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Symbols And Standards In Pneumatics

*The development of pneumatic systems 1s assisted by a uniform
approach to the representation of the elements and the circuits.

*The symbols used for the individual elements must display the
following characteristics:

* Actuation and return actuation methods.

* Number of connections.

* Number of switching positions.

* General operating principle.

» Simplified representation of the flow path.



Symbols And Standards In Pneumatics

*The technical construction of the component 1s not taken into

account in the abstract symbol form.

*The symbols used in pneumatics are detailed in the standard DIN
IS0 1219, "Circuit symbols for fluidic equipment and systems".

INTERNATIONAL STANDARD 425 .
NORME INTERNATIONALE 2%

LORGAMEATION INTERNATIONALE DE NORM

Fluid power systems and components — Graphic symbols

Fluid power systems and
components — Graphic symbols

0 INTRODUCTION

In fluid power systemns, power is transmitted and controlled
through a fluid (liquid or gas) under pressure within a

Graphic symbols are used in diagrams of hydraulic and

pneuma tic equipment and accessories for filuid power
transmission. i

e ety

1 SCOPE AND FIELD OF APPLICATION

This International Standard establishes principles for the
use of symbols and specifies the symbols to be used in
diagrams of hydraulic and preumatic ransmission systems
and components.

The use of these symbols does not preciude the use of other
symboils commaonly used for PIRE-WOrk 10 other Nchmq.l
fields.
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9 GENERAL (BASIC AND FLINETlDNAL SYMBOLS)

Descriptio Application Sione
The symbols f?r h'.rdrau:m ;ﬂd EEEHfﬂiUl: equipment and [ ... ;
dccessories are functional an e “
consist of one or mare basn:_ s M. ol
symbals and in general of ane or mmg functional SYMBOIS, | - wortcsnes o ‘>
The wmbﬂli are neither 1o ii:ah: nar in general orientated - o . Bl
Ishatts, lavers, piston- T
n n any particular direction. The relative sizes of symbols ir s ¥ o<u
::ﬂl'l'ltllr‘l#'tmn should Wl‘fﬂipﬂﬂd ipﬂfﬁﬂlmilﬂt"f [ IHDSEII'I (ontionaluse S e e
clauses 11 and 12,
1} L = Langth of dash -
E = Thickness of line

0 = Space bevwsen iines
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Circle, -
sami-circin Square, Ay i vule, conirol valves l ‘ I ‘
rectangle (value) exgapt far nan- S——

As a rule, enargy con-
Fedurn valved

vErsion units {pump,

EOMPreasar, matoe)

Q

Maasuring instrumants | O ﬁ_lnm—ﬁn—
O
D

Nan-return valve, ratary Diamangd , .
Canditioning appar atui

: -m“ﬂh W
Mechanical link, ‘: )

Semi-rotary actuatar
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s & |
Description Application ""_mhn
Signa
1)
Miseailaneous
spmboals 1
Flaw hAe Eantection | .:_|' g = 5E

apring
Restnction ;

— affected by viscosity

— unaffected by wis-
cosity

><

Pneumatics

Description Application Symbol
Triangle: The direction of flow and the

nature of the fluid.
-solid Hydraulic flow.

—in outline only.

Pneumatic flow or exhaust to
atmosphere.

Arrow

Sloping arrow.

Indication of:
— direction

— direction of rotation

- path and direction of flow
through valves.

For regulating apparatus as in
Pressure Control Valves both
representations with or without a
tail to the end of the arrow are
used without distinction.

As a general rule the line
perpendicular to the head of the
arrow indicates that when the
arrow moves the interior path
always remains connected to the
corresponding exterior path.

Indication of the possibility of a
regulation or of a progressive
variability.

