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IST / DEEC / API Industrial Automation

Syllabus:

Chap. 2 — Introduction to PLCs [2 weeks]

Chap. 3 - PLC Programming languages [2 weeks]
Standard languages (IEC-61131-3):

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

Chap. 4 - GRAFCET (Sequential Function Chart) [1 week]
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Chap. 3 - PLC Programming languages

PLC Programming languages
(IEC 61131-3)

Ladder Diagram

Structured Text

() If %11.0 THEN
M %Q2.1 ;= TRUE
v ELSE
() %Q2.2 1= FALSE
END_IF
Instruction List Sequential Function Chart
0 (GRAFCET)
LD %M12 i
AND %IlO o Direita
ANDN  %l1.1 e
OR %M10 ST,
ST %Q2.0 4 Esquerda
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Chap. 3 - PLC Programming languages

Instruction list
Antique PLC

All
A(
Ol2
O(

AQ9

ANCO :

Al3

NO
OM1
Ol4
=Z9
NO
AC9

=M1 :

: LDV50
- =CSW9

PE
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Instruction list Reference — see Unity Pro dev. environment
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Chap. 3 - PLC Programming languages

E? Unity Pro Help

Instruction list = . & I
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Introduction

[

Using the Instructicn list programming language (IL), you can
call function blocks and functicns conditicnally or
unconditicnally, perform assignments and make jumps

conditicnally or unconditicnally within a section.

Instructions

An instruction list is composed of a series of instructions.

Each instruction begins cn a new line and consists of:

+ an Operator,
& if necessary with a Modifier and
+ if necessary one or more Operands

Should several cperands be used, they are separated by
commas. It is possible for a Label to be in front of the
instruction. This label is followed by a colon. A Comment can

follow the instruction.

Example:

Label Cperators Cperandz

START: LD A i* Eey 1 +)
ANDI B (* and not key 2 ¥)
=T \C (* Ventilator on *)

Modifier Cormments

220

05 Schneider Electric. Al rights resensed.
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Instruction list Reference — Unity Pro Help

PLC Program = {Sections}, Section = {Sequences}
One sequence is equivalent to one or more rungs in ladder diagram.
Each section can be programmed in Ladder, Instruction List, or Structured Text.

IL is a so-called accumulator orientated language, i.e. each instruction uses or
alters the current content of the accumulator (a form of internal cache). IEC
61131 refers to this accumulator as the "result”. For this reason, an instruction
list should always begin with the LD operand ("Load in accumulator
command").

An Instruction list (IL) is composed of  Lsbel  Operstors  Operands

a series of instructions. Each instruction \ / f’f
. . . START - (% Eey 1 %)

begins on a new line and consists of: (* and not key 2 )

ST [ TJEntllat-:-r ofn ¥
- an Operator, \

- If necessary with a Modifier and Modifar Cmmem
- If necessary one or more Operands
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IST / DEEC / API Chap. 3 - PLC Programming languages
Instruction list 1

_ _ %I1.0 %Q2.0 ‘ 11.0 il .

Basic Instructions ‘ = ‘ :

Q2.0 -

>

_oad

LD
LDN /
LDR |—°
LDF |—{n

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

Close contact: contact is active (result is 1)
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.
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Instruction list %IL0 %Q2.0 ‘ 11.0 M )
' ' t
Basic Instructions ‘ NS ‘ o
t:
Store
ST ( ) The result of the logic function activates the coil.
STN @ The inverse result of the logic function activates the coil.
S (JL__| The result of the logic function energizes the relay
\7 (sets the latch).
R ( R\ The result of the logic function de-energizes the relay
\J (resets the latch)..
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Instruction list L0 550 %020 ‘ 10 il .
i : t
Basic Instructions | || TS .
AND
AND of the operand with the result of the previous
AND logical operation,
ANDN / AND of the operand with the inverted result of the
previous logical operation.
. AND of the rising edge with the result of the previous
ANDR logical operation.
AND of the falling edge with the result of the previous
N
ANDF logical operation.
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Instruction list
Basic Instructions

