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Preface (UL)

This UL Standard is based on IEC Publication 60079-28: second edition Explosive Atmospheres — Part
28: Protection of Equipment and Transmission Systems Using Optical Radiation, as revised by IEC
corrigendum 1. IEC publication 60079-28 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.

The ISA-§U079-2820TZ Standard is being maintained until September 15, 2022 for reference purposes
only.

These materials are subject to copyright claims of IEC and UL. No part of thisCpublicatign may be
reproducdd in any form, including an electronic retrieval system, without the prior written permission of UL.
All requepsts pertaining to the Explosive Atmospheres — Part 28: Prote¢tion of Equigment and
Transmisgion Systems Using Optical Radiation, 60079-28 should be submitted.to UL.

Note — Althqugh the intended primary application of this Standard is stated in its Scopeit,is important to note that if remains the
responsibility of the users of the Standard to judge its suitability for their particular purpose.

The following people served as members of STP 60079 and participated in the review of this standard:

NAME COMPANY.

*B. Zimmermann, Chair R Stahldnc.

*T. Adanm FM\Approvals LLC

R. Allen foneywell International Inc.
A. AlSahgn Saudi Aramco

D. Ankelg ULLLC

J. Andergon Thermon Mfg. Co.

P. Beckef nVent

S. Blais Curlee, Div of Appleton LLC
K. Boegl KBB Consulting

R. Browrlee Pepperl + Fuchs Inc.

D. Burns| Shell P&T — Innovation / R&D
R. Chalnluers Industrial Scientific Corp.

J. Chambers ULLLC

*C. Coache National Fire Protection Association
*M. Cole Hubbell Canada LP

M. Coppler LabTest Certification Inc.
*R. Deadman ULLLC

*K. Dhillon LabTest Certification Inc.

M. Dona Beach Energy

T. Dubaniewicz NIOSH

G. Edwards Det-Tronics

M. Egloff Montana Tech, University of Montana
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National Differences

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60079-
28, Explosive Atmospheres — Part 28: Protection of Equipment and Transmission Systems Using Optical
Radiation, copyright 2015, are indicated by notations (differences) and are presented within the body of
the UL printed standard in bold text using legislative text (strike-out and underline).

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.

D1 - The|
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D2 - Th
requireme
retesting ¢

DC - The
particular

DE - The
DR -The
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following
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bse are National Differences based on safety practices. These are differencq
nts that may be acceptable, but adopting the IEC requirements would frequire cg
r redesign on the manufacturer’s part.

5e are National Differences based on the component standards-and will not be delg
component standard is harmonized with the IEC component standard.

5e are National Differences based on editorial comments-or corrections.
be are National Differences based on the national regulatory requirements.

bnal difference contains a description of what the hational difference entails. Typically
vords is used to explain how the text of thegnational difference is to be applied to the

dition / Add - An addition entails adding a complete new numbered clause, subcla
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ire, or annex. Addition is not meantto include adding select words to the base IEC text.
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1

FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES - Part 28: Protection of equipment and transmission systems using

optical radiation

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter

referred to a
the subject
liaising with
Standardizaf

2) The form
opinion on t

3) IEC Publi
sense. Whilg
responsible

4) In order f
maximum e

5 "[EC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committeq
Healt with may participate in this preparatory work. International, governmental and non-governmentat

the IEC also participate in this preparation. IEC collaborates closely with the International, (@rg
ion (ISO) in accordance with conditions determined by agreement between the two organizations!

bl decisions or agreements of IEC on technical matters express, as nearly as possible,-an international
e relevant subjects since each technical committee has representation from all interested 1EC National Con

Cations have the form of recommendations for international use and are acceptedyby IEC National Comn
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC ¢
or the way in which they are used or for any misinterpretation by any end user:

b promote international uniformity, IEC National Committees underfake to apply IEC Publications transp
ktent possible in their national and regional publications. Any divergence between any IEC PublicH

correspondig national or regional publication shall be clearly indicated in thelatter.

5) IEC itself
and, in sonj
certification

6) All users s

7) No liabilit
technical co
whatsoever,
reliance upo

Hoes not provide any attestation of conformity. Independent-certification bodies provide conformity assessi
e areas, access to |IEC marks of conformity. IEC is/hot responsible for any services carried out by
odies.

hould ensure that they have the latest editionofthis publication.

shall attach to IEC or its directors, emiployees, servants or agents including individual experts and m
mmittees and IEC National Committees for any personal injury, property damage or other damage d
whether direct or indirect, or for Costs (including legal fees) and expenses arising out of the publicatig
h, this IEC Publication or any other IEC Publications.

8) Attention Ls drawn to the Normative.references cited in this publication. Use of the referenced publications is indispe

correct appli

9) Attention
not be held 1

ation of this publication:

s drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent rig
esponsible-for identifying any or all such patent rights.

Internatio

alkStandard IEC 60079-28 has been prepared by IEC technical committee 31: EqU

interested in
prganizations
lanization for

Fonsensus of
hmittees.
hittees in that

hnnot be held

Arently to the
tion and the

nent services

independent

pmbers of its
f any nature
n, use of, or

hsable for the

hts. IEC shall

ipment for

explosive lattmospheres

This second edition cancels and replaces the first edition, published in 2006, and constitutes a technical

revision.

