FLUID POWER

FLUID POWER EQUIPMENT

TUTORIAL —PNEUMATIC CIRCUTS

Thiswork covers part of outcome 3 of the Edexcel standard module;

UNIT 21746P APPLIED PNEUMATICSAND HYDRAULICS

The material

needed for outcome 3 is very extensve and the time required to study it in

detail is more than that normaly alowed for a sngle module. This tutoria looks at the
design requirements for pneumatic circuits.

OUTCOME 3 Design and draw a circuit for either pneumatic or hydraulic
multi-actuator sequential  operation, including emergency

Investigate  pneumatic stop functions.

and hydraulic circuits - Dedgn and draw ether a pneumatic or hydraulic rotary

actuation circuit illustrating speed contral in both directions.
Dedgn and draw either an ‘dectro-pneumatic’ or ‘eectro-
hydraulic’ circuit arrangement.

Desgn and draw an emergency ‘fail safe circuit for ether a
pneumatic or hydraulic application.

This series of tutorias provides extends the work from outcome 2 to the construction of
complete circuits.
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Describe further elements needed for controlling pneumatic circuits.
Explain the advantages of pneumatics compared to other systems.
Explain the classification of pneumatic components.

Explain some of the basic principles of control systems.



1. ADVANTAGESOF PNEUMATICS

Pneumatics is used in preference to hydraulics for the following reasons.

1. Easily connected to an ar supply and needs no separate power pack.
2. The operation of actuators is fadt.

3. No return piping isrequired; the air is vented to atmosphere.

4. Clean medium with no messwhen it legks.

5. No fire hazard as with ail.

Pneumatics is used in preference to dectrics for the following reasons.
1. Will not start afire through dectric fault (Intrinscaly safe).
2. Air motors are safe when over loaded and does not overhest.

3. Safer for operators (no risk of eectrocution).

2. COMPONENT CLASSFICATION

Pneumatic circuit eements are classed into four primary groups. These are

1. AIR SUPPLY AND CONDITIONING ELEMENTS such as
Compressor
Receiver
Pressure regulator,
Hlter
Dryer
L ubricator

2. INPUT ELEMENTS (electrica or pneumatic) such as

On/off devices (switches)

Position sensors

Trip vaves

Air jet sensors
Note many pneumatic senang and switching devices are directiond control vaves such as a 3/2 plunger
operated valve for detecting a cylinder position.

3. PROCESSING ELEMENTS such as
Logic vaves (And Or and so on)
Timedday vaves
Pressure switches
Directiond control vaves of many types.

4. ACTUATING DEVICES such as
Cylinders
Motors
Sami-rotary actuators
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Some dements are MONOSTABLE or BISTABLE.

A monostable element only has one stable position and automaticaly returns to it when the switching Sgnd is
removed. Examples of these are

Directiona valves with spring return
Pressure switches

Reed rdays

Proximity detectors

Spring loaded switches.

Logic vaves

A bigtable dement has two stable positiors and require a switching sgnd to change it from one to the other.
Examplesare

Directiond valves with no spring return such as

Filot/pilot operation

Solenoid/solenoid operation

Vaveswith detents

Switches with no spring return

Latching rlays

Huidic logic elements (AND, OR and so on can be bistable)

Bigtable dements are dso memory devices since they retain their status until switched and so their satus
indicates the last thing that happened to them.

3. ELECTRO-PNEUMATICS - SENSORS

The principles and symbols for eectricaly operated solenoid vaves is covered in Outcome 2. In acircuit using
electric control, sensors are needed for eements of automatic control. In order to control the movement of
cylinders and mechanisms, sensors are fitted to provide a switching voltage when they are at the operated
position. These might be smple mechanically operated switches or micro switches.
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Figure 1
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Ancther form of detector is the magnetically operated
reed switch. These usudly fit directly onto the cylinder
with suitable dips. The piston of the cylinder has a
magnet built into it and when the piston comes close
to the reed switch, the contacts close. The contacts on
reed switches can only take a smdl current so they
ae not suitable for directly switching solenoids.
Additional eectronicsis needed to do this.

