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IST /DEEC / MAPI Chap. 1b - PLC Programming languages

Syllabus:

Chap. 1a — Introduction to PLCs

Chap. 1b — PLC Programming languages
Standard languages (IEC-1131-3):

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

Chap. 1¢c - GRAFCET (Sequential Function Chart)

Page 2



IST/DEEC / MAPI

Chap. 1b - PLC Programming languages

PLC Programming Languages
(IEC 61131-3)

Ladder Diagram Structured Text
() If %I1.0 THEN
N %Q2.1 := TRUE
L ELSE
() %Q2.2 = FALSE
END_IF
Instruction List Sequential Function Chart
T (GRAFCET)
LD %M12 [ I
AND  %I1.0 S,
ANDN  %l1.1 I
OR %M10 i
ST %Q2 : O 4 Esquerda
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. Unity Pr6 XLS : DATA_LOGZ* - [square_wave : [MAST]] -

2 )

. - — O X
ﬂl File” Edlt View Services Tools Build PLC Debug Window Help - 8 x
ﬂﬁﬂé < P IEI_%; 2 pEAB W h M ~ m ME BEM| M
B P P o 0y
g Structural view _.| Variables DDT Types Function Blocks DFB Types
_______ : .-="" | Filter
‘3 Project A T r% Name = [*
-0 Configuration -
-0 Derived Data Types - Name Type ~  Value Comm... ~ Alias Alias of
- Derived FB Types T ¢ acc INT
= Variables & FB instances .-~ @ last acc  |INT
------ & Elementary Variables -~ ® scan_cy... |INT
------ @ Derived Variables -
------ @ Device DDT Variables
------ ~-B 10 Derived Variables
------ - Elementary FB Instances
______ . ® Derived FB Instances TON O (IN := NOT(%M100) (*BOOL*),
....... 3 Motion PT := t#2000ms (*TIME*),
+-- Communication Q => SM100 (*BOOL*) ) ;
-3, Program
- 3 Tasks IF $M100 THEN %qg0.4.1 :=NOT(%g0.4.1); END IF;
= @.;MAST T
------- G!, Sections
[T tet
1Bl square_wave < N

....... L SK Sections

Sl tst:[... Slsquar...# Data ...
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Recall PLC languages pattern:
Structured Text 1. Load, Store, Logic, Functions

Basic Instructions 2. Timers, counters
3. Flow (if-then-else, routines, ...)
Load

Open contact: contact 1s active (result is 1)
while the control bit is 1.

L Close contact: contact is active (result 1s 1)
:=NOT / while the control bit is 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.

Examples: TMO0:=%10.2.0; $MO : =NOT %I0.2.0; SMO:=RE(%I10.2.0);
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Structured Text

Basic Instructions

Store

—( )— The result of the logic function activates the coil.

=NOT —(/)— The nverse result of the logic function activates the coil.

SET —(S% The result of the logic function energizes the relay
(sets the latch).

RESET 4(R>7 The result of the logic function de-energizes the relay

(resets the latch)..

Examples: <Mw100:=123; $00.4.0:=NOT %M1; %MO:=TRUE; SET (%00.4.0);

Page 7



IST / DEEC / MAPI Chap. 1b - PLC Programming languages

Structured Text
Basic Instructions
AND of the operand with the result of
AND the previous logical operation.
AND(NOT...) / AND of the operand with the inverted
result of the previous logical operation.
AND of the rising edge with the result
P
AN D(RE - ) of the previous logical operation.
AND of the falling edge with the result
N
AN D(FE ) ) of the previous logical operation.
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Chap. 1b - PLC Programming languages

Structured Text

Basic Instructions

OR

OR
OR(NOT...) j
OR(RE...) P
OR(FE...) )

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

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

OR of the rising edge with the result of the
previous logical operation.

OR of the falling edge with the result of the
previous logical operation.
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Chap. 1b - PLC Programming languages

Structured Text

Logic Expressions

Examples:

PL7 (Micro PLC):
$02.3:=%I1.1 OR %M1;
202.2:=%M2 OR (NOT%I1.2);
%02.4:=%I11.3 OR (RE%I1.4);
%02.5:=%M3 OR (FE%I1.5);

Unity Pro (Premium PLC):

$00.4.3 := $I0.2.1 OR SM1;

%I1.1

%Q2.3
f

\

%Q2.2
!

