What is Fluid Power ?

A fluid isatheoretical state of matter. It is characterized by itsinternal cohesive force. A fluid cannot support a
shear force and defor ms continuously under shear loading.

Two thermodynamic states are described by the fluid model: liquids and gases.

Liquids have a higher internal cohesive bonding than a gas and maintain a definite volume. A gas will expand to
fill any volume.

The important mechanical difference between liquids and gases is that liquids are treated as “incompressible’
whereas gases are “ compressible.

The study of Liquid Fluid Power iscalled “Hydraulics,” after the Greek hydros, meaning “ water.”
The study of Gaseous Fluid Power iscalled “ Pneumatics,” after the Greek pneumon, meaning “lung.”

Because of the amorphous volume property, fluids can transfer forces more flexibly and with lower losses than
mechanical linkages.

ASCI5330. M echatronics |




Conceptsand Units

T1pt T 133

Pressureisthe negative aver age of the normal stress componentsin thefluid, p = - 3

Note that pressureisalwaysgreater than 0. Thisisthe “you can’t push on arope” principle.

Pressureismeasured in units of force divided by length squared (52). Conventional units are Pascals (Pa), pounds
L

per squareinch (psi), pounds per square feet (psf), among others.

m
V
infinitesimal volume.

Density is p = = . For a continuum, at a point, this would be the ratio of an infinitessmal mass contained in an

Density ismeasured in units of mass divided by length cubed (LM?)). Conventional unitsarekilograms per liter (kg/
L), pounds per cubic inch, and pounds per cubic foot. Note that these pounds are pound-mass.

Specific Weight isthe density of a substance multiplied by the acceleration dueto gravity, y = pg. Unitsareforce
divided by length cubed (L—FS). Conventional units are Newtons per Liter (N/L), pounds per cubic inch, or pounds

per cubic foot. Note that in the English system of units, the numerical value of density and specific weight will be
the same (if expressed in pounds per cubic whatever)!
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Dimensionless Constants

There aretwo important dimensionless numberswhich help characterize a fluid’s behavior, the Reynolds number
and the Mach Number.

il

and
M ="
a

where u is the average cross-sectional fluid velocity, d isthe diameter of the pipe, u isthe fluid viscosity, and a is
the speed of sound in the medium. (Note that in acoustics, ‘c’ representsthe speed of sound.)

Viscosity represents theinternal friction forcesin the fluid. In gases, viscosities are very small, especially relative

to liquids, however, they are never identically zero. Units of viscosity are F—I In the cgs system of units, viscosity
L

has the units of Poise, which is one dyne-cm/sec?.
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Componentsin a Pneumatic System

Compr essor @ or Air Tank @ - sour ce of compressed air

Pressure Switches - -1./.\V\ , Pressure Gages @ , Check Valves ~©—

Cylinders and Orifices ——
Single Acting Double Acting o
A B A B A B A B
s [V Ee =) [ |
Regulators — , Control Valves?=—v [ TIT , TIT
. : R1 R2 R1 R2 R1 R2 R1 R2
Lo Single Solenoid Valve Double Solenoid Valve

Accumulators @ , Reservoirs , Lines, Filters, Lubricators @ , Silencers 4m> , Dryers
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Sample Pneumatic System Set Up

_____
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Pneumatic-Electrical Analogy

Designing pneumatic circuits is usually done by electrical analogy. Current is analogous to mass flow. Voltage is
analogousto Pressure. For a compressible fluid in anozzle or orifice,

1

29(P, —P,)2

Q= CYAO[—Q( 1 2)} .
Y1

Q = Volume Flow Rate

A0 = cross-sectional orifice or nozzle outlet area

This equation limps out of Bernoulli’s Equation, with two fudge factors to account for flow losses (C) and com-
pressibility (Y). However, it issuitable for design.

D .. D .
| f D—° <0.4 and Re< 10%, then C=0.6 and isindependent of D—°. (experimental)
P P

Y varieswith pressure drop between 0.86 and 1.0. (experimental)

1
Themassflow, I, equals | = y,Q = CYA[2gy,(P,—P,)]
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Nozzle as a Resistor

It is convenient to replace the upstream specific gravity, which is unknown, with the upstream pressure, by using
conservation of mass:

Pl
Y1 = Yoo
PO

toyield:

1 1

Py 2 2
| = CYAO[Zgyop—(Pl—Pz)} = R(AP)?~ RAP
0
Alternately, theresistance can be phrased in terms of theflow rate, Q = RAP
There aretwo limiting conditionsin a nozzle: no flow and choked (critical) flow.
No flow occurswhen the pressure differential acrossthe nozzleis zero.

Choked flow occurs when the flow velocity reaches the speed of sound. At this speed, without a shock wave, the
velocity cannot increase further. Hence, any larger pressuredrop yieldsnoincreasein flow.
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Perfect GasLaw

Under many conditions, air actsas a perfect gas. This meansitsthermodynamic propertiesfollow the relation:

PV = RT
wherePispressure, V isvolume, T isthe absolute temperature, and R isthe gas constant for air, 0.28700;5—JK.
If there aretwo stateswherethisrelation isapplied,
PV _ PaVa _

Tl T2
or
For steady conditions,

0, - Elze,
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Pneumatic Actuators

Pneumatic cylindersfunction on the principle that a pressure differential across an area gener ates a for ce accor d-
ingto: F = (P,—P,) = (AP)A. Substantial forces can be generated.

For example, a 30 psi source venting to atmosphere (14 ps) acting on a cylinder with a 1 inch diameter piston

. 2
would exert aforce of (30—14)psi*3.14*(—115499l = 12.5Ib.

Therate at which thevolumein the piston changesis Q, = Ax.

If the piston is being opposed by theforce, F , then, itsrate of extension would be deter mined from Newton’s 2nd
Law (assuming an infinite reservoir and steady conditions) Mx = (AP)A-F,_ =0 or PA = F_ +PA.

. : : : : P :
Assuming an isothermal processto fill the cylinder from the reservoir PA = Pr%A = rTQr where P.Q, is constant.
S
L __RQ
Combiningyields x = FAPA’
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Air Cylinder with a Flow Restriction

If the cylinder in the previous example had a flow restriction (usually an orifice) in linewith the cylinder, therela-
tion Q, = RAP = R(P,-P,) would apply.

2 2
. Q R(P.—P)P. (RP’) RPP _ RP
SinceP, = P~ P, = B = — ® . Solving for P, P, = —
SQg Qs Qs Qs J % Qg+RP

2

. I:|_ RI:)r I:L
- = -ty —L— = =+
RecallingthatQ, = Ax and P, = = +P,, then o.+RP, - A ‘Pl and
RP°  RP,
X = ————— — ——
(FL+AP) A

Thislast result ishurried and severely non-validated as yet.

Consider a bore diameter of A = 1.5in°, reservoir pressure of P, = 60psi, a load of F, = 25Ib, and a resistance of

. 5
in
b -

(60psi)( 60ps 1 ) = 38.3£—C,Whichisaprettyfuri-

25lb + (1.5in%)(14psi) 1.5in>

.5
in
Ib- sec

R=1

,theextensionrateisx = (1

ousrate of extension.
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