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Pneumatic controls

Pneumati

c controls

Pneumatic refers to the theory of the behavior of gases, especially air. In engineering, pneumatics
primarily involves the generation of compressed air and its application to control and drive machines.
For example, pneumatic controls are used in door-closing systems for railway vehicles and motor-
vehicles, for packaging machines, in handling systems and in assembly tool.

Components of pneumatic systems

Pneumatic systems can be divided into three components (Figure 1)

* Compressed air generator with compressor, cooler, dryer and compressed air reservoir

* Compressed air conditioner, consisting of a filter, pressure control valve, potentially for oilers and
main valves

¢ Pneumatic control with directional, non-return valves and volume-control valves, time modules as
well as pneumatic cylinders and compressed air motors

Pneumatic systems and their components are illustrated graphically or using circuit diagrams.
Standard international symbols are usied for circuit diagrams. They facilitate drafting, understanding
of functions, assembly and fault finding for pneumatic controls and apply worldwide.
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Figure 1: Graphic representation and circuit diagram for a pneumatic system
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Structural elements of pneumatic systems — Compressed Air Systems

Pressure units and types of pressure

If a piston of a surface area A presses on an enclosed volume
of air with a force F, it creates a gauge pressure (pressure
above atmospheric) pe in this volume (Figure 1)

F
Pressure pe=—
A

The unAEts of pressure are Pascale (Pa) and bar (bar).
1Pa=. =0.00001 bar; 1bar=10_

Example: Cylinder (Figure 1) with F = 4kN, A= 78.5cm?2.
What gauge pressure peis generated?

N
o =51 bar

. F _ 4000 N
Solution: Pe i Ty i
The gauge pressure pe is the difference between the absolute
pressure pabs and the ambient air pressure pamb. It may be
positive or negative (Figure 2). Pressure below atmospheric is
referrd to as “vacuum”.

Gauge Pressure pe = pabs — pamb

Example (Figure 3): A pneumatic press is operated with an
absolute pressure of pabs = 7bar. At an ambient pressure of
pamb = 1bar, pe = pabs — pamb = 7bar — 1bar = 6bar is available
for the pressing force. Pressure gauges generally display the
gauge pressure.

Generation of compressed air

Piston compressors, diaphragm compressors or screw-type
compressors are used to generate compressed air (Figure 4).
They draw air through the intake filter, compress it and force
it into the compressed air reservoir via the cooler.

The cooler cools the air, which is heated during compression.
The resulting condensation is separated. Compressed air with
very low residual humidity is obtained by cooling the
compressed air to 4 degree Celsius / 39.2 degree Fahrenheit
(cold drying).

The supply of additional compressed air is stopped once the
maximum pressure in the compressed air reservoir is
reached. The compressors drive motor is shut down (cycle
control) or the intake valves are kept open while the drive
motor continues to run (load/no-load control)

Tasks of compressed air reservoirs

* Storage and cooling of the compressed air
* Separation of the residual humidity

* Compensation of pressure fluctuation

Force F n_l: Sguge #
S pressure p,

Ambient
Pressure Pamp

Non-return
valve

Piston surface A

Figure 1: Pressure generation

4-E3 Pressure in a tyre
g bar bars 54 24
g 3 Eo s
= 3
3 k- —
§ 24 3 Diabs P Pressure i.n an intake
= ] = pipe
® ©
= O
= 140
2 E . P /bl &P i
< 0 _1 am| pG

Figure 2: Absolute pressure and gauge pressure

Pabs = 7 bar
= pe =6bar

Pabs = Pamb
= 1bar
2 pe =0bar

Figure 3: Pressures in a pneumatic press

Suction valve  Pressure valve  Suction valve  Pressure valve
b

Piston compressor  Diaphragm compressor

N
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Screw-type compressor

Figure 4: Types of compressor
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Structural elements of pneumatic systems — Compressed Air Systems

Distribution and conditioning of compressed air
Compressed air is conducted from the compressor air
reservoir to the points of use via pipelines (Figure 1)

Requirements of compressed air

* The compressed air system must be set up as a ring in
order to ensure supply even when repairs must be
performed.

* The pipeline cross-section must ensure that the pressure
loss is no greater that 0.2 bar.

