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Syllabus:

Chap. 1 — Introduction to PLCs

Chap. 1b — PLC Programming languages
Standard languages (IEC-61131-3):

Ladder Diagram; Instruction List, and Structured Text.
Software development resources.

Chap. 4 - GRAFCET (Sequential Function Chart)
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PLC Programming languages*
IEC 1131-3 changed to IEC 61131-3

Ladder Diagram Structured Text
() If %I1.0 THEN
LN %Q2.1 := TRUE
o ELSE
() %Q2.2 := FALSE
END_IF
Instruction List Sequential Function Chart
T (GRAFCET)
LD %M12 [ I
AND  %I1.0 S,
ANDN  %lI1.1 N
OR %M10 i
ST %Q2 : O 4 Esquerda
@

* International Electrotechnical Commission (IEC) Page 3



https://en.wikipedia.org/wiki/International_Electrotechnical_Commission

IST/DEEC / MAPI

Chap. 1¢ - PLC Programming languages

Ladder diagram

Relay ladder logic, 1.¢. electromagnetic
relay control, was the basis to create a
standard programming language.

A Program is a series of instructions
that directs the PLC to execute actions.

Simplest programs are based in physical
addresses naming contacts and coils or,
in general, the so-called operands.

L
m
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Branch

Input instructions

Output instructions

Contacts Coils
| | | [
N | | S
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IST / DEEC / MAPI Chap. 1¢ - PLC Programming languages
e 0- See: Unity Pro SW > Languages
Ladder dlagram Ref > Programming Language >

Unity Pro dev. environment

B8 Unity Pro M : TSTO_28FK* - [X Bus]

T Fle Edit View Services Tools Buld PLC Debug ﬂindo
PEEE||eseea | eartD

Ladder Diagram (LD)

of _1ofx|
ETEY

[Eams|a-|

1- Double
click here to
edit / see the e—
hardware
configuration

3- Programs

in Ladder —
(and other
languages)
are added

here.

Project Browser

B

%a Structural view

=d Data Types
............. D Derived FBT‘v’pﬁ

G- ], Variables & FB instances
............. ["_—l Motion
[ R [:| Communication

R my_tst2
— [:I SR Sections
o — [:I Events

------------- ] Animation Tables
............. [:l Operator Screens

o — %’ Documentation

2- Double click here to see
available operands (example
shown in the next slide)

54| my_tst2 .| @ Data Editor | [ 0.0 TSX ...| to|my_tst1:[.

'@ ¥ Bus

Ready

TcPIP:127.0.0.1 | |

loFFLINE | | |

HMI R\ mode

v
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Chap. 1¢ - PLC Programming languages

Ladder diagram  Types of operands in Schneider DMY 28FK:

— CPU objects Addrezss | Name | Type | Comment | «
1 %030 EBOOL
System: |_ S |_ S Salect all | 5 R EEO0L
lemory: |_ = |- :.-;r-.-1'-,.,|'|_ HMDI- =MF a fé||:|:3:2 EBOOL
[T omew [ xkD [ =kF Unzelact al 4 #0.3.3 EBOOL
5 *1034 EBOOL
E %035 EBOOL
¥ %0386 EBOOL
AR 8 |%oar EBGOL
ch I ) 9 %038 EBOOL
AnnEL [ e 10 |2039 EBOOL
Canfiguratian: [T wkw [ kD [ nkF Select all | 11 Zl0310 EEOOL
Systemn: [ siv 12 | 20311 EEOOL
13 %0312 EBOOL
Status: o unseeetsl | || S5 15 T3 EEONL
Parameter: [ mrnw [ mvo wmaF 15 =314 EBOOL

Command: i [ D[ wmF _JLB  F2I0315 EBOOL o
Implicits: W 0 B =iw [ o [ o= [T :IERR 1; Egggls Egggt
=003,

IV wa o [ en [ e R ECERE EBOOL
— Update - 20 %00.319 EBOOL
o v addresses 21 %00.3.20 EBOOL
Update grid with I_ names, lypes and comments a7 0032 EBOOL
Heagee i BNl EEOOL
Eilter o usage 24 200.3.23 EBOOL
25 200324 EBOOL

26 %00.3.25 EBOOL ;I
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Ladder diagram Types of operands:

steps

step i of the macro-step |.

