Basic terminology
cf. DIN 19226-1 to -5 (1994-02)

Open loop control Closed loop control

For open loop control the output variable, such as the tem- For closed loop control the controlled variable, such as the
perature in a hardening furnace, is influenced by the input actual temp, in an annealing furnace, is continuously mon-
variable, such as the current in the heating coil. The output itored and compared to the target temp, (reference vari-
variable does not have an effect on the input variable. able) and, if there are deviations, adjusted to the reference
Open loop control has an open action flow. input variable. Closed loop control has a closed action flow.

Example: Annealing furnace
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Application-based code letters cf. DIN 19227-1 (1993-10)
Designation example: _IET |_]g
First letters Supplementary letters Succeeding letters
D density D difference A error indication
E electrical parameters ) C automatic closed loop control
B i A P - F  ratio H upper limit value
ow, throughpu . | displa
. i J  control point que play
G distance, position, length _ P query L lower limit value
H manual input/intervention Q sum, integral R registration
K time
L status (e.g. level) Example: Differential pressure closed loop control
M humidity —— e
P pressure p1 ' Explanation: P pressure
Q quality parameters m ID (ch!ffe]rence
R radiation parameters Y
. 312 | C automatic closed loop control
S speed, rotational speed
T temperature p2 4 In plain language: Pressure differential closed

W weight, mass loop control with display of pressure difference




Location of output & user control

Effect on the controlled system

Measuring point, control point

s

Local,
or general

Process control
room

Local control con-
sole

DDo

Local, implemented
by process control
system

)
N/

Local, implemented
by process
computer

Servo motor,
general

O

Servo motor; the
setting for minimal
mass flow or flow of
energy is set during
loss of auxiliary
power.

Servo motor; the
setting for maxi-
mum mass flow or
flow of energy is set
during loss of auxil-
iary power.

Servo motor; the
final control device
remains in the most
recently acquired
setting during loss
of auxiliary power.

Reference line

Measuring point,
sensor

Final control ele-
ment, control point

\Y%

Example

temperature T
registration R
automatic

closed
loopcontrol C

Temperature control
and registration at local
control stand measuring
point 310

Solution based symbols for devices

cf. DIN 19227-2 (1991-02)

Symbol Explanation Symbol Explanation Symbol Explanation
s c il Final controlling & user control
ensors ontrollers elements
T Sensorfor > Gontroiier: ganepsl Valve actuator with
- TEFAIANITE, motor drive
general
P T Two-point controller
=2 with switching out- Valve actuator with
PID put and PID behav- solenoid drive
ior
P Sensor for pressure 7
Three-point con- [~ . .
—o= troller with switch- A Adjuster for electric
ing output + signal
é L Sensor for level with
float Adapters Signal designators
£ Signal, electrical
S Sensor for weight, 3 Svrifﬁssszﬁgzgucer B Signal, pneumatic
O—=—W scales; indicating A ; n Analog signal
’ signal output o i
H Digital signal
Output devices Example: Temperature controller

Basic symbol,
general display

s

Printer, analog, no.
of channels as a
numeral

W)
Do

Monitor

PID controller

signal amplifier for
manipulated

controlled variable x

reference input
temperature

PID

variable y

actuating signal

valve

variable W/J_‘

transducer
with electrical £
signal output

T +

temperature
sensor i B

signal adjuster for electrical
signal to adjust reference
input variable w

actuator,
motor
driven

steam

Eg—“:;i-—— water bath




Analog (continuous) controllers

cf. DIN 19225 (1981-12) and DIN 19226-2 (1994-02)

—

In analog controllers the manipulated variable y may assume any desired value within the control range.

Controller design

Level control example, description

Symbol ™

ition function
Transitio ction | pock representation?

P-controllers
Proportional
controllers

Output variable is
proportional to
input variable.
P-controllers
have steady-state
errors.

inflow valve P controller

—— step function?
step response?

x controlled variable
y manipulated variable
e error

time f —==—

I

IV

time f —w=—

I-controllers
Integral con-
trollers

I-controllers are
slower than
P-controllers, but
they eliminate all
errors.

N

)

PI-controllers
Proportional
integral con-
trollers

In PI-controllers a
P-controller and a
I-controller are
connected in par-
allel.

part

| control

\/

X

D-controllers
Derivative con-
trollers

D-controller systems only occur with P- or PI-
controller systems, since pure D-controller
behavior with constant error does not provide
any manipulated variable and therefore no
closed loop control.