The significance of the changes between IEC 60079-28, Edition 2.0 (2015) and IEC 60079-28, Edition 1.0

(2006), is

as listed below:
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Significance of changes with respect to IEC 60079-28:2006

Type
Significant Changes Clause Minor and Extension Major
editorial technical
changes changes

Scope: Expansion to include Group Il and EPLs Da, Db and Dc 1 X
Scope: Clarification and list of exclusions for optical radiation 1 X
sources
Normative references: Deletion of IEC 60079-10, and addition of 2 X
IEC 60050-426 and 60050-731
Terms and definitions: Some definitions not used in the standard 3 X
deleted. Ne definitions added.
General requirements: Introduction of an ignition hazard 4 X
assessmen} moved to 4, statement for presence of absorbers
added, Explanation of EPLs deleted
Table 1: EPLs versus protection types moved from 5.5 to 5.1, table 5.1 X X
modified anp extended
Structure of| Table 2 changed and extended explanation in the notes, 5.2.2.1 X
but with the|same limit values
Table 3 for Group |1l added 5.2.2.1 X
Table 4 replaces Figure 1 for better application 5.2.2.1 X
Detailed requirements for the measurement of optical power added 5.22.2 X
Detailed requirements for the measurement of optical irradiance 52.2.3 X
added
Requirements for the assessment of optical pulses for Group Il 5.2.3.1 X
much more detailed 5232

5.2.3.3

5234
Requiremeipts for the assessment of optical pulses ferGroup | and 5.2.35 X
Group Il added
Ignition testg: Notes 1 and 2 added 5.24 X
Over-poweryenergy fault protection: Title changed and wording 5.2.5 X
modified for|clarity
Radiation inside optical fibre or cable:*requirements added, e.g. pull 5.3.2 C1
test
Radiation inside enclosures:\IR‘6X enclosures, “p” or “t” enclosures 5.3.3 X
added
Optical system with.interlock “op sh” Table 3 deleted, Figure 1 with 54 X
interlock cufoff delay-times added
Type verificaitions and tests: structure changed (editorial, without 6 X
changing therequirements)
Marking: markings required by IEC 60079-0 deleted. Examples of 7 X
marking: example with combination of op is with other types of
protection added
Ignition hazard assessment: Flow chart in Figure C.1 modified for Annex C X
better understanding
Old Annex E (Introduction of EPLs) deleted. New Annex E provides Annex E X
a flow chart for the assessment of pulses according to 5.2.3
Relevant IEC-Standards moved to Clause 2 Formerly X

Annex F
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Explanation of the Types of Significant
Changes:
A) Definitions
1) Minor and editorial changes: — Clarification
— Decrease of technical requirements
— Minor technical change
— Editorial corrections
These are changes which modify requirements in an editorial or a minor technical way. They include
changes f f f f f f ; uction in
level of gxisting requirement.
2) Extersion: Addition of technical options
These arne changes which add new or modify existing technical requirements, in a way-that new options
are given, but without increasing requirements for equipment that was fully compfiant with the grevious

standard| Therefore, these will not have to be considered for products in confermity with the pre¢ceding

edition.

3) Major| technical changes: — addition of technijcal requirements
— increase of technical requirements

changes to technical requirements (addition, increase€ of the level or removal) made
duct in conformity with the preceding edition will not‘always be able to fulfil the require
given in fhe later edition. These changes have to be considefed for products in conformity with
preceding edition. For these changes additional information'is provided in clause B) below.

Note Thgse changes represent current technological Kknowledge. However, these changes sho
normally|have an influence on equipment already placed on the market.

B) Information about the background of ‘Major technical changes’

C1 For the protection concept “protected radiation op pr’ some requirements like a pull test for
fibres or pables have been added.

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

in a way
ments
the

uld not

bptical

FDIS Report on voting

31/1178/FDIS 31/1193/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 60079 series, published under the general title Explosive atmospheres, 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,
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« withdrawn,
* replaced by a revised edition, or

*« amended.

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

Optical equipment in the form of lamps, lasers, LEDs, optical fibers etc. is increasingly used for
communications, surveying, sensing and measurement. In material processing, optical radiation of high
irradiance is used. Where the installation is inside or close to explosive atmospheres, the radiation from
such equipment may pass through these atmospheres. Depending on the characteristics of the radiation it
might then be able to ignite a surrounding explosive atmosphere. The presence or absence of an
additional absorber, such as particles, significantly influences the ignition.

There are four possible ignition mechanisms:

a) Optical radiation is absorbed by surfaces or particles, causing them to heat up, and under certain
circumstapces this may allow them to attain a temperature which will ignite a surrounding explosive
atmosphere.

b) Thermal ignition of a gas volume, where the optical wavelength matches an absorption band| of the gas
or vapour.

c) Photochemical ignition due to photo dissociation of oxygen molecules~by radiation in the| ultraviolet
wavelength range.

d) Direct Ipser induced breakdown of the gas or vapour at the focus)of a strong beam, producing plasma
and a shogck wave both eventually acting as ignition source. Thesé processes can be supported by a solid
material close to the breakdown point.

