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Internatjonal Standard IEC 61131-1 has been prepared by subcommittee 65B: DeV
IEC technical committee 65: Industrial-process measurement and control.

This se¢ond edition of IEC 61131-1 cancels and replaces the first edition published in 1
constitufes a technical reyvision.

This bilihgual versiony(2012-05) corresponds to the monolingual English version, publ
2003-04.

The tex{ of this.standard is based on the following documents:

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS -
Part 1: General information

FOREWORD

is a worldwide organization for standardization c

this epd and in addition to other activities, the IEC publishes International Standards. Their \prep|
entrugted to technical committees; any IEC National Committee interested in the subject \dealt
participate in this preparatory work. International, governmental and non-governmental organizatior
with the IEC also participate in this preparation. The IEC collaborates closely with the International Or
for Sfandardization (ISO) in accordance with conditions determined by agreement between
organizations.

The fprmal decisions or agreements of the IEC on technical matters express, ‘as nearly as po
interngtional consensus of opinion on the relevant subjects since each technjeal ‘eommittee has repré
from gll interested National Committees.

The dpcuments produced have the form of recommendations for international’use and are published i
of stgndards, technical specifications, technical reports or guides and"they are accepted by the
Comnittees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC Int
Standfrds transparently to the maximum extent possible. in¢ their national and regional stands
divergence between the IEC Standard and the corresponding national or regional standard shall
indicafed in the latter.

The IEC provides no marking procedure to indicate «its.‘@approval and cannot be rendered responsib
equipent declared to be in conformity with one of its'standards.

Attentjon is drawn to the possibility that some of/the elements of this International Standard may be ti
of patgnt rights. The IEC shall not be held respansible for identifying any or all such patent rights.

omprising
promote
fields. To
aration is
with may
s liaising
panization
the two

sible, an
sentation

the form
National

ernational
rds. Any
pe clearly

e for any

e subject

ices, of

092 and

shed in

EDIS Roeport-on-veting
Ld 9

65B/484/FDIS 65B/487/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61131 consists of the following parts under the general title: Programmable controllers.

Part 1: General information

Part 2: Equipment requirements and tests

Part 3: Programming languages
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Part 4: User guidelines

Part 5: Communications

Part 6: Reserved

Part 7: Fuzzy-control programming

Part 8: Guidelines for the application and implementation of programming languages for
programmable controllers

The committee has decided that the contents of this publication will remain unchanged until
2007. At this date, the publication will be

e reconfirmed;

e withdrawn;
e replaced by a revised edition, or

e amended.
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INTRODUCTION

This Part of IEC 61131 constitutes Part 1 of a series of standards on programmable controllers
and their associated peripherals and should be read in conjunction with the other parts of the

series.

Where a conflict exists between this and other IEC standards (except basic safety standards),
the provisions of this standard should be considered to govern in the area of programmable
controllers and their associated peripherals.

The purposes of this standard are:

Part 1
selectio

n and application of programmable controllers and their associated periphérals;

bstablishes the definitions and identifies the principal characteristics relevar]t to the

Part 2 gpecifies equipment requirements and related tests for programmable «controlles (PLC)

and thei

Part 3 g
applicat

basic sg

Part 4

Part 5

systemg;

Part 6 ig

Part 7 defines the programming language for fuzzy control;

Part 8 d
defined

I associated peripherals;

efines, for each of the most commonly used programming-languages, major

ts to their own programmable controller implementations;

Hefines the communication between pregrammable controllers and other el

reserved;

in Part 3.

fields of

on, syntactic and semantic rules, simple but complete’ basic sets of progrfamming
elements, applicable tests and means by which manufacturerssmay expand or ada

bt those

ives general overview information and application guidelines of the standard for the
PLC end-user;

lectronic

ives guidelines for the.application and implementation of the programming lapguages
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PROGRAMMABLE CONTROLLERS -

Part 1: General information

1 Scope

This Part of IEC 61131 applies to programmable controllers (PLC) and their associated peri-
pherals such as programming and debugging tools (PADTs), human-machine interfaces
(HMIs), [etc., which have as their intended use the control and command of machipes and
industrial processes.

PLCs apd their associated peripherals are intended to be used in an industrial envifonment
and may be provided as open or enclosed equipment. If a PLC or its associated periphgrals are
intended for use in other environments, then the specific requirements, standafds and
installatjon practices for those other environments must be additionally applied to fhe PLC
and its associated peripherals.

The fungtionality of a programmable controller can be performed as well on a specific hprdware
and sofﬂ:}vare platform as on a general-purpose computer opa‘personal computer with ipdustrial
environinent features. This standard applies to any products performing the function pf PLCs
and/or their associated peripherals. This standard does’ not deal with the functional gafety or
other agpects of the overall automated system. PLCS, their application programme gnd their
associaled peripherals are considered as components of a control system.

Since PLCs are component devices, safety_considerations for the overall automated| system
including installation and application are beyond the scope of this Part. However, PLC safety as
related jo electric shock and fire hazards) “electrical interference immunity and error detecting
of the PLC-system operation (such as.the use of parity checking, self-testing diagnostigs, etc.),
are addfessed. Refer to IEC 60364\0r applicable national/local regulations for electrical instal-
lation and guidelines.