* The lines must be installed with a gradient so that
condensate can be drained off.

The conditioning unit (maintenance unit) is installed
upstream from the cylinders and valves of a pneumatic
controller (Figure 2). It consists of compressed air filters,
pressure control valves and compressed air lubricators. The
filter cleans the compressed air of residual impurities. The
pressure control valve keeps the pressure in the control
constant. The oiler mixes the compressed air with finely
atomized oil in order to lubricate moving components and
avoid corrosion.

Many pneumatic controls, such as in the computer and food
industry, require oil-free and high purity compressed air. The

oiler is not included in these controls. Oil-free compressed air

is also increasingly used in other applications in order to
protect employees and the environment from oily exhaust
air.

Compressed
air reservoir

From the
compres-
sor

Condensate
drain

Figure 1: Compressed air supply

Pressure

Compressed
air filter

control valve

Adjustable
spring

Graphical symbol

Discharge
valve

Figure 2: Conditioning unit
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Structural elements of pneumatic systems — Work elements

Pneumatic cylinders

Pneumatic cylinders perform backwards and forwards
movements. A distinction is made between single-acting and
double-acting cylinders.

In single-acting cylinders, the compressed air is moving the
piston only in one direction (Figure 3). An installed spring is
returning the piston into its starting position.

In double-acting cylinders, compressed air moves the piston
in both directions (Figure 4). Cylinders with installed end
position damping break the piston at the end of the stroke.
The compressed air displaced by the piston can no longer
escape through the large center hole because this is blocked
by the damping pin. It now has to flow through the narrow
throttle gap and established a counterpressure. The piston is
elastically braked and approaches the end position at a
reduced speed. The speed can be adjusted by a changing the
throttle gap.

As is the case for all pneumatic components, pneumatic
cylinders are represented by graphical symbols in circuit
diagrams (Figure 3 and 4).

The end position of the piston can also be sensed in a
contact-free manner. To do so, the pistons have an annular
permanent magnet and non-contact switches are positioned
on the cylinder tube (Reed-Sensor).

Magnetic
sensors |

% I 777 /IS§
ﬁ L Permanent magnet & .

Vo
1

Cylinder tube made from non-magnetic material

Figure 3: Reed sensors on a pneumatic cylinder

Rodless cylinders

Pneumatic cylinders are produced with or without piston
rods. Rodless cylinders require less space than cylinders with
pistons (Figure 1). For rodless cylinders with direct drive, the
piston is connected with the carrier via a yoke through the
slotted cylinder tube (Figure 2). The slot in the cylinder tube
is sealed internally by a steel strip and protected against
soiling by a second external strip. For other types, a rope or
belt is fastened to the piston and fed and guided through the
cylinder cap (Figure 2). The carrier is designed as a running
slide for all cylinder types, running on the cylinder tube and
being able to be loaded by forces.

Disadvantages :
- Small load and small forces
- Poor sealing and leaking

Cylinder tube Compression spring Wiper

Piston rod

Vent

Piston seal Piston Graphical symbol

Figure 3: Single-acting cylinder

xn Damping pins
‘l f\ |

Throttle valves for end position damping

Graphical symbols /E 1 1
for double-acting J; [
cylinders : " | S

T
With Without

end position damping

Figure 4: Double-acting cylinder with adjustable end
position damping at both ends

: Space required

£

Rodless cylinder

Space required
Stroke

Cylinder with
piston rod

Figure 1: Space requirement for cylinders

Carrier (running slide)
Cover strip

L AF

Cylinder tube Sealing strip

Piston

Direct carrier drive via the yoke

Carrier (running slide)
=—

Pull cable

.
-

Piston Cylinder tube Pulley

Indirect carrier drive via a pull cable

Figure 2: Types of rodless cylinders
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Structural elements of pneumatic systems — Work elements

Cylinder piston forces : o : >
. . . . Theoretical Frictional  Effective Effective
The effective piston force F is the difference between the piston force  forces piston force piston surface

theoretical piston force Fih = pe * A and the frictional forces Ft X RN area
that influences the piston and the piston rod guide (Figure 3). 4 Fe

The frictional forces are created by the cylinder's efficiency n. Fin \ F
Effective piston force i

