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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 Authorized Engineering Information adopted from IEC 61131-4,
Programmable Controllers—Part 4: User Guidelines. |IEC 61131-4 has been published by the
International Electrotechnical Commission as a Type 3 Technical Report.

This NEMA Standards Publication was supported and reviewed by the Programmable Controller
Technical Committee of the NEMA Automation Products and Systems Section. It was approved in
accordance with the bylaws of NEMA and supersedes applicable portions of NEMA Standards
Publication ICS 3-1988, Part 3-304.

This Standards Publication represents many years of direct NEMA member participation in IEC
Subcommittee 65B/Working Group 7, and reflects the input provided to the IEC from the Programmable
Controller Technical Committee.

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.

Proposed revisions to this Standards Publication should be submitted to:
NEMA Technical Operations Department
National Electrical Manufacturers Association

1300 North 17th Street, Suite 900
Rosslyn, Virginia 22209
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Referenced Standards

This NEMA Standards Publication references standards published by the International Electrotechnical
Commission (IEC), the International Organization for Standardization (ISO), and the National Fire
Protection Association (NFPA). Copies of these standards are available from:

American National Standards Institute
11 West 42nd Street
New York, NY 10036
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Amendments

IEC 61131-4, Programmable Controllers—Part 4. User Guidelines, is adopted in its entirety. Authorized
Engineering Information

When the phrase “national code” or the like is used in ICS 61131-4, reference to ANSI/NFPA 70, National
Electrical Code, and other applicable codes is to be understood.
Authorized Engineering Information

Where a conflict exists between the provisions of IA 2.4 and other NEMA Standards Publications, the
provisions of IA 2.4 should take precedence in the area of programmable controllers and their associated
peripherals. Authorized Engineering Information
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROGRAMMABLE CONTROLLERS - Part 4 — User
guidelines

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of 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, IEC
publishes International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and
Guides (hereafter referred to as “IEC Publication(s)”). 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
nongovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely with the
International Organization for Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.
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2) The formal decisions or agreements of 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 IEC National
Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National Committees in
that sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
cannot be held responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications transparently to the
maximum extent possible in their national and regional publications. Any divergence between any IEC Publication and the
corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any equipment declared
to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and members of its
technical committees and IEC National Committees for any personal injury, property damage or other damage of any nature
whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication, use of,
or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is indispensable for
the correct application of this publication.

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

The main task of IEC technical committees is to prepare International Standards. However, a technical
committee may propose the publication of a technical report when it has collected data of a different
kind from that which is normally published as an International Standard, for example "state of the art".

This part of the International Standard IEC 61131 has been prepared by subcommittee 65B: Devices,
of IEC Technical Committee 65: Industrial-process measurement and control.

This second edition cancels and replaces the first edition published in 1995. It constitutes a technical
revision.

This second edition of IEC 61131-4 differs extensively from the first edition. The first edition, IEC 61131-
4:1995, initiated some twenty years ago, was mainly tutorial in nature. The present revision aims to
provide an engineering overview of the IEC 61131 series for the end-user of PLC equipment who may
not be expected to delve into the details of the extensive product standard that is IEC 61131.

The purpose of this revision is therefore to assist the end-users of PLCs to make efficient and effective
use of the IEC 61131 series, and to realise the benefit of IEC standard compliant programmable
controllers. This revised Technical Report serves as a quick reference and roadmap. Many of the IEC
61131 parts have gone through their maintenance cycle revisions. This revision of IEC 61131-4 is based
on the latest revisions available.

The text of this technical report is based on the following documents:
Enquiry draft Report on voting

65B/508A/DTR 65B/527/RVC

Full information on the voting for the approval of this technical report 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

© 2022 National Electrical Manufacturers Association
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Part 4: User guidelines

Part 5: Communications

Part 7: Fuzzy control programming

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

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data related
to the specific publication. At this date, the publication will be

* reconfirmed;
« withdrawn;
» replaced by a revised edition, or ¢ amended.

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

INTRODUCTION

This part of IEC 61131 constitutes the fourth part of a series of standards on programmable controllers
and the 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.

