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The textbook presents information on the types, constructional features, working, and essential
terms and definitions of semi-rotary actuators and hydraulic motors. Many solved, and unsolved
numerical exercise problems are given in the textbook. The book uses the English system of
units. The language of the book is simple, the topics are logically arranged, and information is
most up-to-date.A fluid power professional should possess exceptional knowledge about
hydraulic motors for his/her continuing professional development and career advancement. A
faculty or a student in an engineering institution must acquire the knowledge of hydraulic motors
to upgrade his/her knowledge. As the knowledge and skill of the reader improve, professional life
is undoubtedly going to be more outstanding and comfortable.The book has been written by a
professional trainer who has trained thousands of professionals and students, over 25 years. If
you are looking for a more in-depth knowledge into fluid power, then this book is a valuable
resource that will assist you in your quest for professional development.
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reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, recording, or by any information storage and retrieval system, without written
permission from the publisherB08BFYKHP9https://fluidsys.orgDisclaimer of LiabilityThe
contents of this book have been checked for accuracy. Since deviations cannot be precluded
entirely, we cannot guarantee full agreement. Only qualified personnel should be allowed to
install and work on pneumatic and hydraulic equipment. Qualified persons are defined as
persons who are authorized to commission, to ground, and tag circuits, equipment, and systems
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BooksAbout the AuthorprefaceRotary actuators are the muscle behind the rotary motions in
industrial and mobile hydraulic systems. Information and data on hydraulic motors are spread in
many existing textbooks as well as in documents in manufacturer’s domain. A modest attempt is
made here to present the information and data in one book in a simple language and structured
way.The book brings out the fundamentals and other most essential technical information
related to hydraulic motors. The topics are logically arranged for a simple to the complex level
progression of the subject matter. The book uses the English system of units.Many other fluid
power topics are given in other textbooks under the fluid power educational series by the same
author. A list of all the books is given at the end of the book. Also, please see the details atEnjoy
reading the book. Your feedback is most welcome.JOJI ParambathChapter 1 | Basic Hydraulic
Motor WorkingHydraulic rotary actuators are positive-displacement devices that convert
hydraulic energy to rotary mechanical energy. A rotary actuator, used in a hydraulic system,
converts the system pressure and flow, to a controllable rotary force (torque) or rotary motion or
both. Here, the fluid pressure is converted to torque, and the flow rate is converted to rotary
speed. The torque or motion of the rotary actuator can be used for obtaining the rotary operation
in industrial machinery.Figure 1.1 | A graphic representation of a hydraulic motor*Courtesy:
Penton Business Media, Inc., U. S. A.*Note: “The graphic is the copyrighted property of and is
reprinted with the permission of Penton Business Media, Inc.”Hydraulic rotary actuators can be
classified into two types. They are: (1) Semi-rotary actuators and (2) Motors. A semi-rotary
actuator is capable of producing only limited rotation and can twist objects along a partial arc.
On the other hand, a hydraulic motor is capable of producing continuous rotation and can impart



continuous rotary motion to the connected load. Figure 1.1 shows the cut-section view of a
hydraulic motor.Basic Motor OperationA hydraulic motor mainly consists of a set of moving
elements, such as gears, vanes, or pistons connected to the output shaft of the motor, and
enclosed in a single housing. Consider that the motor is employed in a hydraulic system. The
shaft rotates when the pressurized system fluid is applied to the motor’s rotating parts. In this
way, the motor is capable of converting the applied pressure to rotary mechanical force and
consequently driving the load attached to the motor. The fluid returns to the system reservoir,
after passing through the motor. A drain connection is provided in the motor to drain the leakage
fluid back to the reservoir.Figure 1.2 | Schematic diagrams of hydraulic motorsFigure 1.2(a) and
(b) shows the illustrative diagrams of unidirectional and bi-directional hydraulic motors,
respectively. The unidirectional hydraulic motor provides rotation in only one direction, whereas
the bi-directional hydraulic motor is capable of providing rotations in clockwise and
anticlockwise directions. The direction of rotation of the motor’s shaft can easily be reversed by
changing the direction of the fluid flow through the motor ports. 
