spool) stays in the normally open position. In this open position, the hydrostatic drive pump servo control pressure is equal 
on both sides of the control pistons (open loop), so the pump cannot be stroked and therefore, the swashplate will remain in 
neutral. The brake release solenoid is also not energized and the valve remains in the normally closed position. The valve 
blocks charge pressure oil from releasing the spring applied brake units in the axle and drum torque hub. When the brake 
switch is in the OFF or released position, the de-stroke solenoid is energized and the valve (spool) moves to the closed 
position. In this position (now closed loop), the servo pressure is directed to one of the two servo cylinders in the pump 
when the operator moves the control lever. When the brake switch is in the OFF or released position, the brake solenoid is 
energized and the valve (spool) moves to the open position allowing charge pressure to enter the brake units and overcome 
spring pressure. This releases the brakes in the axle and drum torque hub.

Figure 1
Pump de-stroke valve and solenoid



1.
2.
3.

Brake release valve solenoid
Two speed valve solenoid
Pump de-stroke valve solenoid
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Two speed valve solenoid and cartridge, replacing

Op nbr 421-088

1. Place the machine in the Service Position. Refer to .191 Service position 1

2. Open the engine hood compartment to access the multi function brake valve.

3. Lift the operator's protective structure. Refer to .810 Operator's platform, raising

4. Disconnect the wiring harness at the two speed valve solenoid.

Figure 1
Two speed valve solenoid and cartridge

1.
2.
3.

Wiring harness
Solenoid
Cartridge

5. Remove the hexagon nut that retains the solenoid to the valve. Remove the solenoid.

6. Remove the cartridge from the valve.

7. Install the new cartridge into the valve block.

8. Install the new solenoid over the top of the cartridge and retain with the hexagon nut.

9. Connect the wiring harness at the solenoid.

10. Lower the operator's protective structure. Refer to .810 Operator's platform, lowering



11. Close the engine hood compartment.

12. Place the machine back in service.
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Pump de-stroke valve solenoid and cartridge, replacing

Op nbr 421-089

1. Place the machine in the Service Position. Refer to .191 Service position 1

2. Open the engine hood compartment to access the multi function brake valve.

3. Lift the operator's protective structure. Refer to .810 Operator's platform, raising

4. Disconnect the wiring harness at the pump de-stroke valve solenoid.

Figure 1
Pump de-stroke valve solenoid and cartridge

1.
2.
3.

Wiring harness
Solenoid
Cartridge

5. Remove the hexagon nut that retains the solenoid to the valve. Remove the solenoid.

6. Remove the cartridge from the valve.

7. Install the new cartridge into the valve block.

8. Install the new solenoid over the top of the cartridge and retain with the hexagon nut.

9. Connect the wiring harness at the solenoid.

10. Lower the operator's protective structure. Refer to .810 Operator's platform, lowering



11. Close the engine hood compartment.

12. Place the machine back in service.
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Hydrostatic controller, removing
NOTE!
This procedure includes removal of the Forward, Stop, Reverse (FSR), hydrostatic controller and cable.

Op nbr 440-021

1. Place the machine in the service position. Refer to .191 Service position 1

2. Remove the screws securing the hydrostatic controller to the side console in the cab.

Figure 1
Hydrostatic controller

1.
2.
3.

FSR controller
Emergency stop switch
Mounting plate screws

3. Lift the controller from the side console and disconnect the wiring harness plugs from the controller and 
emergency stop switch.
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Figure 2
Wiring connections at controller

4. Cut the wire ties and remove the clamp securing the wiring harness and FSR cable in the cab.

Figure 3
Wiring and FSR cable ties in cab

1.
2.
3.

Cable & harness clamp
Wiring harness connectors
Cable tie straps

5. Place the operator platform in the tilt position. Refer to .810 Operator's platform, raising

6. Remove the clamps and cable ties securing the FSR cable on the underside of the operators platform and also 
remove any clamps or ties following the cable routing around the frame to the hydrostatic pump.



Figure 4
FSR cable routing below cab

1.
2.
3.

FSR cable routing through platform
Cable clamp at cab platform
FSR cable routing and clamps at frame

7. Disconnect the FSR cable from the hydrostatic pump lever and remove the cable clamp.

Figure 5
FSR cable connection at hydrostatic pump

8. Carefully remove the hydrostatic control unit out of the cab by feeding the FSR cable along the frame and out of 
the machine through the floor and side console of the cab.

9. Secure the controller in a bench vice and disconnect the FSR cable from the controller by removing the cable clamp 
and turning the threaded end of the cable out of the control lever link.
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