OR OR of the operand with the result of the previous
logical operation.
ORN OR of the operand with the inverted result of the previous
/ logical operation.
ORR OR of the rising edge with the result of the previous
P logical operation.
ORE OR of the falling edge with the result of the previous
N logical operation.
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Chap. 3 - PLC Programming languages

Instruction list

Example:

%

%Q2.3
{

\

%Q2.2
{

L8

%Q2.4
{

\

%Q2.5
{

LY

LD %I1.1
OR %M1
ST Q2.3

LD M2
ORN %Il.:Z2
ST Q2.2

LD %I1.3
ORR %I1.4
ST Q2.4

LD M3
ORF %I1.5
ST Q2.5
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Instruction list

. . Instruction | Structured text | Description Timing diagram
Basic Instructions [t
XOR XOR OR Exclusive between the operand and the previous XOR
XO R instruction’s Boolean result
%I1.1 %M1 %Q2.3 %023
| | {
_l | |/I LY XORN XOR (NOT..) OR Exclusive between the operand inverse and the XORN
%M1 %I1.1 previous instruction’s Boolean result —I_
_| H ,|_ 1%M2
%M2  %I1.2 %Q2.2 -J_L
4| | || { H %I1.2
1 \ I\ Mr
%I1.2 %M2 %Q2.2
_l"l /l XORR XOR (RE...) OR Exclusive between the operand’s rising edge and XORR
the previous instruction’s Boolean result |—|
T%I1.3
LD %I11.1 Jﬁl_
XOR %M1 T%a2.4
ST %Q23 XORF XOR(FE...) OR Excllusi\.-'e? l}emfe.en tlhe operand’s falling edge and XORF
the previous instruction’s Boolean result. |—
LD %M2 [%M3
XOR %I1.2 v
%I11.5
ST %Q2.2 M
Te%q2s

Page 13
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Instruction list Temporized Relays or Timers (pneumatic)

Operating coil ({})
—— Normally open terminals (—l F)

Instantaneous contacts

——Normally closed terminals (—,H'—>

m% Time control contacts
o
3@ :’F— Normally open terminals (OT )

Pneumatic timing relay e i
= ‘|!—— Normally closed terminals ( I )

—
O |O||
nnnnnn LT
T
,:jvuuvvu IH

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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Instruction list

Example:

L1 L2 L1 L2
<1 S1
u—c//l -»—o/.
T g LY D1 N~ L1,
Y
« B L—e L o — }—
I s N
I e ~ Ve ~
Sequence of operation: Sequence of operation:
51 open, TD de-energized, TD1 open, L1 off. S1 open. TD de-energized, TD1 closed, L1 on.
S1 closes, TD energizes, timing period starts, S1 closes, TD energizes, timing period starts,
TD1 is still open, L1 is still off. TD1 is still closed, L1 is still on.
After 10 s, TD1 closes, L1 is switched on. After 10 s, TD1 opens, L1 is switched off.

S1 is opened, TD de-energizes, TD1 opens instantly,

S1 is opened, TD de-energizes, TD1 closes instantly,
L1 is switched off.

L1 is switched on.

(a) (a)
| 10s | ! 10 s
- —————— 3|
Input I | —‘L_, Input 4[ l___
FO?— Qutput ©on
OUtpUT—O‘-ﬂ T— J Off
(b) (b)

| Fig-7-5
On-delay timer circuit (NOTC contact). (a) Operation. On-delay timer circuit (NCTO contact).
(b) Timing diagram. (a) Operation. (b) Timing diagram.
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Chap. 3 - PLC Programming languages

Instruction list

Temporized Relays
or Timers (PL7)

%TMi
1IN Q —

MODE: TON
TB: 1mn

TM.P: 9999
MODIF: Y

Characteristics:

Identifier: %TMi
Input: IN
Mode: TON
TOFF
TP
Time basis: B

Programmed value: %TMi.P

Actual value:

