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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 5-3: Control circuit devices and switching elements —
Requirements for proximity devices with defined
behaviour under fault conditions (PDDB)

FOREWORD

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.

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.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that serse."While @ll reasonableeffortshare, made jto ensurelthat jthe 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.

In order to promote international uniformity, 1EC 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.

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

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

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.

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.

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.

International Standard IEC 60947-5-3 has been prepared by subcommittee 17B: Low-voltage
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear.

This second edition replaces the first edition published in 1999 and its amendment published
in 2005. It is a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) general principles of IEC 61508 series;

b) classification according to the requirements of IEC 62061;

c) classification according to ISO 13849-1.

This standard is to be read in conjunction with IEC 60947-1, Low voltage switchgear and
controlgear — Part 1: General rules and IEC 60947-5-2, Low-voltage switchgear and



60947-5-3 © IEC:2013 -5-

controlgear — Part 5-2: Control circuit devices and switching elements — Proximity switches.
The provisions of Part 1 and Part 5-2 are only applicable to this standard where specifically
called for. The numbering of the subclauses of this standard is sometimes not continuous
because it is based on the numbering of the subclauses of IEC 60947-1 or IEC 60947-5-2.

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

FDIS Report on voting
17B/1821/FDIS 17B/1826/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.

A list of all parts in the IEC 60947 series, published under the general title Low-voltage
switchgear and controlgear, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability 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.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 5-3: Control circuit devices and switching elements —
Requirements for proximity devices with defined
behaviour under fault conditions (PDDB)

1 General

1.1  Scope

This part of IEC 60947 series provides additional requirements to those given in IEC 60947-5-
2. It addresses the fault performance aspects of proximity devices with a defined behaviour
under fault conditions (PDDB). It does not address any other characteristics that can be
required for specific applications.

This standard does not cover proximity devices with analogue output.

This Standard does not deal with any specific requirements on acoustic noise as the noise
emission of control circuit devices and switching elements is not considered to be a relevant
hazard.

For a PDDB used in applications, where .additional, characteristics, dealt with in other
standards, are required, the requirements of all'relevant standards apply.

The use of this standard alone does notdemonstrate suitability for the implementation of any
specific safety related’functionality.“In“patticular, this’' stahdard does ‘hot'provide requirements
for the actuation characteristics of -a 'PDDB;“or’ for -means to reduce the effects of mutual
interference between devices, e.g. coded targets. Therefore these and any other application-
specific requirements will need to be considered in addition to the requirements of this
standard.

NOTE 1 Due to their behaviour under fault conditions, PDDBs can, for example, be used as interlocking devices
(see ISO 14119).

NOTE 2 The requirements for electro-sensitive protective equipment for the detection of persons are given in the
IEC 61496 series.

1.2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 + 12 h cycle)

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)
Amendment 1:1999

IEC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1: General rules
Amendment 1:2010
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IEC 60947-5-1:2003, Low-voltage switchgear and controlgear — Part 5-1: Control circuit
devices and switching elements — Electromechanical control circuit devices
Amendment 1:2009

IEC 60947-5-2:2007, Low-voltage switchgear and controlgear — Part 5-2: Control circuit
devices and switching elements — Proximity switches
Amendment 1:2012

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
Amendment 1:2007
Amendment 2:2010

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques — Surge immunity test

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques ~mmunity te|conductedydisturbancesj linduced by radio-frequency
fields

IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) - Part 4-8: Testing and
measurement techniques — Power frequency magnetic field immunity test

IEC 61000-4-11:2004, Electromagnetic.compatibility - (EMC) — Part 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity
tests

IEC 61131-2:2007, Programmable controllers — Part 2: Equipment requirements and tests

IEC 61508-1:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 1: General requirements

IEC 61508-2:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 2: Requirements for electrical/electronic/programmable electronic
safety-related systems

IEC 61508-3:2010, Functional safety of electrical/electronic/programmable electronic safety-
related systems — Part 3: Software requirements

IEC 62061:2005, Safety of machinery — Functional safety of safety-related electrical,
electronic and programmable electronic control systems
Amendment 1:2012

ISO 13849-1:2006, Safety of machinery — Safety-related parts of control systems — Part 1:
General principles for design



-8- 60947-5-3 © IEC:2013

2 Terms, definitions and abbreviations

2.1 General

For the purposes of this document, the terms and definitions given in IEC 60947-1 and
IEC 60947-5-2, as well as the following terms, definitions and abbreviations apply.

