NEMA ICS 61131-1-2005 (R2013)

IEC Publication 61131-1

Programmable Controllers
Part 1: General Information

Published by:

National Electrical Manufacturers Association
1300 North 17™ Street, Suite 900
Rosslyn, Virginia 22209

www.nema.org

© 2015 National Electrical Manufacturers Association. All rights, including translation into other
languages, reserved under the Universal Copyright Convention, the Berne Convention for the
Protection of Literary and Artistic Works, and the International and Pan American copyright
conventions.



NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by a consensus among
persons engaged in its development at the time it was approved. Consensus does not
necessarily mean there was unanimous agreement among every person participating in the
development process.

The National Electrical Manufacturers Association (NEMA) standards and guideline
publications, of which the document herein is one, are developed through a voluntary standards
development process. This process brings together volunteers and/or seeks out the views of
persons who have an interest in the topic covered by this publication. Although NEMA
administers the process and establishes rules to promote fairness in the development of
consensus, it does not write the documents, nor does it independently test, evaluate, or verify
the accuracy or completeness of any information or the soundness of any judgments contained
in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from
the publication, use of, application, or reliance on this document. NEMA disclaims and makes
no guaranty or warranty, express or implied, as to the accuracy or completeness of any
information published herein, and disclaims and makes no warranty that the information in this
document will fulfill any particular purpose(s) or need(s). NEMA does not undertake to
guarantee the performance of any individual manufacturer’s or seller’s products or services by
virtue of this standard or guide.

In publishing and making this document available, NEMA is not undertaking to render
professional or other services for or on behalf of any person or entity, nor is NEMA undertaking
to perform any duty owed by any person or entity to someone else. Anyone using this document
should rely on his or her own independent judgment or, as appropriate, seek the advice of a
competent professional in determining the exercise of reasonable care in any given
circumstance. Information and other standards on the topic covered by this publication may be
available from other sources, which the user may wish to consult for additional views or
information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of
this document. NEMA does not certify, test, or inspect products, designs, or installations for
safety or health purposes. Any certification or other statement of compliance with any health- or
safety-related information in this document shall not be attributable to NEMA and is solely the
responsibility of the certifier or maker of the statement.
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Foreword

This Standards Publication is a NEMA Adoptive Standard based on Part 1 of IEC 61131,
Programmable Controllers.

This Standards Publication was prepared by a technical committee of the NEMA Automation
Products and Systems Section. It was approved in accordance with the bylaws of NEMA and
supersedes NEMA Standards Publication ICS 3-1988, Part 3-304.

This Standards Publication provides practical information concerning ratings, construction, test,
performance, and manufacture of industrial control equipment. These standards are used by the
electrical industry to provide guidelines for the manufacture and proper application of reliable
products and equipment and to promote the benefits of repetitive manufacturing and widespread
product availability.

NEMA Standards represent the result of many years of research, investigation, and experience by
the members of NEMA, its predecessors, its Sections and Committees. They have been
developed through continuing consultation among manufacturers, users and national engineering
societies and have resulted in improved serviceability of electrical products with economies to
manufacturers and users.

One of the primary purposes of this Standards Publication is to encourage the production of
reliable control equipment which, in itself, functions in accordance with these accepted standards.
Some portions of these standards, such as electrical spacings and interrupting ratings, have a
direct bearing on safety; almost all of the items in this publication, when applied properly,
contribute to safety in one way or another.

Properly constructed industrial control equipment is, however, only one factor in minimizing the
hazards which may be associated with the use of electricity. The reduction of hazard involves the
joint efforts of the various equipment manufacturers, the system designer, the installer, and the
user. Information is provided herein to assist users and others in the proper selection of control
equipment.

The industrial control manufacturer has limited or no control over the following factors which are
vital to safe installation:

environmental conditions

system design

equipment selection and application
installation

operating practices

maintenance

This publication is not intended to instruct the user of control equipment with regard to these
factors except insofar as suitable equipment to meet needs can be recognized in this publication
and some application guidance is given.

This Standards Publication is necessarily confined to defining the construction requirements for
industrial control equipment and to providing recommendations for proper selection for use under
normal or certain specific conditions. Since any piece of industrial control equipment can be
installed, operated, and maintained in such a manner that hazardous conditions may result,
conformance with this publication does not by itself assure a safe installation. When, however,
equipment conforming with these standards is properly selected and is installed in accordance
with the National Electrical Code and properly maintained, the hazards to persons and property
will be reduced.

