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Preface (UL)

This UL standard is based on IEC Publication 61496-1: Third Edition, Safety of Machinery — Electro-
Sensitive Protective Equipment — Part 1: General Requirements and Tests. IEC Publication 61496-1 is
copyrighted by the IEC.

Efforts have been made to synchronize the UL edition number with that of the corresponding IEC standard
with which this standard is harmonized. As a result, one or more UL edition numbers have been skipped to
match that of the IEC edition number.

This is the—H—Standard—fer—Safety—e ectro-Sensitive—Protestive—Equipmen Rart—1: General
Requiremgnts and Tests. This UL Part 1 is to be used in conjunction with the appropriate UL"Part 2, which
contains dauses to supplement or modify the corresponding clauses in Part 1, to(provige relevant
requirements for each type of product.

These maLeriaIs are subject to copyright claims of IEC and UL. No part ofithis publicatipn may be
reproduced in any form, including an electronic retrieval system, without the prior'written permigsion of UL.
All requests pertaining to the Safety of Machinery — Electro-Sensitive Protective Equipment — Part 1:
General Re¢quirements and Tests, UL 61496-1 Standard should be submiitted to UL.

Note — Althodigh the intended primary application of this Standard is stated in its Scepe, it is important to note that|it remains the
responsibility jof the users of the Standard to judge its suitability for their particularpurpose.
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NATIONAL DIFFERENCES

National Differences from the text of International Electrotechnical Commission (IEC) Publication 61496-1,
Safety of machinery — Electro-sensitive protective equipment — Part 1: General requirements and tests,

copyright 2012 are indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National

Differences.

DR - These are National Differences based on the national regulatory requirements.

D1 - Thege are National Differences which are based on basic safety principles and-requirements,

elimination| of which would compromise safety for consumers and users of products.

D2 - These are National Differences from IEC requirements based on existing safety practices. These

requirements reflect national safety practices, where empirical substantiation((for the IEC
requirement) is not available or the text has not been included in the IEC standard.

DC - Thege are National Differences based on the component standards and will not be de
particular Jomponent standard is harmonized with the IEC component standard.

DE - Thesg are National Differences based on editorial comments or corrections.

Each natiopal difference contains a description of what the national difference entails. Typicall

or national

eted until a

one of the

following words is used to explain how the text of the nationhal difference is to be applied to the base IEC

text:

Addition / Add - An addition entails adding a complete new numbered clause, subcl

figure, or annex. Addition is not meant.toiinclude adding select words to the base IEC tekt.

huse, table,

Modlification / Modify - A modification is an altering of the existing base IEC text guch as the

addition, replacement or deletion of certain words or the replacement of an en
sublclause, table, figure, or annex of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clause,
table, figure, or annex without any replacement text.

ire clause,

subclause,
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FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY - ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT - Part 1: General
requirements and tests

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 Standa

referred to as
the subject d
liaising with
Standardizati

2) The forma
opinion on thd

3) IEC Publig
sense. While
responsible fi

4) In order g

maximum extent possible in their national and regional publications. Any\divergence between any IEC Publig

correspondin

5) IEC itself d
and, in somg
certification b

6) All users s

7) No liability
technical con
whatsoever,
reliance upon

8) Attention ig

correct application of this publicdtion:

9) Attention is

al Specifications, Technical Reports, Publicly Available Specifications (PAS) and Gui

ealt with may participate in this preparatory work. International, governmental and non-governmental
the IEC also participate in this preparation. IEC collaborates closely with the International Or|
bn (ISO) in accordance with conditions determined by agreement between the two organizations:

decisions or agreements of IEC on technical matters express, as nearly as possible, @n\international
relevant subjects since each technical committee has representation from all interestedAEC National Co

ations have the form of recommendations for international use and are accepted.by IEC National Com|
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
r the way in which they are used or for any misinterpretation by any end user.

promote international uniformity, IEC National Committees undertake to apply IEC Publications trans

) national or regional publication shall be clearly indicated in theMatter.

oes not provide any attestation of conformity. Independent certification bodies provide conformity assesg
areas, access to IEC marks of conformity. IEC.jis. ‘a0t responsible for any services carried out b
bdies.

ould ensure that they have the latest edition'of this publication.

shall attach to IEC or its directors, employees, servants or agents including individual experts and n
hmittees and IEC National Commiittees for any personal injury, property damage or other damage
hether direct or indirect, or for eosts (including legal fees) and expenses arising out of the publicat
| this IEC Publication or any othef IEC Publications.

drawn to the Normative, references cited in this publication. Use of the referenced publications is indisp4

drawn to thie/possibility that some of the elements of this IEC Publication may be the subject of patent ri

not be held rgsponsibl€ for identifying any or all such patent rights.

Internationpl_Standard IEC 61496-1 has been prepared by IEC technical committee 44

des (hereafter
e interested in
organizations
banization for

consensus of
mmittees.
mittees in that

annot be held

parently to the
ption and the

ment services

independent

pembers of its
of any nature
on, use of, or

nsable for the

phts. IEC shall

Safety of

machinery =Etectrotechnicataspects:

This third edition cancels and replaces the second edition published in 2004 and its amendment 1 (2007).
The document 44/615/CDV, circulated to the National Committees as amendment 2, led to the publication
of this new edition.

The main changes with respect to the previous edition are as follows: The design, test and verification
requirements have been updated to make them consistent with the latest standards for functional safety
and EMC.

The text of this standard is based on the following documents:
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Cbv Report on voting
44/615/CDV 44/641/RVC

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 the parts in the IEC 61496 series, published under the general title Safety of machinery —
Electro-sensitive protective equipment, can be found on the IEC website.

A vertical Iirlue in the margin shows where the base publication has been modified by amendment 2.

The commiftee 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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INTRODUCTION

An electro-sensitive protective equipment (ESPE) is applied to machinery presenting a risk of personal
injury. It provides protection by causing the machine to revert to a safe condition before a person can be
placed in a hazardous situation.

This part of IEC 61496 provides general design and performance requirements of ESPEs for use over a
broad range of applications. Essential features of equipment meeting the requirements of this standard are
the appropriate level of safety-related performance provided and the built-in periodic functional
checks/self-checks that are specified to ensure that this level of performance is maintained.

Each type[of Tachine presents its own particutar hazards and it 15 not the purpose of this ptandard to
recommengd the manner of application of the ESPE to any particular machine. The applicatiengf the ESPE
should be ja matter for agreement between the equipment supplier, the machine user_and’the enforcing
authority, and in this context attention is drawn to the relevant guidance established interngtionally, for
example 130 12100.

This part ¢f IEC 61496 specifies technical requirements of electro-sensitive_pfotective equipment. The
application| of this standard may require the use of substances and/or test procedures that could be
injurious tg health unless adequate precautions are taken. Conformanee, with this standard in no way
absolves gither the supplier or the user from statutory obligations relating to the safety and health of
persons during the use of the equipment covered by this standard.

Due to the|complexity of the technology used to implement ESREs, there are many issues thdt are highly
dependentl on analysis and expertise in specific test and measurement techniques. In order fo provide a
high level of confidence, independent review by relevant experts is recommended.
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SAFETY OF MACHINERY - ELECTRO-SENSITIVE PROTECTIVE
EQUIPMENT - Part 1: General requirements and tests

1 Scope

This part of IEC 61496 specifies general requirements for the design, construction and testing of non-
contact electro-sensitive protective equipment (ESPE) designed specifically to detect persons as part of a
safety related system Special attention |s d|rected to functional and de5|gn requlrements that ensure an

appropriat
functions, {

The particy

This stand
relation to

is restrictedl to the functioning of the ESPE and how it interfaces with the machine.

he requirements for which are glven in Annex A.

lar requirements for specific types of sensing function are given in other parts'of this|

brd does not specify the dimensions or configuration of the detection.zone and its d
hazards in any particular application, nor what constitutes a hazardoUs state of any

fety-related

standard.

sposition in
machine. It

While a data interface can be used to control optional safety-related ESPE functions (Anpex A), this

standard d
determineq
1ISO13849-

This stand
for the prg

requirements can be necessary, for example when:the materials that have to be recognized by

function hg

This stand

2 Normative references

The follow
indispensa
references

IEC 60068

oes not provide specific requirements. Requirements for these safety-related funct
by consulting other standards (for example, IEC. 61508, IEC/TS 62046, IEC

1),

ird may be relevant to applications other than those for the protection of persons, 1
tection of machinery or products fromsmechanical damage. In those applicatior

ve different properties from those ofpersons.

brd does not deal with electromagnetic compatibility (EMC) emission requirements.

ing documents, inywhole or in part, are normatively referenced in this docums
ble for its application. For dated references, only the edition cited applies. F
the latest edition of the referenced document (including any amendments) applies.