The most|likely case of ignition occurring in practice withrlowest radiation power of ignition cppability is
case a). Ynder some conditions for pulsed radiation case d) also will become relevant. These|two cases
are addrepsed in this standard. Although one should.be aware of ignition mechanism b) and c) explained
above, the¢y are not addressed in this standard due to the very special situation with ultraviolet radiation
and with the absorption properties of most gasesi(see Annex A).

This standard describes precautions , and requirements to be taken when using optical radiation
transmitting equipment in explosive gas-or dust atmospheres. It also outlines a test method, which can be
used in special cases to verify that'a-beam is not ignition capable under selected test conditjons, if the
optical limfit values cannot be guaranteed by assessment or beam strength measurement.

There is gquipment outsidé the scope of this standard because the optical radiation associatgd with this
equipment is considered 'not to be a risk of ignition for the following reasons:

— due to Igw radiated power or divergent light, and

— as hot gurfaces created due to a too small distance from the radiation source to an absorber which is
already cqnsidered by general requirements for lighting equipment.

In most cases the optical equipment is associated with electrical equipment and where the electrical
equipment is located in a hazardous area then other parts of the IEC 60079 series will also apply. This
standard provides guidance for:

a) Ignition hazards associated with optical systems in explosive atmospheres as defined in IEC 60079-10-
1 and IEC 60079-10-2, and,

b) Control of ignition hazards from equipment using optical radiation in explosive atmospheres.

This standard is related to the integrated system used to control the ignition hazard from equipment using
optical radiation in explosive atmospheres.
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DV.1 DR Add the following as the last paragraph of the Introduction:

This standard also contains the minimum requirements for equipment and transmission
systems using optical radiation in areas classified using the Division method.
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EXPLOSIVE ATMOSPHERES - Part 28: Protection of equipment and

transmission systems using optical radiation

1 Scope
1DV.1 DR Modification of Clause 1 to replace with the following:

1DV.1.1 DR This part-of IEC-60079 standard specifies the requirements, testing and

arking of equipment emitting optical radiation intended for use in explosive
aimospheres. It also covers equipment located outside the explosive atmosphere| or
protected by a Type of Protection listed in {E€C UL 60079-0, but which generates oitical
rgdiation that is intended to enter an explosive atmosphere. It covers Groups |, Il and lll,
and EPLs Ga, Gb, Gc, Da, Db, Dc, Ma and Mb.

1DV.1.2 This standard contains requirements for optical radiation:in the wavelength range
from 380 nm to 10 uym. It covers the following ignition mechanisms:

 Dptical radiation is absorbed by surfaces or particles, causing them to heat up, and under
ctrtain circumstances this may allow them to attain“a temperature which wi|l ignite a
stirrounding explosive atmosphere.

* In rare special cases, direct laser induced breakdown of the gas at the focus gf a strong
beam, producing plasma and a shock wave both eventually acting as ignition source.
These processes can be supported by a solid material close to the breakdown pojnt.

NOTE 1 See a) and d) of the introduction.

1DV.1.3 This standard does not'cover ignition by ultraviolet radiation and by absorption of
the radiation in the explosive mixture itself. Explosive absorbers or absorbers that contain
their own oxidizer as well'as catalytic absorbers are also outside the scope of this
sfandard.

1DV.1.4 This standard specifies requirements for equipment intended for use under
aimospheric conditions.

1DV.1.5. DR Annex DVF outlines the application of this standard for equipment and
transmission systems using optical radiation in areas classified using the Divisioh method.

60079-0. Where a requirement of this standard conflicts with a requirement of {EC UL
60079-0, the requirement of this standard takes precedence.

1DV.1.7 DR Where references are made to IEC, IEC/IEEE, ISO, and ISO/IEC standards, the
referenced requirements found in these standards shall apply as modified by any
applicable US National Differences for that standard (see Clause 2).

1DV.1.8 DR This standard applies to:

1) laser equipment; and

2) optical fibre equipemnt; and
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3) any other convergent light sources or beams where light is focused in one single

point within the hazardous area.

NOTE 2 Some optical elements such as lenses and reflectors are able to convert divergent light into a

convergent beam.

NOTE 3 In accordance with 1DV.1.9 DR, where the standard does not apply to equipment and

transmission systems using optical radiation and therefore any associated certification does not

reference UL 60079-28, the certificate or other supporting documentation may have the following
statement, modified appropriately:

“In accordance with Clause 1DV.1.9 DR Item X) from the scope of UL 60079-28, this standard
does not apply to the output of the optical radiation source with respect to explosion protection.”

10

10

V.1.8.1 National Difference deleted

V.1.9 DR This standard does not apply to:

The reference to “ltem X)” above is to be replaced by the actual ltem number under Clause 1DY.1.9 DR
from the scope of UL 60079-28, e.g. “Item 1)”, “Item 2)”, “Item 3a)”, “Item 3b), “Item 4a)’};Item|4b)”, “Item
4c)”, “Item 4d)”, “Item 4e)”.

1) laser equipment for EPL Gb or Gc and Db or Dc applications which compllies with
Class 1.Jaser product limits in accordance with IEC 60825-1 or laser equipment for
EPL Gc-and Dc applications which complies with Class | laser product limits in
accordance with the US Code of Federal Regulations, 21 CFR Part 1040; or

NOTE 4 The referenced Class 1 or Class | limits are those that involve emiss$ion
limits below 15 mW measured at a distance from the optical radiation sourcle in

accordance with IEC 60825-1 or the US Code of Federal Regulations, 21 CFR Part
1040, respectively, with this measured distance reflected in the Ex application. Class
1 limits are based on normal operating and single fault conditions, as opposed to
Class | limits which are only based on normal operating conditions.