F=Fth—Ff Pe
F=Fth*n
Fzpe*A*n Figure 3: Piston forces for cylinders
; | Extend A
The effective piston force for cylinders with a one-sided 1 ee——— 1= §
piston rod is lower during retraction than during extension as |-| F 2
the effective piston area is lower by the area of the piston o 1 1 = 0.90 S
rod. Po =8 hat
Example: Pneumatic cylinder (Figure 4) 1 N
Effective piston force during extension
F=pe*A*n , r
=60+ T kg 9 - 4 241N pe = 6 bar
cm? 4 ’ ’

. . . . Figure 4: Piston forces during retraction and extension
Effective piston force during retraction

F= Pe *NA* 102 - 2.52 2
= 60— * MU0 259 4 g5 = 3.755N
cm 4
Ao T (OP Full piston
— face area
during

extension

A TH(D7- ) Annular area

7 during retraction
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Structural elements of pneumatic systems — Work elements
Compressed air motor Compressed air vane motor
Compressed a|r motors Control Screwd riversl hand sanders' for one direction of rotation for two directions of rotation
hoists and other machines with a rotating working motion. Exhaust air
They are designed as vane, piston and toothed gear motors. g0 ; Vanes % ﬁ rat,'::,‘;;:(:,e

Compressed air vane motors comprise the housing with
cylindrical hole and the rotor with the vanes, which divide the
crescent work area into several pressure chambers (Figure 1).
The compressed air that flows in through the compressed air
supply rotates the eccentrical mounted rotor via the vanes,
which can be radially displaced in slits. As the pressure
chamber enlarges during the rotation, the compressed air is
decompressed and flows out through the outlet into the Al
surroundings. The output torque of the motor depends on the Housing
air pressure and the surface area of the vanes that is acted Compressed air supply Compressed air supplies
upon. Two directional compressed air motors rotation have
two compressed air connections that are alternately supplied

with compressed air via 4/2 directional valves depending on Fixed displacement i Variable displacemen%

the desired direction of rotation Motor with oae i motor with twg flow
: direction directions

Exhaust ai
into the
atmosphere},

/4

Graphical symbols for compressed air motors

Figure 1: Compressed air vane motor

Example of the use of pneumatic drive elements

In an automated assembly and metal cutting machine (Figure 2), the double-acting cylinder 1A1 pushed and clamps
the housing from a down magazine against a stop. Bushed that are supplied by an oscillating conveyer are inserted
by the single-acting cylinder 2A1. A drill feed spindle is performed by a double-acting cylinder 3A1, while the rotary
drive is provided by a compressed air vane motor. The horizontal cylinder 4A1 that is positioned behind the
clamping point pushed the finished workpiece out of the machine. The sequence of movements can be displayed in
a GRAFCET

! Finished workpiece

VR
N <
\ N\
Drop NHN RN
iadgazine \ Double-acting cylinder 4A1 for ejection
N SAN (not displayed)
Housing
ol | Jo
: Single-acting cylinder 2A1 for inserting
i ‘ .+ the bushes
X N |
N\ o| | lo g 8
NN Bushes from oscillating conveyor
Double-acting cylinder 1A1 for N R : Drill feed spindle
feeding and clamping » J 3A1

/
e 1

Stop with drill bush

Figure 2: Automatic assembly and metal-cutting machine
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Structural elements of pneumatic systems — Valves

In the case of valves, a distinction is made between
directional control valves, non-return valves, volume-
control valves and pressure valves

Directional control valves

Directional control valves determine the start, stop and
flow direction of the compressed air. They are used to
control the movements of cylinders and compressed air
motors as well as the switching positions of other
directional control valves.

Function (Figure 1). The different links (paths) between the
connectors of a directional control valve are created by
movement of the control piston. In switching position “a”,
the compressed air is conducted from pressure connector 1
to the left working line 4. the cylinder piston extends. The
air displaced by the piston in the right cylinder chamber
escapes via working line 2 of the directional control valve to
vent 3. In switching into position “b” of the directional
control valve, the compressed air flows from 1 to 2 and
then into the right cylinder chamber. The air displaced from
the left cylinder chamber escapes from 4 to 5. The piston
retracts.

