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The ideal in hydraulic system
design is to match overall
efficiencies to the application
performance expectation. This
requires the designer to first
match the motor, then the pump
to a specific system performance
expectation. Whether the
requirement is to do something
within a specific time frame, or in
handling a given amount of load,
the design of the entire system will
change depending on the motor
selected.
A hydraulic motor is a hydraulic
actuator that, when properly
connected into a hydraulic system,
will produce a rotary actuation.
This can be unidirectional or
bidirectional depending on the
system design. Motors are similar
in design to pumps only where a
pump takes a rotary actuation to
move hydraulic fluid out of the
unit, whereas a motor will take
flow into itself and put out a rotary
actuation.
The motor selection comes first in
the process because application
design best practices require
that you start with the load
requirement, then work back to
the prime mover—the pump that
will put the fluid
power into the motor
selected to deliver
the performance
goal.
Each motor type—
gear, vane, in-line
piston, bent-axis
piston and radial
piston—has a specific

performance profile. So, knowing
the application performance
requirement and which motor
type best meets the objective is
the first step. Then it’s necessary to
evaluate the design advantages of
your motor options along with the
degree of complexity you want for
the overall system.
In the end, it all goes back to
the application’s performance
expectations. Some have severe
duty cycles, while others do not.
If, for example, you consider
running a low-efficiency, lighterduty motor into a higher-duty
cycle application, the life of the
motor will be less than the life of
a higher-duty cycle motor that is
designed to operate in those types
of environments. It is important
to understand what operating
pressures and flows are required
for the motor selected to achieve
the application performance
expectations.
Each motor type has its own set
of applications where they are
a better choice than others. For

torque (HSLT) or low speed, high
torque (LSHT).
Gear motors

example, if a small gear motor
designed to operate at a max of
3,000 psi and 1,000 rpm is put
into an application that requires
it to run consistently at 3,000 psi
and 1,000 rpm, the motor will be
running in a “corner” overstressed
condition and have a reduced
life—even though it is technically
within its ratings. The better
motor choice would be a motor
with higher ratings that will live
longer in the application. Granted,
there is a greater cost in going
with a higher rated motor. The
final decision always will depend
on what is required in terms of
application performance and
motor life versus where you want
to be with cost.
How motors are rated
Motors are rated by displacement,
with displacement defined as the
volume of fluid that it takes to
rotate the shaft of the motor once.
The common rating units are cubic
inches per revolution (CIR), or
cubic centimeters per revolution
(CCR).
Motors are also rated by
torque—the amount of twisting
force the motor can deliver.
The common measurements of
torque are inch-pounds (in.-lb)
and Newton-meters (Nm). The

torque of a motor is a function of
motor displacement and system
pressure.
Starting torque is the torque the
motor can generate to turn a
load when starting from a stop.
In general, starting toque is the
lowest torque rating of a hydraulic
motor due to inefficiencies.
Stall torque is the maximum
torque the motor will generate
before it stops rotating. Sometimes
this is also referred to as running
torque.
The rotational speed of the
motor shaft is measured in units
of rotations per minute (rpm).
Motor speed is a function of
hydraulic input flow and motor
displacement.
Pressure is generated by resistance
to hydraulic flow. The more
resistance, the higher the pressure.
Common measurement units are
pounds per square inch (psi), kilo
Pascal’s (kPa) or bar.
Common motor classes and
types
Generally, hydraulic motors
are placed into one of two
classifications: high speed, low

Gear motors come in two
varieties—the gerotor/geroller
or orbital and external spur
gear designs. Orbital styles
are classified as LSHT motors;
however, some do exist with the
HSLT classification. They consist
of a matched gear set enclosed in
a housing. When hydraulic fluid
is moved into the motor, it causes
the gears to rotate. One of the
gears is connected to the motor
output shaft, which produces the
motor’s rotary motion.
Key features include:
• low weight and size
• medium pressures
• low cost
• wide range of speeds
• wide temperature range
• simple design
• wide viscosity range
Applications include mobile
hydraulics, agricultural machinery
to drive conveyor belts, dispersion
plates, screw conveyors or fans.
Their biggest drawback is that they
have a higher noise level.
Vane motors
Vane motors are typically
classified as HSLT units. However,
larger displacements will fall into
the LSHT range. Hydraulic fluid
enters the motor and is applied to
a rectangular vane, which slides