Bits Description Examples Write
access
Immediate O or 1 (False or True) 0 _
values
Inputs/outputs | These bits are the "logic images” of the electrical states of the inputs/ | %123.5 Mo
outputs. %0512 Yes
They are stored in the data memory and updated each time the task in
which they are configured is polled.
Note: The unused input/output bits may not be used as internal bits.
Internal The internal bits are used to store the intermediary states during YM200 Yes
execution of the program.
System The system bits %S0 to %S127 monitor the correct operation of the PLC | %S10 Accordin
and the running of the application program. gtoi
Function The function block bits correspond to the outputs of the function blocks | %TM8.Q Mo
blocks or DFBE instance.
These outputs may be either directly connected or used as an object.
Word extracts | With the PL7 software it is possible to extract one of the 16 bits of aword | %MW10:X5 Accordin
object. g to the
type of
words
Grafcet steps | The Grafcet status bits of the steps, macro-steps and macro-step steps | %X21 Yes
and macro- are used to recognize the Grafcet status of step i, of macro-step j or of | %X5.9 Yes

Page 7



IST/DEEC /API intuition for one input / contact

B
. A Pe A 4
Ladder diagram —=" = L)
[ d [d o /’\
Basic Instructions (input)
Load Normally open contact: contact is active (result is 1)
when the control bit is 1.
/ Normally closed contact: contact is active (result is 1)
when the control bit 1s 0.

Contact in the rising edge: contact is active during a scan cycle
where the control bit has a rising edge.

Contact in the falling edge: contact is active during a scan cycle
where the control bit has a falling edge.

A

‘ °/|011.|0 ?0%0 ‘ 11.0 /WM

‘IPI \J‘

Q2.0

v
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Ladder diagram

Basic Instructions

Load operands
Permitted The following table gives a list of the operands used for these instructions.
operands
Ladder Instruction list | Structured | Operands
text
LD = Yol,%Q, %M, %S, %BLK, %Xk, %Xi, (True and False in instruction list
I or structured text)
LDN =NOT %ol, %0, %M, %S, %BLK, %+ Xk, %Xi, (True and False in instruction list
/ or structured text)
LDR =RE Yol,%Q, %M
— P T
LDF =FE %l,%Q, %M
—n—
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Ladder diagram

Basic Instructions (output)

Store —( )— The result of the logic function activates the coil.
—(/ The inverse result of the logic function activates the coil.
4(5% The result of the logic function energizes the relay. Set the latch.

( R The result of the logic function de-energizes the relay.
Reset the latch.

A
‘ %I1.0 %0%.0 ‘ 11.0 /WM

|N| fs .
R

Q2.0

v

v
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Ladder diagram

Basic Instructions

Store operands

Permitted The following table gives a list of the operands used for these instructions
operands
Language |Instruction list Structured | Operands
data text

: : ST = %l,%Q,%M,%S, %= Xk

{/) STN =NOT %ol, % Q, %M, %S, Y% Xk

{' \ S SET %l % Q, %M, %S, % Xk, % Xi

S Only in the preliminary processing.
R RESET %l,%Q, %M, %S, %= Xk, %Xi

()

Only in the preliminary processing.

Page 11



IST / DEEC / API D
Iﬂt+‘l1 ‘oM ——\/_Li: )ﬂ

3
Ladder diagram é =/
: : C
Basic Instructions
A B
AND C AND of the operand with the result of the previous
logical operation.
/ AND of the inverted operand with the result of the
previous logical operation.
p AND of the rising edge with the result of the previous
logical operation.
N AND of the falling edge with the result of the previous
logical operation.
9%I1.0 %I1.0 ‘VfQ%-O 11.0 /VWI R
N PSS/ t
Q2.0 R
>
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l—/ﬂlv: oM —&

Ladder diagram

Basic Instructions

OR

):u“{ﬁ C: htd

OR of the operand with the result of the previous

. . p( < —
logical operation. ’:}W[‘J/‘L ),( C-A+ B
%

OR of the inverted operand with the result of the previous
logical operation.

= 70[ + B’r
OR of the rising edge with the result of the previous

logical operation.
C= A+ B

OR of the falling edge with the result of the previous
logical operation.
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Ladder diagram
Ladder assembling
Input Output
Instructions Instructions
|| | ()
N S
|| || .

[
)

The outputs that have a TRUE logical value, evaluated
from the left to right and from the top to the bottom,
are energized .