This Pa[t of IEC 61131 gives the definitions of terms used in this standard. It identffies the
principal functional characteristics of programmable controller systems.

2 Normative references

The follpwing referenced documents are indispensable for the application of this document. For

dated references, only the edition cited applies. For undated references, the latest eflition of
the refetenced document (inr‘lllding any amnndmonfe) applinc

IEC 61131-2, Programmable controllers — Part 2: Equipment requirements and tests

IEC 61131-3:2003, Programmable controllers — Part 3: Programming languages
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

application programme or user programme

logical assembly of all the programming language elements and constructs necessary for the
intended signal processing required for the control of a machine or process by a PLC-system

3.2
automafed system

control system beyond the scope of IEC 61131, in which PLC-systems are incorporatgd by or
for the ser, but which also contains other components including their application.programmes

3.3
field dejvice
catalogyed part to provide input and/or output interfaces or-'to provide data pre-
process|ng/post-processing to the programmable controller system..A'remote field deVice may
operate|autonomously from the programmable controller systenr,,l\t’ can be connectefl to the
progranimable controller using a field bus

3.4
ladder diagram or relay ladder diagram
one or more networks of contacts, coils, graphically:represented functions, function| blocks,
data elgments, labels, and connective elements, délimited on the left and (optionally) on the
right by jpower rails

3.5
programmable (logic) controller (PLC)
digitally [operating electronic system, désigned for use in an industrial environment, which uses
a progrgmmable memory for the internal storage of user-oriented instructions for implementing
specific| functions such as logi¢;-5equencing, timing, counting and arithmetic, to |[control,
through|digital or analogue input$ and outputs, various types of machines or process¢s. Both
the PL{ and its associated peripherals are designed so that they can be easily integrdted into
an indugtrial control systeniand easily used in all their intended functions
NOTE Tpe abbreviation PLCyis used in this standard to stand for programmable controllers, as is thg common

practice ih the automation .industry. The use of PC as an abbreviation for programmable controllery leads to
confusion|with personalycomputers.

3.6
programmable controller system or PLC-system
user-bullt>configuration, consisting of a programmable controller and associated peripherals,
that is necessary for the intended automated system. It consists of units interconnected by
cables or plug-in connections for permanent installation and by cables or other means for
portable and transportable peripherals

3.7

programming and debugging tool (PADT)

catalogued peripheral to assist in programming, testing, commissioning and troubleshooting
the PLC-system application, programme documentation and storage and possibly to be used
as HMIs. PADTs are said to be pluggable when they may be plugged or unplugged at any time
into their associated interface, without any risk to the operators and the application. In all other
cases, PADTs are said to be fixed
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3.8

remote input/output station (RIOS)

manufacturer's catalogued part of a PLC-system including input and/or output interfaces
allowed to operate only under the hierarchy of the main processing unit (CPU) for I/O
multiplexing/demultiplexing and data pre-processing/post-processing. The RIOS is the only
permitted limited autonomous operation, for example, under emergency conditions such as
breakdown of the communication link to the CPU or of the CPU itself, or when maintenance
and troubleshooting operations are to be performed

4 Functional characteristics

4.1 Basic functional structure of a programmable controller system

The gerjeral structure with main functional components in a programmable controllér, system is
illustrated in Figures 1, 2 and 3. These functions communicate with each otherrand with the
signals pf the machine/process to be controlled.

Other systems

HUMAN-MACHINE
| INTERFACE I OPERATOR
functions
COMMUNICATION -
functions
PROGRAMMING,
| g DEBUGGING, | g APPLICATION
TESTING programme

v functions

SIGNAL PROCESSING™ [1]
functions OPERATING
= SYSTEM
functions
POWER
Mains SUPPLY] APPEICATION APPLICATION
supply function PROGRAMME |« o] 2$8§EQEAME
functions F
functions
DATA
1 STORAGE

I

INTERFACE functions to

S and-actuators.

Machine/Process IEC 1621/03

Figure 1 — Basic functional structure of a PLC-system
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| Peripherals

Remote I/O station(s)

Main processing unit

Memory (ies)
and
processing unit(s)

Input module(s)

Output module(s)

Communication module(s)

Power supply unit(s)

Implementer-specific subsystem(s)

IEC '1622/03

Figure 2 — Programmable controller hardware model

(from IEC 61131-5)
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Peripherals
(permanently /non-permanently installed)

Ar Digital and analogue
‘ input signal interface/port

Remote 10s « /0 power interface/port

Al | Local extension rack

_ = Basic PLC

Digital and analogue
output signal interface/port

Lo -

« /0 power interface/port

il

e R | S

Input C E Communication signals interface/port
module(s) :J'l _—I with third-party devices
DI (computers, printers, fieldbus, etc.)
)
Memory F Mains power input interface/port
(ies)
Output D
and module(s) J'I
. K Auxiliary power output interface/port
processing ——I P (to provide energy for sensors
unit(s) Commu- and actuators)
nication |E G
mquIeS -I ——I P> Protective earthing port
(optional)
H