12-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

ons can be
52061, and

or example
s, different
the sensing

nt and are
or undated

IEC 60068

1227, Environmental testing — Part 2-27: Tests — Test Ea and quidance: Shock

IEC 60204-1:2009, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60445, Basic and safety principles for man-machine interface, marking and identification —
Identification of equipment terminals, conductor terminations and conductors

IEC 60447, Basic and safety principles for man-machine interface, marking and identification — Actuating

principles

IEC 60529,

IEC 60947-

Degrees of protection provided by enclosures (IP code)

1:2011, Low-voltage switchgear and controlgear — Part 1: General rules
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IEC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques —
Electrostatic discharge immunity test

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

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement techniques

— Section 4

: Electrical fast transient/burst immunity test

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

techniques

IEC 61000-
Immunity tdg

IEC 61000

— Surge immunity test

4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurementte
conducted disturbances, induced by radio-frequency fields

-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Im

chniques —

munity for

industrial epvironments
IEC 61131-R:2007, Programmable controllers — Part 2: Equipment requiréments and tests
IEC 61508| (all parts), Functional safety of electrical/electronic/programmable electronic safety-related
systems
IEC 62061, Safety of machinery — Functional safetyyof safety-related electrical, elecfronic and
programmgble electronic control systems
IEC/TS 62046, Safety of machinery — Application of protective equipment to detect the pfesence of
persons
ISO 9001, Quality management systems.~ Requirements
ISO 1210012010, Safety of machinery — General principles for design — Risk assessment and risk
reduction
ISO 1384941, Safety of machinery — Safety-related parts of control systems — Part 1: General pfinciples for
design
ISO 1384942:2003, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

2DV 1-DC Madification to. Cl 2 N five Ref by deleti he followihg:

IEC 60204-1:2009,
Safety of machinery — Electrical equipment of machines — Part 1: General requirements

IEC 60445,
Basic and safety principles for man-machine interface, marking and identification —
Identification of equipment terminals, conductor terminations and conductors

IEC 60447,
Basic and safety principles for man-machine interface, marking and identification —
Actuating principles

IEC 60947-1:2011,


https://ulnorm.com/api/?name=UL 61496-1 2021.pdf

FEBRUARY 9, 2021 UL 61496-1 15

Low-voltage switchgear and controlgear — Part 1: General rules

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

2DV.2 DC Modification of Clause 2, Normative References, by adding the following:

UL 840

Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment

ULl 60947-1
Law-Voltage Switchgear and Controlgear — Part 1: general Rules

ul 61131-2
Prpgrammable Controllers — Part 2: Equipment Requirements and Tests

NHAPA 79:2015,
Electrical Standard for Industrial Machinery

3 Terms pnd definitions

For the pulposes of this document, the following terms @nd definitions apply.

NOTE The ingdex lists, in alphabetical order, the terms and aetonyms defined in Clause 3 and indicates where they dre used in the
text of this paft.

3.1

blanking
optional fupction that permits an object of a size greater than the detection capability of the ESPE to be
located within the detection zone without causing an OFF-state of the OSSD(s)

Note 1 to entfy: Fixed blanking is"a technique wherein the locations of the blanked areas of the detection zone do not change during
operation. Th detection capabilityof the other parts of the detection zone remains unchanged.

Note 2 to enfry: Floating\blanking is a technique wherein the blanked area of the detection zone follows the locatign of a moving
object(s) duripg operation’. The detection capability of the other areas remains unchanged.

3.2
controlling/monitoring device
part of the electro-sensitive protective equipment (ESPE) that:

— receives and processes information from the sensing device and provides signals to the output signal
switching devices (OSSD),

— monitors the sensing device and the OSSD

3.3

detection capability

sensing function parameter limit specified by the supplier that will cause actuation of the electro-sensitive
protective equipment (ESPE)
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3.4

detection zone

zone within which a specified test piece will be detected by the electro-sensitive protective equipment
(ESPE)

3.5

electro-sensitive protective equipment

ESPE

assembly of devices and/or components working together for protective tripping or presence-sensing
purposes and comprising as a minimum

— a sensing device;
— controlling/monitoring devices;

— output signal switching devices and/or a safety-related data interface

Note 1 to the g¢ntry: The safety-related control system associated with the ESPE, or the ESPE itself, may further includ¢ a secondary
switching devife, muting functions, stopping performance monitor, etc. (see Annex A).

Note 2 to entry: A safety-related communication interface can be integrated in the same-enclosure as the ESPE.

3.6
external device monitoring
EDM
means by Which the electro-sensitive protective equipment (ESPE) monitors the state of contfol devices
which are gxternal to the ESPE

3.7
failure
termination|of the ability of an item to perform a required function

[SOURCE:|IEC 60050-191:1990, 194-04-01, modified]

Note 1 to entry: After failure the item’has a fault.

Note 2 to entry: 'Failure' is an.event, as distinguished from 'fault’, which is a state.

Note 3 to entry: This cohcept, as defined, does not apply to items consisting of software only.

Note 4 to entry:4n practice, the terms fault and failure are often used synonymously.

3.8

failure to danger

failure which prevents or delays all output signal switching devices going to, and/or remaining in the OFF-
state in response to a condition which, in normal operation, would result in their so doing

3.9

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

[SOURCE: IEC 60050-191:1990, 191-05-01]

Note 1 to entry: A fault is often the result of a failure of the item itself, but may exist without prior failure.
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Note 2 to entry: In English the term “fault” and its definition are identical with those given in IEV 191-05-01. In the field of machinery,
the French term “défaut” and the German term “Fehler” are used rather than the terms “panne” and “Fehlzustand” that appear with
this definition.

3.10

final switching device

FSD

component of the machine's safety-related control system that interrupts the circuit to the machine primary
control element (MPCE) when the output signal switching device (OSSD) goes to the OFF-state

3.1
integrated
monolithic,| hybrid or module circuit which satisfies one or more of the criteria below:

a) more than 1 000 gates are used in the digital mode,
b) more than 24 functionally different external electrical connections are available-for use;

c) the functions can be programmed
Note 1 to entiy: Examples include ASICs, ROMs, PROMs, EPROMs, PALs, CPUs, PLAS, and PLDs.

Note 2 to entiy: The circuits may function in the analogue mode, the digital mode, or a combination of the two modes.

3.12
integrated circuit — simple
monolithic,| hybrid or module circuit which satisfies nehe of the criteria in 3.11

Note 1 to entify: Examples are SSI or MS| logic ICs, comparatars.

Note 2 to entrly: The circuits may function in the analogue mode, in the digital mode, or in a combination of the two modgs.

3.13
lock-out cpndition
condition, |nitiated by a fault,Spreventing normal operation of the electro-sensitive protective] equipment
(ESPE). All output signal-switching devices (OSSDs) and, where applicable, all secondary switching
devices (SBDs) are signalled to go to the OFF-state

3.14
machine grimary‘control element
MPCE
electrically puvvclcd etement-that dilcuﬂy controtsthenormat upclatiuu of-amachineinstuch—=2 way that it
is the last element (in time) to function when machine operation is to be initiated or arrested

Note 1 to entry: This element can be, for example, a mains contactor, a magnetic clutch or an electrically operated hydraulic valve.

3.15

machine secondary control element

MSCE

machine control element, independent of the machine primary control element (s), that is capable of
removing the source of power from the prime mover of the relevant hazardous parts

Note 1 to entry: When fitted, the MSCE is normally controlled by the secondary switching device (SSD).

Note 2 to entry: This element can be, for example, a mains contactor, a magnetic clutch or an electrically operated hydraulic valve.
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3.16
muting

a temporary automatic suspension of a safety function(s) by safety-related parts of the control system

Note 1 to entry: For ESPE-muting see Clause A.7

3.17
OFF-state

state of the output(s) of the ESPE in which the machine under control is caused to stop running and is
prevented from starting (for example, the output circuit is interrupted and disables the flow of current)

3.18
ON-state
state of the
(for exampl

3.19

output(s) of the ESPE in which the machine under control is allowed to run
e, the output circuit is complete and enables the flow of current)

output signal switching device

OSSD
component
which, whe

3.20

of the electro-sensitive protective equipment (ESPE) connected to the machine con
h the sensing device is actuated during normal operation, responds by going to the C

overall system stopping performance

time intervg
and the tim

3.21

| resulting from the sum of the electro-sensitive' protective equipment (ESPE) res
b to the cessation of hazardous machine opgration

response time

maximum t
output sign

Note 1 to entf]
related data in

Note 2 to entr
at the output
architecture of

Note 3 to entry
safety-related

me between the occurrence of the event leading to the actuation of the sensing dev
bl switching devices (OSSD) achieving the OFF-state

y: When an ESPE includes a‘safety-related data interface, the response time is defined at the output
erface.

: When a safety-related’communication interface is included in the ESPE enclosure, then the response t
f the safety-related~communication interface. In this case, the response time is also dependent on the
the communication network.

: If an_ ESPE has both a safety-related data interface and OSSDs, the ESPE can have a different respong
data,interface and for the OSSDs.

frol system
FF-state

bonse time

ce and the

of the safety-

me is defined
protocol and

e time for the

3.22

restart interlock
means of preventing automatic restarting of a machine after actuation of the sensing device during a
hazardous part of the machine operating cycle, after a change in mode of operation of the machine, and
after a change in the means of start control of the machine

Note 1 to entry: Modes of operation include inch, single stroke, automatic. Means of start control include foot switch, two-hand
control, and single or double actuation of the electro-sensitive protection equipment (ESPE) sensing device.

3.23

safety-related part of a control system
part or subpart(s) of a control system which respond (s) to input signals and generate (s) safety-related
output signals
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Note 1 to entry: This also includes monitoring systems.

Note 2 to entry: The combined safety-related parts of a control system start at the points where the safety-related signals are initiated
and end at the output of the power control elements (see also ISO 12100, Annex A)

3.24

secondary switching device

SSD

device which, in a lock-out condition goes to the OFF-state. It may be used to initiate an appropriate
machine control action, for example de-energizing the machine secondary control element (MSCE)

3.25
sensing dgvice
part of the glectro-sensitive protective equipment (ESPE) which uses electro-sensitive means tp determine
the event gr state that the ESPE is intended to detect

EXAMPLE]|An opto-electronic sensing device would detect an opaque object entering the detedtion zone.

3.26
start interlock
means whjch prevents an automatic machine start when the electrical supply to the electfo-sensitive
protection quipment (ESPE) is switched on, or is interrupted and{restored

3.27
stopping performance monitor
SPM
monitoring|means to determine whether or not the everall system stopping performance is within the pre-
set limit(s)

3.28

supplier
entity (for [example manufacturer, contractor, installer, integrator) that provides equipment jor services
associated with the machine

Note 1 to entily: The user may act in-the eapacity of a supplier to himself.

