
Safety of machinery - Guidelines on functional safety of safety-related control system
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Endorsement notice 

The text of the International Technical Specification IEC/TS 63394:2023 was approved by CENELEC 
as a European Technical Specification/Technical Report without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standard indicated: 

IEC 60204-1:2016 NOTE Approved as EN 60204-1:2018  
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IEC 60947-7-2 NOTE Approved as EN 60947-7-2 
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IEC 61496-1 NOTE Approved as EN IEC 61496-1 

IEC 61508-1:2010 NOTE Approved as EN 61508-1:2010 (not modified) 

IEC 61508-4:2010 NOTE Approved as EN 61508-4:2010 (not modified) 

IEC 61508-5:2010 NOTE Approved as EN 61508-5:2010 (not modified) 

IEC 61508-6:2010 NOTE Approved as EN 61508-6:2010 (not modified) 
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ISO 11161:2007 NOTE Approved as EN ISO 11161:2007 (not modified) 

ISO 13855:2010 NOTE Approved as EN ISO 13855:2010 (not modified) 
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Annex ZA 
(normative) 

 
Normative references to international publications 
with their corresponding European publications 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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. 

NOTE 1   Where an International Publication has been modified by common modifications, indicated by (mod), the 
relevant EN/HD applies. 

NOTE 2   Up-to-date information on the latest versions of the European Standards listed in this annex is available 
here: www.cencenelec.eu. 

Publication Year Title EN/HD Year 

IEC 62061 2021 Safety of machinery - Functional safety of 
safety-related control systems 

EN IEC 62061 2021 

IEC/TR 63074 2019 Safety of machinery - Security aspects related 
to functional safety of safety-related control 
systems 

- - 

ISO 12100 2010 Safety of machinery - General principles for 
design - Risk assessment and risk reduction 

EN ISO 12100 2010 

ISO 13849-1 2015 Safety of machinery - Safety-related parts of 
control systems - Part 1: General principles for 
design 

- - 

ISO 13850 2015 Safety of machinery - Emergency stop function 
- Principles for design 

EN ISO 13850 2015 

ISO 13851 2019 Safety of machinery - Two-hand control devices 
- Principles for design and selection 

EN ISO 13851 2019 

ISO 14118 2017 Safety of machinery - Prevention of unexpected 
start-up 

EN ISO 14118 2018 

ISO 14119 2013 Safety of machinery - Interlocking devices 
associated with guards - Principles for design 
and selection 

EN ISO 14119 2013 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

SAFETY OF MACHINERY – GUIDELINES ON FUNCTIONAL 
SAFETY OF SAFETY-RELATED CONTROL SYSTEMS 

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 non-governmental 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.

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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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.

IEC TS 63394 has been prepared by IEC technical committee 44: Safety of machinery – 
Electrotechnical aspects. It is a Technical Specification. 

The text of this Technical Specification is based on the following documents: 

Draft Report on voting 

44/980/DTS 44/989/RVDTS 

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

The language used for the development of this Technical Specification is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 
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The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed,

• withdrawn,

• replaced by a revised edition, or

• amended.

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

In the context of the safety of machinery, the sector standard IEC 62061, along with 
ISO 13849-1, provides requirements and guidance to the manufacturers of machines to design, 
develop and integrate a safety-related control system (SCS) or safety-related parts of control 
systems (SRP/CS), respectively, including input devices and final elements whatever the 
technology (mechanical, pneumatic, hydraulic and electrical technologies). 

The following aspects are relevant: 

– the classification of safety functions,
– the architecture of the realization of safety functions,
– the modes of operation of safety functions,
– the calculation based on the used technology.

Therefore, safety functions can be classified as follows: 

– Safety functions that stop the dangerous movement(s) of the machine and that are mainly
performed by SCS or SRP/CS of machines for the protection of persons. Typical examples
are interlocking guards, sensitive protective equipment, two-hand control devices and
emergency stop.

– Safety functions that protect the integrity of the machine against its destruction and that in
a second step can have an impact on the protection of persons. Typical examples are
protective devices, devices for limiting pressure or temperature (also defined as
"safety-related parameters", e.g. position, speed, temperature or pressure, deviate from
limits defined in the control system).