LN

%Q2.4
{

L

%Q2.5
{

LN

00.4.2 SM2 OR (NOT %I0.2.2);
$00.4.4 := %10.2.3 OR RE(%I0.2.4);
200.4.5 := %M3 OR FE(%I0.2.5);
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A very common programming error, both in LD and ST:

See bellow %m0 is FALSE but See bellow %m0 is TRUE but
we get %oml1 and %m10 = TRUE, why? we get %om10 and %ml1 = FALSE, why?
12 Ladder (LD) 2] Ladder (LD)
1 2 3 4 ) 6 1 2 3 4 ) 6
1 %m0 Yomi 1 1 %m0 Ygmi1
LR _ A 1 _ N\ T
2 2
3 3
4] vyt ¢ —m
5} 5
6 ‘ Thereis alogic error here: rung 1 is not 6 There is alogic error here: rung 1 is not
< <

| |
57| common_error : [MAST] Struct. Text (ST)

Struct. Text (ST)

57| common_error : [MAST]

(* a common logic error: *) (* a common logic error: *)
$ml10 := %mO; Sm10 := %m0;

$m10 := %$ml; Sml0 := %ml;
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Structured Text  Temporized Relays or Timers (pneumatic)

. s
Operating coil f\{})

- N
——Normally open terminals H I_j'

Instantaneous contacts
—— Normally closed terminals <—,H’—)

3 % Time control contacts
O
:’F— Normally open terminals ( OT )

Pneumatic timing relay =
== “L— Normally closed terminals ( I )

A
O @] |
nnannn | T
T
]
/_jl.i ey |

Time adjustment

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. Page 14
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Chap. 1b - PLC Programming languages

n

Timers

TON mode

(3) (4

%TMILP . 4 - -~

Y% TMIM

| (9)

]

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

alarm.

Yo TMIN-

1

TOF mode

IN (3) ‘ !
2 & ! |
Q :‘—’] | |
- | ! 1 —
_ ! [ | ! [ : [ | [
] | |
BIMIP - - — - - @y = ! —
o6 TMi.\L (1) I I |/] I I

App. example. turn off stairways lights after N
sec the lights’ button has been released.

TP mode

| (6)

App. example: positive input
edge give a controlled

| fixed-duration pulse to
start a motor.
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Chap. 1b - PLC Programming languages

Structured Text

Temporized Relays
or Timers

E File Edit Wew Services Tools Build PLC

e

|aﬁ

%a Structural view

_timer1 .

EN

1M

FT

TON

ENGC

2]

ET

®20.4.1

—

W £ddPin | F

x|
FFB type : l— lh Help On Type |
Instance :
Function and Function Block types I
Protatype————————
| N =1 ¥ EF I EFB ¥ DFB
MName Type r ﬁj ane _I I
Libraries./Families - Type Comment - I;l
- Mathematics |&-Ck CTUD_DINT Up/Down courter DINT va...
(- Statistical |-k CTUD_INT Up/Down courter INT valu...
[ Strings |G-k CTUD_UDINT Up/Down counter UDINT ..
-3 Timers & Counters |G-k CTUD_UINT Up/Down courter UINT va...
EH- Typetotyps |&-L% TOF
-3 Communication E
-3 CONT_CTL [ Pulss
Spenial Assistant | [ Custom ik ]

o 1 _orw |
v

my timerl

=I10.2.1

t§5S=

ET => my wvar |

(*BOOL™>
(*TIME*) ,

Q => %0Q0.4.1 (*BOOL%)
TIME*) |
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One or Two timers in Unity Pro (ST)

Note: This example is the same as was shown for Ladder

. (* use TON 0 to make $mwlOO0 cycle in 0..9
(* One timer that auto-restarts ¥*) x) -
IF TON 0.Q THEN
smwl00 := Smwl00 +1;
END IF;

TON_O (IN := NOT(TON_O.Q)(*BOOL*),
PT := t#ls (*TIME*));

) _ IF $mwl00>=10 THEN
(* Two timers forming a cascade,

smwl00 := 0;
the sequence auto-restarts *) END IF;
TON 1 (IN := NOT(TON_2.Q) (*BOOL*), (* use $mwl00 to light %mll and %ml3 *)
FT im thes (TRIMET) ) IF smwl00 < 5 THEN
TON 2 (IN := TON 1.Q (*BOOL¥*), %mll := false;
N PT := t#3s (*TIME*) ); sml3 := true;
' ELSE
gmll := true;
Tml3 := false;
END TF;

Exercise: In the two cascaded timers say (approximately) the time TON 1.Q is ON

and the time it is OFF.
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Structured Text

Counters

Some applications...

