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I Definition

- e el

Marwal worx is the firz 8‘are of preduction. Various manually operated
tooles can e used inr it,

Machinization means the use of such tools in which the major part of the
worl: is performed by a machine.

Mechanization is the first stage of “urther development of produotibn. in
whi1oh the worker's simple mctions are replaced by machines. .

Automation is 2 more mrdvares? atare ° awodnnstinsn, in veénh a large numbar
of ‘he worker's woticns are rep’aced by special equipment and components.

Low coei automation involves uweccaanisutica cad awtomation. One can also
of a "degree of automation", in which case mechanisation means a low degre«
2{ autumaiion.

An impulse means the initial 3igna., order, control of operation and actua: .

sturts the operation.

Feed~back system is used to evaluate the vresult, and the resulting value
corrects the control of the machine if required.

IT Signif of Automation

The main oonsideration is human and economical: a hunan being should not
ha L4 as & machine in eimple, ‘eavy or fast work because machines perform more
economioally in themse resvects.

Several advantages are olicined Lecausas

the work becomes 1lirhter

the presision of ths work i3 improved
the quality of the work 18 improved
the machines last longer

the tools last longer

the speed of the work inoresses

the monotony of the work decreares
the work motivation ir incruased
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Many of these advantages are obtained even at a low level of automation.

It is particularly important to realise that automation doee not only mean advanced,
sopniniioated and expensive syctems, out frequently severa! advantages are obtained

~+un with very sisple means.
A maghine is tireless and therefore can operate with great precisjion beyon!
the noint at which human beinge tire.

111 Means of Automatioa

¥-chanical deviaces are some A7 the oldest means of antomation. For exanpl

in stean engines the contrcl of speed with centrifugal force has long been vsed, u:
have moving levers. Becanse of their cumbersome and wearing nature, large eise and

ssveral other reasons, their use is conmtinucusly decreasing.

Elestric devices have been used cver since electricily was invented and the :

use is atill increasing, particularly where advanced automation is ooncernad.

Rlccironics has made the autcmating of even demanding systems possible.




Pneumatic devices are inexgensive meant ai the iow and central level of
automation and ure now VETY popuiar in industiry,  Phis series ot lectures will
concentrate almost wsole.y o rewnnsies,

Hydraulic devicez Oneraie on the rame nrinciple us prevmatic devices, except
that the fluid aliows high prestures 80 thet laige powers are obtained with
small devices. '"he fact that the fluid cannot become compact results in precise
motions. This quality ie oftan of greal lwnmportance in working and machining.

v Pneumgticu

!.ln -COmprcseeg Air?

Compressed air is frequently used in automation for, among others, the
following ressons: ' '

~ oompressed air is a aimple way to obtain toth g rotating and a linear
movement
. gpeed control i eimple
- use of air involves no danger
- air can stand high temperatures
~ alr is compatible with all chemicale and humidity
= leaks are neither haiwful nor dangerous

: - the devices are simple, often inexpensive, and it is possible to make
them onesel?

= the principle of operation is not difficult to comprehend

_ = it does not continuously require the use of expensive, specialiged and
often difficult to find workers

= the pover needed in automation is sufficient
= OQompressed air is elastie and, therefore, does rot easily break the devioes
= 1t oan be used in hotn denanding and simple jobs,

v Pﬂag;m Compressed Air
A. gmgg!uors

A compressor is a device whinh ocompresees air to a desired preseurs,

In small compressors the compression is perfomed in one stege. In
medium-sized compressors - the type generally usged in industry - the air
is compressed in two stages with a oooling stage between to obtain greater
efficiency.

The most commonly used pressure varies from 6-10 bar.-l/

The temperature of the air rises upoto approximately 200%C. in one-stage
compression and up to approximately 100 C. in two-stage compression.

During compression the hunidity in the air is also compressed which, when
cooled, is condensed to water. This causes a preat deml cf trouble and,
therefore, it is necessary to aim a+ _.ontinuous removal of water from the
comiressed air network.