© 2015 National Electrical Manufactures Association
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To continue to serve the best interests of users, NEMA is actively cooperating with other
standardization organizations in the development of simple and more universal metrology
practices. In this Standards Publication, the U.S. customary units are gradually being
supplemented by those of the modernized metric system known as the International Systems of
Units (SI). This transition involves no changes in standard dimensions, tolerances, or
performance specifications.

NEMA Standards Publications are subject to periodic review. They are revised frequently to
reflect user input and to meet changing conditions and technical progress. Users should secure
the latest editions.

Inquiries, comments, and proposed or recommended revisions should be submitted to the
concerned NEMA product subdivision by contacting the:

Senior Technical Director, Operations
National Electrical Manufacturers Association
1300 North 17" Street, Suite 900

Rosslyn, Virginia 22209
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Referenced Standards

The following standards contain provisions which, through reference in this text, constitute
provisions of this NEMA Standards Publication. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to agreements based on this
Standard are encouraged to investigate the possibility of applying the most recent editions of the
standards indicated below.

International Electrotechnical Commission
1, rue de Varembé
Geneva, Switzerland
IEC 61131-1 Programmable Controllers—Part 1: General Information
National Fire Protection Association
Publication Sales Department
Batterymarch Park
Quincy, MA 02269

ANSI/NFPA 70 National Electrical Code®
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Amendments

IEC 61131-1, Programmable Controllers—Part 1: General Information, is adopted with the
amendments noted below.

Subclause 2.18:

Replace the definition in subclause 2.18 of IEC 61131-1 with the definition of device given in
ANSI/NFPA 70, National Electrical Code.
NEMA Standard

Where a conflict exists between the provisions of ICS 2.1 and other NEMA Standards
Publications, the provisions of ICS 2.1 shall govern in the area of programmable controllers and
their associated peripherals.

NEMA Standard

Where a conflict exists between the provisions of ICS 2.1 and ANSI/NFPA 70, National Electrical

Code, the provisions of ANSI/NFPA 70 shall govern.
NEMA Standard
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Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

The technical content of IEC publications is kept under constant review by the IEC,
thus ensuring that the content reflects current technology. Information relating to
this publication, including its validity, is available in the IEC Catalogue of
publications (see below) in addition to new editions, amendments and corrigenda.
Information on the subjects under consideration and work in progress undertaken
by the technical committee which has prepared this publication, as well as the list
of publications issued, is also available from the following:

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web site (http://www.iec.ch/searchpub/cur fut.htm)
enables you to search by a variety of criteria including text searches, technical
committees and date of publication. On-line information is also available on
recently issued publications, withdrawn and replaced publications, as well as
corrigenda.

e IEC Just Published

This summary of recently issued publications (http://www.iec.ch/online news/
justpub/jp entry.htm) is also available by email. Please contact the Customer
Service Centre (see below) for further information.

. Customer Service Centre

If you have any questions regarding this publication or need further assistance,
please contact the Customer Service Centre:

Email: custserv@iec.ch
Tel: +41 22919 02 11

Fax: +4122919 03 00
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS

Part 1: General information

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The |IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61131-1 has been prepared by subcommittee 65B: Devices, of
IEC technical committee 65: Industrial-process measurement and control.

This second edition of IEC 61131-1 cancels and replaces the first edition published in 1992 and
constitutes a technical revision.

The text of this standard is based on the following documents:

FDIS Report on voting
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.

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

Part 4: User guidelines

Part 5: Communications

Part 6: Reserved

© 2015 National Electrical Manufactures Association
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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.

A bilingual version of this standard may be issued at a later date.

© 2015 National Electrical Manufactures Association
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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 establishes the definitions and identifies the principal characteristics relevant to the
selection and application of programmable controllers and their associated peripherals;

Part 2 specifies equipment requirements and related tests for programmable controllers (PLC)
and their associated peripherals;

Part 3 defines, for each of the most commonly used programming languages, major fields of
application, syntactic and semantic rules, simple but complete basic sets of programming
elements, applicable tests and means by which manufacturers may expand or adapt those
basic sets to their own programmable controller implementations;

Part 4 gives general overview information and application guidelines of the standard for the
PLC end-user;

Part 5 defines the communication between programmable controllers and other electronic
systems;

Part 6 is reserved;
Part 7 defines the programming language for fuzzy control,

Part 8 gives guidelines for the application and implementation of the programming languages
defined in Part 3.