2) divergent light sources or beams where light is not focused within the hazardous
area; or

3) Single or multiple optical fibre cables not part of optical fibre equipment if the
cables:

a) comply with the relevant industrial standards, along with additional
protective means, e.g. robust cabling, conduit or raceway (for EPL Gb, Db, Gc

or Dc); or
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b) comply with the relevant industrial standards (for EPL Gc or Dc).;

or

4) Optical radiation sources as defined in 1DV.1.8 DR above where the optical

radiation is fully contained in an enclosure complying with one of the followings

Types of Protection suitable for the EPL, or the minimum ingress protection rating

specified:

a) flameproof "d" enclosures (UL 60079-1); or

NOTE 5 A flameproof “d” enclosure is suitable because an ignition due to optical rad

iation in

combination with absorbers inside the enclosure is contained.

b) pressurized "p" enclosures (UL 60079-2); or

hgress of an

NOTE 6 A pressurized “p” enclosure is suitable because there is protection against i
explosive atmosphere.

c) restricted breathing “nR” enclosure (UL 60079-15); or.

NOTE 7 A restricted breathing “nR” enclosure is suitable because there is protection|

against

ingress of an explosive atmosphere.

d) dust protection "t" enclosures" (UL 60079-31); or

NOTE 8 A dust protection “t” enclosure is suitable because there is protection again

bt ingress of

an explosive dust atmosphere.

e) an enclosure that provides a minimum ingress protection of IP 6X and

where no internal absorbers are.to be expected and complying with [“Tests of
enclosures” in UL 60079-0.
NOTE 9 An enclosure of a minimum ingress protection of IP 6X and complying with “[Tests of

enclosures” in UL 60079-0 is-suitable because there is protection against the ingress| of

absorbers. It is anticipated\that when the enclosures are opened, entrance of any abg

orbers is

avoided.
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RO;

2 Normative references

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

20V DR Modification of Clause 2 to replace with thefollowing:

£l QY@M i

—type—of

R

IEC 60825<2,-Safety of laser products — Part 2: Safety of optical fibre commpunication
systems (OFCS)

NKPA)70, National Electrical Code

UL 1651, Optical Fiber Cable

UL 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

UL 60079-1, Explosive atmospheres — Part 1: Equipment protection by flameproof
enclosures "d"

UL 60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety "i"

UL 60079-15, Explosive atmospheres — Part 15: Equipment protection by type of
protection "n"
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-426, IEC 60050-731, IEC
60079-0 and the following apply.

3.1

absorption

in a propagation medium, the conversion of electromagnetic wave energy into another form of energy, for
instance heat

[SOURCEHEG-60080/3144904+734-0344

3.2
beam diameter (or beam width)
distance letween two diametrically opposed points where the irradiance is a specified fraction of the
beam's pgak irradiance

Note 1 to enjry: Most commonly applied to beams that are circular or nearly circular in cross section.
[SOURCH: IEC 60050-731:1991, 731-01-35]

3.3
beam strength
optical bepm’s power, irradiance, energy, or radiant exposure

3.4
core
central region of an optical fibre through which most of the optical power is transmitted

[SOURCH: IEC 60050-731:1991 , 731-02-04]
3.5

cladding
dielectric naterial of an optical fibre surrounding the core

[SOURCH: IEC 60050-734:1991, 731-02-05]
3.6

fibre bungle
assembly [of unbuffered optical fibres

[SOURCE: IEC 60050-731:1991, 731-04-09]
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3.7

fibre optic terminal device
assembly including one or more opto-electronic devices which converts an electrical signal into an optical
signal, and/or vice versa, which is designed to be connected to at least one optical fibre

Note 1 to entry: A fibre optic terminal device always has one or more integral fibre optic connector(s) or optical fibre pigtail(s).

[SOURCE: IEC 60050-731:1991, 731-06-44]

3.8

optical radiation types of protection

3.8.1
inherently
“op is”

visible or i
conditions

Note 1 to enti

3.8.2
protected

“op pr!,

safe optical radiation

nfrared radiation that is incapable of producing sufficient energy under noefmal or spe
to ignite a specific explosive atmosphere

fy: This definition is analogous to the term “intrinsically safe” applied to electrical cireuits.

optical radiation

visible or infrared radiation that is confined inside optical fibre‘or other transmission medium ung

cified fault

er normal
at there is

dium with
specified

constructigns or constructions with additional mechanical protection based on the assumption th
no escape|of radiation from the confinement

3.8.3

optical syptem with interlock

“op Sh”

system tof confine visible or infrared radiation inside optical fibre or other transmission me|
interlock cpt-off provided to reliably reduce the unconfined beam strength to safe levels within
time in cage the confinement fails and'the radiation becomes unconfined

3.9

irradiance

DEPRECATED: intensity.

radiant poyver incident.on an element of a surface divided by the area of that element

[SOURCE]| IEC 60050-731:1991, 731-1-25]

3.10

light (or visible radiation)

optical radiation capable of causing a visual sensation directly on a human being

Note 1 to entry: Nominally covering the wavelength in vacuum range of 380 nm to 800 nm.

