


I. Introduction To The Hydrostatic System

A Hydrostatic Transmission consists of a hydraulic pump and motor, typically used as the
main drive system on modern construction equipment.' The purpose of this manual is to
familiarize you with the hydrostatic system, and enable you to get the most from its operation.
Remember, a good maintenance program not only reduces costly downtime, but also reduces
actual monthly equipment operations.

A typical Hydrostatic Transmission consists of:

A.  Main Hydraulic Pump including charge pump and control valve — This unit is usually
driven directly off the engine, sometimes through a gearbox.

B.  Hydraulic Motor — is usually mounted directly to the final drive gear.

C. Hydraulic Reservoir & Filter

D. Hydraulic Fluid Cooler (radiator type)

F. A Network of Hoses, Pipes and Fittings

Unlike conventional hydraulic systems, the Hydrostatic Drive System is a closed loop system.
The following description of operation will enable you to understand the basic components of
the system and how their functions relate to the operation of your machinery (forward, neutral,
reverse, etc.)?

Il. Description And Operation
Of Primary System Components

The Charge Pump is mounted on the front of the Main Pump and draws oil from the reservoir
through a filter and provides a flow of oil under pressure to the Main Pump. This flow of oil
(charge pressure) provides: 1) oil pressure to the control valve for directional control, 2) oil flow
to the pressure circuit to make up for internal leakage during operation, and 3) continuous oil
flow through the system as a cooling circuit. -

The Control Valve, also mounted on the main pump, receives a flow of oil from the Charge
Pump and when actuated, diverts the neutral flow of oil to one of the Servo Cylinders in the
Main Pump and the Main Pump then provides a high pressure flow to the motor in forward or
reverse (right or left) rotation. The Control Valve also provides variable speed control for the
system.®

The Manifold Block Assembly, located on the back of the hydraulic motor, consists of a
Shuttle Valve, Charge Pressure Relief Valve, and two High Pressure Relief Valves. The
Shuttle Valve is spring centered in the neutral position allowing a circuit (provided by the Charge
Pump) to circulate through the high pressure system for cooling and lubrication. This pressure
is regulated by the Charge Pressure Relief Valve. When the system is put into operation, this
Shuttle Valve is forced to one side and makes the High Pressure Relief Valve the only by-pass
for the oil, which causes the motor to turn in the proper direction.

The Main Pump and Main Motor have a Rotating Group, which consist of a group of pistons
that rotate under pressure and transmit the energy from the pump to motor to do the required
work. The pistons in the motor are on an inclined ramp and have an up and down motion when
spinning under pressure. Oil pressure from the Main Pump is directed on the pistons so that
they are forced to slide down the ramp and therefore turn the motor shaft connected to the
final drive. The Main Pump provides this pressure to the motor. The motor will turn in either
direction, depending on which side the Main Pump directs the high pressure flow.

Unlike the motor, the Rotating Group in the Main Pump is always spinning because it is
connected directly to the engine or power source. This Rotating Group is turning on a Swashplate
that is kept level by the spring loaded Servo Pistons. In neutral, the pistons have no vertical
or up and down motion, therefore it is pumping no oil to the maotor. The Oil Flow in the system
provided by the Charge Pump is now circulating from the reservoir through the filter and charge
pump, and to the Main Pump. The oil flows through two check valves into the

1 This system is also used for many industrial drive systems.

2 See diagram on following pages. !

3 There are many other control options in use that are automatic, electronic and pressure operated that provide very precise control of torque and
speed when needed.



high pressure lines and on to the motor(s). The Servo Valve is in the neutral position and allows
the oil into the motor case, through the case drain and back to the pump case. Excess pressure
is dumped by the Charge Pressure Relief Valves at the pump and motor into the pump or motor
case. Oil flow is then forced out of the pump case, through the oil cooler and returns to the
reservoir.

The Main Pump is put into operation by a signal to the Control Valve from the operator, and
the pump is “stroked” into forward or reverse (right or left). At this time, the Control Valve directs
the flow from the Charge Pump to the proper Servo Cylinder, which is linked to the Swashplate.
The control pressure to the opposite Servo Cylinder is blocked and the pressure forces the
other Servo Cylinder to tilt the Swashplate and causes a high pressure flow of oil to the Motor
as the pistons start a vertical or up and down motion as they rotate. The Control Valve determines
the amount of tilt of the Swashplate and can be varied by the operator or automatic controls.
This allows variable speed and control of the system.