[Schneider, Micro PLCs]
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Input Stop PB  START oL Relay coll M Output
eqmvalcm\/
Satn —_l{

Ladder diagram O Bung 1 —> — p—— —— | O] oo

Example: il L
Latch / Sealing,

sToP | |
M

— — - — (\ F— —
START ‘ |

Rung 2 —» —\¢ = Ty 3

Feedback o = \ 7-H—&a>-

Version 1:

Version 2:

oM R
oL Rung 3 —>» —— . £ 4 Um—
— ‘l_l ‘ L Relay { }Z’ 7.‘7 AR 1:,_7

N
‘ ‘ contact
= E equivalent

The normally closed push button STOP drives the normally open contact Stop PB

STOP START oL Relay coil M Output
module \ equivalent ™S module
Rung 1 —> \ ] 1 —_ ) =
STOP | ‘ ' :
M
= 33 N S | I ( }— O A e
START \ ' ' ‘ ‘
M G
- Rung 2 —» ¢ = _
— =) /1R G O—
| | M R
oL Rung3—» —— —— — == U N 1]
O— 112 L Relay ft__;.} —QRO—
| contact ‘
- equivalent —2

STOP button normally open implies inverting that input in the ladder diagram.
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Ladder diagram

Example:
Latch / Sealing,
Feedback

A motor control circuit with two
stop buttons:

*  When the start button is
depressed, the motor runs.

* By sealing, it continues to
run when the start button is
released.

* The stop buttons stop the
motor when they are
depressed.

Relay Schematic

C Stops D

—
— - ' ™ I
Q) O— HTJ I

Y

Ladder logic program

c o

Gate logic

Stariz A M |
B
S—ap [
il
A M
S— ||. _—ll:l- _
B
i
Stops | —.,

Page 20



IST/DEEC / API

Ladder diagram

General case of Inputs and Outputs in parallel, with derivations

A B D A C

1/F— - | [
w 1%

L
C

Parallel input branching. Parallel output branching with conditions.
§ 1 : 1 B & () [

| - 7 N
| c S %%::rr
IEaE ; |

= L r -y 7N
I_B ,/D\ = B ] ( Aok
‘ 1 & E. R .
Parallel output branching. Nested input and output branches.

Note: it 1s important to study the constraints and potentialities of the

development tools.
Page 21
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Ladder diagram

Imbricated (nested) contacts and alternative solution

A B
}, - I S W
| | N o

D A branch within
a branch

£ A B C Y
| L | i. ™
_Fig. 5-25 | N ~
Nested contact program.
| =T contact
D C instruction
‘ C
repeated

Program required to eliminate nested contact.
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Ladder diagram

Contacts in the vertical and alternative solution

| A D Y
| N
A D Y il e W i3
I N e
™y B Cc D
\ A N I
R -
B 3
B E
A C E
Boolean equation: Y = (AD) + (BCD) + (BE) + (ACE) i (F ||

Program with vertical contact

Reprogrammed to eliminate vertical contact.
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Ladder diagram

Contacts in the vertical and alternative solution

Another example:

A B C Y - . ¢ *
b —O—  H —
| | [ A D E
& . ] |l [
[l I
F 3 €
i —
| F D 8 C
Boolean equation: Y = (ABC) + (ADE) + (FE) + (FDBC) { | } ‘ - [ ]
J [
Fig. 5-30 =
Original circuit. Reprogrammed circuit.

Solves the problem of disallowed right to
left scanning (FDBC in fig5.30).
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IST / DEEC / NAP1 Chap. 1c - PLC Programming languages

Ladder diagram  Temporized Relays or Timers

3

", .
RS, o

P
-

Solid-state timing relay Pneumatic timing relay  Plug-in timing relay

Page 25
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Ladder diagram  Temporized Relays or Timers (pneumatic)

1
Operating coil (—Q—) (7
——Normally open terminals (—| I—) g?ﬁ"
Instantaneous contacts /7 C
——Normally closed terminals (—,H’*)
>
Pneumatic?timing relay Time conirol contacts b O’lf,('
—— Normally open terminals (OTO) i D J AJ
oA
—— Normally closed terminals ( I ) 1 0.(-
Time adjustment . i %— '\‘
N o
1 l 2 o
g‘_‘: NC
ol

The instantaneous contacts change state as soon as the timer coil is powered.
The delayed contacts change state at the end of the time delay.