{ o
N

( (
EERERS
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Description

Use al the sguiprmant
or explanation af
tha symieal

Sy rmlaol
Sym bola

Fixed capacify
paeuara b
@ ror

— with one direc
fion of o

— it Tl chirec-

rtvons of lows

-

Variable capacily
L T
moEor |

— waith one direc-
| tign af Thow

—with pwwn chirec
ticons af Hows

The symbol is-a com-
binatiaon of 6.2.3.% and
5.2.73 lsloping arrow]

The symbol 3 a8 corm:
bination o 6.2.3.2 and
5.2.3.Isloping arrow)

Ssciilaring
o rar -

— hydraubic

— i Imiatic

-
-
&

-

£~

Pumg/motor
units

Unit with two func-
tHiong, either as pump
or as rotary motor

Fixed capacity
pumpimoror
it

— with revarsal of
the direction ol
How

— with one single
directian ol How

- with we direc-
tipni of How

Funouigming oS pum

O mator actarding

1o direghan of llaw

Funotioniig s gump
ar imater without
change of diregtign
of o e

Fungtigning as pump
or mater with either
diragtion « f Fow

i T |lndq--

>
O
Ll
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Description

Use al the sguiprmant
or explanation af
tha symieal

Sy rmlaol
Sym bola

Fixed capacify
paeuara b
@ ror

— with one direc
fion of o

— it Tl chirec-

rtvons of lows

-

Variable capacily
L T
moEor |

— waith one direc-
| tign af Thow

—with pwwn chirec
ticons af Hows

The symbol is-a com-
binatiaon of 6.2.3.% and
5.2.73 lsloping arrow]

The symbol 3 a8 corm:
bination o 6.2.3.2 and
5.2.3.Isloping arrow)

Ssciilaring
o rar -

— hydraubic

— i Imiatic

-
-
&

-

£~

Pumg/motor
units

Unit with two func- i
tHiong, either as pump
or as rotary motor

| Fixed capacity
pumpimoror
Lt

— with revarsal of
the direction ol
How

| - with ane single
directian ol How

- with we direc-
tipni of How

O mator actarding

& 4

Funouigming oS pum

1o direghan of llaw

Funotioniig s gump
ar imater without
change of diregtign
of o

Fungtigning as pump
or mater with either
diragtion « f Fow

i T |lndq--

>
O
Ll
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Variable capacity

pump/mator

Wit

— with reversal of | Thi symbol 16 3 0om:

the direction of | bination of8.3.1.1 and
I flaw B.2. lilaping arrow)

— with ong single | The symbal is a com-

dirsction of flow | bination of 6.3:1.2 and

5.2.3 (sloping arrow)

I*vﬂﬂnmdﬁm- The symbaol is 8 com-

tiong of 'I'H bination al ﬂ. 3-1-3#\#

e

Variablo spaed
drive units

5.2.3 liloping arrow]

Targue conver ter. Pump
andlor motor are of
vanable capacity
Aemote drives, see 12,2

Pneumatics

Single acting
eylinder .

= raturned by on
unspecilied force

— returned by
spring

Cylinder in which the
flud pressure always

acts in one and the seme
direction {on the far

ward strokel

Genaral symbol when
the mathod ol return
is not speciiied

Combination of the
general symbol 6.5.1.1
and 5.1.5.2 lspring)

D tmsbinch
Détmllé

Simplified
Gim |'_||i fig
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- EE——
Double acting Cylinder in whigh the
cylinder : Hingl Pressuss ppeales
alternataly in both di-
rections larwaid and
bagkwird strokes|
- = (=}
pistan rod . ——
— with double- o _E,
ended piston rod o g o
i
Differential The action if depen
eylinder dant on the diflerance E—%}
bt the aHective
areas on Baeh side of
the piston
= e

—It:rmuirrwm

cushion

— with single
| fixed cushion

= with double
flised cushion

= with single
adjustable
cushion

- with double

adjustable
cushian

Pneumatics

Cylindgr incaiporating
fiwad cushian azling

in one direction anly
Cylindar with fixed
cushion aoting in bath
dirgelions

The symbal is 8 com-
binatien of §.5.4.1 and
5.2.3 lslaping arrow]

| The symbal is a com-
bination of 6.5.4.2 and
5.2.3 [sloping arrow)