Refleclor 42 Senes
X (o T rotopulser |

counting o T ' —
T A T T Photocel - 7 -
. &2 ey rhotocell ,. O S
T - e = W = =T -
L =] - <~ _—7~ Roltopulser
" = o s 1
_ ‘::_-:- .I" ..__ .-ﬂ-..____\_- b
- - P im— —
' I Qoooon Slow down d alafakulalal i
L] = b= s Stop -—

MAX jrcount MAX ir count MAX ir count

Counter applications. (Courtesy of Dynapar Corporation, Gurnee, llinoss. )
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Structured Text CTUD. Tustance
CTUOD
° ° EH EHO —
Counters in Unity Pro - —
| i QT o
o Dowm Trigger DD isplay
= Ilmmn::TT_T I IIEEE D Qo {2
Becet
EH EN O || B
Trigger Chy Load
— ——°v 0 {‘12? | | LD
Fecet
— —® PresetWabe — DV CV | — Coumt W bae
PrecetVWahwe — PV LW — Conrt VW ahie

CU "0" to "1" => CV 1s incremented by 1

CV>PV =>Q:=1

R=1 = CV:=0

NOTE: counters are saturated such that no overflow occurs

CU "0" to "1" => CV 1s incremented by 1

CD "0" to "1" => CV is decremented by 1

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

R=1=>CV:

=0 LD=1=>CV:=PV

R has precedence over LD
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Structured Text

Counters in Unity Pro

Ladder: Structured Text:

.’r-,-_ﬁ..,"tiﬂ ) i )
—run 10T my counterl (CU := %I0.2.11 (*BOOLY¥),
T CD := %I0.2.12 (*BOOL%),
_ EN  ENOE _ 23 = %I0.2.13 (*BOOL¥),
w0211 Q0.4 LD := %I0.2.14 (*BOOL¥),
I - v PV := 123 (*INT*),
W®IN.2 12 3030 4.2 - - ,
fl = a O QU =» %Q0.4.1 (*BOOL*),
%i0.2.13 ' ' QD => %Q0.4.2 (*BOOL*),
|| A CV =» %MW100 (*INT*))
'-N':iifl.EiV-
| LD
=
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Structured Text

Numerical Processing

Algebraic and Logic Functions

202.2:=%MW50 > 10;

IF %I1.0 THEN
SMW10:=%KWO + 10;

END IF;

IF FE(%I1.2) THEN
INC ($MW100);

END IF;
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Structured Text

Numerical Processing

Arithmetic Functions for Words

+ addition of two operands SQRT |square root of an operand

- subtraction of two operands INC incrementation of an operand
* multiplication of two operands DEC decrementation of an operand
/ division of two operands ABS absolute value of an operand

REM | remainder from the division of 2 operands

Operands

Type

Operand 1 (Op1)

Operand 2 (Op2)

Indexable words

Yo MW

%MW %KW, % Xi T

MNon-indexable

%o QW, %SW, %NW, %BLK

Imm. Val.,% W, % QW,%SW % NW,

double words

words %BLK. Num.expr.

Indexable double %MD %MD %KD

words

Mon-indexable %00, %SD Imm.Val %D % Q0. %S0, Numeric

expr.
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Structured Text
Numerical Processing
Example:

Arithmetic functions

IF $MO THEN

END IF;

IF %$13.2 THEN

END IF;

IF RE(%I3.3) THEN

INC ($MW100) ;
END_ IF;

SMWO := SMW10 + 100;

SMWO := SQRT (SMW1O0) ;

%MO

H—

%MWO0:=%MW10+100

%I3.2

%MWO0:=SQRT(%MW10)

%I13.3

INC %MW100

Exercise:

In this page is shown the conversion
of LD operate blocks to ST,

Can you give an example of
converting an LD compare block?
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Structured Text

Numerical Processing

Logic Functions

AND AND (bit by bit) between two operands

OR logical OR (bit by bit) between two operands
XOR exclusive OR (bit by hit) between two operands
NOT logical complement (bit by bit) of an operand

Comparison instructions are used to compare two operands.
¢ > tests whether operand 1 is greater than operand 2,
>=: tests whether operand 1 is greater than or equal to operand 2,

<=: tests whether operand 1 is less than or equal to operand 2,

*
¢ <:tests whether operand 1 is less than operand 2,
®
*

=: tests whether operand 1 is different from operand 2.