4 -

Y-
Input
Output

NOTC
NCTO

p

sLOow
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Ladder diagram

Temporized Relays

or Timers (PLC)

%TMi
1IN Q —

MODE: TON
TB: Imn

TM.P: 9999
MODIF: Y

Characteristics:

Identifier: %TMi1
Input:

Mode:

Time basis:

Programmed value:

Actual value:

Modifiable:

0..63 1n the TSX37
IN to activate

TON Timer On delay
TOF Timer Off delay

TP Monostable
TB Imn (def)), 1s,
100ms, 10ms

%TMi.P  0...9999 (def))
period=TB*TMi.P
%TMi.V  0...TMi.P

(can be read or tested)

Y/N can be modified from

the console
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IST / DEEC / NAPI Chap. 1¢ - PLC Programming languages

Ladder diagram

TON mode
Temporized Relays 1)

IN I :
or Timers (PLC) NN L | '
| : | ' |
Q [ I | ' |
i 1 i T —
I I I I I I I I
) %BTMILP | 1 - - | I [ [
0 TMi | | L1 (9) | |
) |2y {/] | |
Y TMI M. - . -
MODE: TON Phase Desc.rlpth:_:-n | _ |
TB: 1mn 1 The timer is started with a rising edge on the IN input
2 The current value %TMi.\ of the timer increases from 0 to % TMi.P by one unit
at each pulse of the time base TB
TM.P: 9999 Th %TEI' Q output bit to 1 when th t value h hed % TMI.P
e I.Q output bit moves to 1 when the current value has reac i
MODIF: Y P °
The %TMi.Q output bit stays at 1 while the IN input is at 1.
When the IN input is at 0, the timer is stopped even if it is still running: %TMI.V
takes the value 0.

App. example: start ringing the alarm if N sec after door open there is no disarm of the alarm.

Page 32



IST / DEEC / NAPI Chap. 1¢ - PLC Programming languages

Ladder diagram
TOF mode

Temporized Relays

3 I
IN 3) ‘ :
|
. 2 G ' | |
: - [
or Timers (PLC) | j |
Q | | [
_— | 1 ! | !
| | | [ [ : | | |
%TMILP _ 1 _ _ _ i _ I I [ |
0 . I @3 I I“} /7
1 [ | | [ [
/0 TMi oeTMiV__ ) | : e . :
Phase Description
1 The current value % TMi.V takes 0, on a nsing edge of the IN input (even if the
MODE: TOF timer is running)
TB: Imn The % TMI.Q output bit moves to 1.
3 The timer is started with a falling edge on the IN input.
TM.P: 9999 — : -
MODIF: Y The current value %TMi.P increases to % TMi.P by one unit at each pulse of the
) time base TB.
5 The % TMI.Q output bit returns to 0 when the current value has reached %TMi.P

App. example: turn off stairways lights after N sec the lights’ button has been released.
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IST / DEEC / NAPI Chap. 1¢ - PLC Programming languages

Ladder diagram TP mode

Works as a monostable or as a pulse generator

I empor ized Rel ays (with pre-programmed period)
(1)
or Timers (PLC) N e W ﬂ
I
2) | H(6) ! :
oo [
Q | ! |
| @ | | . B
WTMIiP 1 - ' (5) I I
. [
%TMi M / :/*
Y TMIN—— ; , ,
Phase Description
TP 1 The timer is started with a rising edge on the IN input
}}/[E??OEO 2 The %TMi.Q output bit moves to 1.
. msec
3 The current value %TMi.V of the timer increases from 0 to %TMI.FP by one unit
TM.P: 5 at each pulse of the time base TB
MODIF v The %TMI.Q output bit returns to 0 when the current value has reached %TMi.P.
' When the IN input and the %TMi.Q) cutput are at 0, % TMi.V takes the value 0.
This monostable cannot be reactivated.

App. example: positive input edge give a controlled (fixed) duration pulse to start a motor.
Page 34



IST / DEEC / NAPI Chap. 1¢ - PLC Programming languages

Ladder diagram
Timers in PL7 vs Unity (Schneider)

% TMi i i
TG
| IN Q —
MODE: TON o021 0041
TB: Imn | | IN a { }
TM.P: 9999
MODIF: Y =S FT ETH
Input EN and output ENO
are facultative
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Ladder diagram

Example of a semaphore

Outputs

L

L2

Traffic lights '
=5
N

{ Red —1—o
\\ /
A

e ||

—+—{ Amber } o
L

[ Green ——o

Control of traffic lights in one direction.