3.29
safety-related datadnterface
direct conpection( (peer-to-peer) interface between the output of the ESPE and the safety-related
communication interface that is used to represent the status of the OSSD(s)

NOTE 1 to entfy- A data terface Wi mot have addressng capabiity:

NOTE 2 to entry: The safety-related data interface can be bi-directional.

3.30

safety-related communication interface

safety-related connection to a standardized communication network intended for safety-related control
functions
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4 Functional, design and environmental requirements

41

Functional requirements

4.1.1 Normal operation

Normal operation is the state of an ESPE where no faults are detected and where the OSSD (s) are
allowed to be in the ON-state or the OFF-state depending on the state of the sensing function and
operating mode.

In normal qperation,the ESPE shall respond by giving (an) appropriate output signal(s) whe

person gre
enters or is

The ESPE
response ti

bter than or equal to the detection capability (as specified in the relevant part of.|
in the detection zone.

response time shall not exceed that stated by the supplier. No means .of adjustn
me shall be possible without the use of a key, key-word or tool.

4.1.2 Sensing function

The detecti
of the dete
shall be pos

413 Typ

bn capability shall be effective over the detection zone specified by the supplier. No
ttion zone, detection capability or blanking function (monitored, unmonitored, fixed
sible without the use of a key, key-word or tool.

bs of ESPE

In this stanpdard, three types of ESPEs are considered. The types differ in their performa

presence 0
and electro

mechanical faults are considered (sueh faults are listed in Annex B). Additional re

part of a
FC 61496)

hent of the

adjustment
or floating)

hce in the

[ faults and under influences from envirohmental conditions. In this part, the effects ¢f electrical

juirements

are provided in the other parts where faults generated by the particular sensing technology employed are
considered| It is the responsibility of the machine manufacturer and/or the user to prescribe which type is
required fol a particular application.

NOTE Requirgments for a type 1 ESPE are not being considered at this time.

A type 2 EJPE shall fulfil the fault detection requirements of 4.2.2.3.

For a type R ESPE, dn-normal operation the output circuit of at least one output signal switching device
shall go to|the OFFJstate when the sensing function is actuated, or when power is removed from the
ESPE.

A type 2 ESPE shall have a means of periodic test.

A type 3 ESPE shall fulfil the fault detection requirements of 4.2.2.4.

A type 4 ESPE shall fulfil the fault detection requirements of 4.2.2.5.

For a type 3 ESPE and for a type 4 ESPE, in normal operation the output circuit of at least two output
signal switching devices shall go to the OFF-state when the sensing function is actuated, or when power is
removed from the ESPE.

When a single safety-related data interface is used to perform the functions of the OSSD(s), then the data
interface and associated safety-related communication interface shall meet the requirements of 4.2.4.4. In
this case, a single safety-related data interface can substitute for two OSSDs in a type 3 or type 4 ESPE.
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4.1.4 Types and required safety performance

An ESPE shall meet a level of safety performance in accordance with IEC 62061 and/or ISO 13849-1, as

stated in Table 1.

Table 1

Types and required safety performance

Type
2 3 4
Safety perfgrmance according to IEC 62061 and/or N/A SIL 1 and SILCL SIL2and SILCL 2 | SIL §and SILCL
1ISO 13849- 1and/orPLc and/or PL d 3 ang/or PL e

NOTE The dqvice dependent PFHy values claimed for the control electronics is not restricted (for exampleixa manufac{urer can claim
a Type 2 has b PFH,4 lower than 10°°).

4.1.5 Redquired PL, or SIL and corresponding ESPE type

In addition|to the different levels of safety performance of the electrical parts of an ESPE conjrol system,
the potentipl risk reduction that can be provided by an ESPE is limited also by the systematic|capabilities
(for example, environmental influences, EMC, optical performance and detection principle). The limits are

shown in Thble 2.

Table 2

Required PL, or SIL and corresponding ESPE type

Type

4

ESPE

For a safety|function that includes an ESPE, the
maximum PL or SIL that can be achieved by the N/A

SIL 1 and/or PL,c

SIL 2 and/or PLd

SIL Jand/or PL.e

NOTE 1 The|intention of Table 2 is te.limit the minimum type that should be employed for the risk reduction of a required safety
function. For ¢xample: If a safety function requires SIL 2, then from Table 2, it can be seen that a Type 2 would not be s|fficient.

NOTE 2 Tabl¢ 2 and relatediext will be included in the next edition of IEC 62046.

4.2 Design requirements

4.21 Electrital supply

The ESPE shall be designed to operate correctly with the conditions of the nominal supply as specified
below, unless otherwise specified by the user:

AC supplies
Voltage:
Frequency:

Harmonics:

0,85 to 1,1 of nominal voltage

0,99 to 1,01 of nominal frequency (continuously)

0,98 to 1,02 of nominal frequency (short-time)

Harmonic distortion not to exceed 10 % of the total r.m.s. voltage
between live conductors for the sum of the 2" through to the 5%
harmonic. An additional 2 % of the total r.m.s. voltage between live
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conductors for the sum of the 6" through to the 30" harmonic is
permissible.

DC supplies

From batteries

Voltage:

0,85 to 1,15 of nominal voltage
0,7 to 1,2 of nominal voltage in the case of battery-operated veh

From converting equipment

Voltage:

0,9 to 1,1 of nominal voltage

Ripple (pe

For protecti

NOTE For pro|
4.2.2 Fau
4221

The ESPE
appropriate
considered
see [EC 60

From a loch
by interrup
lock-out co

At power on and prior to OSSD(s) going to the ON-state, a test shall be performed to verify the

faults withirn

4.2.2.2 Particular requirements for a type 1 ESPE

NOTE Particular requirementstfor.a type 1 ESPE are not under consideration at this time.

It detection requirements

General

Ion and restoration of the mains power supply or by reset) while the fault which i

K-10-peak). olldll Not exceed U,Uo OT nomimat voltage.

on against electric shock, see 4.2.3.2.

ection against electrical interference, the power source should meet the requirements of {EC 61000-6-2.

shall respond to the faults listed in Annex B, in “accordance with 4.2.2.3 to

icles

4.2.2.5 as

. The faults listed in Annex B are not exclusive ‘and, if necessary, additional faul
For new components not mentioned in Annex B, a failure mode and effects analy

-out condition, it shall not be possible_far the ESPE to resume normal operation (fg

dition is still present.

the ESPE.

4223 P

A type 2

rticular requirements for a type 2 ESPE

PE“shall have a means of periodic test to reveal a failure to danger (for exam

ts shall be
sis (FMEA,

B12) shall be carried out to establish the faults that are to be considered for those components.

r example,
hitiated the

absence of

ple loss of

detection capability, response time exceeding that specified).

The test shall be performed at power-on of the ESPE before going to the ON-state and at each reset as a

minimum.

NOTE 1 Depending on the application, the periodic test may need to be performed more often to achieve a desired safety

performance.

A single fault resulting in the loss of detection capability or the increase in response time beyond the
specified time or preventing one or more of the OSSDs going to the OFF-state, shall result in a lock-out
condition as a result of the next periodic test.

Where the periodic test is intended to be initiated by an external (for example machine) safety-related

control syst

em, the ESPE shall be provided with suitable input facilities (for example terminals).
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The duration of the periodic test shall be such that the intended safety function is not impaired.

NOTE 2 If the type 2 ESPE is intended for use as a trip device (for example when used as a perimeter guard), and the duration of the
periodic test is greater than 150 ms, it is possible for a person to pass through the detection zone without being detected. In this case
a restart interlock should be included.

If the periodic test is automatically initiated, the correct functioning of the periodic test shall be monitored.
In the event of a fault, the OSSD(s) shall be signalled to go to the OFF-state. If one or more OSSDs does
not go to the OFF-state, a lock-out condition shall be initiated.

An ESPE with only one OSSD shall have a minimum of one SSD (see Clause A.4).

4.2.2.4 Pprticular requirements for a type 3 ESPE

A single fault resulting in a loss of detection capability or an increase in response “time peyond the
specified Value or a single fault preventing one or more OSSD going to the OFFsstate shall cause the
ESPE to go to a lock-out condition within a time specified in the relevant.part of this sfandard, or
immediately upon any of the following demand events where fault detection requires a change |n state:

— on actuation of the sensing function;
— on reset pf the start or restart interlock, if available (see Clauses\A.5 and A.6).

In cases where a single fault which in itself does not cause a failure to danger is not dgtected, the
occurrencg of one additional fault shall not cause a failure’to danger. For verification of this r¢équirement,
see 5.3.4.

4.2.2.5 Pprticular requirements for a type 4 ESPE

A single faplt resulting in a loss of detectian-capability shall cause the ESPE to go to a lock-out condition
within the fesponse time.

A single fault resulting in an inerease in response time beyond the specified value or a [single fault
preventinglone or more than ené OSSD going to the OFF-state, shall cause the ESPE to go tp a lock-out
condition immediately, i.e.. within the response time, or immediately upon any of the followihg demand
events where fault detection’requires a change of state:

— on actuatfion of the\sensing function;

— on reset pf thesstart or restart interlock, if available (see Clauses A.5 and A.6).

In cases where a single fault which in itself does not cause a failure to danger is not detected, the
occurrence of further faults shall not cause a failure to danger. For verification of this requirement, see
5.3.5.

NOTE 1 Design measures for a type 4 ESPE may include:

— single-channel technique with dynamic fault detection measures; or

— single-channel technique with an internally generated automatic check, performed frequently so that the automatic check interval
for fault detection is included in the safety device response time; and

— multiple channel techniques such that any disparity between channels results in a lock-out condition.
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NOTE 2 For additional requirements for integrated circuits, complex or programmable, see 4.2.10.
4.2.3 Electrical equipment of the ESPE

4.23.1 General

The electrical equipment (components) of the ESPE shall:

— conform to appropriate IEC standards where they exist;

— be suitablefor the intended use; and

— be operated within their specified ratings.