At this time, the high pressure flow shuts the Check Valve on the pressure side of the pump
and forces the Shuttle Valve at the motor to one side. This allows the flow from the Charge
Pump to flow through the opposite Check Valve to replenish internal leakage beyond what is
normally supplied for cooling and lubrication. The Shuttle Valve has now closed the low pressure
by-pass and allows flow only through the Motor Rotating Group causing it to do work. The High
Pressure Relief Valve dumps excess flow from the pump and prevents sustained abnormal
pressure surges in the high pressure lines as a safety factor. The amount of High Pressure
Flow is directly related to the speed of the system and is varied by the operator. The amount
of usable power is determined by the input RPM of the pump, as well as the cubic inch
displacement per revolution of the particular Pump and Motor.

IIl. Hydraulic Circuits (Forward, Neutral, Reverse)
GENERAL

The hydrostatic transmission offers infinite control of speed and direction. The operator has
complete control of the system with one lever for starting, stopping, forward motion or reverse
motion.

Control of the variable displacement, axial piston pump is the key to controlling the vehicle.
Prime mover horsepower is transmitted to the pump. When the operator moves the control
lever, the swashplate in the pump is tilted from neutral.

When the variable pump swashplate is tilted, a positive stroke to the pistons is created. This,
in turn, at any given input speed, produces a certain flow from the pump. This flow is transferred
through high pressure lines to the motor. The ratio of the volume of flow from the pump to the
displacement of the motor will determine the speed of the motor output shaft. Moving the control
lever to the opposite side of neutral, the flow from the pump is reversed and the motor output
shaft turns in the opposite direction. Speed of the output shaft is controlled by adjusting the
displacement (flow) of the transmission. Load (working pressure) is determined by the external
conditions, (grade, ground conditions, etc.) and this establishes the demand on the system.

Pump and motors are contained in separate housings or may be connected by a common

end cap. Valves required for a closed loop circuit are usually included in either the pump or
motor assemblies. A reservoir, filter, cooler and lines complete the circuit.



IV. Preventive Maintenance Techniques

Because the hydraulic system (hydrostatic transmission) is of the closed-loop variety, there
is little or no adjustment that can be done to the units themselves. For this reason, we will
outline certain preventive maintenance procedures that, when performed on a regular basis,
will eliminate potential problems that could result in hydraulic pump and motor failure.

Contamination is the number one cause of hydraulic system failure.

A. Fluid: Generally, a fluid change, a minimum of every 2000 hours of operation is adequate
with a sealed reservoir system. A more frequent fluid change is required if the fluid has become
contaminated by water (indicated by a milky appearance of the fluid) or other foreign material
or has been subjected to abnormal operating conditions (over heated, burned, etc.). An open
reservoir system with an air breathing filler cap requires the fluid to be changed a minimum of
every 500 hours of operation. Always clean and flush reservoirs before refilling.

B. Filter: As a general recommendation, with a sealed reservoir system, the 10 micron inlet
filter should be changed and examined each spring or every 1,500 hours, whichever occurs
first. With an open reservoir system utilizing an air breathing filler cap, the filter should be
changed every 500 hours. Always replace filter o-rings and gaskets when installing anew
element.

C. Reservoir: The reservoir should be checked daily for the proper fluid level and the presence
of water or metal particles in the fluid. If fluid must be added to the reservoir, use only filtered
or strained fluid. Remove dirt from around filler cap before opening reservoir. Make certain
transfer pump and container used to add fluid are thoroughly clean. Inspect and replace worn
or damaged hoses promptly.

D. Hydraulic Lines & Fittings: Visually check daily for wear or any fluid leakage. Tighten,
repair or replace as required. Check for collapsed suction hoses.

E. Heat Exchanger: The heat exchanger core and cooling fins should be kept clean at all
times for maximum cooling and system efficiency. Inspect daily for any external blockage and
clean as required.

F. Controls: Inspect, adjust, lubricate and lock control cables and linkages in place as
required.

H. Seal Leaks: Check daily for any leaks (shaft seals, housing gaskets, etc.) Repair as
needed.

Follow this check list regularly and make every attempt to prevent trouble before it starts.
Remember, KEEP IT CLEAN!

V. Fluid Recommendations

Hydraulic fluids selected for use with hydrostatic transmissions should be quality products
carefully selected with assistance from a creditable supplier.