Designation. Directional control valves are identified
according to the number of connectors and the number of
switching points. The directional control valve shown in
figure 1 has 5 connectors and 2 switching points As a result
it is referred to as a 5/2 directional control valve

Graphical symbols. Directional control valves are
represented by standard graphical symbols (Figure 2).
These consist of joined rectangles, the connections and the
actuators. Every rectangle represents a switching position.
The connecting lines extend from the rectangle which
symbolizes the active position.

Actuation types. Directional control valves can be switched
manually, by foot, mechanically, electro magnetically, by
pressure or by a combination of two actuation types
(Figure 3). The actuation symbols are drawn to the left and
right of the rectangle of the graphic symbol. Left actuation
operates the left switching position, while right actuation
operates the right switching position of the directional
control valve.

PR DR RR R BB

Pressure connection 1
1
Switch position a Symbolic Switch position b
4 2 4 2 4 2
B
513 513 513

Graphical symbol

Figure 1: Representation of directional control valves

2/2 directional control valve,
push-button operated with
reset spring

3/2 directional control valve,
lever-operated with detent

4/2 directional control valve,
electromagnetically actuated
on both sides

5/3 directional control valve,
S ~<t- | pressure-actuated,
spring-centred

Figure 2: Graphical symbols for directional control
valves

Manually, by foot Mechanically

General

C:D: Plunger
Lever @:111 Roller plunger

Roller lever,
Pedal one actuation
direction
By pressure
IE Solenoid
=1 EI: Directly
2-stage actuation

Indirectly via ;
% i Solenoid and
-ZD: gtIL(;tecontrol [IZE compressed air

pilot control

Push-button

ulalals

Electrically

Figure 3: Actuation types of valves
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Structural elements of pneumatic systems — Valves

Direct control with directional control valves. In non-
automated machines, the movement of pneumatic
cylinder and motors are triggered “directly” using hand or
foot-operated valves. In a compressed air screwdriver, for
example, the 3/2 directional valve is located in the
housing and is opened and closed by a push (Figure 1).
The compressed air motor is supplied with air in switching
position “a”. The screw spindle rotates. If the valves
manual lever is released, the spring pushed the valve into ~ Compres-

e : - . sed ai
position “b”. The air supply into the motor is blocked. con::;:tion

air moior 5
~with gear

32 directional
Push- control valve

button
Hla b\\MN

TIT

Directional %
control valve 1(P)}] 3(R)
Compressed

Air discharge air source

Indirect control with directional control valves. If cylinder Figure 1: Direct control of a compressed air motor

movement has to be performed autonomously, the 152
directional control valves are no longer operated manually A1 | 1 |
to control the cylinder. The switching is performed by
signals, other directional control valves or sensors. For [
example, the cylinder for inserting pins returns Cylinder
independently when it comes into contact with the 3/2 Pin rD-T‘\ /T4‘ﬁ|
directional valve 1S2 in the front-end position (Figure 2). I v|v |

181 1 152 i
Blocking valves A . \ W Al | \M
Blocking valves prevent air flow in one direction. The v &
blocking element is displaced by the compressed air so >

that an external connection is always prevented.
Non-return valves allow air to flow from A to B, but put
the flock in the blocked direction from B to A (Figure 3).
Shuttle valves have two alternately blockable connections :>
P1 and P2 as well as an outlet O (Figure 4). If either inlet
P1 or P2 are loaded with compressed air, the blocking
element blocks the unloaded input and the compressed
air is routed to connection O. A shuttle valve implements
a logical OR operation. I, /
For example, shuttle valves can be used to control a 0
double-acting cylinder from two physically separated B P1 P2
points (Figure 5). Rodless cylinder 1A1 actuates the sliding Aﬁ'QW‘ Q_O
door to a lathe’s work area. The two directional control

valves 151 or 152 are used to switch valve 1V3 to the “a”  Figure 3: Non-return valve Figure 4: Shuttle valve
position, which opens the sliding door. It is then closed

once again by valves 1S3 or 154.

Figure 2: Indirect control of a pneumatic cylinder

\ %%

Rodless

cylinder\

(& 1A1 ﬂ |_

Door

5 s P e | '!
151 153 152 154 1 G:{_ A ﬁuw@w

8 I

Figure 5: Controlling a sliding door from two points

.