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progression of the subject matter. The book uses the English system of units.Many other fluid
power topics are given in other textbooks under the fluid power educational series by the same
author. A list of all the books is given at the end of the book. Also, please see the details atEnjoy
reading the book. Your feedback is most welcome.JOJI ParambathChapter 1 | Basic Hydraulic
Motor WorkingHydraulic rotary actuators are positive-displacement devices that convert
hydraulic energy to rotary mechanical energy. A rotary actuator, used in a hydraulic system,
converts the system pressure and flow, to a controllable rotary force (torque) or rotary motion or
both. Here, the fluid pressure is converted to torque, and the flow rate is converted to rotary
speed. The torque or motion of the rotary actuator can be used for obtaining the rotary operation
in industrial machinery.Figure 1.1 | A graphic representation of a hydraulic motor*Courtesy:
Penton Business Media, Inc., U. S. A.*Note: “The graphic is the copyrighted property of and is
reprinted with the permission of Penton Business Media, Inc.”Hydraulic rotary actuators can be
classified into two types. They are: (1) Semi-rotary actuators and (2) Motors. A semi-rotary
actuator is capable of producing only limited rotation and can twist objects along a partial arc.
On the other hand, a hydraulic motor is capable of producing continuous rotation and can impart
continuous rotary motion to the connected load. Figure 1.1 shows the cut-section view of a
hydraulic motor.Basic Motor OperationA hydraulic motor mainly consists of a set of moving
elements, such as gears, vanes, or pistons connected to the output shaft of the motor, and
enclosed in a single housing. Consider that the motor is employed in a hydraulic system. The
shaft rotates when the pressurized system fluid is applied to the motor’s rotating parts. In this
way, the motor is capable of converting the applied pressure to rotary mechanical force and
consequently driving the load attached to the motor. The fluid returns to the system reservoir,
after passing through the motor. A drain connection is provided in the motor to drain the leakage
fluid back to the reservoir.Figure 1.2 | Schematic diagrams of hydraulic motorsFigure 1.2(a) and
(b) shows the illustrative diagrams of unidirectional and bi-directional hydraulic motors,
respectively. The unidirectional hydraulic motor provides rotation in only one direction, whereas
the bi-directional hydraulic motor is capable of providing rotations in clockwise and
anticlockwise directions. The direction of rotation of the motor’s shaft can easily be reversed by
changing the direction of the fluid flow through the motor ports. This book describes various
aspects of semi-rotary actuators and hydraulic motors, including their construction,
classification, and operation.Chapter 2 | Differences between Pumps and
MotorsUnderstandably, hydraulic motors are very similar to hydraulic pumps in design and
construction. However, many differences exist between the two.The main difference between a
pump and a hydraulic motor is that the moving parts in the pump, connected to a hydraulic
system, push the system fluid and create flow and pressure in the system, whereas, in the
motor, the pressurized fluid pushes its moving elements and produces rotary mechanical motion
and force.Another difference is that the pump is always coupled to its prime mover, whereas the
motor is always coupled to a load.Apart from that, some design modifications are required in the
case of hydraulic motors, as a result of their unique requirements in applications. For example, a



hydraulic motor has to overcome high starting torque at low speeds and effects of side
loading.The symbolic representations of a hydraulic pump and hydraulic motor are given in
Figure 2.1.Figure 2.1 | Symbolic representations of a hydraulic pump and hydraulic
motorChapter 3 |Terms and Definitions – Hydraulic MotorsSome critical factors relevant to the
operation and applications of every hydraulic motor is its operating pressure, displacement, flow
rate, input power, output power, torque output, and efficiency. The following sections describe
these terms.Operating Pressure (P): It is the pressure in a hydraulic system that overcomes all