A

f——

i

f——

PD-controllers
Proportional
derivative con-
trollers

PD-controllers are created when a P controller
and a D element are connected in parallel.

The D part changes the output variable at a rate
proportional to the rate of change of the input
variable. The P part changes the output variable
so that it is proportional to the input variable
itself.

PD-controllers act quickly.

N

Yx
[
=

PID-controliers
Proportional
integral
derivative con-
trollers

PID-controllers are created by connecting P, I
and D-controllers in parallel.

Initially the D part reacts with a large change to
the control signal, afterwards this change is
reduced to approximately the magnitude of the
P element, and finally the effect of the I element
causes the response to rise linearly.

1

N

T
f-

1 Symbol as per DIN 19227-2
31 Signal curve at controlled system input

4 Signal

2) Block representation as per DIN 19226-2

curve at controlled system output




Switching (discontinuous) controllers

cf. DIN 19225 (1981-12) and DIN 19226-2 (1994-02)

Switching controllers change the manipulated variable y discontinuously by switching in several steps.

Controller design

Example, description

Transition function,
switching behavior

Symbol
Block representation

Two-point con- ~ : ;
heat | >
troller T T SETRA ?
— A A A AN So—m a
relay @ __/>
| ARAR o
Fv heat radiation =
/% contacts ?
L S el P S f =
AP T III I - switch pos. 2 X y
bimetal : 1
77772 | — AL, =
= ¢ =
set-point potentiometer Swireh pes. (Q error
Three-point con- Air conditioning system switch pos. 3
troller In an air conditioning system three tem- ——=
perature ranges are assigned three
switch positions: swifch pos. 2
— heating ON " 1] y
- heating/cooling OFF e
- —_— - - O [—
- cooling ON 0 error H 1
swifch pos. 1

Digital controllers (software controllers)

cf. DIN 19225 (1981-12) and DIN 19226-2 (1994-02)

The operating mode of the digital controller is implemented as a computer program.

Controller design

Transient function

Explanation

Computers

Programmable
Logic Controllers
(PLC)

Microcontrollers

Microprocessors

Example (simplified)
Digital
PID-controller

Enter
reference input
variable w
-
Aquire

controlled variable x
[

Generate error
e=w-x

[ #
PID

control algorithm
I
Output manipulated
variable y
[

£ ——

—_NWw o

—_NwWw oo

error step

HEEEEEER

time f —=—

[ individual parts
—1 O part
Nz | part

F \Pparf

time ft —==

] summing

step response

time f —==—

The computer program
has the following tasks:

- generate error e

— calculate the manipu-
lated variable y based
on programmed con-
trol algorithms

At the step response all
P, D and I-parts are
summed.

Sampling of analog sig-
nals and their conver-
sion to digital values
and internal program
flow causes a time delay
of the controlled vari-
able x (similar to a
T-controlled system).

P-controlled systems with time delay (T part)

cf. DIN 19226-2 (1994-02)

Controller design

Example

Transient function

Explanation

P-controlled

Filling a gas vessel

If the pressure vessel is
filled by a flow of gas,

system with delay P
1st order Py O™ o pressure p; in the ves-
(P-T; controlled Pl Pk ime sel gradually reaches
system) P, t Py Z BN the pressure of the gas
flow.

== # time f —w=— ow
P-controlled * If two vessels are con-
system with delay >< nected in series, pres-
2nd order i F—n sure p, increases in the
(P-T, controlled second vessel slower
system) ~ than pressure p; in the

time f ——

first vessel.




Circuit symbols Technical implementation

Function table

Function : 2 . z
Logical equation pneumatic electric

AND e | & 2

~|lo|lo|lo|oO

0=1NAI2

B
o

i

—%

" 12

OR 12 z

—\A—Loo

0=11VI2

]
]
o | ;i

0=1 (1
0 7
11 1 /12 | O M b
NOT 12 8( : 0 0|01 “ él ‘\
AND — ol 111 A 12 k-
(NAND) 1 To 1 II .
O=lA 12 11110 I1 12
1 111120
>1 0 olol 1
NOT-OR 12 =
(NOR) 0j1]0
11010
0=N1NVI2 11110
1
— -1 0 1112 |0
Exclusive 12_ 0jo0jo
OR 01111
(XOR) e
0=(AI2) V Tjo1
(1A 12) Tj1]o
11 |12 [O1/02
11 S 01 0|0 e | e
12 0?2 01 011
Memory —R 1101110
(RS flip- REREIE
flop)
® state un-
S set changed
R reset condition
[J indeterminate
state
| = inputs O = outputs, e.g. lamps C = relays, contacts