2.2 Alphabetic index of terms

Reference
A
assured operating distance of @ PDDB [Sag] -cccenremmmmmmmiiaiei e 2.6.4
assured release distance of @ PDDB [Sar] -ccueenremmmmmmiiieie e 2.6.5
C
COMPIEX COMPONENT .. e e e e e e e 2.3.4
control and MONITOrING AEVICE ......iun i e 2.5.3
D
AaANQEIOUS FaIlUIE ..ot e e e 2.3.6
defined behaviour (Of PDDB) ... 2.6.1
diagnoStiC COVEIage [DC] ... 2.4.2
diagnostic test INterval ... ... 2.4.4
E
equipment under control [EUC] L&l il o G e e, 2.4.7
F
failure (Of @QUIPMENT) . ..iiuerrin st atatsarsrmsnnbn /ot mmaslesdaeios 7 5larnini TP R P 2.3.5
2 L0 1 s PP 2.3.8
failures IN tiMeE [F T . e e e s 2.3.18
H
hardware fault tolerance [HF T ... 2.4.3
hardware safety INtegrity ... ..o 2.3.11
L
[OCK-OUL SEaTE oo e e 2.6.8
[ow complexity COMPONENT ... ... e 2.3.3
M
mean time to dangerous failure [MTTFg] ... 2.3.17
T ESEST Lo ] a1 4 = Y PP 2.6.7
gaTeTo Yo ] ] oX=T = 14 Lo o [ PP 2.3.14
O
L@ o o - = PR 2.6.2
L@ =3 - (PR 2.6.3
output signal switching device [OSSD] .....iiiiii i 2.5.2
P
PerformancCe LeVel [P L. ... e 2.3.1
[T foTo ] N =13 APPSR 2.4.5
R

TIS K I et e s 2.6.6
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S

SAFE FAIIUIE ...
safe failure fraCtion [SFF ... e e
SATE Y MLy e e
Safety Integrity Level [SIL] ... e
Safety-Related Control Function [SRCF] ...
safety-related SYStem ...
LY 0] oL 0 0= Y= T o PPN
SIL Claim Limit [SILC L] .. et e e e e e e e et e e e e e ea e eeenaaes
software safety INtegrity .. ..o
systematic safety INtegrity.....ccooiii i

T

o

NNNDNMNNNNDNDDNDDN
WWWARWWWAW

wnN o

target failure MEASUIE ... ... e 2.3.15
2.3 Basic terms and definitions

2.3.1

Performance Level

PL

discrete level (from a to €) used to specify the ability of safety-related parts of control systems
to perform a safety function under foreseeable conditions

[SOURCE: ISO 13849-1:2006, 3.1.23, modified — update of the definition]

2.3.2

Safety Integrity Level

SIL

discrete level (one out of a possible three) for specifying the safety integrity requirements of
the safety-related control functions to be allocated to the safety related parts of the control
system, where safety'integrity level three has the highest level of safety integrity and safety
integrity level one has the lowest

Note 1 to entry: SIL 4 is not considered in this standard. For requirements applicable to SIL 4, see IEC 61508
series.

[SOURCE: IEC 62061:2005, 3.2.23, modified — update of the note]

2.3.3

low complexity component

component in which:

— the failure modes are well-defined; and

— the behaviour under fault conditions can be completely defined

Note 1 to entry: Behaviour of the low complexity component under fault conditions may be determined by analytical
and/or test methods.

Note 2 to entry: A subsystem or subsystem element comprising one or more limit switches, operating, possibly via
interposing electro-mechanical relays, one or more contactors to de-energise an electric motor is an example of a
low complexity component.

[SOURCE: IEC 62061:2005, 3.2.7]

2.34

complex component

component in which:

— the failure modes are not well-defined; or

— the behaviour under fault conditions cannot be completely defined
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[SOURCE: IEC 62061:2005, 3.2.8]

2.3.5
failure
the termination of the ability of an item to perform a required function

Note 1 to entry: After failure the system has a fault.
Note 2 to entry: “Failure” is an event, as distinguished from “fault”, which is a state.