Power supply P Functionalearthing port

Open communication signals
I <4 interface/port

(internal communications also open
to third-party devices

EI
w
()

Auxiliary power
supply (optional)

g P CR R R

_I_gu_l_I R o

Bi

Limit'of-the scope of this standard < Interfaced devices and signals

>

IEC 461/03

Cdmmunieation interface/port for local 1/0
Cdmmunication interface/port for remote I/O station

Open-eommunication interface/port also open to third-party devices (for example, personal computer used
for programming Instead of a PADT)

Internal communication interface/port for peripherals

Interface/port for digital and analogue input signals

Interface/port for digital and analogue output signals

Serial or parallel communication interfaces/ports for data communication with third-party devices

Mains power interface/port. Devices with F ports have requirements on keeping downstream devices intel-
ligent during power-up, power-down and power interruptions.

Port for protective earthing

Port for functional earthing

I/0 power interface/port used to power sensors and actuators
Auxiliary power output interface/port

Figure 3 — Typical interface/port diagram of a PLC-system
(from IEC 61131-2)
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The CPU function consists of the application programme storage, the data storage, the
operating system, and the execution of the application programme functions.

The CPU processes signals obtained from sensors as well as internal data storage and
generates signals to actuators as well as internal data storage in accordance with the
application programme.

4.2

4.2.1 Summary

Interface function to sensors and actuators
The interface function to sensors and actuators converts

— the input signals and/or data obtained from the machine/process to appropriate signal
levels for processing;

inhe OUtpu dnd dlNd/or ddald [OIT e

levels to drive actuators and/or displays.

The |input/output signals to the interface functions may be coming from special modules
which pre-process external sensor signals according to the defined functions contpined in
the $pecial modules themselves. Examples of such special modules inelude PID module,
fuzzy-control module, high-speed counter module, motion modules and others.

Conmmunication function

The [ communication function provides data exchange with, ‘other systems (th{rd-party
deviges) such as other PLC-systems, robot controllers, computers, etc.

Human-machine interface (HMI) function

The|HMI function provides for interaction between‘the operator, the signal prgcessing
funcfion and the machine/process.

Programming, debugging, testing and documentation functions

Thege functions provide for application prégfamme generation and loading, mohitoring,
testing and debugging as well as for application programme documentation and archiving.

Power-supply functions

The |power-supply functions provide for the conversion and isolation of the PLG-system
power from the mains supply.

Characteristics of the‘CPU function

The capabilities of «the’programmable controllers are determined by programmable finctions
which afe summatized in Table 1. They are subdivided for ease of use into application-priented

groups.
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Table 1 — Summary of programmable functions

Function group Examples
Logic control Programming language elements
— Logic AND, OR, NOT, XOR, bi-stable elements
— Timers On-delay, off-delay
— Counters Up- and/or down-counting (of pulses)
Signal/data processing
— Mathematical functions Basic arithmetic: ADD, SUB, MUL, DIV
Extended arithmetic: SQRT, trigonometric functions
Comparisons: greater, smaller, equal
— Data handling Selecting, formatting, moving
— Analogue data processing PID, integration, filtering (not as standard elements)

Fuzzy control

Interfgcing functions Analogue, digital 1/0 modules
+ Input/output BCD conversion
+ Other systems Communication protocols
+ HMI Display, commands
-+ Printers Messages, reports
+ Mass memory Logging
Execution control Periodic, event-driven execution
Systefn configuration Status checking (not as standard elements)

4.2.2 Operating system

The opegrating system function is responsible for.:the management of internal PLG-system
interdependent functions (configuration control, diagnostics, memory management, application
progranime execution management, communication with peripherals and with the ipterface

functionp to sensors and actuators, etc.).

After a

a)

ower-down or a distortion, the PLC system can restart in three different ways.

Col

Resfart of the PLC-system and its application programme after all dynamic data (viariables
such as I/O image, internal registers, timers, counters, etc., and programme contgxts) are
resef to a predetermiped state. A cold restart may be automatic (for example, after @ power
failufe, a loss of information in the dynamic portion(s) of the memory(ies), etc.) orfmanual
(for example, push-button reset, etc.).

War
Resfart aftera power failure with a user-programmed predetermined set of remn

restart

restart

that
Hot restart

e power tallure shut-down o -system was detecie

Restart after power failure that occurs within the process-dependent maximum time allowed
for the PLC-system to recover as if there had been no power failure.

All 1/0 information and other dynamic data as well as the application programme context
are restored or unchanged.

Hot-restart capability requires a separately powered real-time clock or timer to determine
elapsed time since the power failure was detected and a user-accessible means to
programme the process-dependent maximum time allowed.
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4.2.3 Memory for application data storage

4.2.4 Execution of the application programme

Application programme storage

The application programme storage provides for memory locations to store a series of in-
structions whose periodic or event-driven execution determines the progression of the
machine or the process. The application programme storage may also provide for memory
locations to store initial values for application programme data.

Application data storage

The application data storage provides for memory locations to store 1I/O image table
and data (for example, set values for timers, counters, alarm conditions, parameters and
recipes for the machine or the process) required during the execution of the application
proglGIIIIIIU.