General circuit symbols

Resistor, o
R eneral, — Y YY" _ |nductor, coil general, +|, - Electrolytic
g >< _® optional rep- component
Neastardard resentation
—F——— Fuse — representa- W
tion Buzzer
Converter,
-—l }— Capacitor el Permanent [\  Homn transducer
magnet
Conductors, connectors and terminals
.- Grounded Connection
. v conductor, Junction, to ground,
general PE optional rep- /%7 J_ optional rep-
resentation resentation
Neutral con-
R 2 Conductor, p
moveable ductor, PN Double _é- Ground
e Neutral con- junction,
_ ¢~y Conductor, g ductor with ‘L" + optional rep- Ground con-
- insulated protective Fesartation nector con-
function PEN nection
Devices and machines Semiconductor components
Measuring Transformer, Semiconduc- PNP .
device, LAAJ optional rep- tor diode, transistor
machine m resentation general
A LED light
B | (I;/legsurmg o S emitting NPN
evice, — alve diode transistor
recording
Designations Types of current Types of connections
Adjustability Function
== DC
— stepped Y Y connection
/ general 7 continuous —~ %AC with low o
requency elta
Effect :
/ adjustable ::' thermial A connection
~ AC with high Y-delt
regulated diatio ~ frequenc ~IE ALl
/ \:\ radiation . Y Y A nection
Circuit symbols in wiring system drawings
O/\ {Q Circuit switch Three-way | Three-pole I Motor circuit
a) single-pole switch, illu- IP44  switch, pro- breaker
a) b) b) double-pole minated tective sys-
tem IP 44
) Grounding-
Sensor switch TIT type
receptacle | | Ground-fault
. . Automatic A circuit inter-
/}{\ Series switch @ Key button breaker rupter
Application examples
Three-core
Inductor, - 4 DC-AC cable with
continuously | #| == junction
adjustable ] — converter, ] DC motor
7 regulated Cable with
g 3 conductors,
— ) 36 1.8 with ground
?esnstor, _ DCor AC Y conductor (G) Three-phase
step o (universal) and 1.5 mm? motor
variable cross section




Relay contacts Actuation types
' NO contact, —— Manuall, T___ By tilting EB—— By pressure
normally open genera SHieEgy
__ By @“" By proximi
NC contact, E_ pressing B’ -~ By key Y proximity
normally By KID' 5
- i touchi
I closed ]_ pulling \/— —_—— By pedal Yy ing
Single pole By . By bimetal
\ doublathrew | o turning G-——  Bycail T (thermal)
Electromech. relays | Switch behavior Sensors (Block representation)
Relay coil, -\ Lock,
general prevents Capacitive Magnetic
al{[tomanc P sensor, P sensor,
TSR - reacts to ] reacts to close
N;J:] Timer on a) Delayed proximity of proximity of a
delay % action (para- all sub- magnet (reed
chute effect) stances switch)
- » b) for move-
imer o ): ment
ﬁj delay a) to the right Inductive Optical
b)to the left N2 sensor, N3 Sensor,
Symbol for MM reacts to )j//j« reacts to
m::j ;'lrrer on off ﬂ “actuated proximity of reflection of
eiay state” metals infrared beam
Examples of switch applications
| a) b) a) NC contact Magnetic
b) NO contact Limit switch proximity
fros NO contact | Representa- NO Gontaet | switch with
manually ’”‘ ’ﬂ‘ tion in actu- :@_ _ NO contact,
ated condi- reacts to
a) b) tion proximity of
Limit switch, b
l Double pole I | NO contact V- W material.
F~%-- . a) closes
single throw By dalaved )
) delaye Capacitive
vl proximity
Valve with g switch with
NC contact @ electro- T@‘ NC contact,
B with roller q— ~ Emergency —X magnetic ir;e};:;sotfoaglalrox-
actuation palm button actuation i oo
Flip-flop elements Delay elements
. RS flip-flop RS flip-flop er e .
1) flip- x
Ra! filp-Hop set dominant reset dominant Wity fae-defay tithe
When a sig-
" o 11112 {01]02 . i 11112 {0102 " 1112 01|02 ' [7 0o [\a! is a{)lplneuti
1 01 <1 (U toinputl, out-
—S — |00 |@®@|@® —S1 1—|0|0|®|®||—S 11— |0|0|@ @ put O
2 :930101 IZR 1:>0—201o1 12 R11:>0_201o1 assumes
value 1 after
e 11010 — 10010 o 110[1]0 fims b slaps-
unction unction u
table? RNI=I= table o B i . table e es

With turn-off delay

Flip-flops are integrated
circuits which store signal
conditions.