Modifiable: Y/N

%TMILV 0..TMIi.P

0..63 in the TSX37
to activate

On delay

Off delay

Monostable

1mn (def.), 1s,
100ms, 10ms

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

(can be real or tested)

can be modified from
the console
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Instruction list

Q
% TM1 %.Q2.3

Temporized Relays .1

I IN Q (

or Timers (PL7) |

LD £I11.1
1IN =TM1
LD ESTML1.0Q
=T T0Z2.3
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Instruction list

my_tirneri

Temporized Relays . | Ten
or Timers (Unity) = ENOE
%10.2.1 50041
I I IM Q {
BEs—PT  ET[-

*I0.2.1 (*BOCL¥),

E £f5= (*TIME*) ,

g => %Q0.4.1(*BOOL¥),

ET => my var (*TIME¥) )]

M arne: Imy_ﬂ.far Type: ITIME j :HMEI

Address: || Comment; I v

CAL my timerl (IN :

™
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Instruction list

Counters

Some applications...

42 Series
ltem Reflector

counting

A= .- .-
pooooao ooooon Slow down <*— —|[oooooo
: Lre— Stop «— =
MAX jr count MAX jr count MAX jr count

Counter applications. (Courtesy of Dynapar Corporation, Gurnee, linors.)
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Instruction list e %C8
R E|l—
Counters in PL7 — 1 s
%l1.2 %M0 | C.P:5000 D|__
Example: MODIF : Y
_lcp FL
%C8.D %Q2.0
| (
Instruction list language
LD %T11.1
R %C8
LD %I1.2
AND $MO
CU  %C8
LD %C8.D
ST 202.0
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Chap. 3 - PLC Programming languages

Ladder diagram

Counters in Unity Pro

CTT Instarce
CTI
EH EHO |—
Trigger Chy
| | 17 Q -"F.tEEF
[ 1 R
Eecet
| |
|1 E
PrecetWabie — PV cwr Coonart W abie

CU "0" to ""1"" => CV is incremented by 1
CV2PV=>Q:=1

R=1 => CV:=0

CTOD Mctanwe
CTUD
EN EHO —
Up Trigger UpD icp by
| ] Q P
[ ovm Trigger D'Z"-’?}"Dii@lﬁ}'
| |
| | (W H]E] .
Fecet
| |
| | E
Load
| | LD
Precetiahie — PV CVW — ComtWabae

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

CV 2PV =>QU:=1
CVv<0 =>QD:=1

R=1=>CV:=0
R has precedence over LD

NOTE: counters are saturated such that no overflow occurs

LD=1=>CV:=PV
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Ladder diagram

Counters in Unity Pro

my_countser
STUD_INT _ CAL my counterl (CU := %I0.2.11 {(*BOOL*),
oD o= RIN.2.12 (%BOCOL¥),
. —EN ENOE _ E = &EI0.2.1323 {(*BOOQL"¥) ,
%10.2.11 i ) “-Ell;ﬂ-ﬁll LD 5I0.2.14 {(*BOOL%*) .
. A L BY := 123 ([+*INT*),
%1p.2 12 - g2 QU =» Sg0.4.1 {*EBOOLY*),
S - v RD => %R0.4.2 {¥*BOOLY),
. ov => SMWLO0D (*INT*)]
| %ip214
LD
123-pv  cvf
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Instruction list

Numerical Processing

Algebraic and Logic Functions (PL7)

LD [$MW50>10]
ST $02.2

LD $11.0
[FMW10:=%KWO0+10]
LDF $11.2

[ INCSMW100]
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Instruction list

Numerical Processing

Arithmetic Functions

+ 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 Sa MWW Ba W S KW S X0 T

Non-indexable %AW, %SW S%NW, %BLK Imm.Val. %W %6 QW % SW B NW,
words %WBLK, Num.expr.