© 2015 National Electrical Manufactures Association
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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
(HMls), etc., which have as their intended use the control and command of machines and
industrial processes.

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

The functionality of a programmable controller can be performed as well on a specific hardware
and software platform as on a general-purpose computer or a personal computer with industrial
environment features. This standard applies to any products performing the function of PLCs
and/or their associated peripherals. This standard does not deal with the functional safety or
other aspects of the overall automated system. PLCs, their application programme and their
associated 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 to 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 diagnostics, etc.),
are addressed. Refer to IEC 60364 or applicable national/local regulations for electrical instal-
lation and guidelines.

This Part of IEC 61131 gives the definitions of terms used in this standard. It identifies the
principal functional characteristics of programmable controller systems.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

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

IEC 61131-3, Programmable controllers — Part 3: Programming languages

1 To be published.
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	This Part of IEC 61131 applies to programmable controllers (PLC) and their associated peripherals such as programming and debugging tools (PADTs), human-machine interfaces (HMIs), etc., which have as their intended use the control and command of machines and industrial processes.
	PLCs and their associated peripherals are intended to be used in an industrial environment and may be provided as open or enclosed equipment. If a PLC or its associated peripherals are intended for use in other environments, then the specific requirements, standards and installation practices for those other environments must be additionally applied to the PLC and its associated peripherals.
	The functionality of a programmable controller can be performed as well on a specific hardware and software platform as on a general-purpose computer or a personal computer with industrial environment features. This standard applies to any products performing the function of PLCs and/or their associated peripherals. This standard does not deal with the functional safety or other aspects of the overall automated system. PLCs, their application programme and their associated 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 to 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 diagnostics, etc.), are addressed. Refer to IEC 60364 or applicable national/local regulations for electrical installation and guidelines.
	This Part of IEC 61131 gives the definitions of terms used in this standard. It identifies the principal functional characteristics of programmable controller systems. 
	2 Normative references
	The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
	IEC 61131-2, Programmable controllers – Part 2: Equipment requirements and tests
	IEC 61131-3, Programmable controllers – Part 3: Programming languages
	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
	automated system 
	control system beyond the scope of IEC 61131, in which PLC-systems are incorporated by or for the user, but which also contains other components including their application programmes
	3.3 
	field device
	catalogued part to provide input and/or output interfaces or to provide data pre-processing/post-processing to the programmable controller system. A remote field device may operate autonomously from the programmable controller system. It can be connected to the programmable 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 elements, labels, and connective elements, delimited on the left and (optionally) on the right by power rails
	3.5
	programmable (logic) controller (PLC)
	digitally operating electronic system, designed for use in an industrial environment, which uses a programmable memory for the internal storage of user-oriented instructions for implementing specific functions such as logic, sequencing, timing, counting and arithmetic, to control, through digital or analogue inputs and outputs, various types of machines or processes. Both the PLC and its associated peripherals are designed so that they can be easily integrated into an industrial control system and easily used in all their intended functions
	NOTE The abbreviation PLC is used in this standard to stand for programmable controllers, as is the common practice in the automation industry. The use of PC as an abbreviation for programmable controllers leads to confusion with personal computers.
	3.6
	programmable controller system or PLC-system
	user-built 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
	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 general structure with main functional components in a programmable controller system is illustrated in Figures 1, 2 and 3. These functions communicate with each other and with the signals of the machine/process to be controlled.
	Figure 1 – Basic functional structure of a PLC-system
	Figure 2 – Programmable controller hardware model (from IEC 61131-5)
	Key
	Al Communication interface/port for local I/O
	Ar Communication interface/port for remote I/O station
	Be Open-communication interface/port also open to third-party devices (for example, personal computer used for programming instead of a PADT)
	Bi Internal communication interface/port for peripherals
	C Interface/port for digital and analogue input signals
	D Interface/port for digital and analogue output signals
	E Serial or parallel communication interfaces/ports for data communication with third-party devices
	F Mains power interface/port. Devices with F ports have requirements on keeping downstream devices intelligent during power-up, power-down and power interruptions.
	G Port for protective earthing
	H Port for functional earthing
	J I/O power interface/port used to power sensors and actuators
	K Auxiliary power output interface/port
	Figure 3 – Typical interface/port diagram of a PLC-system (from IEC 61131-2)
	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.
	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;
	– the output signals and/or data from the signal processing function to appropriate signal 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 contained in the special modules themselves. Examples of such special modules include PID module, fuzzy-control module, high-speed counter module, motion modules and others. 
	Communication function
	 The communication function provides data exchange with other systems (third-party devices) 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 processing function and the machine/process.
	Programming, debugging, testing and documentation functions 
	 These functions provide for application programme generation and loading, monitoring, 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 PLC-system power from the mains supply. 
	4.2 Characteristics of the CPU function 
	4.2.1 Summary