Note 2 to entry: In the laser and optical communication fields, custom and practice in the English language have extended usage of
the term light to include the much broader portion of the electromagnetic spectrum that can be handled by the basic optical
techniques used for the visible spectrum.

[SOURCE: IEC 60050-731:1991, 731-01-04]
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3.11

optical fibre
filament shaped optical waveguide made of dielectric materials

[SOURCE: IEC 60050-731:1991, 731-02-01])

3.12

optical fibre cable
assembly comprising one or more optical fibres or fibre bundles inside a common covering designed to
protect them against mechanical stresses and other environmental influences while retaining the

transmiss

on qualities of the fibres

[SOURCH

3.13

: IEC 60050-731:1991, 731-04-01]

optical (o radiant) power

rate of flov
[SOURCH

3.14

v of radiant energy with time

: IEC 60050-731:1991, 731-01-22]

optical radiation
electromagnetic radiation at wavelengths in vacuum betwegén“\the region of transition to X-ra

region of

Note 1to en
[SOURCH

3.15

protectec
optical fib
conditiong

3.16
radiant e)
radiant en|

ansition to radio waves, that is approximately between 1 nm and 1000 um

ry: In the context of this standard, the term “optical” reférs to wavelengths ranging from 380 nm to 10 pm.
:IEC 60050-731:1991, 731-01-03, medified (addition of Note 1 to entry)]
optical fibre cable

'e cable protected from reléasing optical radiation into the atmosphere during norma
and foreseeable malfunections by additional armouring, conduit, cable tray or raceway

(posure
ergy incident-on an element of a surface divided by the area of that element

4 General requirements

ys and the

operating

for the application if intended to be installed inside the hazardous area.

ly with one
-0 suitable

Optical equipment shall be subjected to a formally documented ignition hazard assessment using the
principles stated in Annex C. This assessment shall be made to determine which possible optical ignition
source can arise in the equipment under consideration, and which measures may need to be taken to
mitigate the risk of ignition.

If a source of optical radiation is inside an enclosure providing a protection of minimum IP 6X, after the
tests specified in IEC 60079-0 for enclosures, the ingress of absorbing targets from the outside of the
enclosure need not be taken into consideration, but the existence of internal targets shall be taken into
consideration. However where the optical radiation may leave such an enclosure, the requirements of this
standard also apply to the emitted optical radiation.
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5 Types of protection
5.1 General

Three types of protection can be applied to prevent ignitions by optical radiation in explosive atmospheres.
These types of protection encompass the entire optical system.

These types of protection are:

a) inherently safe optical radiation, type of protection “op is”,

b) protectgd optical radiation, type of protection “op pr”, and
c) optical gystem with interlock , type of protection “op sh” .

Where the| ignition hazard assessment given in Annex C shows that ignition due to optical radiation may
be possiblg, the principles of using the types of protection shown in Table 1 shall-be applied.

Table 1
EPLs achieved by application of types of protectionfor optical systems

Type(s) of protection EPLs
Ga, Da, Ma Gb, Db, Mb Gc, Dc

Inherently spfe optical radiation “op is” (see 5.2)

— safe with fwo faults or using optical source based on the thermal failure Yes Yes Yes
characterisfjc 5.2.2.2 item 3) or 5.2.2.3 item 3)

— safe with pne fault or using optical source based on thethermal failure No Yes Yes
characteristjc 5.2.2.2 item 3) or 5.2.2.3 item 3)

— safe in nofmal operation No No Yes

Protected fibre optic media with ignition capable beam “op pr” (see 5.3)
— with additional mechanical protection No Yes Yes

— according|to fibre manufacturers specification for normal industrial use, but No No Yes
without add|tional mechanical protection

Fibre optic rhedia with ignition capable beam interlocked in case of fibre
breakage “dp sh” (see 5.4)

— Protectedffibre optic-eable “op pr” for Gb/Db/Mb + shutdown functional safety Yes ) Yes Yes
system basgd on ignition delay time of the explosive gas atmosphere

— Protected|fibré\optic cable “op pr” for Ge/Dc + shutdown functional safety No Yes ) Yes
system basg¢don eye protection delay times (IEC 60825-2)

— Unprotected fibre optic cable (not “op pr”) + shutdown functional safety system No No Yes
based on eye protection delay times (IEC 60825-2)

None (unconfined, ignition capable beam) No No No

" Shutdown system safe with one fault

5.2 Requirements for inherently safe optical radiation “op is”
5.21 General
Inherently safe optical radiation means that the visible or infrared radiation is incapable of supplying

sufficient energy under normal or specified fault conditions to ignite a specific explosive atmosphere. The
concept is a beam strength limitation approach to safety. Ignition by an optically irradiated target absorber
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requires the least amount of energy, power, or irradiance of the identified ignition mechanisms in the
visible and infrared spectrum. The inherently safe concept applies to unconfined radiation and does not
require maintaining an absorber-free environment.

5.2.2 Continuous wave radiation

5.2.2.1 General

Either optical power or optical irradiance shall not exceed the values listed in Table 2, Table 3 and Table 4,
categorized by equipment group and temperature class.