Indexable double %MD %MD, %KD

words

MNon-indexable % QD.%SD Imm.Val.,%ID,%QD, %S0, Numeric
double words expr.
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Chap. 3 - PLC Programming languages

Instruction list

Numerical Processing

Example:

Arithmetic functions

PL7:

%MO

—| |i %MWO0:=%MW10+100
%I3.2

_| |7 %MWO0:=SQRT(%MW10)
%13.3

._IPIi. INC %MW100

Instruction list language
LD MO
[MWO0 :=%MW10+100]

LD ®I3.Z2
[EMWO : =SQRT (%MW10) ]

LD %I3.3
[INC =MW100]
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Instruction list

%MO

Numerical Processing %MWO:=%MW1+%MW2
%$18

Example: / %MW10:=%MW0

Arithmetic functions Els}a
mi

Y%MW10:=32767

%518
o1
(R}

PI—7 Example in instruction list language:

LD MO
[EMWO : =MW1 +5MW2]
LDN FE18
. [EMW10 :=%MWO]
Use of a system variable: LD 2018
[EMW10:=32767]
E E518]

%S18 - flag de overflow
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Chap. 3 - PLC Programming languages

Instruction list

Numerical Processing

Logic Functions

AND AMND (bit by bit) between two operands

OR logical OR (bit by bit) between two operands
XOR exclusive OR (bit by bit) 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, %S0, Numeric expr.
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Instruction list

Numerical Processing

Example:
Logic functions Pl 7"
%Qz.3 Instruction list language
%MW10>100 { H guag
LD [MW10=100]
%MO %Q2.2 ig MEE -3
—— %MW20<%KW35 — ©
_l H AND [3EMW20<%KW35]
%I11.2 %Q2.4 ST 522
_“l \ o LD  %I1.2
! : OR [SMW30>=%MW40]
|| o MW30>=%MWA40 ST 202 .4

Page 28



IST / DEEC / API

Chap. 3 - PLC Programming languages

Instruction list

Numerical Processing

Priorities on the execution of the operations

Rank

Instruction

Instruction to an operand

“ /. REM

W~ W =
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I nStrUCthn I iSt Subroutine Module Subroutine Module

SR10 SR12

Structures for Control of Flux Ca";sm /

|
Subroutines :

I
Call SR10

Call and Return

Ladder language: Ladder language

%M8 SR10 %M8

| (C | <RETURN
Instruction list language: Instruction list language
LD M8 LD M8
CAL SR10 RETC
H_}
PL7/
Unity Pro
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Back Forward Pt Options  Help

Contents | index | Search |
25 Languages Reference =] ||| Description of Subroutines K »

] Safety Information
[27] About the Book
[L3) General Presentation of Unity Pro
= Application Structure ) ) =
= =] Description of the Available Functio Overview of Subroulines
= £ Application Program Structure Subroutines are programmed as separate entities, either in:
[Z) Description of Tasks and Proce
=l 3 Description of Sections and Sul
@ Description of Sections
] Description of SFC sactions
2] Description of Subroitines
(£ Mano Task Execution
[27] Mutitasking Execution
(3] Application Memory Structure The number of nestings is limited to 8.
(L1 Operating Modes A subroutine cannot call itself (non recursive).
(L System Objects
[_1) Data Description
[£3 Programming Language
[C3 User Function Blocks (DFB)
(21 Appendices
£] Glossary The following diagram shows a task structured into sections and subroutines. —
¥ 7] Operating Modes
¥ [ OSLoader - s3] MAST
a Unity Loader b
3 % Concept Converter B — {7 Sections
(3] PL7 converter |
() LL984 Ef:lrtur, H.E-‘f?l‘E.'HCE.' Manual, LL984 Sp B _S SR Tections
2] Communication Drivers
EF/EFB/DFB Libraries L — 1Y Centrel_1
Communication architectures !

Modicon M340 Platform _|j L — [ Detection =
[ ]

4
I 2 2011 Schneider Electric. Al rights resenved.

See. Related Topics b Submit Feedback

Ladder language (LD),

Functional block language (FBD),
Instruction List {IL),

Structured Text (ST).

The calls to subroutines are carried out in the sections or from ancther subroutine.