8

i

® g

5
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Usze of ithe Bgquipmant v mhnl Prossurs | Eguiprnent transfarmian ._Du-q-.il.:.;l Sirmgile | ied
Description or axplanation of - I"I'I'll.'l : i imn-mﬁiuu i 8 pressura X into.m [Chvs il ke Sl Fog
the symbaol e e predture
- for ane - rype E.g. 8 pneumatic pres-
Telpseopic of Huid sre x i3 translormed "_L'_"u
cylinger mto @ higher pneuma- & ¥ S e
e pressure e
— single acling The tluid pressure alweays — for two {ypes E.g. & preuwmatic pres- Erpee "
acts in one and the same af fwid sure & i5 bransformed —-:i +
. ] o |
direction lon the Torward into a higher hydraulic ;i
sirokel PRS- 1
— doukle acting The fluid pressure aper- Air-oil nctuator Equigument transfosm-
< “ m
ates alternately in bothk = ‘g @ {1 - bl -
directions foarward ard SR Mm*lﬂiﬂlﬂﬂllﬂ? [' -
eyl 15 prresilure J
“
backward strokes) | o
T ———————
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Control valves

Mathod of repre-

sentaiion of valvas

| lexcept 7.3 and
7.4

Made up of gone or more I
sqquares 5.1.3 and arrows

One gingle square

Indicales unit for can-
tralling flow o peessure,
having in cpgraton an
inlinite number of poss
ible positions betwaen
18 wved pogitians o 6

‘o viary the cond tians |
el How BOTO8S QL G

PG & of i podLs, thus

Diascription

Use of cha aqguipment
or axplanation of
the symbol

Symbol
Symbaole

| directional control valve
tio rTarmSiiory

| intermediaie condition |

Hasic symlaal lor J-jaos-
| vteoers direciimnal comirol
wEl e

A transitory bat signili-
| cant canditton betwean
e distinct positions

| 15 optionally represented
| by asquare with dashed
ancis

A basic symbal tor 8

23

e =
r-ul—-l
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‘Control valves

Lhirec Dol comteol
wilwn 203

Diectional contiol wialwe
ikl @ g bs ang 2 chis-
T T P o ng

— wulTh manual ——— ———— e =
cein ol ﬂ
= Coniroligd by

DressuUre ofeera o — L +

Lirg agsinst @
FRbUPT SN
le.g. on air
wvload ng vaive)

Divectional comirol
value X432

— controllad by
pressure 1 both

EIFEEEIHHS
————

= cprtralled by
salenosdd with
FreEkury lﬂ-l-ll'ig

Crirec tiongl canirgl valve
with 3 parts ang 2 chs-
tinet positions

Indicmting @ it riredi-
ate condition {see
:-2-2'3*

—_—

-

— -

- W TINE

Port Designation for Valves

Port designations for valving

Working lines

Supply air, compressed air connec-

tion
Drain, exhaust poinis
Leakage fluid

Pilot lines

Alphabetical
ABC...0
(excludes L)
P
R,5.T...W
L

ZY X

Numerical

2,46...

3,57...
9
12,14,16,18...



Symbols And Standards In Pneumatics
:Control valves

ISO 5599/11

This Standard which supplemants ISO §598/1, lays

down the port designations.

This is no longer done by letters but by numbers.
Numbers are the same all over the world and can

be read by anybody anywheare.

Example:

This Standard only applies to 5/2-way valves.
old IS0 E598/11

P = 1= Supply port

A = 4 = Working or cutlet line

8= 2 =Working or outlet line

R=¢ b= Exhaust

S =+ 3= Exhaust

Z =+ 14 = Pilot line for flow 1 = 4

¥ =+ 12 = Pilot line for flgw 1 =» 2

p

@& ™)

Tewlyy]

. (m) (P) (8)

Ll of the eoguiiprment

and sprimg
raturm)

Directional contral
wilem 5/2

— cariralled by
prEssuiE an both
dirpctinms

Directional contral valve
wiiith B poris and 2 dis
timct poasitiong

=
Dazcriplion or mEpianation of =y bl
Sy mlbinla
the symibal
Clirectional contral] Dircctional contro! valve Crecail o Crtraille
woinl S stk 4 ports and F dig- — e —— e — - I
tinct positians | I | o )
E LWy IIII.I
— ganiralled by | T .|I :
pressure in both e = O oy "'] .
—— e ] ;
dircctioms by !_;{
= e A e L i
rmeaEns ol a pilog = = it |
e ——
walve weth a
single salenoid Simplified Sirmpslifia

iR A=

__mm__
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Control valves

Throteling direc-
honal coniro

— wwith 2 ports
jone thratiling
o | i

— with 3 parts
{iwo throttling
orifices]