resistances in the system, which includes both useful work and losses. The rated pressure of a
hydraulic motor is the maximum pressure, which the manufacturer recommends for the
motor.Motor Displacement (VD): It refers to the volume of the system fluid required for turning
the output shaft of a motor through one revolution. Some of the units of motor displacement are
m3/rev or cc/rev or in3/rev.Theoretical Flow Rate (QT): It is the quantity of the system fluid that
must flow through a motor per unit of time, provided there is no leakage in the system. In the
English system of units, the flow rate is measured in cubic-inch per minute (in3/min) or gpm. The
mathematical equations for the theoretical flow rate (QT) of the hydraulic motor in the English
system of units are as follows:Slippage in Hydraulic Motors: It is the internal leakage of the
system fluid that passes through the unintended paths of a motor, without performing any useful
work. As the slippage in the hydraulic motor increases, more and more available flow intended
for doing the useful work is lost, leading to the loss of power in the motor. However, all hydraulic
motors are susceptible to some amount of slippage. The slippage increases, as the system
pressure increases. Other reasons for the increase of slippage are the wear induced
enlargement of the clearances between the internal parts of the motor and temperature-induced
thinning of the system fluid.Speed: It is directly related to the theoretical flow rate to a motor and
inversely related to the displacement of the motor. It can be expressed in the English system of
units by the following equation:Therefore, it can be observed that, for a given flow rate,
increasing the motor displacement decreases the motor speed and vice versa. Remember that
the intended application decides the operating speed of the hydraulic motor.Maximum motor
speed is the speed of a hydraulic motor, at a particular inlet pressure, that it can sustain for a
limited period without damage to the motor.Minimum motor speed is the slowest, continuous,
rotational speed obtainable from the output shaft of a hydraulic motor.Input Power (Pin): Figure
3.1 gives the block diagram of a hydraulic motor, with the power relationships at its input side
and output side.Figure 3.1 | A block diagram showing the power relationships in the hydraulic
motorThe mathematical equation for the input power of the hydraulic motor, in the English
system of units, is as follows:Theoretical Torque (TT): Theoretical torque of a hydraulic motor is a
function of the motor’s displacement and the system pressure. The following section gives the
mathematical equation for the theoretical torque of the motor in the English system of units. The
theoretical figures represent the torque available at the motor shaft, assuming no mechanical
losses.Breakaway (Starting) Torque of a hydraulic motor is the rotary force required for turning a
stationary load connected to the motor. More torque is required to turn the stationary load than



that required to keep it moving. This fact is because initially, the motor has to overcome the
inertia of the load. Therefore, the motor needs a breakaway (starting) torque large enough to turn
the load.Running Torque of a hydraulic motor refers to the torque required to run a load
connected to the motor. Remember, the running torque of the hydraulic motor changes
whenever there is a variation in the associated system pressure.Stalling Torque of a running
hydraulic motor is the torque needed to stop the motor to a standstill.Torque ripple of a hydraulic
motor is the difference between the minimum torque and maximum torque delivered by the
motor at a given pressure during its one cycle of rotation.Example 3.1 | A skid steer broom used
to clean construction site has the hydraulic motor with a displacement of 3.2 in3/rev and
operating at a pressure of 3000 psi. What is the maximum theoretical torque the motor is
capable of producing?SolutionVolumetric displacement, VD = 3.2 in3/revPressure, P = 3000
psiTheoretical Torque, TT = VD (in3/rev) x P (psi)/(2∏) in.lb= 3.2 x 3000 / (2π)= 1527.89
in.lb]Actual Torque (TA): It is the torque which a motor develops to drive the attached load alone.
It is equal to theoretical torque minus the torque losses on account of any friction in the motor.