Another system uses proximity detectors. These
contain a trandgstor which conducts and switches
when something comes near them. Some only work
with sted but others work with any materid.

Feed switches
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Figure2

Light (LED) comes
onwhen activated. | 5ok nuts
N P

Another form uses light beams which are reflected  Switch l SESSW
back when something comes near the end and =n

operates the transstor switch. The LED is a useful
ad. It lights up when the proximity switch is
activated. This helps when tracing faults.

Comman

Figure 3

A smilar sensor uses light beams and sensors. Often the light used in infrared. These sensors switch on or off
when the light beam is interrupted. These might be used for detecting an item passing on a conveyor belt and

activate a cylinder accordingly.
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Figure 4
Switches and vaves may be normally open (NO) or normdly closed (NC).
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Figure 5
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4. RELAYS

Some position sensors are able to switch high arrents directly and may be hard wired to the solenoid of a
directiond control valve. Most sensors (e.g. reed relays) would

be damaged by high currents so they have to be interfaced to  SOLEMNOID

the solenoids by relays. A relay is used to to dlow a smdl \
switch to operate and heavy duty switch. The rday is
mechanica switch and the contacts are moved by a solenoid.

The output terminas may be normaly open or normdly closed.  |MPLUT OUTPUT

A typicd crcuit diagram would show the arangement of a TERMIMNALS TERMINALS
sensor, relay and output switch likethis.
Figure 6

Proximity detectors may be connected directly to computerised controllers but to switch solenoids directly, it is
safer to make them switch a relay unit and the relay switches the solenoids. The rday unit may use the

following symbols. + 94V
K is the rdlay solenoid and relay contact, S is the sensor = l 52 l k1 l kil
switch and Y is the vave solenoid. If something operates
S1, k1 is energised and relay contact k1 is closed and the 1 Y2
solenoid Y 1 is energised thus operating the valve. L
0w
Figure 7
5. EUROPEAN LADDER LOGIC SYMBOLS
This diagram shows a solenoid operated directly by a sensor with no
. : ) relay.
. f{[}
Position Solenoid
Sensor
UElls Hgure 8
This diagram shows a solenoid vave operated by a
@ | | Relay relay. The relay is operated by the position sensor. The
I@}X Relay “contact sensor contacts may be normaly open or normaly

Position coil Solenoig  closed
Sensar [ﬁl [:l% valye
@ Figure 9
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Hereisaset of symbolsfor switches.
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SELF ASSESSMENT EXERCISE No.1

Examine the pneumatic circuit below.
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Circuit No.1

Write out an accurate description of each component.

Al.

V1.

Z1.

V2/3.

Iltems V1 and V3 are used to control the speed of the actuator. One uses “metering in” and one uses
“metering out”. Explain these terms and identify which does which.
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Study the dectricd circuit No.2. This is the circuit that will control the pneumatic circuit No.1. S
represents a switch, K represents arelay and Y represents a solenoid. If you have accessto test ig or
smulaion software, you should @ngtruct circuit and test it. You will need to select the components
correctly. You will need an eectrica relay board and two proximity switches.

2 1

k2

+ i :\ L AR ] /T

<+ T

Circuit No.2

Explain thetrain of events that will occur after the 24 V supply is switched on.

Explain why the valve does not switch when the actuator is a hdf itsrotation.
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SELF ASSESSMENT EXERCISE No.2

The circuit below is designed for a press tool. When the guard is pulled down V3 is operated. If V1 or
item V2 is operated and V4 is not operated, the pressng operation is achieved by operation of the
cylinder (A1). When the press is fully operated, item V4 is pressed and the buzzer must sound. After a
sndl time dday the press is automaticaly raised.

Zl V1 %

Refer to the list of symbols and complete the identification chart below.

Item Name/Description Primary level
1,2,3o0r4
Z1
Item Complete description Primary level Memory Device
1,2 ,3or4. Yesor No
Al
Bl
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[tem

Name/Ports positions/
operation/ return

Primary levd
1,2 3or4.

Normally Open
or Normaly
Closd

Memory Device
Yesor No

V1

V2

V3

V4

V5

V6
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