Menmory type, memory capacity, memory utilization

Varipus types of memory are in use: read/write (RAM), read-only (ROM),’ programmable
readronly (PROM), reprogrammable read-only (EPROM/UV-PROM, EEPROM). Memory
retemtion at power failure is achieved by a proper selection of the memory typg¢ where
appllcable (for example, EPROM, EEPROM) or the use of memory back-up for| volatile
menjories (for example, a battery).

Memory capacity relates to the number of memory locations jn\Kbytes, which are reserved
to store both the application programme and the application data. Memory fapacity
urements are:

— dapacity in the minimum useful configuration;
— dize(s) for expansion increments;
— dapacity(ies) at maximal configuration(s).

Eaclh programmable function used by the@application programme occupies memory
locations. The number of locations required generally depends on the programmable
funclions and the type of programmable-controller.

Application data storage requires memory capacity depending on the amount and fprmat of
data| stored.

An applfjcation programmesiay consist of a number of tasks. The execution of each task is
accompl|ished sequentially, one programmable function at a time until the end of the tgsk. The
initiatior] of a task, periodically or upon the detection of an event (interrupt condition), |s under

the confrol of the operating system.

4.3

a)

Clharacteristics of the interface function to sensors and actuators

Typ¢s.of input/output signals

Status information and data from the machine/process are conveyed to the I/O system of
the programmable controller by binary, digital, incremental or analogue signals. Conversely,
decisions and results determined by the processing function are conveyed to the
machine/process by use of appropriate binary, digital, incremental or analogue signals.
The large variety of sensors and actuators used requires accommodating a wide range of
input and output signals.

Characteristics of the input/output system

Various methods of signal processing, conversion and isolation are used in input/output
systems. The behaviour and performance of the PLC-system depend on the static/dynamic
evaluation of the signal (detection of events), storing/non-storing procedures, opto-
isolation, etc.

Input/output systems in general display a modular functionality which allows for con-
figuration of the PLC-system according to the needs of the machine/process and also for
later expansion (up to the maximum configuration).
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The input/output system may be located in close proximity to the signal processing function
or may be mounted close to the sensors or actuators of the machine/process, remotely
from the signal-processing function.

4.4 Characteristics of the communication function

The communication function represents the communication aspects of a programmable
controller. It serves the programme and data exchange between the programmable controller
and external devices or other programmable controllers or any devices in an automated
system.

It provides functions such as device verification, data acquisition, alarm reporting, programme
executidgn, and 1/O control, application programme transfer, and connection managemeht to the
signal-pfocessing unit of the PLC from or to an external device.

The corpmunication function is generally accomplished by serial data transmission oyer local
area ne{works or point-to-point links.

4.5 Characteristics of the human-machine interface (HMI) function
The HM| function has two purposes.

e To grovide the operator with the information necessary,for)monitoring the operation of the
machine/process.

e To allow the operator to interact with the PLC-system and its application progrgmme in
ordefr to make decisions and adjustments beyond their individual user scope.

4.6 Clharacteristics of the programming, debugging, monitoring, testing and
dpcumentation functions

4.6.1 Summary
These [functions are implemented- as either an integral or an independent |part of
a progrgmmable controller and~provide for code generation and storage of the application

progranime and application .data in the programmable controller memory(ies) as |well as
retrieving such programmes‘and data from memory(ies).

4.6.2 Language

For the programmifg of the application, there is a set of languages defined in IEC 61131-3.

a) Tex{ual fanguages
1) Instrdction list (IL) language
extual programming language using insiractions jor representing the application

programme for a PLC-system.

2) Structured text (ST) language
A textual programming language using assignment, sub-programme control, selection
and iteration statements to represent the application programme for a PLC-system.

b) Graphical languages

1) Function block diagram (FBD) language
A graphical programming language using function block diagrams for representing the
application programme for a PLC-system.

2) Ladder diagram (LD) language
A graphical programming language using ladder diagrams for representing the
application programme for a PLC-system

3) Sequential function chart (SFC)
A graphical and textual notation for the use of steps and transitions to represent the
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structure of a program organization unit (program or function block) for a PLC-System.
The transition conditions and the step action can be represented in a subset of the
above-listed languages.

4.6.3

Writing the application programme

e Generating the application programme

The application programme may be entered via alphanumeric or symbolic keyboards and,
when menu-driven displays are, or a graphical programme entry is, used via cursor keys,
joystick, mouse, etc. All programme and data entries are generally checked for validity and
internal consistency in such a way that the entry of incorrect programmes and data is

mini

mized.

e Disq
Duri

In a
of p
user

4.6.4

a) Loa

The
in th
men

c) Accessing the memory

Duri
data

prog
PLC

d) Ada
Typi

menf by statement or segment by segment (in the case of a monitor or other-large

laying the application programme
ng application programme generation, all instructions are displayed immediatel

dition, the complete programme can generally be printed. If alternative repres
-selectable.