As an alternative to compliance with Table 2 the following options are available:

— For irrafliated surface areas above 400 mm?, the maximum temperature measured 6n the irradiated
surface shall be used to establish the temperature class, with no limit on irradiance. The tgmperature
measurement shall consider the possibility of nonhomogeneous beam strength.

— For limited irradiated areas not greater than 130 mm?, maximum radiated power values other fthan those
as permitfed by Table 2 for temperature classes T1, T2, T3 and T4 and.Groups IIA, 1IB or IIC are detailed
in Table 4

— Passing|the ignition tests in accordance to with 5.2.4.

Table 2
Safe optical power and irradiance;for Group | and Il equipment,

categorized by Equipment:Group and temperature class

Optical radiation sources with Can be used for the
Radjated power Irradiance following atmosphere.s
(no irradignce limit applies) (no radiated power limit (temperature classes in Remarks
mwW applies) combination with equipment
mMW/mm2 groups)
<150 1A with T1, T2 or T3, and | No limit to the involved
irradiated area
<35 IIA, 1IB independent of T-Class, | No limit to the involved
IIC with T1, T2, T3 0or T4, and | |irradiated area
<15 All atmospheres No limit to the involved
irradiated area
<20 IIA with T1, T2 or T3, and | Irradiated areas linjited to
<30 mm?
<5 All atmospheres No limit to the involved

irradiated area

NOTE The applicable optical power or optical irradiance values listed in this table are based on the subdivision of the equipment
group (gas group) and the temperature class since the ignition process by small hot particles depends on both the subdivision and
the temperature class of the explosive mixture. This is independent from the (electrical) equipment group and temperature class
associated with the assessment of the electrical equipment. It is therefore important to realize that the meaning of the term
‘temperature class’ is not the same for optical radiation protection technique, “op is”, as it is for other applicable electrical equipment
protection techniques (such as for flameproof enclosures, “d”, or intrinsically safe apparatus, “i").

Table 2 Continued on Next Page
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Table 2 Continued

Optical radiation sources with Can be used for the
Radiated power Irradiance following atmosphere.s
(no irradiance limit applies) (no radiated power limit (ter:npe_raturg classt_es in Remarks
mw applies) combination with equipment
mW/mm? groups)

For “op is”, the use of the term ‘temperature class’ when applying this table does not relate to the maximum temperature measured
on the equipment. Instead, it relates to the ignition properties of the gases associated with the various equipment groups.
Therefore, for IIA and IIB equipment, TS and T6 temperature classes are not applicable, as there are no IIA or 1IB gases that have
T5 or T6 auto-ignition temperatures. Similarly, for 1IC equipment, there are no IIC gases with T5 auto-ignition temperatures, and
carbon disulfide is the only IIC gas with a T6 auto-ignition temperature.

So, when applying this table for [IB equipment, there is only one option for optical power or optical irradiance values, i1 fo T4.

However, fof lIA, the manufacturer would indicate an “op is” temperature class for the involved equipment group gases rglating to
the intended end-installation application either of T1 to T3 or of T4. Similarly, for 1IC, the manufacturer would either indicate T1 to
T4, or indicate T6 if carbon disulfide is included in the intended end-installation application.

Table 3
Safe optical power and irradiance for Group lll equipment
Equipment Group A, IlIB and llIC
EPL Da Db Dc
Radiated pgqwer (no irradiance limit applies) mW <35 <35 <35
Irradiance (ho radiated power limit applies) mW/mm? <5 <5 <10
Table*4

Safe limit values for intermediate area, Group | or ll, constant power,
T1 - T4 atmospheres, equipment Groups lIA;IIB or lIC (Data derived from Figure B.1 including a

safety factor)
limited irradiated area Maximum radiated power value

mm? mw
<4*107° 35
24*1032 40

> 1,8* 1072 52

4% 1072 60

20,2 80

20,8 100

229 115

=>8 200

270 400

For irradiated areas equal to or above 130 mm? the irradiance limit of 5 mW/mm? applies

5.2.2.2 Optical power

If compliance with Table 2, Table 3 or Table 4 is to be based on maximum optical power values, then
maximum optical power shall be measured in accordance with one of the following test methods, using the
same or equivalent thermal dissipation conditions as in the intended application:

1) The actual driver circuitry is used to power the optical device, with maximum optical power measured
under fault conditions in accordance with the over-power / energy fault protection criteria according to
5.2.5 and the respective EPL at ambient temperature between 21 °C and 25 °C. If the optical power is
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higher at the foreseen ambient temperature range of the equipment, the measured value at room
temperature shall be adjusted according to the temperature coefficient taken from the data sheet. If no
information is given in the data sheet then the measurement shall be done additionally in the lowest and
highest values of the temperature range specified for the equipment. Separate samples shall be taken for
each of the 3 tests if the optical device is subjected to input parameters which are higher than its maximum
rating. The number of test samples depends upon the number of fault conditions to be applied.