4.213.1DV D2 Modification of Clause 4.2.3.1 by replacing the first dashed item with the
following:

— Conform to UL standards where they exist;

4.2.3.2 Protection against electric shock
Protection g@gainst electric shock shall be provided in accordance with 6.1 of IEC 60204-1:2009.
4.213.2DV D2 Modification by replacing Clause 4.2.3.2 with the following:

Prgtection against electric shock shall’be provided in accordance with UL 60947-{.

4.2.3.3 Protection of electrical equipment

Overcurrent protection shall be provided in accordance with 7.2.1, 7.2.3, 7.2.7, 7.2.8, and 7)2.9 of IEC
60204-1:2009.

NOTE Informgtion may need to be given to the user of the ESPE as to the maximum rating of fuses, or setting of an overcurrent
protective dev|ce for the cireuit(s) connected to the OSSD(s) output connection points.

4.213.3DV-D2 Modification by replacing Clause 4.2.3.3 with the following:

4.2.3.4 Pollution degree
The electrical equipment shall be suitable for pollution degree 2 (see 6.1.3.2 of IEC 60947-1:2011).
4.2.3.4DV D2 Modification by replacing Clause 4.2.3.4 with the following:

The electrical equipment shall be suitable for pollution degree 2 (see UL 840).
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4.2.3.5 Clearance, creepage distances and isolating distances

The electrical equipment shall be designed and constructed in accordance with 7.1.4 of IEC 60947-
1:2011.

4.2.3.5DV D2 Modification by replacing Clause 4.2.3.5 with the following:

The electrical equipment shall be designed and constructed such that the clearances,
creepage distances, and isolation distances are in accordance with UL 840.

4236 V\lViring
The electrital equipment shall be wired in accordance with IEC 60204-1:2009.
4.2.3.6DV D2 Modification by replacing Clause 4.2.3.6 with the following:

The electrical equipment shall be wired in accordance with UL 60947-1.

4.2.4 Output signal switching devices (OSSD)
4241 General
Separate dutput connection points (terminals) shall be~provided for each OSSD.

The OSSO should be so rated that their loads ean be switched without the use of arc suppressipn devices.

NOTE In the Jnterest of improved reliability, it is strongly recommended that switching voltage-suppression devices afe fitted, which
should be corjnected across the loads and not acress the contacts.

The outpuf circuit of the OSSDs should be adequately protected to prevent failure to danger, for example
welded contacts under overcurrent conditions (see 7.2.9 of IEC 60204-1:2009).

4.2.4.1DV D2 Modification by replacing 3rd paragraph of Clause 4.2.4.1 with the following:

TT' output, circuit (s) of the OSSDs shall be adequately protected to prevent failure to
dangersfor example welded contacts under overcurrent conditions.

Measures should be provided to minimize the possibility of failure to danger from common cause failures.

Some functions of the machine safety-related control system may be performed by the ESPE, for example
the OSSD may perform the function of a FSD.

Both a type 3 ESPE and a type 4 ESPE shall incorporate a minimum of two independently operated
OSSDs.

A reference to an OSSD action (for example, go to the OFF-state) will also mean a corresponding action of
a safety-related data interface. A single safety-related data interface can meet the requirements of having
two OSSDs.
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4.2.4.2 Relay OSSDs

If relay OSSDs are provided, the state (i.e. position) of the contacts shall be monitored. This can be
achieved by monitoring the state of an auxiliary contact(s) on relays with mechanically linked (positively
guided) contacts. The mechanical link ensures that the monitored contact follows the change of state of
the OSSD contact(s).

Special design and constructional measures shall be used to ensure that the make (normallyopen) contact

(s) and the

break (normally-closed) contact(s) cannot be in the closed position simultaneously.

NOTE 1 The mechanical link ensures that the monitored contact follows the change of state of the OSSD contact(s).

NOTE 2 ltis in
over the entirg

4.2.4.3 Solid state OSSDs

Solid state
outputs are

NOTE 1 Requ
Special care §

open circuit will be interpreted by the inputs and loads as the ON-state). The requirements of IEC 60204-1:2009, 9.4.3.

be considered

NOTE 2 For 3
should be in a

hportant that relay drop out voltage and the separation distance between the contacts are maintained at
stated life of the relay.

(ODSSD outputs may be either current sourcing or current sinking types. When curre
provided, they shall meet the requirements of this Subclause.

irements for current sinking outputs which may be required for certain-applications are not defined in
hould be exercised in their use (when current sinking outputs are used, a shortcircuit to the reference g

nominal rated supply voltage of 24 V d.c., the output voltage and current values for the ON-state and
ccordance with the following data:

B proper level

ht sourcing

his standard.
otential or an
, should also

he OFF-state

NominaIJsuppIy Output range Odutput range Output OFF-state Output DN-state
voltgge OFF-state ON-state (max. leakage
current)
24V fl.c. 3V..+2Vrms. +11V...+30V <2mA > 6mA
(+5 V peak)
NOTE 3 The yalues above meet the fequirements of IEC 61131-2:2007 (see 3.3 of IEC 61131-2:2007), for a nomina| rated supply
voltage of 24 Y d.c. When other supply voltages are used, this standard may be used as a guide. IEC 61131-2:2007 may be referred

to for addition
The output

The maxim

| information.
s) shall be{protected against the effects of overvoltage, overcurrent and short circuit,

bm.leakage current shall not exceed 2 mA.

NOTE 4 Itis possible that a leakage current greater than 2 mA can lead to a failure to danger.

When there is more than one OSSD, short circuits between the outputs of the OSSDs shall be detected.

The supplier of the ESPE shall provide the following information in the accompanying documents:

—nominal a

nd maximum output current in the ON-state for resistive and inductive loads;

— maximum OFF-state voltage;

— maximum

— maximum

output current in OFF-state (leakage current);

capacitive load;
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— maximum resistance of the connection(s) between the OSSD(s) and the load(s).

4.2.4.4 Safety-related data interface and safety-related communication interface

When the sensing device is actuated during normal operation, the ESPE shall respond by sending

information indicating the status of the sensing device or ESPE through a safety-related data interface.
The status information is converted to a data telegram by a safety-related communication interface.

The safety-related data interface shall have the same protection against faults as is appropriate for the

type of ESPE.

Depending on the ESPE design, the safety-related communication interface can either be e
separate ephclosure (Figure 1a) or it can be integrated in the same enclosure of the ESPE((Eigu

When the pafety-related communication interface is integrated in the ESPE, the entire ESPE
the relevarjt requirements of IEC 62061/IEC 61508.

xternal in a
e 1b).

shall meet

NOTE Becayse of the specific technology of communication interfaces, different standards_from IEC 61496-1 apply. To avoid

overlapping With other standards, functional requirements for the safety-related commuhication interface are not
standard.

Sensing device

Sensing device

Control/monitoring
device

Control/monitoring
device

Safety-related data
interface

Safety-related data ESPE
interface

Safety-related
communication
interface

Safety-related
communication interface

lefined in this

su2395
Figure 1

Examples of ESPEs using safety-related communication interfaces

4.2.5 Indicator lights and displays

Devices shall be provided by the ESPE manufacturer to:

IEC
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a) indicate the actuation of the sensing device. Neither the time from the actuation of the sensing device to
the indicator achieving 50 % of its final brightness (luminescence), nor the time from the de-actuation of
the sensing device to the indicator brightness decaying to 50 % of its initial brightness, shall exceed 100
ms;

b) indicate the output status of an OSSD. The ON-state shall be represented by a green indicator, the
OFF-state by a red indicator. When two or more OSSDs are intended to operate in co-ordination, a single
set of indicators may be shared.

When there are two or more indicators of the same colour, the function of each indicator shall be
unambiguously marked.

NOTE For sorpe modes of operation, the same set of indicators for a) can also be used for b). A bi-colour indicator' coulq be used.

The indicatprs are intended for the machine operator. Therefore they shall be capable of belng located
near the detection zone and visible when the equipment is installed. They can be-integrated inthe sensor
elements of as an external equipment installed near by the detection zone.

4.2.6 Adjyustment means

All adjustment means shall be so designed that a failure to danger,is‘not possible at any point in the range
of adjustment. A failure in the adjustment means shall not\€ause an unintended charnge to the
configuratign of the ESPE.

4.2.7 Dis¢onnection of electrical assemblies

When meaps are provided to permit disconnection\of’any subsystem, part of a subsystem or any plug-in
component} such disconnection shall result in-af’least one OSSD going to the OFF-state, in dccordance
with 4.2.2.[This requirement includes disconnhections both within a single enclosure and/dr between
separate ernclosures (for example a master/slave sensor configuration).

4.2.8 Norl-electrical components
Non-electrital components shatl-be suitable for the intended use.
4.2.9 Common causeffailures

The design|should 'be such as to minimize the possibility of a failure to danger from common cause failures
arising frony:

— environmental influences;
— multichannel systems using a common substrate;

— short circuits between channels of multichannel systems.
NOTE 1 Common cause failures can also result from the use of components degraded by mishandling, faulty manufacture, etc.

NOTE 2 Common cause failures are treated as a single failure.

None of the components in a common semi-conductor substrate shall be used for more than one channel
of a multi-channel system.
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4.210 Programmable or complex integrated circuits

Where programmable or complex integrated circuits are used in a type 4 ESPE, the safety-related
performance shall be maintained by at least two independent controlling/monitoring channels. This
requirement shall be verified in accordance with 5.5.