Chapter 2 | Differences between Pumps and MotorsUnderstandably, hydraulic motors are very
similar to hydraulic pumps in design and construction. However, many differences exist between
the two.The main difference between a pump and a hydraulic motor is that the moving parts in
the pump, connected to a hydraulic system, push the system fluid and create flow and pressure
in the system, whereas, in the motor, the pressurized fluid pushes its moving elements and
produces rotary mechanical motion and force.Another difference is that the pump is always
coupled to its prime mover, whereas the motor is always coupled to a load.Apart from that, some
design modifications are required in the case of hydraulic motors, as a result of their unique
requirements in applications. For example, a hydraulic motor has to overcome high starting
torque at low speeds and effects of side loading.The symbolic representations of a hydraulic
pump and hydraulic motor are given in Figure 2.1.Figure 2.1 | Symbolic representations of a
hydraulic pump and hydraulic motorChapter 3 |Terms and Definitions – Hydraulic MotorsSome
critical factors relevant to the operation and applications of every hydraulic motor is its operating
pressure, displacement, flow rate, input power, output power, torque output, and efficiency. The
following sections describe these terms.Operating Pressure (P): It is the pressure in a hydraulic
system that overcomes all resistances in the system, which includes both useful work and
losses. The rated pressure of a hydraulic motor is the maximum pressure, which the
manufacturer recommends for the motor.Motor Displacement (VD): It refers to the volume of the
system fluid required for turning the output shaft of a motor through one revolution. Some of the
units of motor displacement are m3/rev or cc/rev or in3/rev.Theoretical Flow Rate (QT): It is the
quantity of the system fluid that must flow through a motor per unit of time, provided there is no
leakage in the system. In the English system of units, the flow rate is measured in cubic-inch per
minute (in3/min) or gpm. The mathematical equations for the theoretical flow rate (QT) of the
hydraulic motor in the English system of units are as follows:Slippage in Hydraulic Motors: It is



the internal leakage of the system fluid that passes through the unintended paths of a motor,
without performing any useful work. As the slippage in the hydraulic motor increases, more and
more available flow intended for doing the useful work is lost, leading to the loss of power in the
motor. However, all hydraulic motors are susceptible to some amount of slippage. The slippage
increases, as the system pressure increases. Other reasons for the increase of slippage are the
wear induced enlargement of the clearances between the internal parts of the motor and
temperature-induced thinning of the system fluid.Speed: It is directly related to the theoretical
flow rate to a motor and inversely related to the displacement of the motor. It can be expressed
in the English system of units by the following equation:Therefore, it can be observed that, for a
given flow rate, increasing the motor displacement decreases the motor speed and vice versa.
Remember that the intended application decides the operating speed of the hydraulic
motor.Maximum motor speed is the speed of a hydraulic motor, at a particular inlet pressure,
that it can sustain for a limited period without damage to the motor.Minimum motor speed is the
slowest, continuous, rotational speed obtainable from the output shaft of a hydraulic motor.Input
Power (Pin): Figure 3.1 gives the block diagram of a hydraulic motor, with the power
relationships at its input side and output side.Figure 3.1 | A block diagram showing the power
relationships in the hydraulic motorThe mathematical equation for the input power of the
hydraulic motor, in the English system of units, is as follows:Theoretical Torque (TT): Theoretical
torque of a hydraulic motor is a function of the motor’s displacement and the system pressure.
The following section gives the mathematical equation for the theoretical torque of the motor in
the English system of units. The theoretical figures represent the torque available at the motor
shaft, assuming no mechanical losses.Breakaway (Starting) Torque of a hydraulic motor is the
rotary force required for turning a stationary load connected to the motor. More torque is
required to turn the stationary load than that required to keep it moving. This fact is because
initially, the motor has to overcome the inertia of the load. Therefore, the motor needs a
breakaway (starting) torque large enough to turn the load.Running Torque of a hydraulic motor
refers to the torque required to run a load connected to the motor. Remember, the running torque
of the hydraulic motor changes whenever there is a variation in the associated system
pressure.Stalling Torque of a running hydraulic motor is the torque needed to stop the motor to a
standstill.Torque ripple of a hydraulic motor is the difference between the minimum torque and
maximum torque delivered by the motor at a given pressure during its one cycle of
rotation.Example 3.1 | A skid steer broom used to clean construction site has the hydraulic
motor with a displacement of 3.2 in3/rev and operating at a pressure of 3000 psi. What is the
maximum theoretical torque the motor is capable of producing?SolutionVolumetric
displacement, VD = 3.2 in3/revPressure, P = 3000 psiTheoretical Torque, TT = VD (in3/rev) x P
(psi)/(2∏) in.lb= 3.2 x 3000 / (2π)= 1527.89 in.lb]Actual Torque (TA): It is the torque which a
motor develops to drive the attached load alone. It is equal to theoretical torque minus the torque
losses on account of any friction in the motor.Output Power (Pout): The mathematical equation
for the output power of a hydraulic motor, in the English system of units, is as follows:Motor



Efficiency: The efficiency of a hydraulic motor is the ratio of its output power and its input power.