Subroutines are also linked to a task. The same subroutine cannot be called from several
different tasks.

Example
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Instruction list

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:
¢ 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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Chap. 3 - PLC Programming languages

Instruction list

Structures for Control of Flux

Example:

Use of jump instructions

LD M8
JMPC 5L10
LD I11.0
ST $02.5
zL10:

LD FM20
ST sME

LD £11.0
AND zl11.2
ST 0Z2.1

Instruction list language

Jump to label
%L10, if %M8 =1

Ladder
°%M8

%L10

H1

-

%Q2.5
{

L\

\
\\

%M5

%I11.0 %l1.2

(H -

%Q2.1
{

| A

L

Page 33




IST / DEEC / API

Chap. 3 - PLC Programming languages

Instruction list

Structures for Control of Flux

Halt

F:{MW
|
|

Stops all processes!

Events masking
% MO

-:HALT)—{

%M8
|

MASKEVT()

UNMASKEVT()
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Instruction list

There are other advanced instructions (see manual)

* Monostable

 Registers of 256 words (LIFO ou FIFO)
* DRUMS

e Comparators

o Shift-registers

* Functions to manipulate floats
* Functions to convert bases and types
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Instruction list

Numerical Tables

Type Format Maximum Size Write
address access
Internal words Simple length SaMWi:L I+L==Nmax (1) Yes
Double length YaMWDIL I+L<=Nmax-1 (1) |Yes
Floating point SYaMFi:L I+L<=Nmax-1 (1) |Yes
Constant words Single length Yo KWL I+L==Nmax (1) Mo
Douhble length YeKWDIL i+L==Nmax-1 (1) |No
Floating point Yok Fi:L I+L==Nmax-1 (1) |No
System word Single length YeSWED4 (2) - Yes

%MO0

_| |_ % MWO0:10:=%MW20:10+100|—

%l3.2

—| If %MW50:5:=%KD0:5+%MDO0:5}—

%I13.3

—|p|—%mwn:1 0:=%KWO0:10*%MW20}—

PL7Y:

Instruction list language

LD =MO

[*MWO0:10:=%MW20:10+100]

LD =I3.Z2

[sMD50:5: =%KD0:5+%MD0:5]
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DOLOGS0

PLC AEG A020 Plus:

Inputs:
» 20 binary with opto-couplers
* 4 analogs (8 bits, 0-10V)

Outputs:
* 16 binary with relays of 2A
» 1 analogs (8 bits, 0-10V)

Interface for progr.: RS232

Processador:

» 8031

» 2 Kbytes de RAM

» 2 Kbytes EEPROM => 896 instructions
» Average cycle time: 6.5 ms
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PLC AEG A020 Plus
DOLOGS0

OPERANDS
*|11to0 120 Binary inputs
* Qlto Q16 Binary outputs

M1 to M128 Auxiliary memory

*T1to T8 Timers (base 100ms)
*TO9to T16 Timers (base 25ms)
«Clto Cl6 16 bits counters
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Chap. 3-0Id PLCs

DOLOGS80 (cont.)

Example:

R ..‘
nl S

*

All
A(
Ol2
Oo(
ANCY:
AQ9 :
) .

“AlI3
=P9
NO :
OM1 :
Ol4
=79
NO

oo 002 009 Output
\ N
B — | L o
op
‘ ’" \ oL
\ 3 (1)
0 [ O— 001 —— —{ M1 —]
o F -
Start :
| 901 009
= a0 003 A
L T L [ ot
| 4 | {c1)
Proximi ty Internal PR: 50
w_ch_ - relay 901 |
".? — 1 007 — | | (A
C 1003 1 {CTRI—
Reset
004
_ | | |-
0 O—{nod|— N
Internal
901 relay
| | { —
Wl %
(b) Program

Conveyor motor program.

Legend:

Stop =11

Start = 12

Proximity Sensor = 13
Reset = 14
Counter=C9

Internal relay = M1
Motor = Q9
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