Operands

Type

Operands 1 and 2 (Op1 and Op2)

Indexable words

oMW, %KW % Xi T

Mon-indexable words

Imm.val. %W, % QW % SW %NW % BLK,. Numeric Expr.

Indexable double words

%MD, %KD

Mon-indexable double words

Imm.val..%ID,%Q0, %30, Numeric expr.
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Structured Text

Numerical Processing

Logic Functions

Example, conversion Ladder to Structured Text

%MO

_|

%Q2.3

%MW10>100 {
%Q2.2

—— %MwW20<%kw3s —( }—
%Q2.4

Y%l1.2

_|

{

%MW30>=%MW40

|

LY

In ST you write expressions for
the outputs:

%Q2.3:=%MW10>100;
$02.2:=%M0 AND (%MW20<%KW35) ;
$02.4:=%I11.2 OR (%MW30>=%MW40) ;
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Structured Text

Structures for Control of Flux

IF... THEN ...; [ ELSIF ... THEN ;] ELSE ... ; | END_IF; (* Unity Pro *)

Syntax pPJ 7 Operation
IF conditionl THEN Beginning of IF
actionsgl; checked Condition
ELSEIF condition2 THEN Actions 1 not checked
checked
actions2;
not checked
ELSE Actions 2 | | Actions 3
i 1
actions3;
Endof IF
END IF; v

Note: In PL7 one writes ELSEIF while in Unity Pro one writes ELSIF
Page 34
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Structured Text
Structures for Control of Flux: WHILE
Syntax Operation

Beginning of WHILE

WHILE condition DO

. not checked
action

END WHILE;

| Action
|

End of wHILE

Example:

(*WHILE conditional repeated action®*)
WHILE %MW4<12 DO

TNC ( $MW4);

SET(%M25 [$MW4]);
END WHILE;

Word of caution: do not wait on an input that may take long to happen

(e.g. a switch pressed by a person) as the PLC watchdog may timeout.
Page 35
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Structured Text

REPEAT ... UNTIL

Structures for Control of Flux
FOR ... DO

EXIT to abort the execution of a
structured flux control instruction

EX&II’IplG: (* using EXIT to break a loop *)
WHILE %MW1l<124 DC

*MWZ = 0;

TMW3 := FMW100[%MW1];

REFEAT
TMWSO0 [SMW2] := FMW3I + SMWSO0[TMWZ];
IF (EMWS00[®EMW2] > 32700) THEN

EXIT;

END IF;

INC (%MW2 ) ;
UNTIL *MW2>25 END REFEAT;
INC (%MW1} ;
END WHILE;
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Chap. 1b - PLC Programming languages

Structured Text

Numerical Tables

Note: in Unity Pro, both in Structured Text and Instruction List, the conventional
array indexing (e.g. sMw100[sMwl]) is disabled by default. To enable it, go to the
project settings, menu Tools -> Project Settings. See the grayed region in the next

figure:

Project Settings

- Project Settings
= General
Management of bulld meszages
- Build zettings
i Project autozaving on download
- PLC embedded data
L PLE diagnostics
- Wariables
[+]- Program
[=]- Operator Screens
- Contralled Screen
Lo Last opened soreen

-@ Irnport @ Export x Reset All

Allow leading digits r
Character set Standard
Allow uzage of EBODL edge rd
Al INTADIMT in place of ANY_BIT ¥
Allavy bit extraction of INT and WORD ¥
Diirectly represented aray vanables E
Allow dwnarnic arraws [ANY_ARRAY 53] T
Dizable array size compatibility check r
ok Apply Cancel Help
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(* Mark in memory the data logging will be happening *)