Characteristics of the fluid selected should include:
Viscosity Anti-wear

Oxidation Anti-corrosion

Thermal Stability Anti-foam

Shear Stability Seal Conditioning For Buna-N
Low Temperature Fluidity and Vitron Elastomers

The following types of fluids have been used successfully in the hydrostatic transmission:

(1) anti-wear hydraulic oil, (2) automatic transmission fluid — Type “F”, and (3) hydraulic
transmission fluid (type used by the Agricultural industry for combined transmission, hydraulic
and wet brake systems). If a fire resistant fluid is required, Pydraul 312 has been satisfactory.

Most of the above fluid types have acceptable viscosity characteristics in the operating
range of 0° F. to 200° F. The fluids selected should provide a minimum viscosity of 47 SUS at
210° F. and a maximum measured viscosity of 6,000 SUS at the lowest expected startup
temperature. Typical fluid properties are listed on the attached table.



Your best assurance for a quality product is the assistance that can be offered in its selection
by a fluid supplier. The major oil companies are capable of providing suitable products.

_ _ Operating
Typical Viscosity SUS Viscosity Pour Range
Fluid Type 0°F. 100° F. 210° F. Index Point Of Typical Of
Anti-Wear
Hydraulic Oil 7,000 200 50 132 -30 0-200° F.
Type “F” 3,200 212 57.2 208 -40 -15-200° F.
Hydraulic
Transmission Oil 12,000 233 49 100 Min. =35 0-200° F.
*Pydraul 312 100,000 312 51 77 -10 50-200° F.

VI. Trouble Shooting Procedures & Test Gauges

Hydrostatic transmissions must maintain specific pressures to function properly. Any
disturbance of the proper pressure levels will lead to an ineffective or inoperable transmission.

Four pressures normally must be monitored to accurately diagnose a malfunction in the
transmission:

1. Charge Pump Inlet Suction: The maximum vacuum at the charge pump inlet should not
exceed 10 inches of mercury at normal operating conditions. It is acceptable for the inlet
vacuum to exceed 10 inches of mercury during cold start-up.

2. Charge Pressure: The minimum allowable charge pressure is 130 p.s.i. above case
pressure. Normal charge pressure is 160 p.s.i. above motor case pressure when the motor
shaft is turning and 190 p.s.i. above pump case pressure when the pump is in neutral.

3. System or High Pressure: The maximum system pressure obtainable is controlled by the
high pressure relief valves located in the motor manifold.

4. Case Pressure: The transmission case pressure should not exceed 40 p.s.i. under normal
operating conditions.

Maximum continuous operating temperature must not exceed 180° F. at the hottest point
in the circuit. Proper trouble-shooting procedures dictate that the pressure levels developed
in the circuit must be known by the installation and interpretation of the pressure gauges.

The necessary gauges and complimentary equipment required are depicted in Figure 1.
Their proper installation in the circuit is depicted in Figure 2. (See next two pages for Pressure
Gauge Equipment and Installation.)

NOTE: FOR ACCURATE GAUGE INTERPRETATION, IT IS RECOMMENDED THAT THE
PUMP DRIVE SHAFT BE TURNING AT OR NEAR MAXIMUM RPM.

First, check all external features that could affect the operation of the hydraulic system. Faulty
cable or control linkages, stripped shaft keys, broken universal joints, collapsed suction lines
and stopped-up filters are likely suspects. If all of the above check out “O.K.”, proceed to
trouble-shoot the system by following step-by-step the enclosed “trouble-shooting guide.”

In order to help you trouble-shoot over the phone, the following information is needed:

. Model number of the hydraulic pump and motor.

. Specific description of the problem.

. Application.

. Model and capacity of your equipment.

. Normal engine RPM.

. Engine RPM when problem is occurring.

. Charge pressure reading at full load in forward, reverse and neutral at high and low RPM.

THIS IS A CLOSED-LOOP SYSTEM. CERTAIN VALVE SETTINGS IN THE HYDRAULIC
PUMP AFFECT THE HYDRAULIC MOTOR OPERATION AND VICE-VERSA. NO FILTERS
ARE IN THE HIGH-PRESSURE LINES CONNECTING THE HYDRAULIC PUMP AND MOTOR.
CONTAMINATION CAN AND WILL PASS IMMEDIATELY FROM ONE UNIT TO THE OTHER.
BECAUSE OF THESE FACTORS, WHEN FAILURE OCCURS IT IS IMPERATIVE THAT
BOTH THE HYDRAULIC PUMP AND MOTOR BE REPLACED AT THE SAME TIME.

