Automate with Air
MICHAEL KETTERING | Clippard Instrument Laboratory

Taking the Guesswork
Out of Pneumatic Control

Here’s a step-by-step approach to efficiently designing systems that work right the first

time—and without electricity.

ELECTRONICS HAVE BEEN a dominant control
method for decades. But conditions sometimes
exist that prohibit the use of electronic con-
trols. For example, magnetic resonance imag-
ing machines emit strong electromagnetic fields
that are incompatible with strong ferrous met-
als and external electronic fields. Strong radio-
frequency fields can interfere even with hard-
wired electronic controls.

Furthermore, equipment operating in close
proximity to explosives or fuels and other vola-
tile fluids must be explosion-proof—a require-
ment that adds considerable bulk and expense
to control components. These conditions may
not be the norm, but any one of them can leave
control system designers wondering what alter-
natives are available.

This is where pneumatic control provides a
surprisingly wide array of solutions. Modular
air-logic systems are often a good bet when a compact, eco-
nomical unit is a must. They typically consist of a series of valves
mounted onto standard manifold subplates.

Such systems speed assembly and piping, and all interconnec-
tions between valves and controls in the circuit are machined
into the manifold subplate. This cuts design and installation
time, reduces the number of fittings, and eliminates potential
leak points, piping, and routing errors.

For instance, compared with discrete air-valve control sys-
tems, a modular system provides:

« proven, reliable design.

« lower component costs.

« simple plumbing and troubleshooting.
« lower air consumption.

» no air locks.

« a smaller total package.

Compared to electrical-relay control, a modular system
offers:

subplates.
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Pneumatic sequence controllers
provide step-by-step system oper-
ation. Sequence valves and other
components mount to the manifold

« an explosion-proof system with no danger
of burnouts.

» lower power consumption.

« lower costs by eliminating solenoids and
relays.

« a single air supply.

« no heat buildup.

Only a few manufacturers offer modular,
manifold-mounted pneumatic control sys-
tems. For instance, Clippard offers a pneu-
matic programmable controller—a sequen-
tial controller that provides step-by-step
system operation. It consists of a clear acrylic
manifold for mounting sequence valves
and other such components in a compact,
etficient package.

The system is designed to automatical-
ly generate feedback signals to initiate the
next step when an operation finishes. Many
types of sensors can generate feedback signals, including limit
valves, proximity sensors, pressure sensors, Hall-effect switch-
es, back-pressure cylinder sensors, and manual pushbuttons.
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System shutoff prevents accidental machine operation.

Feedback signals provide positive, safe operation. If no sig-
nals are sent (due to a component failure, missing or jammed
parts, and so on), the sequence stops and an indicator pin-
points where to troubleshoot. Internal interlocks prevent out-
of-sequence feedback signals.

A pneumatic output signal at each step actuates air-piloted
devices, including power valves, hydraulic valves, pressure
switches, and other components that may control air cylinders.
The last sequence valve resets the system to repeat the cycle
of operations.
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SC Hydraulic Engineering
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cart. This compact mobile design
offers many popular features
found on our standard power
units.

Simply bolts on and off!
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Automate with Air

DESIGN BASICS filtration, and other operating conditions) and the control
Modular systems can contain just a few valves or dozens, requirements (including manual, automatic, start, stop, etc.).
with many built-in functions to permit a systematic approach  As a final check of circuit operation, consider proper actua-
to circuit design. As with any control system, it is essential tion during all conceivable events. This includes startup, shut
to outline system requirements to save time and reduce the = down, loss of air, panic stops in mid-cycle, restarts in mid-
chances of missing a critical step. cycle, and control during any other event likely to occur.

Designers must also have a clear understanding both of

the sequence of operations (including pressure, temperature, PROGRAMMING GUIDELINES
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After defining the overall functions
and requirements of a system, configure
the system following some basic guide-
lines. First, label all components in the
pneumatic circuit. At Clippard, we rec-
ommend labeling each cylinder with a
letter of the alphabet, starting with A. The
same holds for air motors and other con-
trolled devices. Label the valve control-
ling the cylinder with the same letter.

Label the pilot of the valve that extends
the cylinder (or activates a device) with
a plus symbol, and the pilot of the valve
that retracts the cylinder (or turns off a
device) with a minus symbol. Label the
limit sensor the cylinder rod strikes with
the letters LV (limit valve), the letter of
the cylinder, and position of the sensor
for extending or retracting. LVA+, for
example, would mean the limit valve of
an extended cylinder A.