— wilth 4 ports
(Fowr throttling
or i fices)

The writ has @ a=trome

P bioms o am inlin e

mamber ol inwermediate
conditions with varying
degrees of threttling

_All the symbals have |

ool lesdback seae 9.3

Shwing the astreme
posit.ons

Showing the extreme
positions and & central
Iroutral ) position

Fos example - Trager
valve plunger operated
SgEUNEl B ratura s5ring

For example | Direes-
tional control valva
controlled by pressure
against a return spring

For example : Tracer
walve, plunger aparated
against a return spring

Electra-hycrau-
e survo valve ;
Electro-pneum-
alic servo valwe |

= gingle §tage

A unit which accepls an
analogue electrical signal

and provides a similar
analogue Huid power

output

— wath diract opera-
fion

— tiany s tage with
rmechanical

lepdback

tara s ge with
hydraulic
[radback

— varth indhirect pilod
e atian

= wilh indirect palod
oparation

rjisps vy
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Control valves

flan-raturn valve

— free Oipang bl the onlel press
1
l:l'l.ll:ili presiure

Crppeers of thie andet pross-
ure 14 Ei:ﬁi{ than the
outlet pressure plus the
_spring pressure

A 7.3.1.1 but by pilet

canteal 11 e possialae to
e pwEnt

— spring loaded

pilatl conkrolied

— clpsng of the valve

— apenig ol thie vaves

— whith ragtiictimm

Shurrie valve

Rapig exhacst
v v

| Pressure cantral

wvalvas

' Viluees the anlet port s

conditions ses 5.2.4.3

unlgaded the outlal port
is hrgely ¢xhausted

L

| Units ensuring the con-

ol of pressure. Rap:

resenied by ane single

sguare as in T.1.1 with

one arrowy [the tail 1o |
the arrow

I 0 @i rovg

“Forintaiior controlling |




Symbols And Standards In Pneumatics

‘Control valves

Description

Use of the squipmant
ar axplanation ol
tha symbol

Symbal
Symbaole

Fressure control
valve -

=1 thrattling
orilice normally
Lo

- !hrg“hng
orifice nofmally

open,

= 7 theattling
arifices, normally
clased

Geraral symboly

o

l

j] ar | gu

vim [
1]

I

— ¥With remote
pilat contral

| weir or to stmosphere

| port is limited as in 7.4.2

L:::rrll.ru{ .

_ s control-
# .
hoaust port g the eser-

ageinst an opposing forog
tlar pxample a sprng) _

' The FrESsLeE &t Whe imlae

ar ta that corresponding
ta the setling ol a pilo

Proaportianal Inlet pressuee o6l teol -
aretsurd refopf to o walue propors tional |
tr the grilat pressare }— }. )
(sae 8.2.4.1.3]
F-
I %
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:Control valves

-]

Sequence valve

Whitn tha inlet pressure
pveicomes the apposing
forcd of the spring, the
valve opens permitting
Thowe Trowm the outlet
par

or reducing valve

raducir of

= weithout relis!
part

= without ralied

port with remote
control

— waith relief port

A unit which, with a
vanaile inlet pressure,
gives substanally cons
BN U B PR
provided that the inlet
pressure rarmaing highar
than the requiied ouileg
Pressure

Ag in T4.5.1 but the

autlet pressure is depen-

dent on the contral
Bressure

| e = “fﬁw

Description

Use of the eguipmant
or axplanation of

Symbaol
Symbaole

the symbal

| with remote I|I

— with roliel port,

control

As i 7.4.5.3 but the
outiet presiure 15 depen-
dent on the control
Prossdre

r

_gj_..