4.2.11 Software, programming, functional design of integrated circuits

4.2.11.1 General

Where an W&M&M@Wa additional
requirements of 4.2.11.2 shall apply:

a) a softwdre program(s) executed during operation;

b) a programmed device (s), the functions of which were set by a process subsequent to| its original
manufactufe, for example PAL, PLA, PLD, PROM,;

c) a devige (s) manufactured to a specific user functional specification, for example ASIC, mask
programméd microprocessor, ROM.

Conformarjce to these requirements shall be validated in accordance with 5.5.
4.211.2 Requirements

The softwdre, device program and the device functional design shall be developed in accordance with IEC
61508-3 for the appropriate SIL or in accordancewith ISO 13849-1 for the appropriate PL.

4.3 Envifonmental requirements

4.3.1 Ambient air temperature range and humidity

The ESPH shall comply withthe requirements of this standard when subjected to ambient temperature
variations from 0 °C to 50 °C. Where it is intended for use outside this range, the supplier shall specify the
temperatufe range over\which the system will continue normal operation. Compliancé with this
requirement shall be verified by the tests specified in 5.4.2 at a non-condensing humidity ¢f 95 % for
temperatuies betweefi 20 °C and the highest ambient temperature according to 5.4.2.

4.3.2 Elegctrical disturbances

4.3.2.1 Supply voltage variations

The ESPE shall not fail to danger when the external supply voltage is reduced steadily and continuously
from the nominal voltage to zero voltage, over a period of 10 s to 20 s, and then increased in a similar
manner from zero voltage to the nominal voltage.

The ESPE shall not fail to danger when each internally derived supply voltage, in turn, is varied steadily
and continuously over a period of 10 s to 20 s, from nominal voltage to zero voltage, and then increased in
a similar manner from zero voltage to nominal voltage.

4.3.2.2 External supply voltage interruptions and dips

When supply voltage interruptions (dips) are applied as in Table 4:
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Table 4
Supply voltage interruptions

Dip value of rated voltage Dip time Dip repetition rate
Test number
% ms Hz
1) 100 10 10
2) 50 20 5
3) 50 500 0,2

the ESPE shall respond to test 1) and to test 2) by continuing in normal operation, and to test 3) by not

failing to danger.

When the BSPE is designed to be supplied from a specific type of power supply(s) (for‘example, supplied
direct from| a safety-related communication interface), the supply interruptions in ‘this claugse may be

applied to the primary input of the specified power supply instead of direct to the ESPE.

4.3.2.3 F3st transient/burst

4.3.2.3.1 General requirements

The ESPE [shall continue in normal operation when subjected(to, fast transient/burst in accorgance with

IEC 61000-¢4-4:2004:

Ports for power lines for less than 50 V a.c. or d.c.

Ports for sigrjal lines, etc. with a length exceeding 1 m

1KV (peak) according to test severity level 2 of IEC|61000-4-

4:2004

Ports for power lines for 50 V a.c. and above

2 kV (peak) according to test severity level 3 of IEC|61000-4-

4:2004

4.3.2.3.2 Additional requirements

A type 3 HSPE and a type 4 ESPE shall not fail to danger when subjected to fast transignt/burst in
accordancg with IEC 61000-4-4:2004:

Ports for power lines for d-¢.xand for less than 50 V a.c.

Ports for sigrjal lines, étcjwith a length exceeding 1 m

2 kV (peak) according to test severity level 3 of IEC|61000-4-

4:2004

Ports for power lines\for 50 V a.c. and above

4 kV (peak) according to test severity level 4 of IEC|61000-4-

4:2004

4.3.2.4 Fasttransient/surge

4.3.2.41 General requirements

The ESPE shall continue in normal operation when subjected to surge in accordance with IEC 61000-4-

5:2005:

Ports for signal lines with a length exceeding 1 m

Power ports for d.c. and for less than 50 V a.c.

1 kV (peak) common mode according to test severity level 2 of

IEC 61000-4-5

Ports for power lines for 50 V a.c. and above

2 kV (peak) common mode and 1 kV (peak) differential mode
according to test severity level 3 of IEC 61000-4-5:2005
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4.3.2.4.2 Additional requirements

A type 3 ESPE and a type 4 ESPE shall not fail to danger when subjected to fast transient/surge in
accordance with IEC 61000-4-5:2005:

Ports for signal lines with a length exceeding 1 m 2 kV (peak) common mode according to test severity level 3 of

Power ports for d.c. and for less than 50 V a.c. IEC 61000-4-5:2005

Power ports for 50 V a.c. and above 4 kV (peak) common mode and 2 kV (peak) differential mode
according to test severity level 4 of IEC 61000-4-5:2005

4.3.2.5 EJectromagnetic field
4.3.2.5.1 |General requirements

The ESPE| shall continue in normal operation when subjected to an electromagnetic field in accordance
with IEC 61000-4-3:

10 V/m (80 Mhz-1 GHz)
3V|m (1,4 GHz-2 GHz)

1VIm (2,0 GHz-2,7 GHz)
4.3.2.5.2 |Additional requirements

A type 3 @and a type 4 ESPE shall not fail to danger when subjected to an electromagngtic field in
accordance with IEC 61000-4-3:

30 Y//m (80 MHz-1 GHz)
10 V/m (1,4 GHz-2 GHz)

3V[m (2,0-2,7 GHz)
4.3.2.6 Cionducted disturbances induced by radio-frequency fields
4.3.2.6.1 [Generalrequirements

The ESPE(shall’continue in normal operation when subjected to conducted radio-frequency djsturbances
in accordaree~with-HEG-64000-4-6+

Ports for signal lines, etc. with a length of 1 mto 10 m 3V (r.m.s.) according to test severity level 2 of IEC 61000-4-6

Ports for signal lines with a length exceeding 10 m 10 V (r.m.s.) according to test severity level 3 of IEC 61000-4-6

Power ports. Earth ports

4.3.2.6.2 Additional requirements

A type 3 ESPE and a type 4 ESPE shall not fail to danger when subjected to conducted radio-frequency
disturbances in accordance with IEC 61000-4-6:
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Ports for signal lines, etc. with a length of 1 mto 10 m

10 V (r.m.s.) according to test severity level 3 of IEC 61000-4-6

Power ports.

Ports for signal lines with a length exceeding 10 m

Earth ports

30V (r.m.s.) according to test severity level X of IEC 61000-4-6

4.3.2.7 Electrostatic discharge

4.3.2.71

General requirements

The ESPE shall continue in normal operation when subjected to an electrostatic discharge in accordance

with IEC 61

000-4-2:

4.3.2.7.2

A type 3 ES
accordancy

4.3.3 Med
4.3.31 Vi

The ESPE

4.3.3.2 Bump

The ESPE

4.3.4 Enc

The ESPE

All enclosu
least IP54

Additional requirements

bration

6 kV contact or 8 kV air discharge,
according to test severity level 3 of IEC 61000-4-2.

bPE and a type 4 ESPE shall not fail to danger when subjected to.an electrostatic d
with IEC 61000-4-2:

8 kV contact or 15 kV air discharge;
to test severity level 4 of IEC 64000-4-2.

hanical environment

shall be capable of continuing in normal operation during the bump tests of 5.4.4.2.
losures

Shall have ifs;own enclosure(s).

es of:the ESPE, including those mounted remotely, shall provide a degree of protg
However, when mg

shall be capable of continuing in nortal operation during the vibration tests of 5.4.4.1.

scharge in

bction of at
unted in a

NOTE Protection against mechanical damage can be achieved by:

— a suitable location;

— the use of suitable materials and form of construction providing adequate strength; or

— the use of a protective barrier.

The method of cable entry for incoming cables shall not impair the degree of protection.

osure shall
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Sealing compounds which adhere to the two surfaces being joined, such that the environmental protection
is degraded when the joint is separated, shall not be used to seal covers which might be removed for
service access.

Enclosures shall be free from sharp edges or corners capable of causing damage to cable insulation.
Compliance shall be checked by inspection.

Enclosures shall provide adequate access to enable any necessary adjustments and maintenance work to
be carried out safely and effectively. The covers enabling such access shall have captive fasteners.

5 Testing

5.1 Gengdral
5.1.1 Type tests
5.1.1.1 Test samples

In so far ap it is practicable, all parts of an ESPE shall be tested together. Where this is not practicable,
parts of the ESPE may be tested separately. Examples of such situations include integrated ESPEs
(ESPEs infegrated in, and normally not separable from machinery) in the case of environmental tests. In
such cases:

— any inpu{ signals necessary for the operation of the ESPE;shall be simulated;
— these exgeptions and any omissions of tests shall be stated in the test report.

Where a pprticular test would be destructive and’identical results could be obtained by testing part of the
ESPE in igolation, a sample of that part_ may be used instead of the whole equipment sample for the
purpose of|obtaining the results of the test.

Where thegl ESPE is designed for‘operation at a number of different supply voltages (for ¢xample for
differing agplications), more than one sample may be required.

When the [ESPE is designed to be supplied from an external dedicated power supply, the ESPE shall
undergo testing with the'specified dedicated power supply (see 6.2).

51.1.2 (Terating condition
Unless othlerwi ' i ' e operating

within the conditions specified in the accompanying documents.

For the purposes of electrical disturbance immunity tests, the equipment shall be in as near its final
operating configuration as is possible (i.e. with all peripheral devices and covers attached, connected to
the power supply and, where applicable, connected to the external protective conductor and/or the
external functional bonding conductor (see IEC 60204-1:2009)).

5.1.1.2DV D2 Modification of the 2"? paragraph Clause 5.1.1.2 by replacing with the
following:

For the purposes of electrical disturbance immunity tests, the equipment shall be in as
near its final operating configuration as is possible (i.e. with all peripheral devices and
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covers attached, connected to the power supply and, where applicable, connected to the
external protective conductor and/or the external functional bonding conductor.