	The capabilities of the programmable controllers are determined by programmable functions which are summarized in Table 1. They are subdivided for ease of use into application-oriented groups.
	Table 1 – Summary of programmable functions
	Function group
	Examples
	Logic control – Logic – Timers – Counters
	Programming language elementsAND, OR, NOT, XOR, bi-stable elements On-delay, off-delayUp- and/or down-counting (of pulses)
	Signal/data processing – Mathematical functions – Data handling – Analogue data processing
	Basic arithmetic: ADD, SUB, MUL, DIVExtended arithmetic: SQRT, trigonometric functionsComparisons: greater, smaller, equalSelecting, formatting, movingPID, integration, filtering (not as standard elements)
	Fuzzy control
	Interfacing functions – Input/output – Other systems – HMI – Printers – Mass memory
	Analogue, digital I/O modulesBCD conversionCommunication protocolsDisplay, commandsMessages, reportsLogging
	Execution control
	Periodic, event-driven execution
	System configuration
	Status checking (not as standard elements)
	4.2.2 Operating system 

	The operating system function is responsible for the management of internal PLC-system interdependent functions (configuration control, diagnostics, memory management, application programme execution management, communication with peripherals and with the interface functions to sensors and actuators, etc.).
	After a power-down or a distortion, the PLC system can restart in three different ways. 
	a) Cold restart 
	 Restart of the PLC-system and its application programme after all dynamic data (variables such as I/O image, internal registers, timers, counters, etc., and programme contexts) are reset to a predetermined state. A cold restart may be automatic (for example, after a power failure, a loss of information in the dynamic portion(s) of the memory(ies), etc.) or manual (for example, push-button reset, etc.).
	b) Warm restart 
	 Restart after a power failure with a user-programmed predetermined set of remnant data and a system predetermined application programme context. A warm restart is identified by a status flag or equivalent means made available to the application programme indicating that the power failure shut-down of the PLC-system was detected in the run mode.
	c) Hot restart
	 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 I/O 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.
	4.2.3 Memory for application data storage

	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 I/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 programme.
	Memory type, memory capacity, memory utilization 
	 Various types of memory are in use: read/write (RAM), read-only (ROM), programmable read-only (PROM), reprogrammable read-only (EPROM/UV-PROM, EEPROM). Memory retention at power failure is achieved by a proper selection of the memory type where applicable (for example, EPROM, EEPROM) or the use of memory back-up for volatile memories (for example, a battery). 
	 Memory capacity relates to the number of memory locations in Kbytes, which are reserved to store both the application programme and the application data. Memory capacity measurements are:
	– capacity in the minimum useful configuration;
	– size(s) for expansion increments;
	– capacity(ies) at maximal configuration(s). 
	 Each programmable function used by the application programme occupies memory locations. The number of locations required generally depends on the programmable functions and the type of programmable controller. 
	 Application data storage requires memory capacity depending on the amount and format of data stored.
	4.2.4 Execution of the application programme 

	An application programme may consist of a number of tasks. The execution of each task is accomplished sequentially, one programmable function at a time until the end of the task. The initiation of a task, periodically or upon the detection of an event (interrupt condition), is under the control of the operating system. 
	4.3 Characteristics of the interface function to sensors and actuators

	a) Types 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.
	b) 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 configuration of the PLC-system according to the needs of the machine/process and also for later expansion (up to the maximum configuration). 
	 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 execution, and I/O control, application programme transfer, and connection management to the signal-processing unit of the PLC from or to an external device.
	The communication function is generally accomplished by serial data transmission over local area networks or point-to-point links.
	4.5 Characteristics of the human-machine interface (HMI) function 