IST / DEEC / MAPI e 9T - 0 THEN
TMWO98 := 12345;
FMW99 := 2010; (* Matlab matrix 2 x 10 *)
END IF';
Structured Text -
(* Create a word collecting all inputs ¥*)
Example (* "acc" datatype is INT *)
acc:=0;
IF %i10.2.15 THEN inc(acc); END IF; acc:= ROL(acc,1);
PV{ l) (1 IF %i10.2.14 THEN inc(acc); END IF; acc:= ROL(acc,1);
emOIs’ ase IF %i10.2.13 THEN inc(acc); END IF; acc:= ROL(acc,1);
. IF %i10.2.12 THEN inc(acc); END IF; acc:= ROL(acc,1);
1()2;%;1115; IF %i10.2.11 THEN inc(acc); END IF; acc:= ROL(acc,1);
IF %i10.2.10 THEN inc(acc); END IF; acc:= ROL(acc,1);
IF %i10.2.9 THEN inc(acc); END IF; acc:= ROL(acc,1);
IF %i10.2.8 THEN inc(acc); END IF; acc:= ROL(acc,1);
Uses: IF %$i0.2.7 THEN inc(acc); END IF; acc:= ROL(acc,1);
0 0 IF %i0.2.6 THEN inc(acc); END IF; acc:= ROL(acc,1);
A)MW96A)MW99 aux data’ IF %i0.2.5 THEN inc(acc); END IF; acc:= ROL(acc,1);
% MW100..9%MW139 buffer IF $i0.2.4 THEN inc(acc); END_IF; acc:= ROL(acc,1);
IF %i0.2.3 THEN inc(acc); END IF; acc:= ROL(acc,1);
IF %i0.2.2 THEN inc(acc); END IF; acc:= ROL(acc,1);
: . IF %i0.2.1 THEN inc(acc); END IF; acc:= ROL(acc,1);
()therwvarlables° IF %i10.2.0 THEN inc(acc); END IF;

acc, last acc,
- (* Save the word and the scan cycle time, 10x each *)
SC&H_CYCle_num (* "scan cycle num" datatype is INT ¥*)

scan_cycle num := scan_ cycle num +1;

IF acc <> last acc AND $MW96<20 THEN

SMW100[*MW96] := scan cycle num;
TMWO6 := SMW96+1;

SMW100[$MWO6] := acc;

TMWO6 := SMW96+1;

last acc := acc;

END IF;
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Structured TeXt Subroutine Module Subroutine Module
SR10 SR12
Call SR10
Structures for Control of Flux ; /
|
Subroutines : \
CaIIISR‘I[I|
Call and Return

Structured text language

o
Structured text language IF %mwS > 3 THEN

IF $M8 THEN ENDRﬁiURN:
RETURN; IF 3M8 THEN
END IF; ’

{ FMD26 : =5MW4 *3KD6 ;
/ END_IF:

Not executed 1f Yomw?5 1s
larger than 3

PaPagd® 39
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Structured TeXt Subroutine Module Subroutine Module
SR10 SR12

Call SR10

Structures for Control of Flux ; /

|

Subroutines : \

CaIIISR‘I[I|
Call and Return

Exercise, compute end of scan cycle values of %emw1 and %mw2 given the
following code for main, SR10 and SR12

-~ main code: -- SR10 code: -- SR12 code:

Smwl := 0; inc( smwl ); inc( smw2 );

SR10 () ; inc( $mw2 ) ;

smw2 := 0; SR12();

SR10(); Solution: %emw1=2 and Y%omw2=2

Exercise 2: expand the code, so that subroutines are not used.
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Structured Text

There are other advanced instructions (see manual)

* Monostable * ...

* Registers of 256 words * Functions to manipulate
(LIFO ou FIFO) floats

« DRUMs * Functions to convert bases

« Comparators and types

» Shift-registers

 Casting

sMW104 := BOOL TO INT( %10.3.0 AND %i0.3.4 );

IF INT TO BOOL ($MW203)
THEN SET (%90.3.18);
ELSE RESET ($g0.3.18) ;
END TF;
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Modeling and Automation of

Industrial Processes
Modelacao e Automacgdo de Processos Industriais / MAPI

PLC Programming languages
Common Programming Errors

Prof. José Gaspar
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1. Multiple writes to one output in
the same scan cycle

Page 48



IST/DEEC / MAPI

Chap. 1b - PLC Programming languages

A very common programming error:

E:

Structural view

-3 Configuration

“o-% 0: X Bus
M 0 : TSX RKY 6EX

-0 Derived Data Types

-3 Derived FB Types

-3 Variables & FB instances

& Elementary Variables

@ Derived Variables

‘@ Device DDT Variables

‘B 10 Derived Variables

& Elementary FB Instances

-~ Derived FB Instances

-0 Motion

-~ [0 Communication

Z£3 Tasks

=5 MAST
& Sections
.