Terms of general use are defined in IEC 61131-1. More specific terms are defined in each part.

© 2022 National Electrical Manufacturers Association
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PROGRAMMABLE CONTROLLERS - Part 4: User
guidelines

1 General

1.1 Scope and object

The object of this Technical report is to introduce the end-users of Programmable Controller (PLC) to
the IEC 61131 series, and to assist the end-users in their selection and specification of their PLC
equipment according to the IEC 61131 series. This user guideline has as its main audience PLC end-
users.

PLCs, their application program and their associated peripherals are considered as components of a
control system. Therefore, PLC users should take note that this standard does not deal with the
automated system in which the PLC and PLC system is but one component. However, when applying
this user guideline, an overall system architecture evaluation is recommended. Functional safety of the
overall automated system is beyond the scope of this standard.

© 2022 National Electrical Manufacturers Association



	NEMA ICS 61131-4-2005 (R2021)
	IEC Publication 61131-4
	National Electrical Manufacturers Association
	Notice And Disclaimer
	Contents     Page

	Foreword
	Referenced Standards
	American National Standards Institute

	Amendments
	TECHNICAL  IEC
	Publication numbering
	Consolidated editions
	Further information on IEC publications
	PROGRAMMABLE CONTROLLERS – Part 4 – User guidelines
	PROGRAMMABLE CONTROLLERS – Part 4: User guidelines
	1  General
	1.1  Scope and object
	SUPPLIER                                             /----------- USER ------------\
	Figure 1 – Object of user guidelines
	1.2  Normative references
	1.3  Use of this report

	2  Terms and definitions
	application program (user program)
	2.2  automated system
	programmable controller
	programmable controller system

	3  General recommendations for installation
	3.1  Environmental conditions
	3.2  Field wiring
	3.3  Electromagnetic compatibility
	Table 3 – Installation rules: EMC
	3.4  User system markings

	4  PLC in functional safety applications
	4.1  Functional safety and safety-related-system concept
	Figure 2 – SRS in risk reduction concept
	Table 4 – SIL of demand mode safety functions
	Table 5 – SIL of continuous mode safety functions
	4.2  Using a PLC in a safety-related application
	4.2.1  Safety functions
	4.2.2  Safety Integrity Level (SIL)

	4.3  Requirements on PLCs in a safety-related system
	4.4  Integration of PLC into a safety-related system


	Annex A  Overview of normative parts of IEC 61131
	A.1  Overview of IEC 61131-1
	A.1.1  General
	A.1.2  Terms and definitions
	b)  Programmable Controller system (PLC system)
	c)  Programming And Debugging Tool (PADT)
	d)  Remote Input/Output Station (RIOS)
	A.1.3  Functional characteristics A.1.3.1  Basic functional structure of a PLC system
	Figure A.1 – Basic functional structure of a PLC system
	Figure A.2 – PLC hardware model

	Peripheral
	Figure A.3 – Typical interface/port diagram of a PLC system  A.1.3.2  Characteristics of the CPU function A.1.3.2.1  Programmable functions
	Table A.1 – Summary of programmable functions
	A.1.3.2.2  Operating system and re-start of PLC
	A.1.4  Languages and documentation of program
	A.1.5  Availability and reliability