2) The maximum input parameters to the optical device from the actual driver circuitry are calculated
based on analysis of the driver circuitry schematic. This analysis shall include consideration of fault
conditions in accordance with the over-power / energy fault protection criteria according to 5.2.5 and the
respective EPL. One test sample of the optical device without the driver circuitry is then connected to a
separate Yariable source of supply and subjected to input parameters equal to the maximum|calculated
input parpmeter values. Maximum optical power is measured with the optical deyice. gt ambient
temperatyre between 21 °C and 25 °C. If the optical power is higher at the foreseen ambient tgmperature
range of the equipment, the measured value at room temperature shall be adjusted duejto the tgmperature
coefficien{| taken from the data sheet. If no information is given in the data sheet then the mepsurement
shall be done additionally in the lowest and highest values of the temperature Tange specifijed for the
equipment. Separate samples shall be taken for each of the 3 tests if the optical device is suyibjected to
input parameters which are higher than its maximum rating.

3) The aclual driver circuitry is replaced with a separate variable source of supply. This source ¢f supply is
then used to provide variable inputs to the optical device, withr maximum optical power measured. No
faults are [considered. Ten samples of the optical device are ta'be tested at ambient temperature between
21 °C and 25 °C. The maximum optical power is then takenfrom the highest power that can be|measured
at the ten samples before the optical device shuts down or.folds back.

NOTE Wher] the actual driver circuitry is replaced with a separate/variable source of supply, the maximum optical powef is the power
that can be measured before the optical device shuts down or folds back. Under such shut down or fold back conditions, there is the
potential for|significant variance between multiple samples-af*the same optical device. To address this issue, 10 sgmples of the
optical devicg are tested to identify the maximum optical power. Such variance is not an issue when evaluating the opticgl device with
its actual driyer circuitry.

4) Calculgtion of maximum optical power based on the electrical power supplied to the optical device as
described|in 2). For the optical output values the data sheet specifications shall be taken into account,
together With the calculated power supplied, and if applicable distances provided by constructign from the
radiating surface.

The following is applicableto whichever of the above test conditions is selected:

— An optidal detector'(e.g semiconductor sensor for nearly monochromatic radiation — optical power meter
- or thermopilétsensor for non-monochromatic or spectrally variable optical sources) is used tp measure
the optica| power.

— The optical detector shall be positioned at a reasonable distance from the output of the optical device
such that the entire beam diameter is captured, while being in accordance with the instructions for the
optical detector. Alternatively, for optical devices recessed a given distance within an enclosure that does
not contain the optical radiation, the optical detector may be positioned this given distance from the optical
device. This alternative approach requires that the enclosure complies with recognized types of protection
for electrical apparatus designed to contain an internal ignition (such as a flameproof "d" enclosure)
according to IEC 60079-1, or where it is not expected there are absorbing targets inside the enclosure
according to the ignition hazard assessment (such as an IP 6X enclosure, a pressurized "p" enclosure,
restricted breathing “nR” enclosure, etc.).

— The maximum measured optical power value shall be less than or equal to the applicable maximum
optical power value from Table 2, Table 3 or Table 4 respectively.
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If the maximum measured optical power value is not less than or equal to the applicable maximum optical
power value from Table 2, Table 3 or Table 4 then an evaluation can be performed to determine
compliance with the requirements for ‘Optical irradiance’ (see 5.2.2.3).

5.2.2.3 Optical irradiance

If compliance with Table 2, Table 3 or Table 4 is to be based on maximum optical irradiance values, then
optical irradiance can be determined in accordance with one of the test conditions specified in 5.2.2.2.

The following is applicable to whichever of the above test conditions is selected:

1) A limitirjg aperture of not more than 100 mm? shall be initially positioned such that the midppint of the
aperture ig centred on the beam from the optical device.

2) The siz¢ of the limiting aperture shall be less than the beam width so that the optical radiation s partially
blocked ar|d does not exceed 100 mm?.

3) The limiting aperture shall be positioned at the closest point of access to the-output of the opti¢al device.
Alternatively, for optical devices recessed a given distance within the erelosure, the limiting apgerture can
be positioned this given distance from the optical device. This alternative approach requireg that the
enclosure [complies with recognized types of protection for electri¢al” apparatus designed to ¢ontain an
internal ignpition (such as a flameproof "d" enclosure according-te, IEC 60079-1), or where it is| not to be
expected [that there are absorbing targets inside the enclesure according to the ignitign hazard
assessment (such as an IP 6X enclosure, pressurized "p"<enclosure, restricted breathing “nR” ¢nclosure,
etc).

4) An optigal detector (e.g. semiconductor sensor formonochromatic radiation — optical power meter — or
thermopile| sensor for non-monochromatic or, spectrally variable optical sources) with a wider| detection
area than t{he limiting aperture is used to measure the maximum optical power passing through the limiting
aperture.

5) These maximum optical power measurements are to be made with the limiting aperture centfed on the
beam and also while moving the-aperture along the radiation field in case the beam power is not
homogeneous.

6) Maximum optical irradiance is then calculated based on the maximum measured optical power through
the limitind aperture divided by the area of the limiting aperture.

7) The maximum-calculated optical irradiance value shall be less than or equal to the applicable[maximum
irradiance lalue from Table 2, Table 3 or Table 4.

In cases where the beam strength is not homogenous in the beam cross section area, measurements of
the optical power with an aperture of up to 100 mm? shall be made to determine the maximum irradiance
value.

If the maximum calculated optical irradiance value is not less than the applicable maximum irradiance
value from Table 2, Table 3 or Table 4, then an evaluation can be performed to determine compliance with
the requirements for ‘Optical power’ (see 5.2.2.2).