[ Timer Events
i1 IO Events

7
1 2 3 4 5 6

1 4 %y

2

3

4 %m1 %m{1

I 1 v

5

6 There is alogic error here: rung 1is no
<

ﬂl common_error : [MAST]

(* a common logic error: *)
$ml1l0 := %mO0;

$ml1l0 sml ;

A XBus |5 set k... /] Table [510.2: T../W0.0:T... slcomm.

\ /

All this code is executed in 1 single scan cycle

Read inputs

\

\
Adjust ‘ \
out:auts Run program

Real outputs are what the
hardware connected to the
PLC see and what you see on
screen.

Detail: The first assignment
sml0 := SmO;

is overwritten by the second
sml0 := Sml;
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A very common programming error, both in LD and ST:

Example 1, unexpected TRUE:
See bellow %m0 is FALSE but

we get %oml1 and %m10 = TRUE, why?

Lo| Ladder (LD)
1 2 3 4 ) 6
1 %m0 %m91
LR , o
2
3
4] Ml
9]
6 ‘There is alogic error here: rung 1 is not
<

57 common_error : [MAST]

Struct. Text (ST)

(* a common logic error: *)
Sml10 := %mO0;

Sml10 := %ml;

Example 2, unexpected FALSE:
See bellow %m0 is TRUE but
we get %om10 and %ml1 = FALSE, why?

5| Ladder (LD)
1 2 3 4 ) 6
1 %m0 Jqmi1
— 1 _ N
2
3
- AP—A"
)
6 There is alogic error here: rung 1 is not
<

flcommon_error - [MAST] Struct. Text (ST)

(* a common logic error: ¥*)
Sml10 := %mO0;

Sml10 ::= %ml;
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2. Timers in subroutines not running
are not reset
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'@
Project Browser n ‘ '
- 1 e B sub_1 <SR> : [MAST] e |@ | =
‘?g Structural view ‘ ﬂlﬁ i Wﬂrﬁ pejstiee ‘ j : | ‘ = |
‘3 Project
5 ;chonﬁguration (* timeout lsec after RE(%m0) : *) (IN := %m0 (*BOOL*),
2 Derived Data Types PT := t#ls (*TIME*),
21 Derived FB Types (IN := %m0 (*BOOL*) , Q => %mll] (*BOOL¥*) ) ;
4 Variables & FB instance PT := t#ls (*TIME¥*),
2 Motion Q => %ml0 |[(*BOOL*) ); (* a timeout makes %mll True
# 0 Communication False %m0 makes %mll False *)
& _“'g";g::sm (* a timeout makes %ml0 True
4 & MAST False %m0 makes %ml0 False *) < >
-} 3 Sections
@ sl b 2 <SR> : [MAST] (e @ [ =|
- & SR Sections sub 1 ();(* CALL sub 1() *) pojsuD : L 7‘77 ——
B sub_1
) sub_2 (IN := %m0 (*BOOL*) ,
+ @ Events if %m0 then PT := t#ls (*TIME¥*),
,—l perator reens end if'
+ 4 Documentation - (* after timeout, why False %m0
does NOT make %ml2 False 2?2 *)
< > < >

False %m0 is making false “%omll, as expected.