The outlel pressurs s

reduced by @& fixed
amaunt with respect

to the inlet prassura

L
-

Propaortional pressy

The outlet prassure is

L regquilatar

reduced by 8 {lwed ratio

wilth respect 1o the inlet

pressure [see 9.2.4,1,3)

A 1

4
l
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:Control valves

Thrattle valve

— with marudal
control

— with mechani
cal contral against
B return spring

| {braking valvel

Simplified symbo! (Does |

nat indicate the control
method or the state of
this valvel

Vetailed sy mbol
Lindicates tha caniral
method or the state ol
the valve

4

Elow conitral
v e -

— with Timed
SutpL1

- with fixed
output and raliel
port Lo reservolr

— with warinbie
oupul

= writh varinphle
ouipul and relief
port to reservolr

“ariations im inlot press-
wre do mot alfect the
rate of flow

i
Az 7.5.2.1 but with
relial Iqrfunu 1o

y

As T.6.2.1 but wilth
arrow 5.2.3 added 1o
the symbol of restric-!
tion

As 7.5.2.3 but wilth
raligf for excess How

&
L

Detanled

[adaille
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:Control valves

Use af the equipment §ymbol Sources of snergy
m ] 1 5 I EETETI " E
scription or axplanation of | Syinbale Pressure source Simplified general
the symbal symbal @—
T Hydrawlic press-
Flow dividing The low is divided into wre Jource
valie two llows in a lixed rato = Symbols to be used :
wehizn the neture of ihe
substantially mdepen: :| |: ;| { Preumatic prass | #4058 shauld be indi-
dent ol pressure vari- ure saurce cated @—L/
ahionsg
shut-off valva Simplitied symbal Elscteic matar Symbal 113 in 1EC (@:
.{;,{‘} Publication 1172

Heat engine

@ |
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lines and__connections

— E xhaust port

Flow lines and connections

== = —— . o T L

Flow lirre : |

— working line, = plain wilh no

raturn line and . = —————

feed line provision lor
| B

— plot comtral P connection

Hrum =3 - P e B —= —
B il

- threaded for

— drain or blegd i

lingy e

— llaxiblie pipe Flegrinle hose, usually i

connecting moving 5. 7 Powear take-aff : On equipment or Hnes,

paorts 1

for energy lake-off or
— alactric line - é measurement
Pipaline l
junction + = plugged
|
Crossed | mot comnected
pipglines | 4 - yoith 1ake-alf
T line

Air bleed _l_
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lines and connections

1

Quick -acting
coupling :

- connected, with
out mechanically

| opened non-return

valve

connscted, with
mechanically.ope-

ned non-return

valves

— uncaupled, with
open and

— uncoupled,
closed by free non-
return valve lsae
1.1

e

-0
ik
{}

A - =

[l‘qﬂrr cornaechion | Line junctan allowing

- gne way

— thies way

angular mavement in
| gervice
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lines and connections

i _-.-._l_l.l.-.-.-.-._..-_ . =i
= with inlet pope - .
Filvars, water
below fluid level | traps, lubricators
.l—l_f-'_‘ﬂ_n—l_l_-.._,_._J.-_._l—n_l-_—'_._ o - - wrd mmﬂl‘f_“l
Filtar or srrainer {?
| — with & header Water trap -
line . e
— writh manwal
— e S conirol
P = e = —, _r.--'-'-'_-I_-'I—I'I—I.J__._-_ TR - e T —
Pressur ded
gservoi s s S SR— :
S . i i T TS e — crmimed
Ty . Fifeer with warar
Accumulators The fluid is mainisined trag -
under pressurg by a :
- waith manusl Cormbvination al B.5.1 .
SPring, wg.#” afr com- control amgt 3,52 1
pressed gas Lair, nitro-
gen, eic, | — automatically Combination ol B.5.1 = -
dralned and B.5.2.2
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lines and connections