M R = reset
S =set
2) @ unchanged state
O indeterminate state

The numeral 1 after an R or S input indicates that the
logical state of this input is dominant.

If a signal simultaneously lies at inputs 1T and 12 (11 =1
and 12 = 1) the following applies:
Input without the numeral 1 (R for set dominant, S for
reset dominant RS flip-flop) is always set to logical

state 0.

With loss of a
signal at
1[0 %o input |, output
— 4= O takes the

value 0 after
completion of
time t,.

-




Designation of devices in circuit diagrams

Example: S2E
Type of device Sequential number Device function
[
l
Code letters Code letters for function

for type (selection)

(not standardized)

Example of circuit diagram

Sensor, proximity switch
Fuse

Switch relay, timed relay
Circuit breaker, contactor
Solenoid valve, solenoid
Indicator light, horn
Resistor

W I UVZPOPATD

switch

Control switch, push-button

Function OFF

Direction of movement
Function ON

Test

Jog operation

Save, set

T 0O R o M m >

Clear, reset

S1A B fet
L
S2E E- K1 P1
K1 M1 X

Designation of wires and connections

cf. DIN EN 60446 (1999-10) and DIN EN 60445 (2000-08)

Insulated wires

Designation
Type of wire Code Wire Example
Symbols
letters color
positive L+ Nk + o o
BE network . Rectifier circuit
negative L- bla —
e L1 black
neutral wire M | light blue 1o i
.4
Phase conductor 1| L1 bla = brown g
AC network| Phase conductor 2 L2 bla N t.)IaCk E’
Phase conductor3 | L3 Q9E PE light blug <
neutral wire N l_ight blue — | T T e greeh-yellow
Ground wire PE |gt ow --7---@ 4 =
2
PEN wire (neutral wire with - I L~ black 5]
ground function, PE + N) FEN sl Bk ot L+ % <S
black [a)
Ground E bla =
Device connections
Connections for Designation Example
Phase conductor 1 U .
Star-connected (squirrel) cage motor
Phase conductor 2 V
M3~ Terminal board
Phase conductor 3 w T, - -
/ N w2 U] L1
U Color is unspecified. Black is recommended, . . T
brown to differentiate. Green-yellow may not be / I_rwvx \ U2 V1 L2
used. ! ' t
2 PEN-wires have a continuous green-yellow \ I_KWY\ / \V Wi L3
conductor color. To avoid confusion with PE 7 i
wires, PEN wires are additionally marked with \_W 7 .
light blue on the ends of the wires, 4 . ! 1
. 5 A . e TN .
e.g. with a wire clip or adhesive tape. L. = |
¥) According to European Standards




Connector markings on relays

Example: g
Relay with 2 NOs : 2nd digit S
and 2 NCs Functlon number for contacts

m = ‘
m| < — ‘ b e NG e - NO SPDT ..
1 l::]— I NG - delayed | Nof delayed | SEDL. delayed:
N - S M~
= s l

1st digit o~
Consecutive numbering of contact sets :

Designing circuit diagrams

Current sections and distribution of electric circuits

» Every electrical device is shown with a

vertical current section regardless of the Control circuit Main circuit

actual spatial arrangement of the ele-

ments. L+ 1 =2 3 ﬁ
» Current sections are numbered sequen- T

tially from left to right. [ C1 C1

The control circuit contains devices for
signal input and signal processing.

= The main circuit contains the necessary
final control elements for the working
elements.

» The spatially shared devices, e.g. relay

coil and relay contact, are not repre-
sented. 1

S3 k-

=
>

M1 ?—X

Designation of devices

« Contacts and the associated relay coils
are marked with the same code numer-

1 2
Example: Current sections 1, 2 and 3 \

—e w
14
—e U
14
—e o

» 2 NO contacts belong to relay coil C1, S1k= a1 C1 2 (3
both marked as C1. They are used to ™ m A8 /M m
latch the relay coil.