HOW@V@I’; we also see

False %om0 and True %omli2. Why is Y%om12 True?
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One timer can be called multiple times

(*
After declaring a timer in FB instances, PT needs to be set.
Setup timer to start on %MO and timeout on $%MI10.
Note: no need to include arg ET of type TIME.
*)
TON 0 (IN := %m0 (*BOOL*),
PT := t#3s (*TIME¥*),
Q => %ml0 (*BOOL*));

(* Use timer to timeout also on %$mll *)
TON 0 (Q => %smll (*BOOL*));

(* Use timer name "as a structure" *)
ml2 := TON 0.Q;

(* Use a separate call to reset timer *)
if %ml then
TON O( IN := False );
end if;
(* Auto reset if %m3 is True. Use it to toggle $M13. *)
if %m3 AND %ml0 then

TON O( IN := False );
$ml13 := NOT (%ml3);
end if;

(* Use a separate call to redefine PT *)
if %m2 then

TON O0( PT := t#ls );
end if;
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Modeling and Automation of

Industrial Processes
Modelacao e Automacgdo de Processos Industriais / MAPI

PLC Programming languages
Structured Text - Networking

Prof. Jos¢ Gaspar
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PLC Configuration
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PLCs having a network card always imply some
configuration.

Examples of full network configuration can be found
online, e.g.:
hitps://www.youtube.com/watch?v=W73QGpT1J79s
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Networking, MODBUS
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BUS, Ethernet, TCP/IP, MODBUS, ...

HMI

Unity Pro XLS : TST2 - [X Bus] — O X

hd fiI0 File Edit View Services Tools Build PLC Debug Window Help -8 %
1o see in the lab:

e el L Y - = Y | — | =N

Project Browser - TSX P57 1634M 02.00 v
B8 Structural view
3 Project A

=& Configuration

-4 0 : X Bus
& Derived Data 1
(2 Derived FB Ty|
=& Variables & FE
¢ Elementary V

.ﬁ.
Il

PLC simulator Panel ? x 4 myterminal2 -0 x
Untitled 1
= - Simulation
Temium
7 it Output
Host PC name: ‘ Merlind Mode > l|:" .
Host IP address: I 192.168.1.64
Project name: ‘ [Frefed Input switches 1.1 Output LEDs
Connected Clients Presence Switch ‘ . 5 o RED
Client name: 1P address: [
{ Merlind 127:000:000:001 H Alarm Switch ; ‘ . ‘ . YELLOW
= GREEN
Rea Jl Window Switch . ‘ . ‘ o
‘ Reset -
@ Power Cydle
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Fieldbus 4 | Bus power # | Cabling redundancy ¢ Max devices &  Synchronisation $ | Sub millisecond cycle $

AFDX No Yes Almost unlimited No Yes

AS-Interface Yes No 62 No No

CANopen No No 127 Yes No

CompoNet Yes No 384 No Yes

ControlNet No Yes 89 No No

CC-Link No No 64 No No

DeviceNet Yes No 64 No No

EtherCAT Yes Yes 65,536 Yes Yes <«
recent

Ethernet Powerlink No Optional 240 Yes Yes (2003,

EtherNet/IP No Optional Almost unlimited Yes Yes 2010)

Interbus No No 511 No MNo

LonWorks No No 32,000 No No

Modbus MNo MNo 246 MNo No <«
used in

PROFIBUS DP No Optional 126 Yes MNo our labs

PROFIBUS PA Yes No 126 No No

PROFINET IO No Optional Almost unlimited No No

PROFINET IRT No Optional Almost unlimited Yes Yes

SERCOSII No Yes 511 Yes Yes

SERCOS interface No No 254 Yes Yes

Foundation Fieldbus H1 Yes No 240 Yes No

Foundation Fieldbus HSE No Yes Almost unlimited Yes No

RAPIEnet No Yes 256 Under Development Conditional

from https.//en.wikipedia.org/wiki/Fieldbus (May 2020) Page 61
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Structured Text

Networking (in Unity Pro)

Keywords: MODBUS
READ VAR, WRITE_ VAR

MODBUS is a serial communications protocol originally published by
Modicon (now Schneider Electric) in 1979 for use with its programmable
logic controllers (PLCs). Simple and robust, it has since become a de facto
standard communication protocol, and it 1s now a commonly available means
of connecting industrial electronic devices.

Examples of Field Bus (IEC 61158) standards: MODBUS (Schneider),
PROFIBUS (Field Bus type, Siemens), CAN bus (Controller Area Network,
1983 Robert Bosch GmbH), ...
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Structured Text

Modbus RTU — Binary representation of the data for protocol
communication. Includes CRC. Modbus messages are framed (separated) by
idle (silent) periods.

Modbus ASCII — Makes use of ASCII characters for protocol
communication.

Modbus TCP/IP or Modbus TCP — Modbus variant for communications
over TCP/IP networks, connecting over port 502.