When several mounting positions are specified, the least favourable mounting position shall be used.

Where a safety-related data interface is used in place of an OSSD(s), the ESPE shall be connected to a
communication system in accordance with the supplier's instructions that has a means of monitoring the

ESPE statu
5.1.1.3 Si

In the follov
detection z

51.2 Tes
51.21 Te

Except wheg

S.

mulated intrusion into detection zone

ing tests, introduction of the test piece (as defined in the relevant part of this standq
bne may be simulated if the method can be shown to be equivalent.

conditions
st environment

re otherwise specified in 5.4, the tests shall be carried outwith the ESPE

operated under the following conditions:

— rated volt
— rated freq
—ambient t
—relative h

— barometri

NOTE Values
5122 M

The errors

hge (or a voltage within the rated voltage range);

uency (or a frequency within the rated frequency range);

emperature: 20 °C £ 5 °C;

imidity: 25 % to 75 %;

C pressure: 86 kPa to 106 kPa.

stated in the marking ‘and in the accompanying documents are considered as rated values.
pasurementaccuracy

bf measurement shall not exceed:

rd) into the

— for measurementof ESPE response time: £T ms;

— for tempe

rature measurements: +3 °C;

— for electrical measurements: +1 %, where technically possible and/or appropriate;

— for relative humidity (RH) measurements: +3 % RH;

— for linear measurements: £1 mm or £1 %, whichever is the greater.

All measurements shall be made after stable temperature conditions have been achieved. This is

considered

to be fulfilled when the rate of temperature rise or fall is less than 2 K/h.
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5.1.2.3 Environmental test conditions for an ESPE intended to be used with a safety-related
communication interface

The ESPE and the safety-related communication interface shall be tested together (see Figure 2). Due to
the fact that the safety-related communication interface does not show a static output signal, it is
necessary to use a data receiver. The test setup consists of the equipment under test and a data receiver
(for example, a PLC or monitoring device) which indicates the status of the sensing device or ESPE.

When testing for susceptibility to electrical disturbances, an appropriate test adapter which isolates the
ESPE under test from the communication bus may be required.

E Sensing device E Data receiver
. Control/monitoring :
. device : ESPE
: Safety-related :
H data interface .
E : Equipment
. E under test
E Safety-related : Safety-related
H communication . communication
. interface : interface
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: IEC
su2396
Figure 2
Test setup forthe EMC test of ESPEs with safety-related communication interfades
513 Teﬁt resdalts

The results of the tests and analyses listed in 5.1.3 shall be documented. The test results shall be rranged
in a form that shows the details of each individual test and its effects. Details of any special test
procedures shall be included in the test report.

5.2 Functional tests
5.2.1 Sensing function

The sensing function and the integrity of the detection capability and zone (for example size, shape and
location) of the ESPE shall be verified as specified in the relevant part of IEC 61496.
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5.2.2 Res

ponse time

The response time shall be verified by systematic analysis and test.

The response time may be determined by electrical simulation of an actuation, provided that it includes the
maximum time between the event triggering the actuation of the sensing device and the actuation.

Additional requirements for the measurement of the response time of the ESPE may be given in the
relevant part of IEC 61496.

5.2.3 Limjted functional tests

5.2.3.1 General

The followlng limited functional tests A, B and C shall be performed to verify that under normal
environmerjtal conditions the ESPE shall continue normal operation and.that, under| abnormal
environmental conditions or under fault conditions, the ESPE shall not fail to danger.

When an BSPE is fitted with a restart interlock function, that function shall be bypassed or npt selected
during the performance of the tests. The restart interlock function shall be tested separately (see Annex
A).

When using a safety-related communication interface, in thé&. following limited functional tests, OSSDs
going to tHe ON-state or OFF-state are replaced by a.safety-related message (for example, a data
telegram) indicating the corresponding status of the sensing device or ESPE.

NOTE In someg situations, it can be necessary to simulate the actuation of the sensor by some means other than intrgducing a test
piece.

5.2.3.2 Limited functional test A (A test)

With no int;l‘usion in the detection zone, it shall be observed, for a period of at least 5 s, unlesg otherwise
specified, that the OSSD(s) shall be in the ON-state and shall not go to OFF-state.

5.2.3.3 Limited functionaltest B (B test)

With no int;Lusion in the-detection zone, it shall be observed, for a period of at least 5 s, unlesg otherwise
specified, that the OSSD(s) shall be in the ON-state and shall not go to the OFF-state.

The test pigce shall be brought into the detection zone. The OSSD(s) shall respond by going fram the ON-

state to the OFF-state. Tt shall be observed that, for a period of at least 5 s unless otherwise specified, the
OSSD(s) remain(s) in the OFF-state with the test piece being present in the detection zone.

The test piece shall be removed from the detection zone or the sample shall be otherwise deactivated.
The OSSD(s) shall respond by going from the OFF-state to the ON-state. It shall be observed that, for a
period of at least 5 s unless otherwise specified, the OSSD(s) remain(s) in the ON-state with the test piece
not being present in the detection zone.

The above tests may need to be repeated continuously depending on test requirements.
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5.2.3.4 Limited functional test C (C test)

This test is the same as the limited functional test B but, where the OSSD(s) should be in the ON-state, the
OSSD(s) are allowed to be in the OFF-state. No failure to danger shall occur. At the end of each of the
relevant tests in 5.4, the ESPE shall continue to operate normally or shall resume normal operation
following recovery from a lock-out condition.

If the ESPE cannot resume normal operation due to a permanent component failure, it is acceptable if it is
verified that the failure was only in components of the communication interface and that the OSSD (s)
remain in the OFF-state.

NOTE Undef extreme electrical disturbances (as in the fail-to-danger tests), it is possible that some compénents of the
communicatign interface will fail permanently and will not allow the ESPE to resume normal operation.

5.2.4 Petiodic test
For a type R ESPE, the requirements of 4.2.2.3 shall be verified by analysis and\measurement.
5.2.5 Indjcator lights and displays

The functipns and colours of indicator lights and displays shall(be verified in accordang¢e with the
requirements of 4.2.5 by applying a B test.

5.2.6 Means of adjustment

The requirements of 4.1.1 and 4.1.2 shall be verified\by inspection. The requirements of 4.2.6 shall be
verified by inspection and by carrying out C tests as necessary.

5.2.7 Rating of components

The operafion of each component within‘its specified ratings, throughout the entire operating ange of the
ESPE, shdll be verified by analysis(@nd/or inspection.

5.2.8 Ougput signal switching devices (OSSD)
5.2.8.1 General

The provigion of.'separate output connection points (terminals) for each OSSD shall be |verified by
inspection,

When two OSSDs are provided, verify by inspection or test that the OSSDs are operated independently.

Verify by inspection that the OSSD (s) are protected by current limiting devices or that information for
installation of current limiting devices is provided in information for use.

It shall be verified that foreseeable faults will not cause the OSSD(s) to go to or remain in the ON-state. All
tests shall be carried out with the maximum inductive load and the maximum length of the connection
cable specified by the manufacturer.

Foreseeable faults include:

— short circuit of the OSSD to supply voltage;
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— short circuit of the OSSD to ground;

— short circuit between the OSSDs;

— open circuit at the power supply return cable;

— open circuit of the functional bonding conductor;

— open circuit of the screen of a screened cable;

— incorrect

ALLELD
TIT

T |g.

5.2.8.2 Re¢lay OSSDs

Verify by in

Epection or tests that the relays meet the requirements of 4.2.4.2.

5.2.8.3 So¢lid state OSSDs

The output

voltage and current levels specified in 4.2.4.3 of this standard.shall be verified.

5.2.8.4 Safety-related data interface and safety-related communication interface

It shall be v|

Electrical t¢
may be exd

The safety
and by refe

5.3 Perfo
5.3.1 Gen

Tests for th
component
consequen

erified by test that disconnection of components dees not lead to a failure to danger.

sts specified in 5.2.8.1 (shorts, opens, improper loading) which would be applied t
uded if not applicable.

ntegrity of an integrated communication interface shall be verified by tests, systema
rence to data sheets and test reports in accordance with the requirements of 4.2.4.4,

rmance testing under fault conditions

eral

s of the ESPE. If further faults occur as a result of the first single fault, the fi
faults shall be considered as a single fault.

A fault ca

h OSSD(s)

ic analysis

e effects of single faults selected according to 4.2.2 shall be carried out on all the relevant

rst and all

the fault

Falogue including all components shall be prepared recording the results o

considerations listed in Annex B. In order 1o reduce unnecessary testing according 10 5.3.3, 5.3.4 and
5.3.5 where the results of a single fault or combination of faults can be predicted theoretically, an analysis
statement shall be included as part of the test results statement. That statement shall be validated in
accordance with 5.5.4. In such cases, only selected (sample) tests need be carried out to confirm such
analysis statements.

NOTE 1 Typical methods used for the fault assessment include fault mode and effect analysis (FEMA) according to IEC 60812 and
fault tree analysis (FTA) according to IEC 61025.

NOTE 2 In the case of complex circuit structures or components (for example microprocessor, complete redundancy) the review of
faults is generally carried out on the structural level. See B.2 for exclusion of short circuits on assembled circuit boards and for
exclusion of short circuits between adjacent terminals for external connection.
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5.3.2 Type 1 ESPE

NOTE Requirements for a type 1 ESPE are not being considered at this time.

5.3.3 Type 2 ESPE

The ESPE shall be subjected to single faults to establish that a fault leading to a hazardous condition (for
example loss of detection capability or increased response time) is detected by the periodic test function
and results in a lock-out condition in accordance with 4.2.2.3.