T4:2 — TON
5 5 TIMER ON DELAY
2 /IIL)N Timer T4:0 ~(EN)
Time base 1.0
Preset 30 <DN)
Accumulated 0
T4:0 — TON
e S TIMER ON DELAY
g ISN Timer T4:1 EN)
Time base 1.0 i
Preset 25 —DN)
Accumulated 0
T4:1 — TON
1 TIMER ON DELAY )
& ISN Timer T4:2 —EN
Time base 1.0
Preset 5 —DN)
Accumulated 0
T4:0 T4:0 Red
1 E 1/E {J
EN DN
T4:1 T4:1 Green
4 1/E ()
EN DN
T4:2 T4:2 Amber
1k 1/E { )
EN DN

Red 30son
Green 25 s on
Amber 5son
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Ladder diagram Example of a semaphore

T4:2 TS (o)) P
1/E TIMER ON DELAY L (EN) Outputs
» I5N Timer T4:.0 i
Time base 1.0 Traffic lights
Preset 30 —DN) / _\
Accumulated 0
{ Red |
] TMERONDELAY | N~
3 E M N DELAY
’ ISN Timer T4:1 EN— /—\
Time base 1.0 ——{ Amber }
Preset 25 —(DN) \‘/
Accumulated 0 /ﬁ\
{ Green }—
T4:1 —TON—M—— ‘\
T R TIMER ON DELAY et
J ISN Timer T4:2 —EN
Time base 1.0
Preset 5 -DN)
Accumulated 0
T4:.0 T4:0 Red
. 1/ o
EN DN
T4:1 T4:1 Green
3 E 3/E &
EN DN
T4:2 T4:2 Amber ,J
el 1/ " Th 1D
EN DN /
Rod | Adla R o
Red 30 s on 70 ary < (’ﬁ
Green 25 s on é——;\(——r_‘j’ﬁS
Amber 5son
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IST / DEEC / MAPI Chap. 1¢ - PLC Programming languages

One or Two timers in Unity Pro

One timer that auto-restarts One uses the timers by their names,
TON_0 e.g. in compare or operate blocks
TON
TON_0.Q TON_0.Q OPERATE
I————IN  QF | %mw100 := %mw100 +1
t#1s1PT ET| COMPARE—— %m13 °/c{>m11

)

(/)
%mw100 >= 5 \I \

Two timers forming a cascade (sequence auto-restarts COMPARE— OPERATE
%mw100 >= 10 %mw100 := 0
TON_1
TON In this example, %om13 is 5sec ON and then 5sec
TON_2.Q OFF and %ml|1 is the opposite of %om1 3.
—/———IN Q-
#H2s1PT ETI
TON_2
TON Exercise: In the two cascaded timers
_|TON—1'Q say (approximately) the time TON 1.0
|7 IN Q- . . ., . -
is ON and the time it is OFF.
#3s1PT ETI
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Ladder diagram

Counters

Some applications...

Reflector 42 Series
Itemt f’"ﬁ'“'- rotopulser [~ Length totalizer
counting fﬁ,,,ﬂ _
— {‘T‘J’
=)

LHH /'q” ,f” -

%F'hmlocell P A L
— I"H-‘-_J_:_f
T

____W g ﬁf

Rotopulser
— "1 fooonool H_ : Slow down «— —
@:Cr___,- oooooo zm_:.n_ﬂﬂ Slﬂp _. l_r!nn:n:E_
- MAX jr count MAX ir count MAX jr count
Fig. 8-3

Counter applications. (Courtesy of Dynapar Corporation, Gurnee, linois.)
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PB2 resets the counting

L1 Inputs Ladder logic program Outputs L2
Ladder diagram B en
Rung 1 1L eI e Ty —CU)— fod L
5:1
PB1 (Count) AL Proset 7O | ou (R{—
Up-coun ters ' J_ o Accumulated 0
C5:1/DN 0:2/0 0:2/1 \
Rung 2 ][ ( ) Green PL
PB2 (Reset) Counter done bit Red PL
&0 o— L1 C5:1/DN 0:2/1
Rung 3 % ( )—
Counter done bit Green PL
L1/ C5:1
CTUUUUUTL T o
Rung1 | PB2 (Reset)
(count) . i
False : :
Rung 2 i i re:d is ON
o o | Usage of an
- | — : ]
ngs || areen is ON | incremental up cqunter
o o : and the corresponding
_L_ ! I I .
rungs || . '| temporal diagram:
(reset) =i : : :
N L i
| R | PB1 increments counting
Preset H [ | | H
Lo I
P [
I ! :

value (7) 5
4 I
3 I
Accumulated 1 2 I
value | 1 H :