They are used to drive mobile
and construction equipment,
winches, ship-cranes and all
kinds of heavy-duty hydraulic
equipment for offshore and
onshore operations.

into and out of the center rotor.
This center rotor is connected
to the main output shaft. The
fluid being applied to the vane
causes the output shaft to
rotate.
Parker’s vane motors feature
a balanced design where the
inlet and outlet ports of the
motor are applied to sections
of the vane cartridge that are
180° apart from each other to
ensure that the hydraulic forces
are always in balance inside the
motor.
Key features include:
• low noise level
• low flow pulsation
• medium pressure
• high torque at low speeds
• simple design
• easy versatility
• vertical installation friendly
They are used in both industrial
applications, such as screw-drive
and injection molding, and mobile
applications such as agricultural
machinery.
Piston motors
Piston motors come in a variety of
designs with both LSHT and HSLT
classifications.
In-line piston motors are classified
as HSLT. Hydraulic fluid enters
the motor and is applied to a
series of pistons inside a cylinder
barrel. The pistons are pressed
against a swash plate, which is
at an angle. The pistons push
against this angle, which causes
the rotation of the swash plate
that is mechanically connected
to the output shaft of the motor.
The swash plate can be a fixed
or variable angle. Variable
angle motors can have their
displacements adjusted between a

maximum and minimum setting.
The command signals to change
the displacement can be electrical,
hydraulic or a combination of
both.
Bent-axis piston motors are
classified as HSLT. They are
similar to inline motors except
that the piston barrel is at an angle
in relation to the swash plate.
Hydraulic fluid enters the motor
and is applied to the pistons,
which are contained in a cylinder
barrel. The pistons are at an angle
to the drive shaft, which means
that the piston will rotate the shaft
as fluid enters the motor.
They can be both fixed and
variable displacement. In a
variable-displacement bentaxis motor, the cylinder barrel is
rotated between maximum and
minimum displacements. The
command signals to change the
displacement can be electrical,
hydraulic or a combination of
both.
They are best known for high
performance, high pressures,
high speeds and volumetric
mechanical efficiencies in the
97 to 98% range. The also offer
quick reaction and precise
control. These motors are suitable
for applications that require a
significant amount of power.

Key features of in-line and bentaxis piston motors:
• higher speeds
• higher efficiencies
• can be fixed or variable
displacement
• multiple controls to adjust
displacement
• wide range of speeds
• high power density

Radial piston motors
Radial piston motors are LSHT
classified. These motors are
designed with pistons arranged
perpendicular to the output
shaft. Typically, the pistons will
ride against a cam, which is
mechanically connected to the
output shaft. The pistons will force
the cam to rotate as hydraulic fluid
enters the motor.
These motors are capable of
producing high torques at low
speeds, down to half a revolution
per minute.
Applications include caterpillar
drives of dragline excavators,
cranes, winches and ground
drilling equipment.
In general, these motors are fixed
displacement. However, some
versions will allow for variable
displacement. They accomplish
this by limiting the number of
pistons that can receive hydraulic
fluid. Other versions change the
internal geometry of the cam the
pistons are acting against.
Key features of radial piston
motors:

• higher output torques
• lower output speed
• smoother output speed at low
speeds (no “cogging”)
• simplification of system design
by reducing or eliminating
gearboxes or other mechanical
ratios that would need to be used
in the system
Motor selection considerations
All of the following questions
are important to answer when
selecting a hydraulic motor:
• What are the performance needs
of the application?
• What is the load and amount of
break away and running torque
needed?
• What is the shaft speed and
horsepower?

• What is the operating pressure
and flow?
• Is displacement fixed or variable?
• What is the operating
temperature?
• Is there any leakage potential?
• What noise level can the
application handle?
• How reliable is the motor design?
• What type of controls will be
used—mechanical or electronic?
• Is ease of installation critical?
• Is ease of maintenance
necessary?
• What is the bearing type and
expected life?
• What is the expected motor life?
• Is it open or closed loop?
• What kind of contamination
potential is there?
• What certifications and
approvals are needed?
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Proper hydraulic motor selection
starts with the expected
performance required by the
application, then works back to
the prime mover—the pump. Then
it is necessary to evaluate the cost
of your motor options along with
the degree of complexity you want
for the overall system.