“Fire Resistant Fluid
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Gauge Connection = 7/16 x 20 SAE “O” Ring - All Series

Gauge Connection = 7/16 x 20 SAE “O” Ring - All Series

Gauge Connection = May also be connected on suction side of
inlet filter

. Gauge Connection = Reducer fitting from case port thread

sizes

A.
B.
C.
D

to gauge hose assembly (See Section lll,
page 7, ltem 7 & 8).

TYPICAL GAUGE INSTALLATION (PV-MF)
Fig. 2












VIl. System Clean & Flush Procedures

Contamination (dirt, metal particles, etc.) in the fluid of a hydrostatic transmission system
is the primary cause of failure. Before reinstalling a set of hydrostatic transmission units, the
system MUST be completely free of contamination. Changing the filter element and fluid is not
enough to thoroughly clean the system. For this reason, we have derived the following list of
procedures that, when followed step-by-step will assure system cleanliness, resulting in longer
life for your hydrostatic transmission components. Remember, it is extremely important that
both hydrostatic pump and motor be replaced at the same time.

After determining hydrostatic units’ need to be replaced:

(1) Drain all fluid from system at lowest point.

(2) Remove hydrostatic pump & motor.

(3) Remove filter element and reservoir clean-out door.

(4) Check suction hose for kinks, collapsed or flaking liner, or any other obstructions.
Check function of shut-off valve. Inspect all other hoses and fittings. Replace as
needed.

(5) Check inside of reservoir for contamination (particles of steel or brass, sludge,
dirt, etc.). Be sure pipe coupling from reservoir to suction hose is not obstructed.

(6) Flush all hoses, pipes, tubing, filter housings and reservoir with CLEAN kerosene
or solvent several times. -

(7) Fill all lines, hoses, pipes, etc. with clean kerosene or solvent and blow out with air
pressure.

(8) Hand wipe inside of reservoir and filter housings with clean, lint-free towels.

(9) Clean all Hydrostatic pump and motor hose fittings and replace o-rings as needed.
(10) Replace filter elements, filter gaskets, reservoir clean-out door and door gasket.
(11) Keep all loose hose ends capped to prevent contamination from entering system.
(

(
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12) Reinstall new pump and motor units.

13) Fill reservoir, hydrostatic pump & motor cases, hose lines, etc., with new, clean,
pre-filtered fluid. Make certain fluid meets specifications of the equipment manufacturer
or see our fluid recommendation chart.

O (14) Proceed with “Start-Up Procedures”.

O (15) Be sure to fill hydrostatic pump & motor cases before start-up.

Remember, KEEP IT CLEAN!!! This includes any oil drums, buckets, transfer pump, etc.
used to clean and flush the system.

VIll. System Start-up Procedures

1. After the transmission has been installed, remove the threaded plug from the side of the
main pump housing. For reading charge pressure at this port, install a 600 p.s.i. gauge,
with a short section of hose. The threaded port is 7/16x20 straight thread “O” ring. Also,
install at the charge pump inlet a vacuum gauge for reading inlet vacuum.

2. Check all fittings to be sure they are tight.

3. Fillthe pump and motor cases through the upper'case drain openings with a recommended
fluid. It is recommended that all fluid be passed through a ten (10) micron filter. Reinstall
and tighten case drain lines.

4. Loosen the charge pump line, coming from the filter/reservoir, at the inlet to the charge
pump.

5. Fill the reservoir with fluid. When fluid appears at the loosened hose at the charge pump
inlet, install and tighten the hose and continue filling the reservoir. Leave reservoir cap
loose so air will escape.

6. Itis recommended that the control linkage to the pump control valve be left disconnected
until after the initial start-up. This will allow the pump to remain in positive neutral.

7. Engine: (Diesel, gasoline or LP) — Remove the coil wire, close the injector rack or leave
the gas turned off, turn the engine over until the charge pressure reaches 20 p.s.i. or more.

8. Start the engine and if possible, maintain a 750 RPM pump shaft speed for five (5) minutes.
This will allow the system to fill properly. During this phase, pressure surges may be seen
on 600 p.s.i. gauge. THIS IS NORMAL.
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