RTU = Remote Terminal Unit

MTU = Main Terminal Unit

CRC = Cyclic Redundancy Check

TCP = Transmission Control Protocol

ASCII = American Standard Code for Information Interchange
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Modbus

Function type

Function name / Function code

Bit access

Function
Code

1

15

16

Function

Read Coil Status

Read Input Status

Read Holding Registers

Read Input Registers

Force/Write Single Coil

Write Single Holding
Register

Force/Write Multiple Coils

Write Multiple Holding Register

Internal Bits or Physical Coils

Physical Discrete Inputs

Request

Address of first coil to read (2 bytes).
Number of coils to read (2 bytes).

Address of first discrete input to read (2 bytes).
Number of discrete inputs to read (2 bytes).

Address of first register to read (2 bytes).
Number of registers to read (2 bytes).

Address of first register to read (2 bytes).
Number of registers to read (2 bytes).

Address of coil (2 bytes). Value to force/write: 0 for OFF
and 65,280 (FF 00 in hexadecimal) for ON.

Address of holding register to write (2 bytes).
New value of the holding register (2 bytes).

Address of first coil to force/write (2 bytes).
Number of coils to force/write (2 bytes).

Number of bytes of coil values to follow (1 byte).
Coil values (8 coil values per byte).

Address of first holding register to write (2 bytes).
Number of holding registers to write (2 bytes).
Number of bytes of register values to follow (1 byte).
New values of holding registers (2 bytes per register).

Read Discrete Inputs

Write Single Coil

2

Read Coils 1

5

Normal Response

Number of bytes of coil values to follow (1 byte). Coil values
(8 coils per byte).

Number of bytes of discrete input values to follow
(1 byte). Discrete input values (8 discrete inputs per byte).

Number of bytes of register values to follow (1
byte). Register values (2 bytes per register).

Number of bytes of register values to follow (1
byte). Register values (2 bytes per register).

Same as request.

Same as request.

Address of first coil (2 bytes).
Number of coils (2 bytes).

Address of first written
holding register (2 bytes).
Number of written holding
registers (2 bytes).
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Modbus, send a message (Matlab) :

t = tcpip(’85.16.111.143",

fopen(t);

502, ’"NetworkRole’, ’client’);
(01000 4 ofoojo 21;

"uint8’);

packet =
fwrite (t,

» «— Modbus TCP/IP PDU —

MBAP Header

packet,

Unitl

Protocol ID Length

Transaction 1D

'

L

Modbus TCP/IP ADU

Modbus, see the message (Wireshark) :

Source Destination Protocol  Length Info

85.16.111.1 85.16.111.143 TCP 54 52131 > 502 [ACK] Seq=1 Ack=1 Win=66560 Len=0

85.16.111.1 85.16.111.143 TCP 54 [TCP Window Update] 52131 » 502 [ACK] Seq=1 Ack=1 Win=2097152 Len=0
85.16.111.1 85.16.111.143 Modbus... 64 Query: Trans: 1; Unit: @, Func: 90: Unity (Schneider)
85.16.111.143 85.16.111.1 TCP 64 502 > 52131 [ACK] Seg=1 Ack=11 Win=4093 Len=0

85.16.111.143 85.16.111.1 Modbus.. 117 Response: Trans: 1; Unit: | O, Func: 90: Unity (Schneider) |
85.16.111.1 85.16.111.143 TCP 54 52131 » 502 [ACK] Seq=11 Ack=56 Win=2096896 Len=0

> Modbus/TCP
v Modbus
.101 1010 =

[Request Frame: 10]
Data: 00fe05300211000000002002000021000502110000000000. . .

0000 ¢8 d3 ff d5 e6 1d 00 80 {4 02 6f 8f 00 67 aa aa SRR o B -

0010 ©3 00 00 00 08 00 45 00 00 S5f 00 1la 00 00 40 66 - - - - -- E- -_----@
0020 f1 ce 55 10 6f 8f 55 10 6f 01 01 f6 cb a3 93 b9 --U-0-U- 0-------
0030 75 be 2f e4 19 50 18 10 00 10 1c 00 60 0@ @1 u-/---P- -------.

0040
0050
0060

NDNIN

31

5a

....... T

SX P57 2 634M. - --
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