In a varm climate witn high humidity in the air there is a tendency for

excessive water to be developed in comprecsed air. The water causes operational

disturbances, corrosion and wear.

One normal atmosphere » 1.012,250 varas
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1. Pjiston Compressorn

The piston draws the ~ir inte the cylinder and compresses it to the
desired preasure., ‘te {uial and outlet of =ir is controlled by valves.

A piston compresror is the most common type. Its efficiency is good
and high pressures - even up to 1,000 bar - can be obiained with it.
Because of the back and forti motion the machine vibrates, and partly
for this reason it has lost some of its popularity during the past few
Ysare.

2.  Vane Compressors

Vane comprassors are provided with a rotor with eccentrie bearings.
The rotor has slots in which the vanes can movs freely. The volume of
air tetweer tne vanes changes, and thus the air can be compressed.

Bfficiency is satisfactory, but the machine is vibrationless and has
become inorsasingly popular.

A pressure of approximately 10 bar can he obtained with this machine,
3. Screw Compressors

The sorew compressor is the newest type of compressor and is still
relatively little used. In it the air is compressed between two sorews.
The machine is vibrationless and produces air without pulsation.

The pressure is approximately 10 bar. It can be gnd only in
mediun-sised and large compressors, preferably over 2n°/min.

Enewnatio Contre

Locations = 1in the centre of consumption

- eupply of clean air

- easy maintenance and service

- & sufficiently spacious place
Ersotiont For piston compressors on the ground,

for othere no apecial requirements

Ar Intakes - from a dust-free place

~ muet be protecied from rain and dust particles

Filtering: Intaken air is filt.red before its arrival in the
comprersor

Cooling of Air: for water removal
= air or weter cooling

Ar Receivers: - pressure resistant steel receiver

- volume approximately 1/5 of the production of the
compressor per minute

=~ location prefarably in a shady place outside

Alr Dryings - very dry air if required
= for low pressure automatios
- for instrurentation
0i1 Pilter: If excessive oils are used in the oompressor

Water Traps To ensure that only the minimum amount of water gots
irto the pipe system

. }
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Pige Sys t er,
Form -

Linear fom is suitable only in very small use when the main line is short.

Ring is the mont common form ard should bhe used. Largre gvntems can be

divided into several rings.

gmensiona

Exact dimensioning is difficult and therefore diagrame based on experience

are used,

Manufaoturing is done welding to steel pipeer and brazing to copper pipes.

Installation should-be on an inclined surface, approximately 1 s 100 in the
air intak

VII

e direction so that the water can be removed,

For water removal water traps spaced 30-50 m from each other are recommended.

‘Air Intake from Pipe S;:tém

« The air in the device must he dry and cleea and it ahould contain some
oil in order to prevent wearing of the duvices,

= In the pipe system there is always humidity and dirt particlas to oause
corrosion,

~ Therefore the following instructions must be observed in the sir int'nkm
~ The nir is taken from the top, when necessary using a water trap.
- The air is taren through a so~called maintenance unit.

1 Unit
It usually consists of 4 purta:
1« Pilter which is frequently a sintered filter to clean the air,

2. Pressure reducing valve which reduses the higher network premsure tc
operation prossure,

3. Pressure guage for pressure control,
4. Ludbriocator which mixes a small amount of oil with the air.

Cylinders
Cylinders are the muscles of automatics which perform the work.

A. Gonstruction
Ends « aluminium or brass

- ywithout oushion
- with m;uhion

Cover « aluminium, copper or brass
Piston -~ seal, piston rod
8ize - § = 25=300 mm 500 mm

- 1 -25-400!1\0“ 4000 mm




B, Qngution

Single-acting - in which the air operates in one direction only

Return stroke s.g. by a return apring.

in which the air operates in both directions.
The most common cylinder type.