. — o — l!
B
w
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Structural elements of pneumatic systems — Valves

Quick-acting ventilating valves are installed directly on
the cylinder. They do not conduct the air that flows out of
the cylinder on the return stroke back via the directional
control valve, but rather directly into the environment
(Figure 1). The shorter path reduces the flow resistance of
the exhaust air and increases the pistons return speed.
For example, the quick-action ventilating valves are
installed on pneumatically actuated couplings that need
to switch very quickly.

Figure 1: Quick-action ventilating valve

Dual-pressure valves have two inputs P1 and P2 as well as
an output O (Figure 2). If compressed air is only applied to
one of the two inputs, the locking element blocks the
connection to the output O. Flow through the output O is
only possible once compressed air is present at both
inputs P1 and P2. Dual-pressure valves connect two input
signals to one output signal (AND operation).

For example, they are used for controls with two-hand
operations and safety circuits (Figure 3) Cylinder press
1A1 only extends id upon closing the protective grill
actuates the directional control valve 1S3 and then start
valve 1S1 is pressed. For pneumatic control blocks for
two-hand start on dangerous machines, the two signals
must be triggered with both hands and completely
deleted prior to every new cylinder stroke.

Volume-control valves

Compressed air flow is adjusted using volume control
valves. Throttle valves and one-way flow control valves
are available. They can be installed in the line that leads to
the cylinder (supply air throttle) or in the line coming from
the cylinder (exhaust air throttle).

Throttle valves have a constant or adjustable constriction
(throttle) that influences the air flow rate (Figure 4).
One-way flow control valves allow an unimpeded
compressed air flow in one direction, while the flow is
throttled in the opposite direction (Figure 5). A one-way
flow control valve is predominantly installed in the
working line on the piston rod side, if the pistons outward
velocity has to be adjusted (waste air throttling). The flow
resistance provided by the one-way flow control valve
creates counterpressure. The piston is “clamped” and
consequently moves outward more smoothly.

For example, in a robot's pneumatic gripper, the closing
and opening velocity can be adjusted using the installed
throttle valves (Figure 6).

727

P1 H= —HE & P2
= e
AN S
10
Blocking |l II i
element P1 | P2 =

Switching states

SN

—

-
|

Figure 2: Dual-pressure valve

Cylinder 1A1

Protective grille

-

Figure 4: Throttle

ATl | =

V2

valve

= Throttled flow

valve

182
r*>4|§\H Lt
e T
1 |
1sa m': 2] '; 152 ']g
=] D 22 L 4
Figure 3: AND operation
Non-adjustable Throttle screw. Throttle
throttle valve Blocking element gap
?fJ ==\l
Adjustable P — ¥
throttle valve Graphical ii%l\\\\\\\
symbol
—> Free flow

Figure 5: One-way flow control

Throttles in the connections

Figure 6: Pneumatic gripper with throttles
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Time elements in pneumatlcs

Valves that only forward an output signal after a set time
(with time delay) are referred to as time delay valves
(Figure 1).

A time delay valve consists of a 3/2 directional control
valve (in the blocking zero position or flow zero position),
a one-way flow control valve and a small air cell that are
assembled to form a component

Time element as start-up delay

The start-up delay forwards the input signal with a delay
so that the output signal is only provided after a set time
(Figure 3).

The time delay is set on the adjustable flow cross section
o the one-way flow control valve (Figure 1). If pressure is
the applied to control connection 12 (1 signal), the the
compressed air has to flow through the throttle valve and
fills the air cell. The pressure builds the air cell and loads
the control piston of the 3/2 directional control valve. If
the force resulting from the pressure is greater than then
spring’s pretension force on the control piston, the 3/2
directional control valve switches and the compressed air
flows from 1 to 2. The time delay is the time required for
the pressure to build up. If the compressed air is no longer
applied to the control connection 12, the spring
immediately pushes the control piston back into its rest
position and the control air escapes via the non-return
valve.

Example: A double acting cylinder is to extend after a
signal element is actuated and automatically returns after
20 sec.

Solution: In the control (Figure 2), the time delay valve 1V1
receives its control air from working line 4 of the 5/2
directional control valve when this is switched to position
“a” by 1S1. On expiration of the delay time T=20sec, 1V2 is
switched back by 1A1 and 1A is retracted.