Note 3 to entry: The concept of failure as defined does not apply to items consisting of software only.

[SOURCE: IEC 60050-191:1990, 191-04-01]

2.3.6
dangerous failure
failure of a PDDB that has the potential to cause a hazard or non-functional state

[SOURCE: IEC 62061:2005, 3.2.40, modified — deletion of the notes]

2.3.7
safe failure
failure of a PDDB that does not have the potential to cause a hazard

[SOURCE: IEC 62061:2005},3.2!411" modified 4 updateofithe definition]

2.3.8

fault

state of an item characterized by inability, to_perform a required function, excluding the
inability during preventive maintenance or,_other planned actions, or due to lack of external
resources

Note 1 to entry: A fault is often the result of the item itself but can exist without prior failure.

Note 2 to entry: In English the term “fault” and its definition are identical to those given in IEC 60050-191:1990,
191-05-01. In the field of machinery, the French term “défaut” and the German term “Fehler” are used rather than
the term “panne” and “Fehlzustand” that appear with this definition.

[SOURCE: IEC 62061:2005, 3.2.30, modified — new definition and new notes]

2.3.9

Safety-Related Control Function

SRCF

control function with a specified integrity level, partly or completely implemented by a PDDB,
that is intended to maintain the safe condition of the equipment under control or prevent an
immediate increase of the risk(s)

Note 1 to entry: 1ISO 13849-1 uses the term SRF (safety related function), IEC 61508 series uses SF (safety
function), Terms and definitions concerning the integrity.

[SOURCE: IEC 62061:2005, 3.2.16 modified — new definition and new note]

2.3.10

safety integrity

probability of a safety related control system or its PDDB satisfactorily performing the required
safety-related control functions under all stated conditions

[SOURCE: IEC 62061:2005, 3.2.19, modified — update of the definition and deletion of the
notes]
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2.3.11

hardware safety integrity

part of the safety integrity of a safety related control system or its PDDB comprising
requirements for both the probability of dangerous random hardware failures and architectural
constraints

[SOURCE: IEC 62061:2005, 3.2.20, modified — update of the definition]

2.3.12

software safety integrity

part of the safety integrity of a PDDB relating to systematic failures in a dangerous mode of
failure that are attributable to software

Note 1 to entry: Software safety integrity cannot usually be quantified precisely.

[SOURCE: IEC 61508-4:2010, 3.5.5, modified — update of the definition and addition of a
note]

2.3.13

systematic safety integrity

part of the safety integrity of a PDDB relating to systematic failures in a dangerous mode of
failure

Note 1 to entry: Systematic safety integrity cannot usually be quantified (as distinct from hardware safety integrity
which usually can).

Note 2 to entry: Requirements for systematic safety integrity apply to both hardware and software aspects of a
PDDB.

[SOURCE: IEC 61508-4:2010, 3.5.6 modified — update of the definition and addition of a note]

2.3.14
mode of operation
way in which a safety function operates, which may be either:

— low demand mode: where the safety function is only performed on demand, in order to
transfer the EUC into a specified safe state, and where the frequency of demands is no
greater than one per year; or

Note 1 to entry: The E/E/PE safety-related system that performs the safety function normally has no influence on
the EUC or EUC control system until a demand arises. However, if the E/E/PE safety-related system fails in such a
way that it is unable to carry out the safety function then it may cause the EUC to move to a safe state.

— high demand mode: where the safety function is only performed on demand, in order to

transfer the EUC into a specified safe state, and where the frequency of demands is
greater than one per year; or

— continuous mode: where the safety function retains the EUC in a safe state as part of
normal operation

[SOURCE: IEC 61508-4:2010, 3.5.16, modified — update of the note]

2.3.15

target failure measure

intended probability of dangerous mode failures to be achieved in respect of the safety
integrity requirements, specified in terms of either:

— the average probability of dangerous failure to perform the design function on demand

PFD,,q (for a low demand mode of operation);

— the average frequency of a dangerous failure over a given period of time PFHp (for a high
demand or continuous mode of operation)
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Note 1 to entry: The term “probability of dangerous failure per hour” is not used in the standard but the abbreviation
PFH has been retained but when it is used it means “average frequency of dangerous failure”.