Double~acting ~

C. DRimensjoning

The power obtained with a oylirde) can be calculated from the following
equations!

DHf-‘ —14, —F

Idfg-ﬂ—-—-

Fe 08w &I#*Dawp/lf
£ = o.8x% 3 /#-t(D"-df)gp/y

D Uss of Alr
The oylinder uses air from the network,

Vaklﬂ*A*i*Pm

= 1 (single-ccting cylinsoer)
. 2 (doudle~.ciing oyYindin)
mnusbar af strolas por vttt
« gylindor o, A b N Da/ L
» length of stroie
f « notwork procLure
P, = pressure of the ouiside air fbef‘
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I Valves
] The valvea ride and vuntrol tne motion o th: air

Directional control vaives

R
Positions: 2 positions I' J 1
1
3 poaitions L I _, "_:
TF
Flow pathss - open L 1.1

v
| cloged Joer. I
-
. Connectionss 2 parts L ]

i 4
3 parts L
LI - w m 'J‘k L ..’.‘

Aol '!"! al

Designations  number of parts/number of positions
og. 2/2, 3/2, 5/2, 5/

Oontrolt Nanual control i.;;-;‘:‘f“
[ FUESN
N e
Mechanical control R O
Electrical control i.""'“}.....
Pneuratic contrn: s """":" "‘rt:
Typest
gw T’SP N . ".-‘:u*’c m-,n{,- o
o/ T s [EOIT ;f..-.-
S R BT

P Tt i ¥ ._,,:_____
32 Le .._1 sy LR _J

Dimensioning according to the instruotions of the distributor.
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Check valves e
T pedea
Shuttle valves b "‘j’j," “_/./“ 4
Sy, et e > 1 ot
Flow control valves “r } 4
[ A

One way restrictors

IX  Bumples

Seven examples of basic pneumatic cirouits are shown in the following pages,
along with detailed deacriptions of their operations.
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‘,r Bxanple 1,

¢ 1 - Doudble acting cylinder, with cushion as both ends
D1 5/2-Valve, manual comtrol, bistable funotion
(5/2-Valve « 5 ports/2 position-Valve)
! 81, 82 One-way throttle valve
5 T Pressure regulator
)} Pressure gauge
Compressor




Funotions

This example intends t5 show the three busic methods of controlling

a pneunatic cylinder; namely:

le The direction of the piston movement which is done by the direct-
ional control valve Di,

2, The piston speed by means of the flow control one-way throttle
valves S1 and 32,

3. The piaton force, which is adjusted with the pressure control
valve T,

From the compressor K compressed air is obtained, the pn!nu of
which usually oscillates around 7 bar (bar = kgf or kp/om®)y The
pressure regilator T is set on a working preasure suitable for the
oylinder, e.g. 6 bar is read on the pressure qauge' U,

In the initial position thuc the cylindsr has a pressure of 6 bar on
the pistou rod end, i.se the minus chamber,

When the slide is in the valve Di is svitohed over, connexion between
inlet and outlst 2, but also between outlet 4 and exhaust 5 is obtained,
The plus chamber of the oylinder C1 is theredy pressurised, simul-
tansously as the compressed air in the mimus chamber is evacuated to
the atmosphers, with a flow which is determined by ihe one-way throttle
valve 32, The piston and the Piston rod in the aylindsr C1 moves now
in the plus direotion with a speed likevise determined by 32, When

the slide in the valve D1 is reset to its initial position, connexion
betwesn inlet 1 and outlet 4, but alwo betwsen cuslet 2 and exhaust 3
is obtained, whereby the piston in cylinder C1 moves in the mimus~
direction with a speed that is governed by the one-way throttle

valve 81,

“The piston speed im a cylinder is actually governed by the following
three factors:

1 % ?;tivc Erelgm, 1se¢ the pressurs which moves the piston
o o Rotive pressure is governed partly by the pressure
regulator T, and partly by the dimsntion of the valves and the
pipings The motive pressure is always lower that the statioc
pressure which is read on the gauge U when the piston is
resting in one end position. This pressurs difference is aleo
defined pressure drop and is a condition for fluid power {rens-
mission.,

2, W, ises the pressure in front of the piston and
s gove by the throttling of the exhaust air, in this
case hy means of one-way throttle valves S1 and 32. The builte

in non-return valve in these valves, are *o give free flow ia

the opposite direction, The motive prsssure can thme flow iate
the cylinder unrestricted.