	The HMI function has two purposes.
	a) To provide the operator with the information necessary for monitoring the operation of the machine/process.
	b) To allow the operator to interact with the PLC-system and its application programme in order to make decisions and adjustments beyond their individual user scope. 
	4.6 Characteristics of the programming, debugging, monitoring, testing and documentation functions 
	4.6.1 Summary


	These functions are implemented as either an integral or an independent part of a programmable controller and provide for code generation and storage of the application programme 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 programming of the application, there is a set of languages defined in IEC 61131-3.
	a) Textual languages 
	1) Instruction list (IL) language  A textual programming language using instructions for 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 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

	a) 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 minimized.
	b) Displaying the application programme 
	 During application programme generation, all instructions are displayed immediately, statement by statement or segment by segment (in the case of a monitor or other large display). In addition, the complete programme can generally be printed. If alternative representation of programming language elements is available, then the display representation is generally user-selectable.
	4.6.4 Automated system start-up

	a) Loading the application programme
	 The generated programme resides either in the memory of the programmable controller or in the memory of the PADT. The latter requires a programme transfer via down-load or memory cartridge insertion into the programmable controller before start-up.
	b) Accessing the memory  
	 During start-up or trouble-shooting operations, the application programme and application data storage are accessed by the PADT as well as by the processing unit to allow programme monitoring, modification and correction. This may be done on line (i.e. while the PLC-system is controlling the machine/process).
	c) Adapting the programmable controller system  
	 Typical functions for adapting the PLC-system to the machine/process to be controlled are:
	1) test functions which check the sensors and actuators connected to the PLC-systems (for example, forcing the outputs of the PLC-system);
	1) test functions which check the operation of the programme sequence (for example, setting of flags and forcing the inputs);
	2) setting or resetting of variables (for example, timers, counters, etc.).
	d) Indicating the automated system status 
	 The ability to provide information about the machine/process and the internal status of the PLC-system and of its application programme facilitates the start-up and debugging of a PLC application. Typical means are:
	1) status indication for inputs/outputs; 
	3) indication/recording of status changes of external signals and internal data;
	4) scan time/execution times monitoring;
	5) real-time visualization of programme execution and data processing;
	6) fuse/short-circuit protection status indicators.
	e) 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 I/Os, of information exchanged between tasks or modules internal to the PLC-system.
	f) 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 apply to characters, instructions, programme modules, etc.
	4.6.5 Documentation 

	A documentation package should be provided to fully describe the PLC-system and the application. The documentation package may consist of
	a) description of the hardware configuration with project-dependent notations;
	b)  application programme documentation consisting of
	1) programme listing, with possibly mnemonics for signals and data processed;
	2) cross-reference tables for all data processed (I/Os, internal functions such as internal stored data, timers, counters, etc.);
	3) comments; 
	4) description of modifications;
	5) maintenance manual.
	4.6.6 Application programme archiving 

	For rapid repair and to minimize down-time, the user may want to store the application programme in non-volatile media such as flash, PC-cards, EEPROM, EPROM, disks, etc. Such a record needs to be updated after every programme modification so that the programme executing in the PLC-system and the archived programme remain the same. 
	4.7 Characteristics of the power-supply functions 

	The power-supply functions generate voltages necessary to operate the PLC-system and generally also provide control signals for proper ON/OFF synchronization of the equipment. Various power supplies may be available depending on supply voltages, power consumption, parallel connection, requirements for uninterruptible operation, etc. 
	5 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 intended application requirements.
	a) 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.
	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.
	c) 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 modification implies proper design and testing so that the overall availability and reliability are not impaired. The programme documentation shall be maintained and annotated accordingly.
	d) Installation and service conditions 
	 PLC-systems are typically of rugged design and intended for general-purpose service. However, as for any equipment, the more stressing the service conditions, the worse is the reliability, and benefit in this area may be expected when permitted service conditions are better than the normal service conditions specified in IEC 61131-2. Some applications may require consideration of special packaging, cooling, electrical noise protection, etc., for reliable operation.
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