Air dryer [ A unit drying air |lar
example by chamigal
A |

Lubricator Stall quantities of ail

are wlded 1o the air pas-
firig fhrgugh the unit,

in order 1o lubrioate
puipment racelving
the air

Conditioning unir

Consisting ol {ilter, pigss-
ure regulalor, @ essure
gauge aivdl labeicatos

= Detailed sy mbol

- Simplified symbol

—-—-*.-==__..__.=_

Haeati exchangers

Apparatus Tar heating or
cooling 1the circulating
Fliasicd

Fermparalure
e iralier

The luid temparature 1%
rmmir EEl e beatweean Teeo
predetermined values

The arrovwes imcicate that

Featl maay be sithear intro-
duced or diresipestecd

oo e r

The arrowss in the die-
rmand wndiicate the = x-
tracteon of heat

— wt D | e |sen ta-
i of the flow lies ol
the coomlant

— imcliemiaorg e §ows
limes al the coolant

|~ eaees

The @rrowes i the dia-
mond indicate tha in-
tropcduction of haar

JEA MR
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mechanical components

Machanical componai:

Rodating shal¥
= T OV Chireg-
Tian

= i &t
dhira lian

Tha diuin

- .-..'-i:;;f:.

LR B R ENTR

-

Dascription

Use of the squipmant
or axp'anation of
the symbal

Symhaol
Symbale

=

Olesran 1

| ing-@a given pasitian  *
Lok ng oevicn " The symibal for B

A gdewige [ar magintan:

unlgeking cantrol is

insaried in the sguarg
B

—

e, e

-
-

— with traversing
lever

— with fixad
fulerum

Privents 1the mech -l'rlm_.

i’:"::'""' | stapping in 8 dead centre
pasitian -

Pivatirng dewoes |

— simple

L=
o
=

Control methods

The symbals rapresenting
canirol methods are
incarparated in the
symbol of the can-
trolled apparatus to
which they shauld be
adjacent. For apparatus
with several sguares the
actuation ol the control
makes el fective the
squara adjacent to it
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mechanical components

| Muscular Ganeral symbol {with- Mechanical
| cantral : out indication of con- :[ s
ot tye] - by plunger or
tracer

= by push button

H=J'|: - by spring
E By |Bvr H: | = by roller
s | — by rollar, oper.
i /L[ T —

- direction anly

XL A
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electrical control

_Control by appli-
CEMnar ar release

T s ——
of pressure

=

Direct acting
control |

e - L
- Ly application |

al prassure

= o

= by release al

PresEure
o e T, e

- Ly dilfegrent
conlrol araps

Elecerical .
caniral |
b |
e e e e e [—— e
= with 1 winding -
| with  winding____ va
H_
s - ————
= with- 2 windings oper- S p——
anngin opposite diregs | rd {
| | tions |
' — with 2 windings
opefrating in a vaniable Lo+
| way progressively, aper- [}flz
ating in oppos:te direc- 2
than
S W e L o e e a a I-l---l—l i
— oy mleciric =
Mmoo = __E 5,

i the symbol the larger
recisnge reprasenis tho
Lai g gontral area, | g,
the priority phase




Control valves

Imdires] conteal,
Eelot acteated

— by solenaid
arnd pilot direc-
tecirml vl v

| — by solenoid or
pilot directiconal
il e

The pilol direc i
valvwe 18 actuated by
tha solemoid

Either may scidaie the
contral independently

Usa of the sguipmant

WEmoving parl 1o 8
controlled apparatus
moving part I repre-
santed by the symbol
5.1.1.4 which joins the
two parts connected.
(For examples see

11:1.2 and 12:1.1]

Symbal
Dascription or axplanation of Symibode
tha symbol
Machanical fead- The mechanical connee- 1
back tion ol a control appara- 1] ——

2] E

1) Controlled apparatus
Appargil commandd

2] Control spparatus
Appaial de commani




Control valves

Imdires] conteal,
Eelot acteated

— by solenaid
arnd pilot direc-
tecirml vl v

| — by solenoid or
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Measuring instruments
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Development of pneumatic systems

* The solution to a control problem 1s worked out according to a system with
documentation playing an important role in communicating the final result.