Page 65



IST/DEEC / API

Inputs Ladder logic program Output
Ladder diagram L . Coum L2
Y
| I
Up/d 0O O PBf uDc Light UQI“AQ
'p/down-counters S
[ down PR: 003 4( )7
| 11
0 o Es AC: 000
PB3
j;  Reset
| [}
O O-PB3
1 2 :3 5 6 | |
On : I
Count up |||||||||||| | |
Off | |
on | 1 2 3 14 | Usage of an incremental
countdown | FLALALI | up-down-counter
I I .
counter ia s 5 20 4 B | and the corresponding
accumulated _]_.‘L_'_'_I_I_I_'_I ! temporal diagram:
| _ |
value 0 | Preset value = 3 I | 0
I
I I
I . .
ouput " | PB1 increments counting
I .
ot | | ; PB2 decrements the counting
I
Reset on I I | PB3 resets the counter
Off i :
| :
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Ladder diagram

Enter
switch

Ladder logic program

Up/down-counters
L1 Inputs
Example: EnicE
switch
Finite parking garage Exit

i switch
s

Exit
switch

Parking garage counter.

L2
Qutput

N /
T
—ea
A

s N

Lot Full
Light
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IST / DEEC / MAPI Chap. 1¢ - PLC Programming languages

Ladder diagram CTUD_mstance
CTUD
. . EH ENO [—
Counters in Unity Pro UpTrizer —
|| il Qmu -
CTU Dnstance Dovm Trigger Do Iplay
IO || D QD -
Fecet
EH ENO |— /] B
Trigger Hutt Load
— —{cw q . | | LD
Fesat
— " PresetWahy —PV CV |— Comtibe
Preset®ahie — PV CW — Conrd W abae

CU "0" to "1" => CV 1s incremented by 1
CU "0" to "1" => CV is incremented by 1 CD "0" to "1™ => CV is decremented by 1

CV>PV=>Q:=1 CV >PV=>QU:=1
CV<0 = QD:=1

R=1 = CV:=0
R=1=>CV:=0 LD=1=>CV:=PV

R has precedence over LD

NOTE: counters are saturated such that no overflow occurs Page 81
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Note:
Ladder diagram
5 %M
. . %K
Numerical Processing Algebraic / Arithmetic and 4S
Logic Functions
%Q2.2
PL7 %MW50>10 (
%I11.0
Compare block > —| %M10 := %KWO0+10
%I11.2
Operate block > =t INC %MW 100
Unlt.y Pro COMPARE — %q0.4.2
4|_%mw50 >10 {)
Compare block > %i0.2.0 — OPERATE
A %mw10:= %kw0+10;
%i0.2.2 OPERATE
Operate block > N inc(%mw100);

memory
constant
system
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Ladder diagram

Numerical Processing

Priorities on the execution of the operations

Rank Instruction

1 Instruction to an operand
2 *J.REM

3 + -

4 < > <= >=

5 = <>

6 AND

7 A0OR

8 OR
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Ladder diagram

Structures for Control of Flux

JUMP instructions:

Conditional and unconditional

Jump instructions are used to go to a programming line with an %Li label address:

L
L

L

JMP: unconditional program jump

JMPC: program jump if the instruction's Boolean result from the previous test is
set at 1

JMPCN: program jump if the instruction’s Boolean result from the previous testis

set at 0. %Li is the label of the line to which the jump has been made (address i
from 1 to 999 with maximum 256 labels)
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Ladder diagram

Structures for Control of Flux

Example:

Use of jump instructions

Attention to:

* INFINITE LOOPS ...

* It is not a good style of
programming!...

* Does not improove the legibility
of the proposed solution.

Ladder
%M8 %L10
_| I 230 00
|
%I11.0 %Q25| |
H ,
| L
=5 =
%L10
%M20 %M5
| f
_I I \ -
%11.0 %I11.2 %Q2.1
_| | N .
| | | \
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Project Browser -

Ladder diagram

Structures for
Control of Flux :

Subroutines
Call and Return

g Structural view

-3 Project

+-0 Configuration

------ ~[0 Derived Data Types

------ - Derived FB Types

+--[3 Variables & FB instances

- Motion

+--0 Communication

= Program
4. &3, Tasks

-, MAST

—}- &, Sections

™ - ,
main ’