3. %, 1eve the actual work the cylinder has to do, plus
on losser in the guidings and seals,

Most double-acting cylinders are provided with built-in cushioning
in their end positions, which means that the piston speed is
offectively damped immediately before its end position and thus
decreasing its impact to the end cover of the c¢ylinder. The cush-
ioning effect is usally adjustable from the outside,
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The directional contrql valve D1 can alternately be provided with

spring return and has in such case & monostable function, Besides
the valve can have various control devioces, manual or mechanical,

such as handle, foot pedal, plunger, roller lever etoc,

W22 72727 7
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Bzample 2

Osaponante:

o1 Doudle acting aylimder

”n, m vey push Wtton control, asmostadle
m » pooumatio oentrel, bdistadle
", tle walves
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Punctions
In the initial position the valves D1, D2 and F1 have air supply to their
inlet ports, As there is a connexion between inlet 1 and outlet 4

through the valve P, the oylinder C1 has its minus—chamber pressurised.

If the valve D1 is actuated, a connexion between port 1 and 2 is obtained
and the ocontrol port 12 of P1 is pressurised and the valve slide is
switched over. Thereby connexion beiween inlet 1 and cutlet 2, as well
as bdetween outlet 4 and exhaust 5 is obtained. The piston in the
ocylinder C1 mowee in plus-direction with a speed which is controlled by
the throttle valve 392,

As soon as the slide in P! has changed over, the valve D! can be released
and the oontrol air betwsen F{ and D1 is evacuated through exhaust port
3 &t valve Di, As the valve P! is bistable, the slide maintains in ite
new position and the piston in C1 carries on to its plus positiomn and
stops there, When the valve D2 is actuated, the slide in the valve M
is reset and the piston in the cylinder C! returns to its minus positien
with & speed controlled by the throttle valve St.

In order to be able to reset the slide in the valve ™ with a comtrel
signal from D2, the valve D1 has to be unsctuated simultaneously, other-
wise the signal from D1 will be blocking the owitching of the slide.

The same is of course valid reverse when the slide in P1 is to be changed
over Wy a sigmal from D1, the valve D2 has to De unactuated.

T™he piston speed is here comtrolled by means of threitle valves fitted
inte the exhaust ports of the main valve i, To be able to adjust the
piston speed individually in both motion directions, the main valve has
$0 e oquipped with two exzhaust ports.
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Sxample 3.

Conponents:

o1 Double scting oylinder

) )/2<valve, push button centrol, memostable
»n 3/2wvalve, roller comirel, momostable

” 5/2-valve, pnewmatic ocontrol, bistadle
Dgtiege

reset and G1 retracts (i.e. the piston in the oylinder G noves

$2¢ misus-direction). To make it possible z.,"i.n. D2 to mn‘:a.
the valve D1 has to be wnactuated sarliere Usually the valve D2 is
located 80 that it is actuated only whea the pistom in the oylinder has
conpleted the total length of stroke, tut if required the stroke ) '
oan b shortened by locating the valve D2 closer to the cylinder,




o1 Double acting cylinder

D1, D2, 3/2-valve, roller oontrol, monostable
B 7 3f2wlve, handle contrel, bistable
MY sf2ewalve, pneumatic control, bistable
© by ‘l’l 8ilincer

81, 82 One-wvay throttle valve

R Air Mlter

T Pressurs regulator

U Pressure gauge

X Iabricator

In the starting position the valves D2, Ei and Fi have air supply from
the compressor, and thus the minus chamber of cylinder 01 is pressurised.
Waen the valve Et is changed over, air passes to D1 and as D1 is sotuated
F1 ohanges over and the cylinder C1 goes in the plus=direction vith a
speed oontrolled by the one-way throttle valve 82.