* The circuit diagram should be drawn using standard symbols and labeling.
Comprehensive documentation is required including most of the following:

* Function diagram
* Circuit diagram

* Technical data on the components Supplementary documentation
comprising:

* Parts list of all components in the system

* Maintenance and fault-finding information

* Spare parts list




Design of the circuit diagram

Control Chain(Control System Representation)

Command execution ‘ Fower component \

Signal output

Adjusting component

Processing component
(Control element)

Signal processing

Signal input Signalling element

Signal flow Classification of components



Design of the circuit diagram

Pneumatics /
Hydraulics

— Cylinders

— Motors

— Constructional
units

Electrical engineering/
Electronics

Power cﬂmponentsl—

— Nirectional
control valves

— Flectric motors
— Solenoids
— Limnear motors

— Directional
control valves

— Mon-return
valves

- Pressure
control valves

— Power contactors

Control elemeants F — Power transistors

— Power thyristors

Procassing
elements
{Control elements)

— Switches

— Push-button
actuators

= Limit switches

— Program
modules

— Sensors

— Contactors

— Relay

— Elektronic
modules

Input elements I—

— Switches

— Push-button
actuators

— Limit switches

— Program
modules

— Sensors

— Indicator/ganerator




Design of the circuit diagram

* The circuit diagram shows signal flow and the relationship between
components and the air connections.

* The structure of the circuit diagram should correspond to the control
chain, whereby the signal flow is represented from the bottom to the
top.

* Simplified or detailed symbols may be used for the representation of
the circuit diagram.

* In the case of larger circuit diagrams, the power supply parts (service
unit, shut-off valve, various distributor connections) are shown on a
separate page of the drawing for the purpose of simplification



Actuators

Power components

Final control elements

Cylinders
Motors

Control elements

Processing elements

Directional control valves

Design of the circuit diagram

Command execution

Signal output

Processing elements

Signalling elements

Directional control valves
Non-return valves
Pressure control valves
Flow control valves

Sigmal processing

Input elements

Switch
Pushbutton
Limit switch
ete,

Signal input

Compressed air production / Distribution / I
Maintenance

Power supply




Design of the circuit diagram
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Designation of individual elements

*Signal elements should be represented 1n the normal position in the
circuit diagram.

[f valves are actuated in the initial position as a start precondition,
this must be indicated by the representation of a trip cam.

In this case, the actuated switching position must be connected.




Designation by numbers

*With this type of designation, elements are divided into groups.
Group O contains the elements for the power supply, groups 1,2,...
Designate the individual control chains. One group number 1s
generally allocated for each cylinder.

0Z1, 027 ete. Energy supply unit

1A, 27, 8tc. Fower compotents

W1 1V7 ate Cantral alkmants

151, 157 ate Inpiult alarmante (wanualy shd machanically actstad valvas)



Designation by Letters

*This type of designation is used primarily for a systematic
development of circuit diagrams. Here, limit switches are allocated
to the cylinder, which acknowledges them.

18, 24 . Pawsr compangnts

181,281, 8tt. Limit awitches, activated in the retracted end position of cylin-
dars 14 24

152 252 #te. Lirnit switches, activated inthe forward end position of cylinders
14, 24




Example:

*The piston rod of a double-acting pneumatic cylinder advances if
either a manual push button or a foot pedal 1s operated. The cylinder
returns to 1ts starting position slowed down after fully extending.
The piston rod will return provided the manual actuators have been

released.



® S:Qlutian .
*The roller lever valve 1S3 1s positioned as a limit switch in the forward
end position of the cylinder.
*The circuit diagram shows this element situated at the signal input level
and does not directly reflect the orientation of the valve.
*The mark on the circuit at the extended cylinder position indicates the
physical position of the limit switch 1S3 for circuit operation.
* [f the control 1s complex and contains several working elements, the
control should be broken down 1nto separate control chains, whereby a
chain 1s formed for each cylinder.

*Wherever possible, these chains should be drawn next to each other in the
same order as the operating sequence.
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Summary

* Physical arrangement of the elements 1s 1gnored.

* Draw the cylinders and directional control valves horizontally
wherever possible.

* The energy flow within the circuit moves from the bottom to the top.
* Energy source can be shown in simplified form.

e Show elements in the 1nitial position of the control. Identify actuated
clements by a cam.