– Other safety functions that are not covered by the two previous cases.

NOTE 1 The different kinds of safety functions are defined and in line with the classifications and definitions of 
ISO 12100 and ISO 13849-1. 

The subsystem architectures to perform safety function(s) are considered. 

NOTE 2 In IEC 62061:2021, information is introduced to map SIL (Safety Integrity Level) classification of 
IEC 62061/IEC 61508 and classification of ISO 13849-1 in terms of categories, architectures, designated 
architectures and PL (Performance Level). In order to allow backward compatibility, these different criteria are 
considered in this document. 

Depending on the mode of operation of the safety function, criteria and calculations will be 
considered in order to fulfil the requirements of this document and in order to be in line with 
existing regulations (e.g. such as recommendations for use in Europe) and other requirements 
already defined in existing standards, for example on test periodicity. 

In order to consider mechanical, pneumatic, hydraulic and electrical technologies, applications 
for the safety functions, architectures and mode of operation, the associated calculations are 
evaluated. 

NOTE 3 For example, most calculations inside standards are based on the exponential law that is typically 
applicable to electronic technology. For mechanic or other technologies, Weibull distribution is applied and 
exponential distribution is not used, except under restrictions. 
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SAFETY OF MACHINERY – GUIDELINES ON FUNCTIONAL 
SAFETY OF SAFETY-RELATED CONTROL SYSTEMS 

1 Scope 

In the context of the safety of machinery, the sector standard IEC 62061, along with 
ISO 13849-1, provides requirements to manufacturers of machines for the design, development 
and integration of safety-related control systems (SCS) or safety-related parts of control 
systems (SRP/CS), depending on technology used (mechanical, pneumatic, hydraulic or 
electrical technologies) to perform safety function(s). This document does not replace 
ISO 13849-1 and IEC 62061. This document gives additional guidance to the application of 
IEC 62061 or ISO 13849-1. This document: 

– gives guidelines and specifies additional requirements for specific safety functions based
on the methodology of ISO 12100, which are relevant in machinery and respecting typical
boundary conditions of machinery;

– considers safety functions which are designed for high demand mode of operation yet are
rarely operated, called rarely activated safety functions;

NOTE 1 IEC 62061:2021 completely covers high demand. However, other safety functions related to the
protection of the machine itself and indirectly of persons are considered more in detail in this document.

– gives additional information for the calculation of failure rates using other (non-electronic)
technologies based e.g. on Weibull distribution, because all the formula defined in
IEC 62061 and ISO 13849-1 are based on exponential distribution.

Therefore, the basis for these guidelines and additional requirements is 

– a typical classification of safety functions;
– a consideration of typical architectures used for designing safety functions;
– a consideration of modes of operation of safety functions;
– the derivation and evaluation of PFH formulas for subsystems considering the used

technology.

NOTE 2 These guidelines can also be used for application of ISO 13849-1 for the design process of SRP/CS. 

This document does not address low demand mode of operation according to IEC 61508. 

This document does not take into account either layer of protection analysis (LOPA) or basic 
process control system (BPCS), according to IEC 61511 as a risk reduction measure. 

This document considers all lifecycle phases of the machine regarding functional safety, and 
SCS or SRP/CS. 

NOTE 3 The user of the machine needs information from the machine manufacturer for the safe operation of the 
machine, e.g. useful lifetime of components, maintenance information, testing of safety functions if necessary. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 62061:2021, Safety of machinery – Functional safety of safety-related control systems 
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IEC TR 63074:2019, Safety of machinery – Security aspects related to functional safety of 
safety-related control systems 

ISO 12100:2010, Safety of machinery – General principles for design – Risk assessment and 
risk reduction 

ISO 13849-1:2015, Safety of machinery – Safety-related parts of control systems – Part 1: 
General principles for design 

ISO 13850:2015, Safety of machinery – Emergency stop function – Principles for design 

ISO 13851:2019, Safety of machinery – Two-hand control devices – Principles for design and 
selection 

ISO 14118:2017, Safety of machinery – Prevention of unexpected start-up 

ISO 14119:2013, Safety of machinery – Interlocking devices associated with guards – Principles 
for design and selection  
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