Automated system start-up

ling the application programme

e memory of the PADT. The latter requires a-programme transfer via down
ory cartridge insertion into the programmable.controller before start-up.

ng start-up or trouble-shooting operations; the application programme and ap
storage are accessed by the PADT-as well as by the processing unit

ramme monitoring, modification and correction. This may be done on line (i.e. v

Lsystem is controlling the machinelprocess).

bting the programmable controller system

1)

1) test functions which check the operation of the programme sequence (for €

2)

e) Indi¢ating the automated system status

st functions which check the sensors and actuators connected to the PLC-
or example, forcing\the outputs of the PLC-system);

etting of flags_and forcing the inputs);
etting or résetting of variables (for example, timers, counters, etc.).

y, state-

jisplay).
entation

ogramming language elements is available, then the display representation is denerally

generated programme resides either in the memory of the programmable confroller or

-load or

blication
o allow
hile the

cal functions for adapting.the PLC-system to the machine/process to be controlled are:

5ystems

xample,

The |ability to provide information about the machine/process and the internal s
the PLC<system and of its application programme facilitates the start-up and depugging

of a

atus of

PLC application. Typical means are:

1) status indication for inputs/outputs;

f

ndication/recording of status changes of external signals and internal data;

)

) scan time/execution times monitoring;

5) real-time visualization of programme execution and data processing;
)

use/short-circuit protection status indicators.
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Testing the application programme

Test functions support the user during writing, debugging and checking the application
programme. Typical test functions are:

1) checking the status of inputs/outputs, internal functions (timers, counters);

2) checking programme sequences, for example, step-by-step operations, variations of
programme cycle time, halt commands;

3) simulation of interface functions, for example, forcing of 1/Os, of information exchanged
between tasks or modules internal to the PLC-system.
Modifying the application programme

Functions for modification provide for changing, adjusting and correcting application
programmes. Typical functions are search, replace, insert, delete, and add; they ppply to
charpcters, instructions, programme modules, etc.

A documentation package should be provided to fully describe the N\PEC-system pnd the

applicatlon. The documentation package may consist of

a)
b)

4.6

.6 Application programme archiving

desg¢ription of the hardware configuration with project-dependgnt-notations;
appl|cation programme documentation consisting of
1) programme listing, with possibly mnemonics for signals and data processed;

2) ¢ross-reference tables for all data processed (l/Os, internal functions such as|internal
gtored data, timers, counters, etc.);

3) ¢omments;
4) description of modifications;

5) maintenance manual.

For rapjd repair and to minimize down-time, the user may want to store the application
progranime in non-volatile media’such as flash, PC-cards, EEPROM, EPROM, disks, efc. Such
a recordd needs to be updated after every programme modification so that the programme

executirlg in the PLC-system and the archived programme remain the same.

4.7

Clharacteristics of the power-supply functions

The poywer-supply functions generate voltages necessary to operate the PLC-system and
generally alsoprovide control signals for proper ON/OFF synchronization of the eqdipment.

Various
parallel

5

mption,

Availability and reliability

Every automated system requires a certain level of availability and reliability of its control
system. It is the user's responsibility to ensure that the architecture of the overall automated
system, the characteristics of the PLC-system and its application programme will jointly satisfy

the

a)

intended application requirements.

Architecture of the automated system

Techniques such as redundancy, fault tolerance and automatic error checking, as well as
machine/process diagnostic functions can provide enhancements in the area of availability
of the automated system.
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b)

Architecture of the programmable controller system

A modular construction in conjunction with suitable internal self-tests allowing rapid fault
identification may provide enhancements in the area of maintainability of the PLC-system
and therefore of the availability of the automated system. Techniques such as redundancy
and fault tolerance may also be considered for special applications.

Design, testing and maintenance of the application programme

The application programme is a key component of the overall automated system. Most
programmable controllers provide enough computing power to permit implementation
of diagnostic functions in addition to the minimum control function. Machine/process
behaviour modelling and subsequent identification of faulty conditions should be
considered.

Adequate testing of the application programme is mandatory. Every modificatien| implies
proper design and testing so that the overall availability and reliability are not impaifed. The
programme documentation shall be maintained and annotated accordingly.

Installation and service conditions

PLCisystems are typically of rugged design and intended for genéral-purpose [service.
Howgver, as for any equipment, the more stressing the service conditions, the worge is the
reliapility, and benefit in this area may be expected when permittéd service conditljons are
bett¢r than the normal service conditions specified in IEC,61131-2. Some appl|ications
may|require consideration of special packaging, cooling, electrical noise protection,|etc., for
reliaple operation.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

AUTOMATES PROGRAMMABLES -

Partie 1: Informations générales
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bouti a

La norme CEI 61131 comprend les parties suivantes, présentées sous le titre général:
Automates programmables.

Partie 1:
Partie 2:
Partie 3:
Partie 4:

Informations générales
Spécifications et essais des équipements
Langages de programmation

Guide pour l'utilisateur
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Communications
Réservé
Programmation en logique floue

Lignes directrices pour l'application et la mise en ceuvre des langages de
programmation

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant 2007. A cette
date, la publication sera

e reconduite;

e supprimée;

e rempls

e amend

cée par une édition révisée, ou

ée.
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INTRODUCTION

La présente partie de CEl 61131 constitue la partie 1 d'une série de normes sur les automates
programmables et les périphériques associés, et il convient de la lire conjointement avec les
autres parties de la série.