Second, list in detail every sequence
of operation. This includes the action
or control that initiates a step, what
function takes place during that step, and
the limit sensor that ends the operation.
Note what position all actuators are in
for every step. An example of a simple
two-cylinder sequence is shown in the
table (available exclusively in the online
version of this article).

Third, select components for the con-
trol system. Modular systems offer great
flexibility because users can incorporate
multiple options when selecting sequence
valves. For instance, in the “Two-cylinder
sequence” example (online exclusively),
five steps require five sequence valves.

A basic valve could be used for each
step, or you could choose valves with
special features. For example, the first
two steps could use a valve that provides
a sequence reset lock if the start button
is held down or if the limit valve LVA+
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MULTIPLE FUNCTIONS
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A | e in manual mode.

A shuttle valve to the pilot of a power valve
lets a function actuate twice during a

sequence.

is locked down. Reset lock means the
sequence will not reset to bypass the valve
being actuated.

After choosing components, assemble
fittings and modular valves into the sub-
plate. Connect the air supply and lines
from the limit valves and electrical con-
nections from the Hall-effect sensors to
the inlet connections. Finally, connect air
lines from the outlet to the air pilots of the
power valves.

CHANGING OPERATIONS

Modular systems can be quickly tai-
lored to meet specific requirements.
Sequence conditions can be altered or
adapted to the application by using dit-
ferent control modules. Here's a look at
some common options.
Start options—If the application
demands an input for each cycle of opera-
tions, use a pushbutton input signal and a
sequence valve that provides a reset lock
if the button is held actuated. If continu-
ous cycling is required, use a selector or
toggle valve at the input of the first step
along with a valve that permits continu-
ous cycle sequences. For applications
requiring choosing between one cycle or
continuous cycling, add a selector valve
that determines the type of operation.
Manual jog—This control option lets
users jog (step-by-step) through the
machine sequences. One way to do this
is to control air flow to the limit valves,
with the jog control a pushbutton or
spring-return selector. If held actuated,
the sequence continues until released.

Another method for manual-jog con-
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Precision Flow Control
Demands Perfect Balance.

Quality

Our precise manufacturing
and quality control processes
ensure flow control and

flow metering products that
are accurate, durable and
trouble-free.

»
Repeatability ™

Lot after lot, time after time,
O'Keefe Controls products
perform consistently and
reliably.

Dependability
Whether specifying our
standard or custom products,
0'Keefe Controls will provide
the solution you need, when
you need it.

Controls Co.

If it's about precision, it's O'Keefe.

800.533.3285

Precision Orifices ¢ Flow Controls ¢ Check Valves
Visit us at www.OKeefeControls.com
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BACKPRESSURE SENSING
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response when activated.
System shutoff—These controls turn off
the main air supply. This prevents harm-
ing people or product from accidental
machine operation. If the system has
large power valves, a piloted three-way
main supply valve can control a specific
machine section. When electrical circuits
are part of the system, an air-piloted pres-
sure switch ensures the system has elec-
tric power only if the air is on.
Multiple outputs—When two (or more)
functions start with the same step, con-
nect the output from that sequence step
to both power valves.
Multiple functions—Functions that
actuate twice during the sequence call for
the system to connect a shuttle valve (OR
function) to the pilot of the power valve.
Multiple inputs—When two functions
actuate at the same time, a piloted three-
way valve (AND function) ensures both
functions are complete before the next
step begins.
Delays— Applications requiring a delay
before a step can use a delay-in module
between the limit valve and the input to
the step being delayed.
Backpressure sensing—Many air-cylin-
der applications cannot use mechanical
limit valves for sensing because of physi-
cal interference, temperature extremes,
or other conditions. A method called
backpressure sensing indicates cylin-
der position without limit valves. For
example, as a cylinder retracts, it creates a
backpressure behind the piston. Restrict-
ing exhaust air at the control valve further
increases pressure and slows return of the
cylinder rod.

This backpressure holds the pilot down
on a normally open (NO) three-way
valve. When the cylinder fully returns,
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Backpressure sens-
ing indicates cylinder
position without limit

valves,

backpressure diminishes at the pilot port of the NO three-way
valve, letting a spring shift the valve to send a pneumatic signal
to the next step. If the system requires a delay, substitute a delay-
out module for the three-way valve.

MIKE KETTERING is technical sales manager at Clippard Instru-
ment Laboratory, Cincinnati. For more information, including circuit
design assistance, call (513) 521-4261, or visit www.clippard.com.
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