An ideal hydraulic motor is a motor that has no leakage and frictional losses, and it is 100%
efficient. In practice, however, there are leakages and frictional losses taking place in the motor.
Accordingly, two basic types of efficiencies are identified for the motor. They are: (1) Volumetric
efficiency, and (2) Mechanical efficiency. Overall efficiency can, then, be derived from these two
types of efficiencies. The following sections briefly explain these terms.Volumetric Efficiency (ηv)
of the hydraulic motor is the ratio of the theoretical flow rate responsible for developing the actual
motor speed to the total flow rate consumed by the motor, including the leakage in the motor.
Remember, the motor consumes more flow than it should theoretically, due to the leakage in the
motor. The mathematical equation for the volumetric efficiency of the motor is as
follows:Remember, the speed of a hydraulic motor is entirely dependent on the flow through the
motor, and is independent of the pressure drop across the motor.Mechanical efficiency (ηm) of
the hydraulic motor is the ratio of the actual torque delivered by the motor to the theoretical
torque of the motor. The hydraulic motor produces less torque than it should theoretically, due to
the frictional losses in the motor. The mathematical equation for the mechanical efficiency of the
hydraulic motor is as follows:Overall Efficiency (ηo) of the hydraulic motor is the ratio of the
‘brake’ power delivered by the motor to the hydraulic power delivered to the motor. Both
volumetric and mechanical efficiencies reduce the overall performance of the motor. Therefore,
the overall efficiency of the motor is also the product of its volumetric efficiency and its
mechanical efficiency and is expressed mathematically as:  = ηv x ηmSummary of
Relations for Hydraulic MotorsFigure 3.2 gives the summary of essential relations of hydraulic
motors, in the English units.

Chapter 2 | Differences between Pumps and MotorsUnderstandably, hydraulic motors are very
similar to hydraulic pumps in design and construction. However, many differences exist between
the two.The main difference between a pump and a hydraulic motor is that the moving parts in
the pump, connected to a hydraulic system, push the system fluid and create flow and pressure
in the system, whereas, in the motor, the pressurized fluid pushes its moving elements and
produces rotary mechanical motion and force.Another difference is that the pump is always
coupled to its prime mover, whereas the motor is always coupled to a load.Apart from that, some
design modifications are required in the case of hydraulic motors, as a result of their unique
requirements in applications. For example, a hydraulic motor has to overcome high starting
torque at low speeds and effects of side loading.The symbolic representations of a hydraulic
pump and hydraulic motor are given in Figure 2.1.Figure 2.1 | Symbolic representations of a
hydraulic pump and hydraulic motorChapter 3 |Terms and Definitions – Hydraulic MotorsSome
critical factors relevant to the operation and applications of every hydraulic motor is its operating
pressure, displacement, flow rate, input power, output power, torque output, and efficiency. The
following sections describe these terms.Operating Pressure (P): It is the pressure in a hydraulic
system that overcomes all resistances in the system, which includes both useful work and



losses. The rated pressure of a hydraulic motor is the maximum pressure, which the
manufacturer recommends for the motor.Motor Displacement (VD): It refers to the volume of the
system fluid required for turning the output shaft of a motor through one revolution. Some of the
units of motor displacement are m3/rev or cc/rev or in3/rev.Theoretical Flow Rate (QT): It is the
quantity of the system fluid that must flow through a motor per unit of time, provided there is no
leakage in the system. In the English system of units, the flow rate is measured in cubic-inch per
minute (in3/min) or gpm. The mathematical equations for the theoretical flow rate (QT) of the
hydraulic motor in the English system of units are as follows:Slippage in Hydraulic Motors: It is
the internal leakage of the system fluid that passes through the unintended paths of a motor,
without performing any useful work. As the slippage in the hydraulic motor increases, more and
more available flow intended for doing the useful work is lost, leading to the loss of power in the
motor. However, all hydraulic motors are susceptible to some amount of slippage. The slippage
increases, as the system pressure increases. Other reasons for the increase of slippage are the
wear induced enlargement of the clearances between the internal parts of the motor and
temperature-induced thinning of the system fluid.Speed: It is directly related to the theoretical
flow rate to a motor and inversely related to the displacement of the motor. It can be expressed
in the English system of units by the following equation:Therefore, it can be observed that, for a
given flow rate, increasing the motor displacement decreases the motor speed and vice versa.