Time element as OFF delay.

The OFF delay immediately forwards the input signal, but
only shuts down after a set time (Figure 4). This time
response is achieved by reversing the flow direction. The
time delay is set at the adjustable flow cross-section on
the one-way flow control valve. If pressure is applied to to
control connection 12, the compressed air flows freely
through the non return valve and the compressed air
flows from 1 to 2. If the 1 signal is removed at control
connection 12, the spring cannot immediately switch the
valve to the blocking position as the air between the 3/2
directional control valve and the one-way flow control
valve is discharged via the throttle. The delay time is the
time it takes for the pressure to fall across the throttle

Control piston

One-way flow

_- Air reservoir
AR =
ALY

Plate seat Control

piston reset
spring

Reset spring

=

<

N
S
N

2
Symbol R T e i‘ I

12 Pressure

1 =
Connection 12 E:L

e il 0= No pressure
Connection 2 0 l— l Delay time

t (=reservoir fill time)

Figure 3: Time diagram of the start-up delay

12;(]—— _____
B

2|

1&63

AT

—f

At

Figure 4: Time diagram of the OFF delay
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Time elements in pneumatics

Pressure Valves

Pressure relief valves protect pressure vessels, lines and
structural elements against unacceptably high pressure
(Figure 1). They are close in the rest position. The
locking element opens the vent into the surroundings if
the force exercised on the locking element by the
compressed air exceeds the set spring force

Pressure Control Valves maintain a constant pressure in
a pneumatic system. They are open in the rest position.
The pressure is controlled by a diaphragm which is
exposed to working pressure from above and the force
adjusting spring from below (Figure 2). If the working
pressure falls because the air is flowing into the cylinder,
the spring presses the valve disc upwards via the
diaphragm and pin. This allows compressed air to flow
through the annular gap into the working line until the
increasing working pressure presses the diaphragm to
the start position. However, if the pressure in the work
line rises , e.g. due to heating, the diaphragm is raised
off the pin and air can escape from the working line into
the surrounding via the bleed hole in the housing.

Advantages of pneumatics

* Cylinder forces and speeds are infinitely adjustable

* Cylinders and compressed air motors reach high
velocities and speeds.

* Compressed air devices can be overloaded up to
standstill without damage.

* Compressed air can be stored in compressed air
reservoirs

Revision and additional information

* What are the advantages of pneumatic systems?

*  What are the requirements of a compressed air
network?

* Why are conditioning units required?

* Which pneumatic controls operate with oil-free
compressed air?

* What are the advantages of rodless cylinders?

* What components can be used to adjust the speed
of cylinders?

Graphical symbol:

Compressed air reservoir
with pressure gauge and
pressure relief valve

Vent into the
atmosphere

Blocking “
element

",.T\l

ha”

Figure 1: Pressure relief valve

Valve disc A;mular Controlled
Uncontrolled ; _ gap compressed
compressed air__ g ] air

A =il S —> B
. — Pin
Diaphragm <= F Spring
Blecdholan : Graphical symbol

P

! i
A 4B

Figure 2: Pressure control valve

Disadvantages of pneumatics|

Large piston forces can not be achieved as the
operating pressure is generally below 10 bar.
Uniform piston speeds are not possible
(compressibility of air)

Cylinders cannot be used for presices positioning
without positive stops.

Escaping compressed air is noisy.

Sketch the graphical symbol for a 5/3 directional
control valve for which all connections are blocked
in the middle position and which is operated by a
lever

What signal connection is possible with shuttle
valves?

Why is the function of a twin pressure valve also
referred to as an “AND” operation?

What are the tasks for which pressure relieve
valves and pressure control valves are responsible?
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Formulas Handbook 4t" Ed page 428/429 , 3™ Ed page 401/402

Piston forces

A Extending

A, Retracting

Piston speeds

Power of pumps

|

Extending

ik
(-

—

P

Pe gauge pressure d, piston
A, A, piston areas diameter
F,, F, effective piston d, piston rod
forces diameter
n efficiency
Example:

Hydraulic cylinder with d; = 100 mm;
d, =70 mm; n = 0.85 und p, = 60 bar.
How high are the effective piston forces?