SRlU ——————

-3 Events

H R 1 ‘
o[, mainl e

-
-

main?2
%M8 SR10
b4
A H ©
f SR10
%M8
| &
___________ ” _|| RETURN

Subroutine Maodule

SR10

Subroutine Module

SR12

Call SR10
|

I
I
I
I
|
Call SR10

I
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Schneider Premium
System information:

system bits, system words

% Operating Modes

4 & = =
Hide Locate Back Forward Print

Contents Index Search

% Operating Modes

e & = &

Hide Locate Back Forward Print

Contents |ndex Search

1 Welcome to the Unity Pro On-line Help
2 How to Use the On-line Help
@ Addendum
=& General Safety Instructions
€@ Compatibility Rules
#¢ Cyber Security
=@ Unity Pro Software
@ Languages Reference
1 Operating Modes
=& Unity Pro System Bits and Words
B Safety Information
& About the Book
S ) stem Bits
B System Bits Introduction
B Description of System Bits %S0 to %S7
B Description of System Bits %S9 to %S13
E Description of System Bits %S15 to %S21
B Description of System Bits %S30 to %S59
B Description of System Bits %S62 to %S79
B Description of System Bits %S80 to %S97

B Description of System Bits %S100 tg %S124

[ System Words

[{ Welcome to the Unity Pro On-line Help
@ How to Use the On-line Help
@ Addendum
@ General Safety Instructions
¢ Compatibility Rules
¢ Cyber Security
=@ Unity Pro Software
1 Languages Reference
1 Operating Modes
=& Unity Pro System Bits and Words
E Safety Information
2 About the Book
o System Bits
=& System Words
B ISystem Words %SWO to %SW127
E1 Description of System Words %SWO0 to %SW11
E1 Description of System Words %SW12 to %SW29
&1 Description of System Words %SW30 to %SW47
El Description of System Words %SW48 to %SW69
El Description of Hot Standby Quantum System Words %SW60 to %SW69
E1 Description of Hot Standby Premium System Words %SW60 to %SW65
E1 Description of System Words %SW70 to %SW99
E1 Description of System Words %SW100 to %SW116
E1 Description of System Words %SW124 to %SW127
=3 Premium/Atrium-specific System Words
E1 Description of Premium/Atrium-specific System Words %SW128 to %SW143
E1 Description of Premium/Atrium-specific System Words %SW144 to %SW146
E1 Description of Premium/Atrium-specific System Words %SW147 to %SW152
El Description of Premium/Atrium-specific System Word %SW153

E1 Description of Premium/Atrium-specific System Word %SW154
E1 Description of Premium/Atrium-specific System Words %SW155 to] %SW167

@ Quantum-specific System Words
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%S0

COLDSTART

Function Cold start

Initial State | 1 (1 cycle) Example of two

Platforms M340: Yes Quantum: Yes Premium: Yes SYStem bits,
M580: Yes Momentum Unity: Yes | Atrium: Yes %SO and %Sl

Normally on 0, this bit is set on 1 by:

power restoral with loss of data (battery fault found)

the user program

the terminal

a change of cartridge (PCMCIA on Premium and Quantum)

This bit is set to 1 during the first complete restored cycle of the PLC either in RUN orin STOP
mode. ltis reset to %S1 Function Warm restart

To detect the first «
WARMSTART

In Safe mode, this Initial State 0

%30 is not always Platforms M340: Yes

needed, %S21 sh Quantum:  Yes'’ Premium: Yes
o Premium, Qua 1) except for safety PLCs

o or Modicon M3

e or BME P58 xx Normally at O, this bit is set to 1 by:

e power is restored with data save,
o the user program,
o the terminal,

It is reset to O by the system at the end of the first complete cycle and before the outputs are
updated.

This bit is not available on Quantum Safety PLCs.

%S1 is not always set in the first scan of the PLC. If a signal set for every start of the PLC is
needed, %521 should be used instead.
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%SWO
MASTPERIOD

Function Master task scanning period
Initial State 0

Platforms

Example of two
system words,

%SWO0 and %SW1

M340: Yes Quantum: Yes'” Premium: Yes
Not the
CyCliC (1) except for safety PLCs
period This word is used to modify the period of the master task via the user program or via the
terminal.
The period is expressed in ms (1...255 ms)
%SWO0=0 in cyclic operation.
On a cold restart: it takes the value defined by the configuration.
%SW1 Function FAST task scanning period
FASTPERIOD Initial State | 0
Platforms M340: Yes Quantum: Yes'” Premium: Yes
M580: Yes Momentum Unity: No Atrium: Yes

(1) except for safety PLCs

This word is used to modify the period of the FAST task via the user program or via the

terminal.
The period is expressed in milliseconds (1...255 ms).