	A.2  Overview of IEC 61131-2
	A.2.1  General A.2.1.1  Scope and objectives
	A.2.1.2  Compliance with this standard
	A.2.1.3  Normative references
	A.2.2  Terms and definitions
	c) digital input types
	d)  earth, functional earth, protective earth
	e) Electro-Magnetic Compatibility (EMC)
	g) functional earthing conductor
	h) hazardous live
	i)  hazardous voltage
	j)  immunity (to a disturbance)
	l)  live part
	m) normal condition
	n)  normal use
	o)  operator
	r) protective conductor
	s) Protective Extra-Low Voltage (PELV)  circuit
	t) Safety Extra-Low Voltage Circuit (SELV circuit)
	v)  type of test
	A.2.3  Type tests to verify conformity
	Figure A.4 – Type test EUT configuration A.2.3.1  Withstand test conditions
	A.2.3.2  General conditions for tests
	A.2.4  Normal service conditions and requirements
	Table A.3 – Operating ambient air temperature of PLC systems
	A.2.4.1.2  Relative Humidity
	A.2.4.1.4  Pollution degree
	A.2.4.2  Mechanical service conditions and requirements
	A.2.4.3  Electrical service conditions and requirements
	A.2.5  Functional requirements A.2.5.1  Functional power supply and memory power back-up requirements
	A.2.5.2  Digital inputs/outputs
	Figure A.5 – Digital I/O parameters  A.2.5.3  Analogue I/Os
	A.2.5.4  Remote Input/Output Stations (RIOSs) requirements
	A.2.5.5  Peripherals (PADTs, TEs, HMIs) requirements
	A.2.5.6  PLC system self-tests and diagnostics requirements
	A.2.5.7  Other requirements
	A.2.7  Equipment information to be provided by the manufacturer A.2.7.1  Information on type and content of documentation A.2.7.1.1  Information on catalogues and datasheets
	A.2.7.1.2  Information on user's manuals
	A.2.7.1.3  Information on technical documentation
	A.2.7.2  Information on compliance with this standard
	A.2.7.3  Information on reliability
	A.2.7.4  Information on other conditions
	A.2.7.6  Information on AC and DC power supply
	A.2.7.9  Information on digital outputs for direct current (current sourcing)
	A.2.7.10  Information on analogue inputs
	A.2.7.11  Information on analogue outputs
	A.2.7.12  Information on communication interfaces
	A.2.7.13  Information on main processing unit(s) and memory(ies) of the PLC system
	A.2.7.15  Information on peripherals (PADTs, TEs, HMIs)
	A.2.7.16  Information on self-tests and diagnostics
	A.2.8  Electromagnetic compatibility (EMC) requirements  A.2.8.1  General
	A.2.8.2  Emission requirements
	Table A.4 – Emission limits
	A.2.8.3  EMC immunity requirements  A.2.8.3.1  General
	Figure A.6 – Immunity zones
	Table A.5 – Criteria to prove the performance of a PLC-system against EMC disturbances
	A.2.8.3.3  General radiated immunity limits
	A.2.8.3.4  Voltage drops and interruptions power ports
	Table A.6 – Voltage drops and interruptions
	A.2.10  EMC information to be provided by the manufacturer
	A.2.11  Safety requirements
	A.2.11.1  Protection against electrical shock
	A.2.11.1.1  Permissible limits for accessible parts
	A.2.11.1.2  Open PLC system equipment
	A.2.11.1.3  Enclosed PLC system equipment
	A.2.11.1.4  Dielectric strength type test
	A.2.11.1.5  Operator accessibility
	Table A.7 – Shock protection requirements for open and enclosed equipment
	A.2.11.1.6  Protection in normal condition
	A.2.11.1.7  Protection in single fault condition
	A.2.11.2  Protection against the spread of fire
	A.2.11.3  Limited power circuits
	A.2.11.4  Clearance and creepage distances requirements
	A.2.11.5  Flame-retardant requirements for non-metallic materials
	A.2.11.6  Temperature limits
	Table A.8 – Temperature limits
	A.2.11.7  Enclosures
	A.2.11.8  Field wiring terminals constructional requirements
	A.2.11.9  Provisions for protective earthing
	A.2.11.9.1  Protective earthing constructional requirements
	A.2.11.10 Protective earthing terminal
	A.2.11.11 Wiring
	A.2.11.11.2  Interconnection wiring
	A.2.11.11.3  Mains power input cord
	A.2.11.12 Switching devices
	A.2.11.13 Components
	A.2.11.14 Battery requirements
	A.2.11.15 Maximum voltage and minimum voltage
	A.2.11.16 Markings and identification
	A.2.11.16.1  External wiring terminals identification
	A.2.11.16.2  Live parts
	A.2.11.16.3  Protective earth terminals markings
	A.2.11.16.4  Equipment protected by double/reinforced insulation
	A.2.11.16.5  Equipment supplied by SELV/PELV
	A.2.11.16.6  Rating information
	A.2.11.17 Requirement for dielectric strength verification
	A.2.11.18 Requirement for protective earthing verification
	A.2.11.19 Requirements for information on safety
	A.2.11.20 Safety type tests and verifications
	A.2.11.21 Safety related mechanical tests and verifications – impact withstand test;
	A.2.11.22 Safety related electrical tests
	A.2.11.23 Single-fault condition test
	A.2.13  Safety information to be provided by the manufacturer
	A.2.13.1  Information on evaluation of enclosures  for open equipment (power dissipation)
	A.2.13.2  Information on mechanical terminal connection
	A.2.14  Illustration of PLC system hardware definition
	Figure A.7 – Programmable Controller System (PLC system)