When the piston rod actuates the valve D2, Fi is reset and the oylinder
moves in the mimus~direction with a speed controlled by Sis In the
minus-position D1 is actuated again, which causes the cylinder C1 to move
positively, then D2 onoe agein causes & negative motion and so on,
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The cylinder C% is thus working comtinuously forward and reverse as
long as the valve B! ramains in "starting position" and the air supply
is sufficient.

If the valve Ei is reset to "stop position', the oylinder €1 will just
oozplete a started cycle and then stop in the minus-position. The plus
josition of t} 5 cylindsr can of cours: also be chosern as the imitial
position, which is obtained if the valve Ei is located on the supply
1ine to D2 instead of D1,

The two silenoers L1 and 12 are to decrease the noise from the exhaust
aire.

The pressure regulator T keeps a constant air pressure, which can be.
read at the pressure gauge U,

The ludbricator X finally injects a lubricant im the form of a micro
oil fog into the compressed air and thus to the moving parts of the

oempenents too.

B A O e S SR, o

SrTTTrrrer A
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01 Double acting cylinder
B 3/2-valve, handle conmtrol, monostable
m 85/2-valve, pneumatic oontrol, monostable




Punction:
PRI,

Whon the valve ®B1 is astuatad, the valve F1 receives control air and
changes over and the cylinder Ci goes in the plas direction. As soon
23 B! is releamed, the conirol chambar ot the valve F1 is evacuated,
the valve slide .u reset by a spring and C1 goss in the minus-
directions In this case the valve Bl has to be actuated as long as
the plus p-sition i3 to be keple

Ij instead the plus position is %o be required as the initial position,
the piping b:twaeen the cylinder and the main valve F1 i3 switched over,
The valve F1 can alternatively be controlled by a bistables 3/2-valve.

If the cylinder C1 should opsrate as single acting, this is obtained
either by oparating the cyliuder direct by & 3/2-valve, or by plugging
cno of the outlet ports on the 5/2-valve.

Exanple 6o
Ml‘ 6o
Componentss
ct Doudle acting cylinder
M 5/2=valve, pneumatic control, bistable

’ M1, X2 }/2~valve, solenoid control, monostable
01, 62 Rlectric push button switches
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Punction:

When the switch Gt is actuatsd the volenoid valve M! changes over, which
in its turn means compresasd air changes over the main valve F1 and

the cylinder C1 makes a plus movements As soon as (01 is released, the
valve N1 is reset.

When instead 02 then is actuated, M2 changed over, the valve M is

reset and the oylinder C! poes in the minus-directions W2 is reset when
C2 is released.

The valves Fi, M1 and M2 often form a unit with a common inlet on tae

sain valve, which at the solencid valves are supplied with air through
channels in the main valve,
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Bsssple 7.
c1 Double acting oylinder
2] 5/2-valve, pnewmatic oontrel, menostable
N 3/2-valve, solencid control, monostable

) Rectric push dutvon switeh
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Punctions

When the switch (01 is changed over, the solenoid valve M1 will
open and pass control air to the m: in valve Fi, This will cause
the valve P! to change over and the cylinder C1 to make a
positive stroke.

When then (1 is reset, Ni is de-energized and reset, the control
air to M is ovacuated and #1 is also reset, after which the
oylinder returna to its 1n1tia1 minus position,

: e valves F1 and N1 m ‘often built tdgether %o form one unit
with common inlet tﬂmm on the sain ulvc.

" :Pigare 1 shows pressure decreases in yipolim.
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