On a cold restart, it takes the value defined by the configuration.

NOTE: This word is not available on Quantum safety PLCs.
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Ladder diagram  Software Organization

Project Browser
E= Structural View

- 1 Program A program can be built from:
= A Tasks

1 MAST Tasks, that are executed cyclically or periodically.
I 7] 5 Section
R Counting

" [3 Drilling Tasks MAST / FAST / AUX are built from:

' [+ B Washing .
= <=5 SR Sections Sections

, B SR Subroutines
., ' -- o] SR2 5 5
B2 FAST Event processing (carried out before all other tasks)
.- 7] Sections
-7 SR Sections

S AUXO Event processing is built from:

o 2;‘32"'”? Sections for processing time controlled events
- selons

'} €5 Events Sections for processing hardware controlled events
¢ [21 9 Timer event
Coo k] Timer0
L E Timert
. [z VO Events

Evio : :
. J% E; Unity - Project Browser

4 | [»
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Ladder diagram

MAST — Master Task Program

 Composed by sections
« Execution Cyclic or Periodic & Gyl Watch Dog: P50 +f  ms)
b

Project Browser
g Structural view

-~
-y, -
T

2 Program
2, Tasks
=
o, Sections
W, SAS —— 1D
i, Ovenl SFC
M, Chart
-4 Unused Macros
- Actions
=/ Transtwns D
&, Drying
i, Cleaning ST
3 SR Sections
7, SRO ST

Software Organization

Properties of MAST |

General | Comment |

MName: Configuration

[WAsT <]| ¢ Peiodc Pedod: 0 =  m3)

oK | camcel | sy | Hep |

Cyeclical execution consists of stringing cycles together
one after the other with no waiting time between the
cycles.

In Periodic mode, you determine a specific time
(period) in which the master task must be executed. If it
1s executed under this time, a waiting time is generated
before the next cycle. If it is executed over this time, a
control system indicates the overrun. If the overrun is

too high, the PLC is stopped.
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Ladder diagram  Software Organization

Properties of FAST |

General | Comment |

MName: Corfiguration

FAST — Fast Task Program S o] Peiod Petod: = ms)

e —_

) Cyclic Watch Dog: |1D'|] :I {ms)

Priority greater than MAST

| QK I Cancel Apply Help

» Executed Periodically (1-255ms)
* Verified by a Watchdog, impacts on %S11
* %S31 Enables or disables a FAST

* %S33 gives the execution time for FAST
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Ladder diagram

Last but not least, learn how to develop and debug programs

Development tools

(and how to do some fine tuning).

File Edit View Services Tools Build PLC | Debug Window Help

]

s

= ﬂ % HJ é{; E | 3] Setﬁrealq:u:nint

L mEDR

JW|4HMPHN+|{}@{S}®{F

%a Structural view

Cirl45hift+£11

ﬂ Clear, Breakpoint
Show Breakpoint

O
Cirl+F12 s <@ |'§‘ oM e =

Elementz
Derived '
Device D
10 Derivt
Elementz
Derived |
~[J] Motion

Communica
@ Program

oy Tasks T

Elidels Cirl4F5
[,= 5tep Over Fi1 0
%= Step Into Fi2

1 2 | 3
2= Step Qut Shift4F12
= Show Current Step Alt+F17
CTET .
T, Call Stack -—
Task State
83 5et Watchpoint Alt+F11
) Clear Watchpoint Alt+Shift+F11
59 show Watchpoint Shift+F11

%5 synchronize Animation Table

“roltst0:aSTI [@  XBus  |[IO0: TSXP. ]

Set Breakpoint

m

Debug Window Help

Cirl+F11

L mEDB®

| K Clear Breakpoint Cirl+5hift+-11 S
| Show Breakpoint Cirl4F12 L |'§‘ i o
Eldel] Ctr]4F5
[, = Step Over F11
=
= Step Into Fi2 ; 5 | 5
= Step Out shift+-12
s Show Current Step AlE+F12
T
EE;J_-, Call Stack
Task State
B8 set Watchpoint Alt+F11
W Clear Watchpoint Alt+Shift+11
¥ Show Watchpoint Shift+F11

K Synchronize Animation Table
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