	A.3  Overview of IEC 61131-3
	A.3.1  Introduction
	A.3.2 General A.3.2.1 Scope
	A.3.2.2  Definitions
	b)  action block
	c)  access path
	d)  bistable function block
	g) declaration
	h) function (procedure)
	i) function block (function block type)
	j)  function block diagram
	m)  instance
	o)  invocation
	p)  keyword
	s) pragma
	t)  resource
	v) step
	x) transition
	A.3.3  Software model
	Figure A.8 – Software model
	A.3.4  Communication between software elements
	A.3.5  Programming model
	A.3.6  Compliance
	A.3.6.1  System compliance
	A.3.6.2  Program compliance
	A.3.7  Common language elements
	A.3.7.2  External representation of data
	A.3.8  Data type
	A.3.8.1  Elementary data types
	A.3.8.2  Generic data types
	A.3.8.3  Derived data type
	Table A.9 – Data type declaration features
	A.3.9  Variables
	Table A.10 – Location and size prefix features for directly represented variables
	Table A.11 – Variable usage
	A.3.10  Program Organization Units (POUs)
	A.3.10.1  Functions
	a)
	b)
	Key

	Figure A.10 – Examples of function usage
	A.3.10.2  Function Block (FB)
	Figure A.11 – Function block instantiation examples
	Table A.12 – Examples of function block I/O variable usage
	A.3.10.3  Programs
	A.3.10.4  Sequential Function Chart (SFC)
	Figure A.12 – Sequential function chart
	Table A.14 – Transition and transition conditions
	Table A.17 – Action block features
	A.3.11  Configuration elements
	Table A.18 – Configuration and resource declaration features
	Table A.19 – Examples of configuration and resource declaration features
	A.3.12  Programming languages
	Figure A.14 – The four programming languages
	A.3.13  Textual languages A.3.13.1  Common elements
	A.3.13.2  Instruction list (IL)
	Table A.20 – Operators of Instruction List language
	A.3.13.3  Structured Text (ST)
	Table A.21 – Operators of the ST language
	A.3.14  Graphic languages
	A.3.14.1  Common elements
	A.3.14.2  Ladder Diagram  (LD)
	A.3.14.3  Function Block Diagram (FBD)
	a)  b)
	Figure A.15 – Boolean OR examples
	Figure A.16 – Programming elements of Function Block Diagram language
	A.3.15  Top-down and bottom-up program development

	A.4  (blank)
	A.5  Overview of IEC 61131-5
	A.5.1  Scope of IEC 61131-5
	A.5.2  Technical contents of IEC 61131-5 and the PLC model
	A.5.2.1  Technical contents of IEC 61131-5
	A.5.2.2  PLC communication
	Figure A.19 – Relationship of the communication model to IEC 61131-2 and IEC 61131-3 A.5.3  Communication model A.5.3.1  Client-server model
	Figure A.20 – Programmable controller communication model
	A.5.3.2  Communication relating to PLC hardware model
	A.5.4  PLC communication services
	A.5.4.1  PLC subsystems and their status
	Table A.23 – Status presenting entities
	Table A.24 – PLC summary status
	A.5.4.3  Status of I/O subsystem and Processing Unit
	Table A.25 – Status of I/O subsystem
	Table A.26 – Status of processing unit
	A.5.5  Application functions
	Table A.27 – PLC application functions
	A.5.5.1  Device verification
	A.5.5.2  Data acquisition
	A.5.5.3  Parameter control
	A.5.5.4  Alarm reporting
	A.5.5.5  Application program execution and I/O control
	Table A.28 – Meaning of value of I/O state
	A.5.5.6  Application program transfer
	A.5.5.7  Connection management
	A.5.6  Communication function blocks A.5.6.1  Communication function and block representation
	Table A.29 – List of communication function blocks
	Table A.30 – Semantic of communication function block parameters
	A.5.6.2  Example for the use of communication function blocks
	Figure A.21 – Example of communication control in FBD language A.5.7  Compliance
	Table title