Where automatic initiation of the periodic test is provided, it shall be verified that faults that lead to the loss

of the morj
more OSS

5.3.4 Typ

The ESPE
lock-out co

Ds does not go to the OFF-state, a lock-out condition shall be initiated.
e 3 ESPE

shall be subjected to single faults to establish that the fault is detected by the ESPE
ndition and that no failure to danger occurs, in accordance with 412,2.4.

itoring function are detected and cause at least one OSSD to go to the OFF-state. If one or

E going to a

When a single fault is not detected and the analysis specified in 5.3.4 cannot be carried out, the tests for

the ESPE

applied firs
single fault
Testing for

5.3.5 Typ

The ESPE
lock-out co

joing to a lock-out condition and no failure to danger oecurring shall be continued w|
t and all other faults added and removed in turn. Tests shall be carried out for all
S.

accumulation of more than two faults need not be carried out.
e 4 ESPE

shall be subjected to single faults, to establish that the fault is detected by the ESPE
ndition and that no failure to danger occurs, in accordance with 4.2.2.5.

When a si

the ESPE going to a lock-out cendition and no failure to danger occurring shall be continued w
applied firgt and all other faults*added and removed in turn. Tests shall be carried out for all

single faul

When a sgquence of two faults is not detected and the analysis specified in 5.3.1 cannot be
the tests slhall be.¢ontinued for those two faults, applied in sequence, and all other single faults
removed ir turn."No failure to danger shall occur. Tests shall be carried out for all undetected ddg

th that fault
undetected

F going to a

gle fault is not detected.and the analysis specified in 5.3.1 cannot be carried out, the tests for

th that fault
undetected

carried out,
added and
uble faults.

Testing for the accumulation of more than three faults need not be carried out provided that the probability
of more than three faults, largely independent of each other and having to appear in a specific sequence in
time, is low.

5.4 Environmental tests

5.4.1 Rated supply voltage

The design measures specified in 4.2.1 shall be verified by inspection.

The ESPE shall be subjected to the following sequence of tests using the relevant values specified in

4.2.1:
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a) the ESPE shall be supplied with the lowest rated supply voltage. A B test shall be carried out;

b) the supply voltage shall be increased, within a period of 10 s to 20 s, to the highest rated voltage, during
which time an A test shall be performed;

c) after the highest test supply voltage has been reached, a B test shall be carried out.

The requirements for frequency variation and for harmonic distortion shall be verified either by testing or

by using an
542 Am
The highes

accompany
tests below

alytical methods.

hient temperature variation and humidity

t ambient temperature in the tests below shall be as specified in the marking
ing documents, but shall not be lower than +50 °C. The lowest ambient tempers
shall be as specified in the marking and/or the accompanying documents, but s

and/or the
ture in the
hall not be

higher than|0 °C.

The ESPE $hall be subjected to the following sequence of tests:

a) With the|ESPE operating under the conditions specified in 5.1.2.1,2an A test shall be performed with a
duration of pt least 2 h. At the end of that time, a B test shall be carfied out.

b) The ambient temperature shall be increased by not more<than 0,3 °C per minute up to {he highest
ambient temperature, during which time an A test shall be performed.

c) An A tes} shall be performed with a duration of ateast 2 h at the highest ambient temperatyire. During

that time, the humidity shall be increased to 95 %tand held at that value for at least 1 h. Follo

test, a B teg

d) The amb
humidity at

e) The amb
occurring, U

f) An A test
of that time

g) The am
specified in

t shall be carried out.

ient temperature shall be decreased by not more than 0,3 °C per minute, whilst mair

ient temperature shall be decreased by not more than 0,3 °C per minute, without co
ntil the lowest ambient temperature is reached, during which time an A test shall be

shall be performed with a duration of at least 2 h at the lowest ambient temperature,
a B test shall be carried out.

bient_temperature shall then be increased by not more than 0,3 °C per minute tq

wing the A

taining the

95 %, until a temperature of'20 °C is reached, during which time an A test shall be performed.

hdensation
berformed.

At the end

the value

531.2.1, during which time an A test shall be performed.

h) An A test shall be performed with a duration of at least 2 h at the temperature specified in 5.1.2.1. At the
end of that time a B test shall be carried out.

5.4.3 Effects of electrical disturbances

5.4.3.1

Supply voltage variations

The external supply voltage and each internally derived supply voltage shall in turn be varied in
accordance with 4.3.2.1. During each test, a C test(s) shall be carried out as necessary to confirm that no
failure to danger occurs at reduced voltage values.
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5.4.3.2 Supply voltage interruptions

The tests specified in 4.3.2.2 shall be carried out with the duration of each test sufficiently long to cover at
least 10 dips and to enable for each of tests 1) and 2) that a B test shall be carried out, and for test 3) that
a C test shall be carried out.

5.4.3.3 Fast transient/burst

5.4.3.3.1 General requirements

The ESPE shall bhe subjected to fast transient/burst to the levels annnifind in4 3231 inaccardance with
IEC 61000-4-4:2004 (using Figure 10 of IEC 61000-4-4:2004 for coupling of d.c. and less_thgn 50 V a.c.
power and|signal ports, and Figure 9 for other a.c. power ports).

During eadgh exposure, a B test shall be carried out.
5.4.3.3.2 |Additional tests

A type 3 off a type 4 ESPE shall also be subjected to fast transient/burst to'the levels specified|in 4.3.2.3.2
in accordance with IEC 61000-4-4:2004 (using Figure 10 of IEC 61000-4-4:2004 for coupling d.c. and less
than 50 V 3.c. power and signal ports, and Figure 9 for other a.c. power ports).

During eadgh exposure, a C test shall be carried out.
5.4.3.4 Fpst transient/surge
5.4.3.4.1 |General requirements

The ESPE(shall be subjected to fast transient/surge to the levels specified in 4.3.2.4.1 in accofdance with
IEC 61000-4-5:2005 (using Figures 11\to 13 or Figure 14 of IEC 61000-4-5:2005 for coupling of signal
ports, Figufe 8 of IEC 61000-4-5:2006fer coupling of less than 50 V a.c. and d.c. power ports, and Figures
7 and 8 of [EC 61000-4-5:2005 for other a.c. power ports).

During eadgh exposure, a B tést'shall be carried out.
5.4.3.4.2 |Additionaltests

The type 3|or a type’4 ESPE shall be subjected to fast transient/surge to the levels specified in|4.3.2.4.2 in
accordance with'IEC 61000-4-5:2005 (using Figures 11 to 13 or Figure 14 of IEC 61000-4-5:2005 for
coupling olsighal ports, Figure 8 of IEC 61000-4-5:2005 for coupling of less than 50 Va.c_and d.c. power
ports, and Figures 7 and 8 of IEC 61000-4-5:2005 for other a.c. power ports).

During each exposure, a C test shall be carried out.
5.4.3.5 Electromagnetic field
5.4.3.5.1 General tests

The ESPE shall be subjected to an electromagnetic field to the levels specified in 4.3.2.5.1 in accordance
with IEC 61000-4-3. During the exposure to the specified levels, a B test shall be carried out.

NOTE The result of this test is dependent on the surrounding structures which may differ from when the ESPE is fitted to a machine.
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5.4.3.5.2 Additional tests

A type 3 and type 4 ESPE shall also be subjected to an electromagnetic field to the levels specified in
4.3.2.5.2 in accordance with IEC 61000-4-3. During the exposure to the specified levels, a C test shall be
carried out.

NOTE The result of this test is dependent on the surrounding structures which may differ from when the ESPE is fitted to a machine.

5.4.3.6 Conducted disturbances induced by radio-frequency fields

5.4.3.6.1

The ESPE
4.3.2.6.1in

5.4.3.6.2

Atype 3 or
specified in

During each exposure, a C test shall be carried out.

5.4.3.7 EI
5.4.3.71

The ESPE
with IEC 61

5.4.3.7.2

Atype 3 0
4.3.2.7.2in

During each exposure a C'test shall be carried out.

Additional tests

Additional tests

General tests

shall be subjected to conducted radio-frequency disturbances to the levels g
accordance with IEC 61000-4-6. During each exposure, a B test shall be carried out

a type 4 ESPE shall also be subjected to conducted radio-frequency disturbances t
4.3.2.6.2 in accordance with IEC 61000-4-6.

lectrostatic discharge
General tests

shall be subjected to electrostatic discharge to the levels specified in 4.3.2.7.1 in &
000-4-2. During each exposure, a Btest shall be carried out.

a type 4 ESPE shall also be subjected to electrostatic discharge to the levels s
accordance with IEC'61000-4-2.

pecified in

b the levels

ccordance

pecified in

5.4.4 Meghanicalinfluences
54.41 Vif)ration
The test sample shall be exposed to vibration tests according to IEC 60068-2-6.

The following conditions shall apply:

Frequency range:

10 Hzto 55 Hz

Sweep rate: 1 octave/min

Amplitude: 0,35 mm £ 0,05 mm. The test shall be carried out without anti-
vibration mountings

Number of sweeps: 20 for each of three mutually perpendicular axes (no delay at

resonant frequencies)
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The following limited functional tests shall be performed for each axis:
— an A test shall be performed during each of the first and last sweeps;

— a B test shall be carried out, so that the test piece is brought into the detection zone at the beginning of
the second sweep and is removed at the end of the 19" sweep.

5.4.4.2 Bump

The test sample shall be exposed to bump tests according to IEC 60068-2-27.