En cas de conflit entre cette norme et d'autres normes CEIl (a I'exception des normes de base
sur la sécurité), il convient de considérer les dispositions de cette norme qui régissent le
domaine des automates programmables et leurs périphériques associés.

Les buts de cette norme sont:

La Parti
et I'appl

La Part

e 1 établit les définitions et identifie les principales caractéristiques concernant
cation des AP et de leurs périphériques associés;

le choix

e 2 spécifie les exigences relatives au matériel et les essais corresponddnts des
automates programmables (AP) et leurs périphériques associés;

La Partje 3 définit, pour chacun des langages de programmatien ‘tes plus commynément
utilisés,| les principaux champs d'application, les régles sémantiques et syntaxiques, des
ensembles de base simples, mais complets d'éléments de\‘programmation, les| essais
applicaljles et les moyens grace auxquels les fabricants peuvent étendre ou adapter ces
ensembles de base a leurs propres mises en ceuvre d'automates programmables;

La Partie 4 donne des informations générales et des\lignes directrices relatives a I'application
de la norme et destinées a l'utilisateur final de I'AP;

La Parti
électron

La Parti
La Parti

La Part
langage

e 5 définit la communication entre les, automates programmables et d'autres s
iques;

b 6 est réservée;
b 7 définit le langage de programmation pour le contréle flou;

e 8 donne les lignes directrices relatives a I'application et la mise en ceu
5 de programmation définis dans la Partie 3.

stémes

vre des
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AUTOMATES PROGRAMMABLES -

Partie 1: Informations générales

1 Domaine d’application

La présente Partie de la CEl 61131 s'applique aux automates programmables (AP) et a leurs
périphériques associés par exemple, les outils de programmation et de mise au point (PADT),
les inte:l(aces homme-machine (HMI), etc. qui sont prévus pour étre utilisés comme dispositifs

de contiéle et de commande de machines et de processus industriels.

Les AP |et leurs périphériques associés sont prévus pour étre utilisés dans uh.environnement
industrigl et peuvent étre fournis comme équipements ouverts ou fermés:Si un AP| ou ses
périphétiques associés sont prévus pour étre utilisés dans d'autreshenvironnements, les
exigences, les normes et les directives d'installation spécifiques-relatives a ceq autres
environpements doivent étre appliquées a I'AP et a ses périphériques-associés, en plus de la
présentl norme.

Les fonctionnalités d'un automate programmable peuvent’ étre réalisées tant gur une
plateforme matérielle et logicielle spécifique que sur uncordinateur universel ou un orfdinateur
personjgl dotés de fonctions d'environnement industri€l) IYa présente norme s'applique a tous
les produits remplissant la fonction des AP et/ou de leurs périphériques associés. Cette norme
ne traitg¢ pas de la sécurité fonctionnelle ou d'autres aspects du systeme automatisg global.
Les AP,|leurs programmes application et leurs périphériques associés sont considérés|comme
des conjposants d'un systéme de commande.

Du fait que les AP sont des dispositifs de type composants, les considérations de sédurité du
systemg automatisé global portant sUr l'installation et I'application sont hors du domaine
couvert |par la présente Partie. Cependant, la sécurité de I'AP relative aux risques fle choc
électriqye et d'incendie, I'immunité¢’ contre les interférences électriques et la détecfion des
erreurs [de fonctionnement de\la configuration de I'AP (telle que [l'utilisation du confréle de
parité, ges diagnostics d'autotest, etc.), sont couvertes. Se référer & la CEl 60364|ou aux
réglements nationaux/locaux applicables pour l'installation électrique et pour les directives de
sécurité

La présente Partie/de la CEl 61131 donne les définitions des termes utilisés dans la présente
norme. | Elle identifie les principales caractéristiques fonctionnelles des configurations
d'autompte proagrammable.

2 Reéféerences normatives

Les documents de référence suivants sont indispensables pour I'application du présent
document. Pour les références datées, seule I’édition citée s’applique. Pour les références non
datées, la derniere édition du document de référence s'applique (y compris les éventuels
amendements).

CEI 61131-2, Programmable controllers — Part 2: Equipment requirements and tests
(disponible en anglais seulement)’

CEI 61131-3:2003, Programmable controllers — Part 3: Programming languages (disponible en
anglais seulement)

1 A publier.
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3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

3.1

programme application ou programme utilisateur

ensemble logique de tous les éléments et constructions de langage de programmation
nécessaires au traitement prévu des signaux requis pour le contréle d'une machine ou d'un
processus par une configuration d'AP

3.2
systémla automatisé
systemg de commande s'étendant au-dela du domaine d'application de la CE-61131, dans
lequel les configurations d’AP sont intégrées par ou pour l'utilisateur, mais ;qui [contient
également d'autres composants, notamment leurs programmes application

3.3
dispositif de terrain
partie cataloguée pour fournir des interfaces d'entrée et/ou de sortie ou un pré-traitemegnt/post-
traitemgnt des données au systéme d'automate programmablel Un dispositif de terrain a
distancg peut fonctionner de maniére autonome a partir du systeme d'automate prograqnmable.
Il peut étre connecté a I'automate programmable a I'aide d'un bus de terrain

