Pneumatic Actuators

Pneumatic systems make use of actuators in a fashion similar to that of hydraulic systems.
However, because air is the fluid medium rather than hydraulic oil, pressures are lower, and
hence pneumatic actuators are of lighter construction. For example, air cylinders make extensive
use of aluminum and other nonferrous alloys to reduce weight, improve heat transfer
characteristics, and minimize corrosive action of air.

Pneumatic cylinders

Figure illustrates the internal construction features of a typical double-acting pneumatic cylinder.
The piston uses wear-compensating, pressure-energized U-cup seals to provide low-friction
sealing and smooth chatter-free movement of this 200-psi pressure-rated cylinder. The end plates
use ribbed aluminum alloy to provide strength while minimizing weight. Self-aligning Buna-N
seals provide a positive leakproof cushion with check valve action, which reverts to free flow
upon cylinder reversal. The cushion adjustment, which uses a tapered self-locking needle at each
end, provides positive control over the stroke, which can be as large as 20 in.

ANESI SYMBOL

Pneumatic Rotary Actuators

Oscillatory air motors

In Figure, we see a pneumatic actuator, which is available in five basic models to provide a range
of torque outputs from 100 to 10.000 Ib.in. using 100-psi air. Standard rotations are 94°, 184°,
and 364°. The cylinder heads at each end serve as positive internal stops for the enclosed floating
pistons. The linear motion of the piston is modified into rotary motion by a rack and pinion made
of hardened steel for durability.
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Rotary air motors

Rotary air motors can be utilized to provide a smooth source of power. They are not susceptible
to overload damage and can be stalled for long periods of time without any heat problems. They
can be started and stopped very quickly and with pressure regulation and metering of flow can
provide infinitely variable torque and speed.

The equations for determining the output torque and power for air motors are identical to those
used for hydraulic motors. However, because air is compressible, the accuracy of these equations
is not as good for air motors as for hydraulic motors. For example, the speed of an air motor
decreases significantly as the load torque increases. In addition, the air-consumption rate (scfm)
increases at the same air motor speed with increased pressure.

Figure shows speed-vs.-torque and speed-vs.-power curves for air motors at high- and low
pressure levels. These types of performance curves are determined from actual test data. Observe
that the starting torque (torque produced under load at zero speed) is lower than the running
torque. As a result, higher inlet pressure (as controlled by a pressured regulator) may be required
to start driving a large load torque.
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Power-speed and torque-speed curves for a typical air motor.

Figure shows a radial piston air motor. The five-cylinder piston design provides even torque at
all speeds due to overlap of the five power impulses occurring during each revolution of the
motor. At least two pistons are on the power stroke at all times. The smooth overlapping power
flow and accurate balancing make these motors vibrationless at all speeds. This smooth operation
is especially noticeable at low speeds when the flywheel action is negligible. This air motor has
relatively little exhaust noise, and this can be further reduced by use of an exhaust muffler. It is
suitable for continuous operation using 100-psi air pressure and can deliver up to 15 hp.




In Figure, we see an axial piston air motor, which can deliver up to 3 hp using 100-psi air. The
power pulses for these five-piston axial design motors are the same as those for the radial piston
design. At least two pistons are on the power stroke at all times, providing even torque at all
speeds.
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Pneumatic actuators are used to drive a variety of power tools for performing useful work. The
air requirements of these tools in terms of flow rate and pressure depend on the application
involved. Figure gives the air flow requirements in scfm and standard m*min for a number of
average-size pneumatic too is designed to operate at a nominal pressure of 100 psig (687 "Pa

gage).




.:';-'A smgie wu;g pncumaiic cylmdcr wnth a 1 “H—m pm{an diameter and 6-in. stroke
“drives a power tool using 100 pslg air at 80°F. If the cylinder reciprocates at 30
~ cycles/min. determine the alr-consumptlfm rate in scfm {cfm of air at standard atmo-
5.;-spheue c@ndmtms of 14, ? ‘psia and ﬁﬂ"F}: e : -

I STANDARD
PNEUMATIC TOOL |  scfm m? min
HOISTS - 5 D-.14
PAINT SPRAYERS 10 0.28
IMPACT WRENCHES 10 0.23
HAMMERS 20 0.57
GRINDERS 30 0.85
SANDERS 40 1.13
ROTARY DRILLS 60 1.70
PISTON DRILLS | &0 2.36

Air requirement of various average-siza pneumatic tools designed for operation at 100 psig (687
kPa gage).

Solution Thas volumnper mmute (V;] of lﬂopmg Bﬂ"Fan' consumed by the cylmder
is found ﬁrst i . : ;

gl c)'cles) =

remp rate (%




To obtain the volume per minute (V) of air (scfm) consumed by the cylinder,
we use the _gcn_eml gas law (Eq. 10-6).

Gnini ;P.il“:—""Pum 14? ﬂﬁ‘lﬂ;
' Tz—sﬁ+46ﬁ-54{}“R
T, =6s+460=52$°R-

Substituting values yields
] 114. ?) (54{!

= 0.231 (14? 523)"‘200“““

114.7

= 0. 25“ ( 14?)(51123 "" -

Thus. lgmnng t,he increase in air temperautre results in only a 2% error

(2 0!}2 00[ 20 103%) However, if the air temperature had increased to a value of

180°F, for mstance , the percent error would equal 21%.
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For the pﬂﬁﬁmﬂcy{m&er-dnven power tml of Exercise 10-11, at what rate f:;an
rcc:pmcatmn takn._piacc‘? The following aqmvak:nt metric data apply:

¢ 3 Plstun dmmeter = 44.5 mm.
2. Piston"s'trnke = 152 mm.

3 Au' pressurf: and tcmperaturc (at the pncumatuc cylinder) = 687 kPa gage
and 27"(‘: e

sphenc con&mons of lnl kPa abs and ?.(]"C'}



| .Snbsutuung values yw]ds an answer for Vz

= 0055 ()(35%) - 0008 i

Nexr solve for the conmpondmg reclpmcatmn rate

,_.m :=”ar¢a {mi‘)fx :Szmke (m} }-: rec1p rate (

cyctes)
min

7 - -{dﬂ#ﬁ)z x ﬁ 152 x m@p rate (ﬁf:lf)

reclp rate = 30 cyclcsim

A ected thtf'.E anmr of sz} cyelﬁsfmm equals the ﬁempmcatmn rate given in
'.ffffExampIe i’ﬁ-ll because the dafl:a in thlx example are the metric equivalents of the
_ English data of Example 10-11. ;



