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UNIT I

What is fluid power?

Fluid power is the technology that deals with the generation, con-
trol, and transmission of power-using pressurized fluids. it can be said
that fluid power is the muscle that moves industry. this is because
fluid power is used to push, pull, regulate, or drive virtually all the
machines of modern industry. for example, fluid power steers and
brakes automobiles, launches spacecraft, moves earth, harvests
crops, mines coal, drives machine tools', controls airplanes, processes
food, and even drills teeth. In fact, it is almost impossible' to find a
manufactured product that hasn't been "fluid-powered" in some way
at some stage of its production or distribution.

Since a fluid can be either a liquid or a gas. fluid power is actually
the general term used for hydraulics and pneumatics. Hydraulic sys-
tems use liquids such as petroleum oils, water, synthetic oils, arid
even molten metals. The first hydraulic fluid to be used was water
because it is readily available. However, water has many deficien-
cies. It freezes readily, is a relatively poor lubricant, and tends to rust
metai components. Hydraulic oils are far superior and hence are
widely used in lieu of water. Pneumatic systems use air as the gas
medium because air is very abundant and can be readily exhausted
into the atmosphere after completing irsassigned task.

Fb id power systems are designed specifically to perform
work. The work is accomplished by a pressurized fluid bearing di-
rectly on an operating fluid cylinder or fluid motor. A fluid cylinder

produces a force, whereas a fluid motor produces a torque. Fluid
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cylinders and motors thus provide the muscle to do the desired
work. Of course, control components arc also needed to ensure

that the work is done smoothly, accurately, efficiently, and safely.

3apanuel.llpoyTute U Nepesean TEKCT.

3apaHue?2. NepeBeanTe Ha PyCcCKUiA A3bIK CeayoLlwmue TepMn-
Hbl:

power-using pressurized fluids, fluid power, drills teeth, a rela-
tively poor lubricant

3apaHume 3. CoctaBbTe 5-7 cneumasnbHbIX BOMPOCOB K TEKCTY
3apaHue 4.0TBeTbTE HA BOMpPOCHI:

What is fluid power ?

What liquids do hydraulic systems use?

What types of fluid systems are ?

How is the work fluid power systems accomplished?



[leHTp AMCTAaHIIMOHHOTO 06YYeHH s Y MOBbILIEeHHS KBaJaupUKAIUU

MeToguyeckye yKa3aHUs 110 aHIVIMMCKOMY A3BIKY

UNIT II

Closetl-loop versus open-loop systems

Fluid power systems can be either (he closed- loop or open-

loop type. The following describes these two types of fluid power
systems.
A closed-loop system is one that uses feedback This means that
the state of the output from the system is automatically sampled
and compared (fed back) to the. input or command signal by
means of a device called afeedback . If there is a difference be-
tween the command and feedback signals, action is taken to cor-
rect system output until ii matches the requirement imposed on the
system. Closed-loop systems are frequently called servo systems,
and the valves used to direct fluid to the actuators are typically
called servo valves

An open-loop system does not use feedback. The output per-
formance of the system therefore depends solely on the characte-
ristics of the individual components and how they interact in the
circuit. Most hydraulic circuits are of the open-loop type, which
are generally not so complex or so precise as ciosed-ioop sys-
tems. This is because any errors such as slippage (oil leakage past
seals, the magnitude of which depends on system pressure and
temperature) are not compensated for in open-loop systems. For
example, the viscosity of a hydraulic fluid decreases (fluid be-
comes thinner) as its temperature rises. This increases oil leakage

past seals inside pumps, which, in turn, causes the speed of an
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actuator, such as a hydraulic motor, to drop. In a closeu-loop sys-
tem, a feedback transducer (for example, a tachometer, which
generates a signal proportional to. the speed at which it is ro-
tated) would sense this speed reduction and feed a proportional
signal back to the command signal. The .difference between the
two signals is used to control a servo valve, which would then in-
crease the fluid flow rate to the hydraulic motor until its speed is

at the required level.

3apaHue 1. [TpouTnTe N NepesBeanTe TEKCT.

3apaHue 2. MepeBeanTe Ha pycckUi s3blK crieaylolmne Tep-
MMHbI:

closed-loop, a feedback transducer, servo valves, oil leakage
past seals

3apaHue 3. CocrtaBbTe 5-7 cneumanbHbIX, BOMNPOCOB K TeK-
CTY, UCNOSb3yst TEPMUHbI U3 3a4aHNS 2.

3apaHue 4 . OTBETbTE HA BOMpPOC:

What is the difference between a closed-loop and an open-

loop fluid power system?
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UNIT III

Nonpositive displacement pumps and positive dis-
placement pumps

A pump which is the heart of a hydraulic system converts me-
chanical energy into hydraulic energy. The mechanical energy is de-
livered to the pump via a prime mover such as an electric motor.
Due to mechanical action, the pump creates a partial vacuum at its
inlet. This pennits atmospheric pressure to force the fluid through
the inlet line and into the pump. The pump then pushes the fluid in-
to the hydraulic system.

There are two broad classifications, of pumps as identi-
fied by the fluid power industry.