3.4

diagrampme a contacts ou diagramme a relais
un ou plusieurs réseaux de contacts, bobines; fonctions graphiques, blocs fonc{ionnels,
éléments de données, étiquettes et éléments de(connexion, délimités a gauche et (en qption) a
droite par des rails de puissance

3.5
automate programmable (AP)
systém{ électronique a fonctionnement numérique, congu pour étre utilisé dans un
environpement industriel, qui @tiNse une mémoire programmable pour le stockage| interne
d'instrugtions orientées utilisateur destinées a la mise en ceuvre de fonctions spécifiques telles
que la Ipgique, le séquencement, le minutage, le comptage et le calcul arithmétique,| afin de
contrélefr, grace a des entrées et des sorties numériques ou analogiques, différents fypes de
machings ou de processus. L'AP et ses périphériques associés sont tous congus de mpaniére a

pouvoir | s'intégrer_facilement dans un systéme de commande industriel et a étre¢ utilisé
simplenfent pour-tautes les fonctions qui sont prévues

NOTE Llabréviation AP est utilisée dans la présente norme pour désigner des automates programmablef, comme
le veut cqmmunément le secteur de I'automatisation. L'utilisation de I'abréviation PC pour désigner les automates

programni

3.6

systéme d'automate programmable ou configuration de I'AP

configuration réalisée par I'utilisateur, composée d'un automate programmable et de
périphériques associés, nécessaire au systéme automatisé prévu. Elle se compose d'unités
interconnectées par des cables ou des connexions embrochables pour une installation
permanente et par des cables ou d'autres moyens pour des périphériques portables et
transportables

3.7

outil de programmation et de mise au point (PADT)

périphérique au catalogue pour faciliter la programmation, les essais, la mise en service et a la
résolution des pannes de l'application de la configuration de I'AP, de la documentation et du
stockage des programmes et éventuellement pour étre utilisé comme IHM. Les PADT sont
considérés comme connectables s'ils peuvent étre branchés ou débranchés a tout moment de


https://iecnorm.com/api/?name=2d64e793f366aaf442d9aa7a21d2c841

- 26 — 61131-1 © IEC:2003

leur interface associée, sans le moindre risque pour les opérateurs et pour l'application. Dans
tous les autres cas, les PADT sont considérés comme fixes

3.8

station d'entrée/sortie déportée (RIOS)

partie au catalogue du fabricant d'une configuration d'AP comprenant les interfaces d'entrée
et/ou de sortie dont le fonctionnement est autorisé uniquement sous le contréle de ['unité
centrale de traitement (CPU) pour le multiplexage/démultiplexage E/S et le pré-traitement/post-
traitement des données. Pour le RIOS c’est la seule opération autonome autorisée et
restreinte, par exemple, dans des situations d'urgence telles qu'une défaillance de la liaison de
communication avec la CPU ou de la CPU elle-méme, ou lorsque des opérations de
maintenance et de résolution des problémes doivent étre effectuées

4 Caractéristiques fonctionnelles

4.1 Slystéme fonctionnel de base d'un systéme d'automate programmable

La strugcture générale présentant les principaux composants fongtionnels d'un $ystéme
d'autompte programmable est illustrée aux Figures 1, 2 et 3. Ces(fonctions communiquent
entre elles et avec les signaux de la machine/du processus a contréler.
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Autres systémes
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Figure 1 — Structure fonctionnelle de base d'une configuration d'AP

| Périphériques

/

Station(s) E/S distante(s)

a4

Processeur principal

Mémoire(s)
et
processeur(s)

Module(s) d’entrée

Module(s) de sortie

Module(s) de communication

Unité(s) d’alimentation

Sous-systéeme(s) spécifique(s)
a l'intégrateur

IEC 1622/03

Figure 2 — Modéle matériel d'un automate programmable
(provenant de la CEIl 61131-5)
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‘ Interface/port pour les signaux
d'entrées numériques et analogiques
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C Interface/port pour signaux d'entrées numériques et analogiques

D Interface/port pour signaux de sorties numériques et analogiques

E Interfaces/port de communication série ou paralléle pour communication de données avec des dispositifs
tiers

F Interface/port pour réseau d'alimentation. Les dispositifs sur le port F ont des exigences concernant la

maniére dont les dispositifs intelligents avals se comportent lors de la mise sous tension, de l'arrét et des

interruptions de puissanc
Port pour la protection d
Port pour mise a la terre

X I

e.
e terre
fonctionnelle

Interface/port de sortie d'alimentation auxiliaire
Figure 3 — Schéma type de l'interface/port d'une configuration d'AP

(provenant de la CEIl 61131-2)

Interface/port d'entrée/sortie d'alimentation utilisé(e) pour alimenter des capteurs et des actionneurs
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La fonction CPU prend en charge le stockage du programme application et des données,
I'exploitation du systeme et I'exécution des fonctions du programme application.