« All contacts of a relay are entered as a )
complete contact set or as a table under
the current path of the relay. Both repre- o~ = =
sentations indicate the current section _ _7‘ _
on which a contact is located. S2F ‘7— 53 ﬂ = Sk @&

= 48] o

o o o M1 M3
- - = o1 ] eCd ol O3X O3X

8 €2 (3 - © o o
o~ o o
o o o
Con- Con- Con-
Sec- Sec- tacts | S€c-

B 3 W B | [ den | | 257 [ton | | 257 tion
BT 26 "23°T 2k 23 23 T 24
—)/— —)/—— —)/— 23-24] 3

Representation as contact set

Representation as table




.

Sensors (selection)

Sensors that are sensitive S onbin: Taala iiibons
to proximity
Inductive Capacitive Photoelectric Ultrasound Magnetic sen- Limit
Sensors sensors sensors Sensors sors switches
Characteristics of sensors
Sensor i " Object
type Symbol Principle Advantages Disadvantages o s
Triggers if an object inter- | High degree of protection | Only objects with high elec-
; @ feres with the alternating | (IP67), very high switch trical conductivity, unsuit- T mm tc
Inductive . . . L . :
|| magnetic leakage field of | point precision, dirt able where there is greater 150 mm
the sensor tolerant accumulation of metal chips
Trlgger§ if an object inter- High degree of protection Small objgct distances,
L QI) feres with the alternating - | larger design than 20 mm t
Capacitive 3 s (IP67), detects all materials; : ;
A electric leakage field of Sttt comparable inductive sen- 40 mm
the sensor sors
Triggers if an object Detects all materials, Sensitive to dirt, smoke and
Photo- @ : y : : = approx.
g returns the infrared field large distances secondary light, auxiliary
electric || », 4 2m
" 7/ || of the sensor power necessary
Evaluates transit times of Telerait i st dirtand Slow, use only with standard
Ultra- @ reflected ultrasonic pulses | .~ . pressure, not in areas sub- 60 mm t¢
: : light; detects very small ; ;
sound i || to determine the distance p : ject to explosion hazards and 6m
. objects at large distances . .
to an object no high-frequency noise
@ A permanent m.ag'net Suntable_ in roug_h environ- | . of contact welding;
2 actuates a proximity ment, high service life,
Magnetic A " " " suppresses the current -
Bl switch (reed contact) suitable for switches in
. g : e peaks of RC modules
using two contact springs | high frequency circuits
Triggered by manual Low price, robust, small, Contact chatter, not
Mechani- gge! Y unaffected by interference | allowed in food and
actuation or lever system | .. o S 3 -
cal fields, no auxiliary power | chemical industries
necessary

' Designation of proximity sensors

cf. DIN EN 60947-5-2 (2004-11)

Example: UTA30AF2N
T TT 11 i
[ [ |
Type of Mechanical mount- Design Circuit ele- Type of Type of NAMUR
detection ing conditions and size ment function output connection function
[ I I I | [ I
| inductive 1 flush FORM A NO contact |P PNP output, 3 1 integrated |N NAMUR 3
C capacitive mounting | A cylindrical B NC contact or 4 DC connec- connection function
U ultrasound possible threaded C single pole | tions line Note:
D photoelec- |2 flush sleeve double N NPN output, 3 |2 plug NAMUR
tric diffuse mounting | B smooth cylin- throw or 4 DC connec- connection | sensors
reflected not possi- drical sleeve |pP program- tions 3 screw are 2 wire
luminous ble C rectangular mable by D 2 DC connec- connection | sensors that
beam 3 unspeci- with square user tions" 4 are connected
M magnetic fied cross-section |S other F 2ACconnec- |: unused to an external
R photoelec- D square, with tions? 8 switching
tric reflected rectangular U 2ACorDC 9 other amplifier
luminous cross-section connections type of )
beam SIZE S Gthar connection
T photoelec- (2 digits)
tric direct for diameter |1 DC = Direct Current
luminous or side length | 21 AC = Alternating Current
beam 3 NAMUR = Normenarbeitsgemeinschaft fiir Mess- und Regelungs-
technik (Standardization Association for Measurement and Control)