Remember that the intended application decides the operating speed of the hydraulic
motor.Maximum motor speed is the speed of a hydraulic motor, at a particular inlet pressure,
that it can sustain for a limited period without damage to the motor.Minimum motor speed is the
slowest, continuous, rotational speed obtainable from the output shaft of a hydraulic motor.Input
Power (Pin): Figure 3.1 gives the block diagram of a hydraulic motor, with the power
relationships at its input side and output side.Figure 3.1 | A block diagram showing the power
relationships in the hydraulic motorThe mathematical equation for the input power of the
hydraulic motor, in the English system of units, is as follows:Theoretical Torque (TT): Theoretical
torque of a hydraulic motor is a function of the motor’s displacement and the system pressure.
The following section gives the mathematical equation for the theoretical torque of the motor in
the English system of units. The theoretical figures represent the torque available at the motor
shaft, assuming no mechanical losses.Breakaway (Starting) Torque of a hydraulic motor is the
rotary force required for turning a stationary load connected to the motor. More torque is
required to turn the stationary load than that required to keep it moving. This fact is because
initially, the motor has to overcome the inertia of the load. Therefore, the motor needs a
breakaway (starting) torque large enough to turn the load.Running Torque of a hydraulic motor
refers to the torque required to run a load connected to the motor. Remember, the running torque
of the hydraulic motor changes whenever there is a variation in the associated system
pressure.Stalling Torque of a running hydraulic motor is the torque needed to stop the motor to a
standstill.Torque ripple of a hydraulic motor is the difference between the minimum torque and
maximum torque delivered by the motor at a given pressure during its one cycle of



rotation.Example 3.1 | A skid steer broom used to clean construction site has the hydraulic
motor with a displacement of 3.2 in3/rev and operating at a pressure of 3000 psi. What is the
maximum theoretical torque the motor is capable of producing?SolutionVolumetric
displacement, VD = 3.2 in3/revPressure, P = 3000 psiTheoretical Torque, TT = VD (in3/rev) x P
(psi)/(2∏) in.lb= 3.2 x 3000 / (2π)= 1527.89 in.lb]Actual Torque (TA): It is the torque which a
motor develops to drive the attached load alone. It is equal to theoretical torque minus the torque
losses on account of any friction in the motor.Output Power (Pout): The mathematical equation
for the output power of a hydraulic motor, in the English system of units, is as follows:Motor
Efficiency: The efficiency of a hydraulic motor is the ratio of its output power and its input power.
An ideal hydraulic motor is a motor that has no leakage and frictional losses, and it is 100%
efficient. In practice, however, there are leakages and frictional losses taking place in the motor.
Accordingly, two basic types of efficiencies are identified for the motor. They are: (1) Volumetric
efficiency, and (2) Mechanical efficiency. Overall efficiency can, then, be derived from these two
types of efficiencies. The following sections briefly explain these terms.Volumetric Efficiency (ηv)
of the hydraulic motor is the ratio of the theoretical flow rate responsible for developing the actual
motor speed to the total flow rate consumed by the motor, including the leakage in the motor.