Extending: N ak (10 cm)?

e A e GO0 .
Fi=pe-An = : 0.85
=40055 N
Retracting:
Fo=pe-Ay-1
- A 2
o N ne10emP-FemP] oo
cm? 4
=20428 N
Q volume flow rate

Ay, A, effective piston areas
Vi, V, piston speeds

Example:

Effective piston force?

F=p.-A-n

Pressure units:
1Pa=1N/m2=10°% bar
1 bar = 100 kPa

=0.1 MPa
1 bar = 10 N/cm?
100 kPa = 10 N/cm?
0.1 MPa = 10 N/cm?

1 Pneumatics < 6 bar, se¢
also page 428 above

Piston speed

Hydraulic cylinder with d, = 50 mm; d, = 32 mm
and Q=12 I/min. v, = ?; o=

Extending:

Q 12000 cm3/min

1 =—

cm m
=611 —=611——
A 7 - (5cm)? min

min
4
Retracting:
3 @7 12000 cm3/min
2" A n-6BemP m-B2cmP

4 4

S1085 2T —10.35 >

min min

P input power on pump drive shaft
P,  output power on pump outlet

Q volume flow rate

Pe gauge pressure

n efficiency of the pump

M  torque

n rotational speed

Example:

Pump with Q=40 I/min; p, = 125 bar; 5 = 0.84;
P1=?;P2=?

p o Q:Pe 40125\ _ g3z kW
27600 600

p, = P2 8333\ _ag20 kW
Finiee0:84

Vi=

>0

Input power"

P= M-n
9550

Output power?

%
600

Efficiency

_P2
f LR

Formulas for input and
output power with:
Pin kW, MinN-m,
nin 1/min, Qinl/min,
p. in bar
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Calculating air consumption

Single-acting cylinder Q  air consumption A piston surface Air consumption?
p. gauge pressure in area single acting cylinder i
cylinder g specific air con- !
P.mp Air pressure sumption per cm Q=A-s5-n- m “

piston stroke

: Pamb
s piston stroke

n number of strokes

Air consumption?®

Example: double acting cylinder
Single-acting cylinder with d = 50 mm;
s=100 mm; p, = 6 bar; n = 120/min; sz-A-s-n-m
P.mp = 1 bar; air consumption Q in I/min? Pamb
Q=A.s.n.PetPamb

Pirib Pressure units:
e : 1Pa=1N/m2=105% bar
e { ) S 0cm 2120 __(6+1)bar 1 bar = 100 kPa = 0.1 MPa
4 n 1 bar Normal pressure for p,
cm3 1 mb
pe( OF Pamb Pamb OF P =164934 —— ~165—— Pamb = 1013 mbar = 1013 hPa
on refurn) (on return) an nin Pamp = 1 bar = 100 kPa = 0.1 MPa

Air consumption determined from the diagram

1.256 Air consumption?’
1.0 0.864 single acting cylinder
il 7 7] 0707
cm 0.55 ‘ Q=qg-s-n
0.5 SAAA
04 .% ./ /| 039
o 03 &e_\Qvorb‘ . Air consumption?
c : & DA« 0.236 double acting cylinder
2 0o SEAANE
o ] 5 b (o
g STV AN A Q~2-q-s-n
g 0.14 QQ,\/'Z’/ 4 e
/
2 0.1 0/ - 7 7 E le:
8 - /9;/ ,/ 7 Xample:
= 0.05 /;:9// 4 7 Determine the air consump-
= 0.04 T tion of a single-acting cylin-
'S 0.03 ‘/// 7 A der of d=50 mm, s=
o 0.02 // A A A 100 mm and n = 120/min
) - 7 4 / .
7z / from the diagram for
T—0.012 i /// p, = 6 bar. According to the
B0ds=C1— f diagram the piston stroke
£012 10 121416 20 25 323540 50 63 70mm 100 is g = 0.14 l/cm.
| | piston diameter d —= Q=q-s-n

=0.141/cm - 10 cm - 120/min

-
|”'89| 159 ,05 Pressure units: 1Pa = TN/m? = 10 °bar S feeinin

10.76 13.49 1bar = 100 kPa = 0.1 MPa