* Draw pipelines straight without cross-over wherever possible.



Control System Development

*The development of the control system solution requires that the problem 1s defined

clearly. There are many ways of representing the problem in a descriptive or graphical
form.

The methods of representing the control problem include:

* Positional sketch

* Motion diagram:
-Displacement-Step Diagram.
-Displacement-Time Diagram.

Control chart

Function diagram

Function chart

Circuit diagram



Positional sketch

* The positional sketch shows the relationship between the
actuators and the machine fixture.

* The actuators are shown 1n the correct orientation. The positional
sketch 1s not normally to scale and should not be too detailed.

* The diagram will be used 1n conjunction with the description of
the machine operation and the motion diagrams.



Positional sketch

Cylinder 2A
i Eject
I‘EEL‘:: -F.‘.-'-":E::':H:
h‘r.:;ff"--""_ i

><|_iﬁ
/ Cylinder 1A




Motion diagram

* The displacement-step diagram and the displacement-time diagram
are used for motion sequences. The displacement-step diagram
represents the operating sequence of the actuators; the displacement
1s recorded 1n relation to the sequence step. If a control system
incorporates a number of actuators, they are shown in the same way
and are drawn one below the other. Their 1nterrelation can be seen

by comparing the steps.



Motion diagram

up
Displacement-step diagram

1A In this case there are two cylinders 1A and

down 2A. In step 1 cylinder 1A extends and then
cylinder 2A extends 1n step 2. In step 3
cylinder 1A retracts and in step 4 cylinder
2A 2A retracts. Step number 5 is equivalent to
step 1.

advance

return

1‘ Displacement Steps —=



Displacement-time diagram

In the case of a displacement-time
diagram, the displacement 1s plotted in
relation to the time.

up
Al
down

advance

A2

return

Time t =




Control chart

* In the control chart, the switching status of the
control element 1s represented 1n relation to the
steps or the time.

5=1

* The switching time is not taken into account. " ...

* The control diagram 1n the following figure ot

shows the statuses of the control components s -

(1V for cylinder 1A and 2V for cylinder 2A) ;

and the status of the limit switch 1S1 fitted at
the front end position of the cylinder 1A.

Steps — =



Function diagram

*The function diagram 1s a combination
of the motion diagram and the control
chart.

*The lines representing the individual

states are referred to as function lines.

1A

2A

v

2V

151

= 0O = 0 == O = =]




Function diagram

* Apart from the function lines, signal lines can also be entered in the function
diagram.

* The signal line output 1s at the signal element and the end at the point, where a
change 1n status occurs, dependent on this signal.

* Arrows on the signal lines indicate the direction of signal flow.

 Signal branching are denoted by a dot at the point of branching. Several changes 1n
status of components are introduced by a signal output.

* In the case of the OR condition, a dot is placed at the point of conjunction of the
signal lines.

* Several signal outputs effect the same change in status irrespective of one another.

* The AND condition i1s designated by means of an oblique stroke at the point of
conjunction of the signal lines.

* A change 1n status only occurs, if all signal outputs are present.



Representation of signal lines Representation of input elements

Input elements, manually operated

Signal lines OR condition K ON!’START OFF/STOP ON/OFF INCHING
STEP
MODE

Input elements, mechanically actuated
(Limit switch)

Signal branching AND condition L




example

)%ﬁ?RT The diagram illustrates the following sequence:
e [fthe limit switch 2S1 1s actuated gud the push button 1S1 is
1 2 3 4 5=1 pressed by the operator, the piston rod of cylinder 1A extends.

/ 153 /\ * When the cylinder 1A reaches its forward end position, the limit
v 7 switch 1S3 1s actuated and the piston rod of cylinder 2A
0

182 advances.

252 * When the cylinder 2A reaches its forward end position, the limit
switch 252 1s actuated and the piston rod of cylinder 1A retracts.

* When the cylinder 1A reaches its retracted end position, the
limit switch 1S2 1s actuated and the piston rod of cylinder 2A
retracts.

251

* When cylinder 2A reaches its retracted end position, the limit
switch 251 1s actuated and the initial position 1s reached again.
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