Remember, the motor consumes more flow than it should theoretically, due to the leakage in the
motor. The mathematical equation for the volumetric efficiency of the motor is as
follows:Remember, the speed of a hydraulic motor is entirely dependent on the flow through the
motor, and is independent of the pressure drop across the motor.Mechanical efficiency (ηm) of
the hydraulic motor is the ratio of the actual torque delivered by the motor to the theoretical
torque of the motor. The hydraulic motor produces less torque than it should theoretically, due to
the frictional losses in the motor. The mathematical equation for the mechanical efficiency of the
hydraulic motor is as follows:Overall Efficiency (ηo) of the hydraulic motor is the ratio of the
‘brake’ power delivered by the motor to the hydraulic power delivered to the motor. Both
volumetric and mechanical efficiencies reduce the overall performance of the motor. Therefore,
the overall efficiency of the motor is also the product of its volumetric efficiency and its
mechanical efficiency and is expressed mathematically as:  = ηv x ηmSummary of
Relations for Hydraulic MotorsFigure 3.2 gives the summary of essential relations of hydraulic
motors, in the English units.Figure 3.2 | Summary of relations for a hydraulic motorExample 3.2 |
A hydraulic gear motor consumes 11.7 gpm while running at a speed of 500 rpm. Assume the
volumetric efficiency of the motor as 90%. What is the volumetric displacement of the motor?
SolutionActual flow rate, QA = 11.7 gpmMotor speed, N = 500 rpmMotor speed, n = 8.33
rpsVolumetric efficiency, ηv =0.9Theoretical flow rate, QT =11.7 x 0.9 = 10.53 gpmVolumetric
displacement, VD =QT (gpm) x 231 /N (rpm)= 10.53 x 231 / 500= 4.86 in3/revExample 3.3 |
What is the actual torque supplied by a hydraulic motor of 3.05 in3/rev at 3626 psi? Assume the
mechanical efficiency of the motor as 90%.SolutionVD = 3.05 in3/revPressure, P = 3626
psiMechanical efficiency, ηm = 90%Theoretical torque, TT = VD (in3/rev) x P (psi)/ (2∏) in.lb=
3.05 x 3626/ (2∏)= 1760 in.lbActual torque, TA = ηmxTT=0.9x1760 in.lb= 1584 in.lbExample 3.4



| A hydraulic motor rotates at a speed of 450 rpm with a nominal displacement of 0.244 in3/rev.
The pressure differential across the hydraulic motor is 1088 psi. The overall efficiency is 80%,
and the volumetric efficiency is 90%. Calculate the following: (1) Theoretical flow rate, (2) Actual
flow rate, (3) Power input, (4) Shaft power and (5) Shaft torque.SolutionSpeed, N = 450
rpmDisplacement, VD = 0.244 in3/rev∆P = 1087.785 psiηv = 90%ηo = 80%Speed, n = 450/60
rps = 7.5 rpsTheoretical flow rate, QT =VD (in3/rev) x N(rpm)/231= (0.244 x 450)/231= 0.475
gpmActual flow rate, QA = QT/ ηv= 0.475/0.9 = 0.528 gpmPower input Pin = ∆P (psi) x QA
(gpm)/1714= 1088 x 0.478/1714= 0.3 hpShaft power, Pout = Pin x ηo= 0.3 x 0.8 = 0.243 hpShaft
torque, T = Pout (watt) /2π n= (Pout (hp) x63025)/N(rpm)= (0.243x63025)/450= 34 in.lbExample
3.5 | A hydraulic motor operating at a pressure of 1450 psi produces a displacement of 10 in3
and a speed of 2000 rpm. If the actual flow consumed by the motor is 95 gpm and the motor’s
actual torque is 2213 in.lb, find its output power, volumetric efficiency, mechanical efficiency and
overall efficiency.SolutionP = 1450 psiVD = 10 in3N = 2000 rpm = 210 rad/sQA = 95 gpmTA =
2213 in.lbOutput power = TA (in.lb)xN(rpm)/63025= 2213x2000/63025= 70.23 hpTheoretical
flow rate, (QT) = VD (m3/rev) x n (rps)=VD(in3/rev)xN (rpm)/231=10 x 2000/231= 86.58
gpmTheoretical torque, (TT) = VD (in3/rev) x P (psi)/ (2∏)= 10 x 1450/ (2∏)= 2308
in.lbMechanical efficiency, (ηm) = TA/ TT=2213/2308 = 0.96Volumetric efficiency, (ηv) = QT/ QA
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