Le CPU traite les signaux obtenus a partir des capteurs ainsi que le stockage interne des
données et génére des signaux vers les actionneurs ainsi que le stockage interne des données
conformément au programme application.

e Fonction d'interface avec les capteurs et les actionneurs

La fonction d'interface avec les capteurs et les actionneurs convertit

— les signaux d'entrée et/ou les données obtenues de la machine/du processus en des
niveaux de signaux adaptés pour le traitement;
gnaux de O e el/oU Ie donnee optenu de Id O O raltemer ae
¢n des niveaux de signal adaptés pour faire fonctionner les actionneurs, €
gcrans.

spédiaux qui pré-traitent les signaux du capteur externe conformément aux fpnctions
définies contenues dans les modules spéciaux eux-mémes. Des exemples de ces odules
spédiaux comprennent le module PID, le module de contrble flou, le. module de cgmptage
hautge vitesse, les modules de déplacement et autres.

Les [signaux d'entrée/de sortie des fonctions d'interface peuvent provenir de Eodules

e Foncgtion de communication

La fpnction de communication fournit un échange de données avec d'autres systémes
(dispositifs tiers) tels que des configurations d'AP, contréleurs de robot, ordinateurs|etc.

e Fongtion interface homme/machine (IHM)

La fpnction IHM fournit une interaction entrecl'opérateur, la fonction de traitement des
signpux et la machine/le processus.

e Fongtions de programmation, mise au point, essais et documentation

Ces|fonctions permettent la générationzet le chargement, la surveillance, les essais et la
misqg au point de programmes application, ainsi que leur documentation et leur archfvage.

e Fonctions d'alimentation

Les [fonctions d'alimentation.permettent la conversion et l'isolation de I'alimentatign de la
conflguration de I'AP a partir.du réseau d'alimentation.

4.2 Claractéristiques 'de la fonction CPU
4.21 Résumé

Les cqpacités'\ des automates programmables sont déterminées par des fopnctions
progranimables qui sont résumées au Tableau 1. Elles sont subdivisées en groupes orientées
applicat|on pour en faciliter I'utilisation.
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Tableau 1 — Résumé des fonctions programmables

Groupe de fonction Exemples
Logique de commande Eléments du langage de programmation
— Logique AND, OR, NOT, XOR, éléments bi-stables
— Minuteurs Retard a I'établissement, retard a la retombée
— Compteurs Comptage croissant et/ou décroissant (d'impulsions)
Traitement signaux/données
— Fonctions mathématiques Arithmétique de base: ADD, SUB, MUL, DIV
Arithmétique étendue: SQRT, fonctions trigonométriques
. . i Comparaisons: supérieure, inférieure, égale
— Manipulation des données Sélection, formatage, déplacement
— Traitement des données PID, intégration, filtrage (non comme des éléments
alfdaioyriyucos normallses)

Contréle flou

Fonctions d'interface Modules E/S analogiques, numériques
+ Entrée/sortie conversion BCD
=+ Autres systémes Protocoles de communication
+ IHM Affichage, commandes
+ Imprimantes Messages, rapports
+ Mémoire de masse Journalisation
Contrgle d'exécution Exécution périodique, sur évenement
Confiquration du systéme Veérification du statut (non comme éléments normalisés)

4.2.2 Systéme d'exploitation

La fongtion du systéme d'exploitation est respensable de la gestion des fonctions de la
configuration de I'AP internes et interdépendantes (contréle de configuration, didgnostic,
gestion |[de la mémoire, gestion de I'exécution des programmes application, communication

entre les périphériques et les fonctions d'intéerface et les capteurs et actionneurs, etc.).

Aprés une mise hors tension ou une“distorsion, la configuration de I'AP peut redémaparrer de

trois mahiéres différentes.

a)

Reprise a froid

Redémarrage de la configuration de I'AP et de son programme d'application lorsqu toutes
les fglonnées dynamiques (variables telles que image E/S, registres internes, miphuteurs,
compteurs, etc., etcontextes de programme) sont réinitialisées a un état prédéferminé.
Une|reprise a froid peut étre automatique (par exemple, aprés une mise hors tensjon, une
pert¢ d'informations dans les parties dynamique(s) de la ou des mémoire(s), ptc.) ou
manpelle (par‘exemple, réinitialisation par bouton-poussoir, etc.).

Reprise a’chaud

Rep TSe apléb urre—mise—hors—tensiom—avecumensembte pléu‘étcllllillé progran mé par
l'utilisateur de données rémanentes et un contexte de programme application prédéterminé
par le systéme. Une reprise a chaud est identifiée par un drapeau de statut ou un dispositif
équivalent mis a disposition du programme application indiquant que l'interruption due a
une mise hors tension de la configuration de I'AP a été détectée en mode en
fonctionnement.

Reprise a chaud

Reprise aprés une mise hors tension qui survient dans le temps maximal lié au processus
autorisé pour que la configuration de I'AP soit rétablie comme si aucune mise hors tension
ne s'était produite.

Toutes les informations E/S et autres données dynamiques ainsi que le contexte du
programme application sont restaurés ou non modifiés.

La capacité de reprise a chaud exige une horloge temps réel a alimentation séparée ou un
temporisateur afin de déterminer le temps écoulé depuis la détection de la mise hors
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