	A.6  (blank)
	A.7  Overview of IEC 61131-7
	A.7.1  General outline of IEC 61131-7
	A.7.2  Integration of fuzzy control application into the programmable controllers
	A.7.3.1  Function Block interface
	A.7.3.2  Fuzzification
	Figure A.23 – Example of ramp curve membership functions A.7.3.3  Defuzzification
	Figure A.24 – Defuzzification program block
	Figure A.25 – Example of singleton terms
	Table A.31 – Defuzzification methods
	A.7.3.4  Rule block
	A.7.4  Exchange of fuzzy control programs
	A.7.5  Compliance  A.7.5.1  Compliance classes of fuzzy control language
	Table A.34 – Fuzzy logic control extension level language elements (optional)
	A.7.5.2  Data check list
	Table A.35 – Fuzzy logic control data check list

	A.8  (blank)

	Conformity to IEC 61131  and product certification
	B.1  General
	B.2  Conformity to standards
	B.3  Declaration of conformity and certification
	B.4  The inter-relation of standards to laws in European Community
	B.4.1  IEC standards and “European Norm”
	B.4.2  European legislature and the “directives”

	B.5  CE-marking of PLCs in the European Union
	B.5.1  Use of the ”EC Declaration of Conformity” and the ”CE Marking”
	B.5.2  Conditions under which a PLC is covered by the scope of the LVD directive
	B.5.3  Conditions under which a PLC is covered by the scope of EMC directive
	B.5.4  Application of the ”harmonized standards”
	B.5.5  Number of CE marks required on one device
	B.5.6  EMC requirements for PLCs in industrial plants

	B.6  Transition periods
	B.6.1  Transition periods for IEC 61131 and EN 61131
	B.6.2  Transition period for CENELEC
	B.6.3  Transition period for the PLC manufacturer

	B.7  Other jurisdictions
	B.7.1  General
	B.7.2  The USA practice
	B.7.3  The Canadian model

	B.8  Reference documents

	Use of PLC programming languages and examples
	C.1  Preamble
	C.2  Advance planning
	C.2.1  Variable tag naming methodologies
	C.2.2  Use of upper and lower cases
	C.2.3  Consistent project prefixes, suffixes and acronyms
	C.2.4  Naming of SFC steps

	C.3  Structure and organization
	C.3.1  Structured programming by area or process flow
	Figure C.2 – Program structure with detail
	C.3.2  Structured variables (data types) for multiple devices
	C.3.3  Data arrays for data storage and manipulation


	C.4  Use of PLC languages
	C.4.1  Combination of languages in one application program
	Figure C.3 – The structured program plan for brewing process automation  with various languages
	C.4.2  Use of IL language

	Figure C.4 – Example of a program in IL language
	C.4.3  Use of ST language

	Figure C.5 – Example of a program in ST language
	C.4.4  Use of LD language

	Figure C.6 – Example of a control program in LD language
	C.4.5  Use of FDB language

	Figure C.7 – An example of a control program in FBD language
	C.4.6  Programming with Sequential Function Chart (SFC)


	C.5  User Defined Function Block (DFB)
	Figure C.9 – A DFB for valve control
	Figure C.10 – DFB for valve actuation
	Figure C.11 – DFB for alarm actuation

	C.6  Language implementation