Note 2 to entry: The numerical values for the target failure measures are given in Table 2 and Table 3 of
IEC 61508-1:2010. These limit values are valid for the whole safety related function.

[Adapted from IEC 61508-4:2010, 3.5.17]

2.3.16

SIL Claim Limit

SILCL

maximum SIL that can be claimed for a PDDB in relation to architectural constraints and
systematic safety integrity

[SOURCE: IEC 62061:2005, 3.2.24 modified — update of the definition]

2.3.17

mean time to dangerous failure

MTTF4

expectation of the mean time to dangerous failure

Note 1 to entry: Adapted from IEC 62061:2005, definition 3.2.34.

[SOURCE: ISO 13849-1:2006, 3.1.25]

2.3.18

failure in time

FIT

the number of failures in 10° device-hours of operation

2.4 Terms and definitions concerning the architectural constraints

2.41

safe failure fraction

SFF

ratio of the average failure rates of safe failures plus dangerous detected failures of the PDDB
to the total average failure rate (sum of safe failure rate and all dangerous failure rate) of the
PDDB

[Adapted from IEC 61508-4:2010, 3.6.15]

2.4.2

diagnostic coverage

DC

measure of the effectiveness of diagnostics, which may be determined as the ratio between
the failure rate of detected dangerous failures and the failure rate of total dangerous failures

[SOURCE: ISO 13849-1:2006, 3.1.26, modified — deletion of the notes]

fraction of dangerous failures detected by automatic on-line diagnostic tests

Note 1 to entry: The fraction of detected dangerous failures is computed to be the rate of dangerous failures that
are detected by automatic on-line diagnostic tests divided by the rate of total dangerous failures.

Note 2 to entry: There is a different approach between the IEC 62061/IEC 61508 and ISO 13849-1 failure concepts.
Prescriptions for architectural constraints on subsystems according to IEC 62061:2005 (Table 5) are given as a
function of the hardware fault tolerance and the safe failure fraction. 1ISO 13849-1 does not consider any safe
failure/safe failure fraction. Performance levels are based on well-defined architectures. The achieved PL is then a
function of the architecture, the MTTF;, the diagnostic coverage and the common cause failures.

[SOURCE: IEC 62061:2005, 3.2.38, modified — update of the notes]
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243

hardware fault tolerance

HFT

ability of a system to perform its safety function in the presence of faults

Note 1 to entry: Hardware fault tolerance of N means that N+1 faults could cause a loss of the safety function. In
determining the hardware fault tolerance no consideration is given to other faults, for example in diagnostics.

[Adapted from IEC 61508-2:2010, 7.4.4.1.1]

24.4

diagnostic test interval

interval between on-line tests to detect faults in a safety-related system that has a specified
diagnostic coverage

[SOURCE: IEC 61508-4:2010, 3.8.7]

245

proof test

periodic test performed to detect failures in a safety-related system so that, if necessary, the
system can be restored to an “as new” condition or as close as practical to this condition

[SOURCE: IEC 61508-4:2010, 3.8.5, modified — update of the definition and deletion of the
notes]

2.4.6
safety-related system
designated system that both

— implements the required safety functions necessary.to-achieve or maintain a safe state for
the Equipment Under Control;-and

— is intended to achieve, on its own or with other E/E/PE safety-related systems, other
technology safety-related systems or external risk reduction facilities, the necessary safety
integrity for the required safety functions

[SOURCE: IEC 61508-4:2010, 3.4.1, modified — deletion of the notes]

2.4.7

equipment under control

EUC

equipment, machinery, apparatus or plant used for manufacturing, process, transportation,
medical or other activities

Note 1 to entry: The EUC control system is separate and distinct from the EUC.

[SOURCE: IEC 61508-4:2010, 3.2.1]

2.5 Terms and definitions concerning the parts of a PDDB

2.5.1
sensing means
part of the PDDB which detects the presence or absence of a defined target

2.5.2

output signal switching device

OSSD

component of the PDDB which goes to the OFF-state according to the defined behaviour
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