1 .Nonpositive displacement pumps: This type is generally used
for low-pressure, high-volume flow applications. Because they are
not capable of withstanding high pressures, they are of little use in
the fluid power field. Normally their maximum pressure capacity is
limited to 250-300 psi. This type of pump is primarily used for trans-
porting fluids from one location to another.

Positive displacement pumps: This type is universally used for flu-
id power systems. As the name implies, a positive displacement
pump ejects a fixed amount of fluid into the hydraulic, system per
revolution of pump shaft rotation. Such a pump is capable of
overcoming the pressure resulting from the mechanical loads
on the system as well as the resistance to flow due to friction
Hydrostatic or positive displacement pumps. This type

of pump ejects a fixed quantity of fluid per revolution of the
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pump shaft. As a result, pump output flow, neglecting the small
internal leakage, is constant and not dependent on system pres-
sure. This makes them particularly well suited for fluid power
systems.. However, positive displacement pumps must be pro-
tected against overpressure if the resistance to flow ' becomes
very large or infinite. This can happen if a valve is completely
closed and there is no physical place for the fluid to go. The
reason for this is that a positive' displacement pump continues
to eject fluid (even though it has no place to go), causing an ex-
tremely rapid buildup in pressure as the fluid is compressed. A
pressure relief valve is used to protect the pump against over-
pressure by diverting pump flow back to the hydraulic tank,
where the fluid is stored for system use.

Positive displacement pumps can be classified by the type of
motion of internal elements. The motion may be either rotary or

reciprocating.

3apaHuel.llpouTnTe 1 NepeBeanTe TEKCT.

3aaHue 2.MepeBeanTe Ha PycCKui S3blk Cleaytowme Tep-
MWHBbI:

positive displacement pumps, no positive, displacement
pumps, piston pumps, gear pumps, vane pumps, low-pressure,
high volumetric efficiency, pressure relief valve, oil tank.

3apaHme3. OTBETbLTE HA BOMPOCH!:

What is the difference between positive displacement and no pos-
itive displacement pumps?

What types of positive displacement pumps do you know?

9
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What do pumps produce?

What prevents any additional pressure buildup?

Are pressure relief valves needed when pressure- compensated
pumps are used?

3apaHue 4.HalignTe B TEKCTE KIOYEBbIE TEPMUHBI U COCTaBbTE C
HUMKW CBOW NPEASIOXKEHUS.

3apaHue 5. MepeBeanTe Ha PYCcCKUi A3bIK crieaytolme nNpeano-
XKeHus:
A. fixed displacement pump is one in which the amount of fluid
ejected per revolution cannot be varied. In a variable displacement
purhp, the displacement can be varied by changing the physical rela-

tionships of various pump elements.
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UNIT IV

Pumping theory

All pumps operate on the principle whereby a partial vacuum is
created at the pump inlet due to the internal operation of the pump.
This allows atmospheric pressure to push the fluid out of the oil tank
(reservoir) and into the pump intake. The pump then mechanically
pushes the fluid out the discharge line.

This type of operation can- be visualized by referring to the sim-
ple piston pump of figure I . Note that this pump contains two ball
check valves, which are described as follows:

Check valve 1 is connected to the pump inlet line and allows flu-
id to enter the pump only at this location.

Check valve. 2 is connected to the pump discharge line and
allows fluid to leave the pump only at this location.

As the piston is pulled to the left, a partial vacuum is generated
in pump cavity 3, because the close tolerance between the piston and
cylinder (or the use of piston ring seals) prevents air inside cavity 4
from traveling into cavity 3. This now of air, if allowed to occur,
would destroy the vacuum. This vacuum holds check valve 2 against
its seat (lower position) and allows atmospheric pressure to push flu-
id from the reservoir into the pump via check valve 1. This inlet flow
occurs because the force of the fluid pushes the ball of check valve 1
off its seat. When Ihe piston is pushed to the right the fluid
movcmenloloses inlet valve 1 and opens outlet v?|ve"The <|u;:inlity
of fluid, displaced b\ (he piston. I..> !"s ucibly ejected out the dis-

charge Niklead mg to the hydrauHe system. The volume of oil
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displaced by the'piston during the discharge nroke is called
the "displacement volume’® of the pump.

From the operation of the simple piston pump; it can be seen
why a pump does not pump pressure Pumps produce flow. The pres-
sure developed is due to the resistance of the load, which is being

driven by the system hydraulic actuators.

3apaHue 1.[TpouTnTte N NnepeseanTe TEKCT.

3apaHue 2.[lepeBeanTe Ha PYyCCKUI A3blK Cieayrowme TepMn-
Hb.

Pumpin take, discharge line, reydraulic system, prime mover
force, inlet valve, outlet

valve, displacement, volume, simple piston pump.

3apaHume3, OTBeTbTE Ha BOMNPOC:

Explain the operation of simple piston pump.

3apaHue 4.Haiamte B TEKCTE K/IIOYEBLIE TEPMUHBI U COCTaBbTE
C HUMW CBOM NpeasIoXKeHUS.

3apaHue 5 [epeBeanTe Ha pycckuiA S3bIK creayoLme npea-
NOXEHUS:

A Hpumps operate on the principle whereby a partial vacuum is
created at the pump inlet due to the internaloperationof the
p uin p . This allows atmospheric pressure to push the-fluid out of

the oil tank and into the pump intake.
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