The following conditions shall apply:

Acceleratfon: 1049
Duration ¢f pulse: 16 ms
Number gf bumps: 1 000 £ 10 for each of three mutually pefpendicular axes

The following tests shall be performed for each axis:
— an A test|shall be performed during each of the first and last.(100 £ 10) bumps;

— a B test g$hall be carried out, so that the test piece is brought into the detection zone after thg first (100 +
10) bumps

5.4.5 Enc¢losures

The requirgments of 4.3.4 for degrees of protection shall be tested in accordance with IEC 60529 after the
tests of 5.4.4 have been completed. Théremaining requirements shall be verified by inspection

5.5 Validption of programmable ‘or complex integrated circuits
5.5.1 General

This subclpuse deals with the validation of the requirements of 4.2.10 and 4.2.11, and any analysis
statement [ncludedas part of the test results statement required by 5.3.1.

Validation $hall\be undertaken by a competent person(s) who should be independent of those responsible
for any aspectof-the oyatcnl dco;yll, the—-hardware dco;yll and-the—software dco;yll. A—written validation

report shall be compiled.

NOTE The validation provides independent confirmation that specific requirements have been achieved. The process is intended to
confirm that systematic faults in the design have been avoided, that procedures are in place to maintain safety performance during
the life cycle of the product (including, for example, following modification) and that the design of the ESPE fulfils the fault detection
requirements appropriate to its type.

5.5.2 Complex or programmable integrated circuits
For a Type 4 ESPE employing a complex or programmable integrated circuit(s), the

following requirements shall be validated by analysis:
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a) there are a minimum of two independent decision-making channels;

b) the detection of disparity between channels, and the initiation of a lock-out condition, shall be
maintained under all applicable fault conditions.

5.5.3 Software, programming, functional design of integrated circuits

Verification and validation shall be in accordance with the standard (s) selected for development (see
4.2.11.2).

5.5.4 Testresults analysis statement

When analysis is employed to define the result of any test required by 5.3, the adequacy;,suitability, and
validity of the techniques used shall be validated. The correct implementation of the methods used shall be
verified by fepeating parts of the analysis selected at random.

6 Marking for identification and for safe use
6.1 General
In accordarjce with 6.4.4 of ISO 12100, all parts of the ESPE shalldear all markings which are necessary:
— for its ungmbiguous identification;
— for its saf¢ use,
and supplementary information shall be given, as-appropriate:
— permanently on the ESPE;
— in accompanying documents suchras.instruction handbooks;
— on the pagkaging.

6.1DV D2 Modification of the first sentence of Clause 6.1 by replacing with the following:

A

parts of the ESPE shall bear all markings which are necessary.

The enclosure of the most appropriate part of the ESPE shall carry the following permanent markings:

a) identification of the product, including name and address of the supplier, designation of series or type,
serial number and year of construction;

b) parameters, for example dimensions, of the detection zone;
c) detection capability;
d) response time;

e) rated voltage(s) including number of phases and frequency where relevant;
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f) rated input power (if greater than 25 W) or rated current;

g) designation of IP code;

h) for class Il equipment only, symbol for classification for protection against electric shock;

i) warning sign of hazards arising from dangerous voltages;

j) type of ESPE according to 4.1.3;

k) PL and/er+SH—aceerdingto-4-14-

6.2 ESPE supplied from a dedicated power supply

Where an ESPE is designed to be supplied from an external dedicated power supply, details gf the model

or type of [dedicated power supply with which it has been tested shall be permanently matked on the

enclosure ¢f the most appropriate part of the ESPE and/or included in the instructions for use.

6.3 ESPE supplied from an internal electrical power source

An ESPE s$upplied from an internal power source shall be markéd with details of the rated cy

supply fuse, if applicable, on the enclosure of the most appropriate part of the ESPE.

6.4 Adjustment

When the ESPE can be adjusted to suit different rated voltages or different inputs, a marking s

rrent of the

howing the

voltage or|input to which the ESPE is adjusted-shall be clearly and easily discernible at the point of

adjustment.

6.5 Enclpsures

Any enclogure which contains electrical devices shall be marked with a warning sign in acco

16.2.1 of IEC 60204-1:2009.

6.3DV D2 Modification of Clause 6.5 by replacing with the following:

Any enclosure which contains electrical devices shall be marked with a warn

accordance with 16.2.1 of NFPA-79:2015.

rdance with

ng sign in

6.6 Control devices

6.6.1 Markings for switches, indicating lamps, and other control devices shall be placed adjacent to
those components; they shall not be placed on removable parts which can be replaced in such a way that

the marking is misleading.

6.6.2 Functional identification of control and indicating devices shall be in accordance with 16.3 of IEC

60204-1:2009.
6.6.2DV D2 Modification of Clause 6.6.2 by replacing with the following:

Functional identification of control and indicating devices shall be provided.
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6.6.3 The positions of any power supply switches shall be marked according to 5.3.1 of IEC 60204-
1:2009.

6.6.3DV D2 Modification of Clause 6.6.3 by replacing with the following:
The positions of any power supply switches shall be marked.
6.6.4 Devices intended for the adjustment of a characteristic during or after installation, shall be provided

with markings of the direction of adjustment to increase or decrease the value of that characteristic. See
also IEC 6044Z

6.6/4DV D2 Modification of Clause 6.6.4 as follows:

Delete the last sentence of 6.6.4.

6.7 Terminal markings

6.7.1 Terrminals to which cable connections are to be made at thedime of installation, or re-g¢stablished
after maintgnance of the ESPE, shall be marked and related to a diagram.

6.7.2 Terminals for external connections provided with, and relating to the ESPE and user replaceable
componentp shall be marked and related to a diagram.

6.7.3 All terminals for the incoming supply connections shall be marked in accordance with IEC 60445.
6.7/3DV D2 Modification of Clause 6.7.3 by replacing with the following:
All|terminals for the incoming 'supply connections shall be marked in accordange with UL
60947-1.

6.7.4 Protective conductoer:connection points shall be marked in accordance with 8.2.6 of IEC 60204-

1:20009.

This marking shall(not be placed on screws, removable washers or other parts which might be removed
when condlictorsiare being connected/disconnected.

6.7.4DV D2 Modification of the 1St paragraph of Clause 6.7.4 by replacing with the
following:

Protective conductor connection points shall be marked using the ground in a circle
symbol from IEC 60417-5019 (DB 2002-10).
6.7.5 Where an ESPE is to be connected to more than two supply conductors, it shall be provided with a

connection diagram, fixed to the ESPE, unless the correct mode of connection is obvious.

6.7.6 If more than one supply is taken to an ESPE, the marking shall include a warning that all supplies
shall be switched off before the terminal cover may be removed.
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6.8 Marking durability

Marking shall be capable of withstanding the environmental influences of an industrial environment with
respect to temperature and humidity as defined by this standard, and liquids such as water, soapy water,
machine oil, benzine, etc.

Markings shall be capable of withstanding being rubbed lightly for 15 s with a piece of cloth soaked with
petroleum spirits, and with a piece of cloth soaked in water.

7 Accompanying documents

The supplier of the ESPE shall provide documentation in the languages agreed between thé.user and the
supplier.

70V.1 D2 Modification of Clause 7 as follows:
Dglete the first paragraph of Clause 7.
The accompanying documents shall contain the information reguired for the installation, use and
subsequert disposal of the ESPE, including the following informatien where applicable:

a) a statement that other devices shall not be connected tathe internally generated power supplies of the
ESPE;

b) details df the included optional functions of the ESPE, as described in Annex A (including all necessary
data for determining safety performance);

c¢) a description of facilities for connection of Stopping Performance Monitor (SPM) if provided;

d) for a type 2 ESPE, information onthe means of applying an external test signal, where rejquired (see
4.2.2.3);

e) a recommendation that security keys/special tools, if provided for adjustments, operations on access, be
kept under|the control of aresponsible or authorized person(s);

f) the size pnd type~of the test piece and the test procedure, or description of other methods fpr checking
the detectipn capability and the operation of the visual indicator;

g) the resporse-time-

If a safety-related communication interface is used, procedures for determining overall system response
time;

h) the rated operating conditions for the ESPE including:

— temperature range;
— humidity;

— voltage range;
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— range of separation distances between the subsystems, and the maximum length of
interconnecting cables.

i) advice on the prevention of mutual interference of sensing functions;

j) block diagrams, functional description chart showing sequence of relay switching operations;

k) the location of all input and output terminals;

) the ratings and characteristics of all input/output terminals;

m) the min
capable of
load, and th

n) informati
0) special r
p) the total
q) details of
r) a list of th
s) a list of ¢

t) the overa

u) operating instructions;

v) the locat

w) a sched
that the dey

x) the meth

y) a staten

imum and maximum voltage and current that the OSSDs (and if provided, the
Ewitching into a resistive, capacitive or inductive load, and the maximum switching’rg
e anticipated life of the switching device depending on load;

bn to enable the user to carry out maintenance using the supplier's recomimended sy
bquirements regarding input cables and terminations, if applicable;

oad/power requirements of the ESPE;

the space required around the equipment for removal,and maintenance purposes;
e user-replaceable parts specified by the supplier;

plour and coding systems (see IEC 60204~1:2009);

| dimensions of the equipment;

on and dimensions of the detection zone(s) and definitions of other functional limits;

ile of checks to-be-carried out after installation, after maintenance, or periodically, t
ice is functioning correctly;

bd and frequency of regular testing to confirm that proper operation is maintained;

ent) of the IP rating of the enclosures, or where the ESPE is intended to be mg

SSDs) are
te with this

ares;

o establish

unted in a

machine controlgear enclosure, the minimum IF rating required of that enclosure according to Z4.3.4;

z) a clear statement of any particular application for which the ESPE is intended;

aa) for a type 2 ESPE when the periodic test is externally initiated, information on selecting the required

test interval

; if the periodic test is internally initiated, information on the internal test interval;

bb) the installation and mounting instructions for any switches, controls and indicators remotely mounted
from the ESPE that are connected to the ESPE;

cc) instructions on where parts with restart interlock should be located in relation to the danger zone;
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