Consideration may be given to using a spectroradiometer or other suitable equipment to measure optical
irradiance in place of a limiting aperture and optical detector.
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5.2.3 Pulsed radiation
5.2.3.1 General

Optical pulse duration for Gc or Dc equipment may be determined based on modulation frequency and
duty cycle ratings specified by the manufacturer. For example, pulse duration (or ‘on-time’) is equal to the
product of the period (or ‘time between pulses’) and the duty cycle, with the period being equal to the
inverse of the frequency.

Optical pulse duratlon for Ga, Gb, Da, Db, Ma or Mb equlpment shall be measured under faults in
accordan € rgorporating
ntIy safe concept An electrlcal oscnloscope may be used to measure the pulse duration of the

| pulse duration of less than 1 ms, as determined in accordatice with the applicable lequipment
protection| level, the optical pulse energy shall not exceed the minimum-spark ignition energy (MIE) of the

| pulse duration from 1 ms to 1 s inclusive, as determined in accordance with the|applicable
equipment protection level, an optical pulse energy equal to 10 times the MIE of the explosive gas

For a single pulse, optical pulse energy is equal to the product of the average power and the optical pulse

ordance with the ‘Comparison of measured minimum igniting optical pulse energy (Qe,pi,min) at 90 um bgam diameter
with auto ignjition temperatures (AIT) and minimum ignition energies (MIE) from literature Table B.2, the applicable m[nimum spark
ignition enerpy (MIE) is based on the equipment.group subdivision.

The MIE Jalues for the application of this standard are:
* Group lIAA: 240 uJ
* Group IIB: 82 uJ

* Group IC: 47 jdJ

5.2.3.3 Optical pulse duration greater than 1 s for Group Il

For optical pulse durations greater than 1 s, the peak power shall be measured in accordance with the
‘Continuous wave radiation’ requirements, and shall not exceed the safety levels for continuous wave
radiation (see 5.2.2, Table 2 or Table 4). Regardless of the involved EPL, such pulses are considered as
continuous wave radiation.

5.2.3.4 Additional requirements for optical pulse trains for Group Il equipment
For optical pulse trains involving pulse duration less than or equal to 1 s, the following applies:

1) For all repetition rates, compliance with the single pulse criterion applies for each pulse.


https://ulnorm.com/api/?name=UL 60079-28 2021.pdf

30 UL 60079-28 DECEMBER 7, 2021

2) For repetition rates above 100 Hz, the average power shall not exceed the safety levels for continuous
wave radiation in Table 2 or Table 4.

3) For repetition rates at or below 100 Hz, the average power shall not exceed the safety levels for
continuous wave radiation in Table 2 or Table 4 unless demonstrated to not cause ignition by tests
according to Clause 6.

5.2.3.5 Additional requirements for optical pulses for Group | and Group lll equipment

The output parameters of optical sources of equipment for EPL Ma or Mb and Da or Db shall not exceed

0 1 mJ/m 2 £ niloalocare ar nlon linbht cniienno it nlan indamale ~f ot lnact B o
. o pPurStTaSero- O purSC gt SOutrce Wi pPorstr ey e Orareasto-5e

The output parameters of optical sources of equipment of EPL Dc shall not exceed 0,5 mJ/mmf for pulse
lasers or pulse light sources.

Radiation sources with pulse intervals of less than 5 s are regarded as continuous ‘wave sources
5.2.4 Ignition tests
Ignition tegts to demonstrate inherent safety may be performed for Group’ll in special cases such as:

» beams oflintermediate dimensions or pulse duration that may€xceed the minimum optical ignitjon criteria
but are stil| incapable of causing ignition;

* beams with complex time waveforms such that pulse“energies and/or average power are |not easily
resolved;

« specific atmospheres, targets, or other specific’applications that are demonstrably less severg than test
conditions|studied to date.

NOTE 1 Thege tests will be used only in very.rare‘cases since they are quite expensive and require special test equipfnent. Not all
testing statiops working with this standard will have the necessary test equipment for ignition tests.

The test shall be done as specified in Clause 6 with 10 samples of the optical radiation source under worst
case ambignt conditions. The test is passed if there is no ignition during the 10 tests.

NOTE 2 Ignitjon tests for Group | and Ill are currently not specified.

5.2.5 Over-power/energy fault protection

5.2.5.1 General

Optical devices incorporating the inherently safe concept shall provide over-power/energy fault protection
to prevent excessive beam strengths in explosive atmospheres. The risk/hazard analysis shall determine if
additional limitation is required. The failure modes of the optical source, the driver circuitry, and the
intended EPL shall be considered during normal operation and during fault conditions to determine the
requirement for additional limitation.

5.2.5.2 Self-limiting optical sources

Optical sources such as laser diodes, light-emitting diodes (LED) or lamps will fail if over-heated under
over-power fault conditions. The thermal failure characteristic of certain optical sources provides the
necessary over-power fault protection if a test of 10 samples shows that a defined fail-safe shutdown or


https://ulnorm.com/api/?name=UL 60079-28 2021.pdf

DECEMBER 7, 2021 UL 60079-28 31

foldback will occur (see 5.2.2.2 and 5.2.2.3). The highest obtained optical output power value of the 10
samples is to be taken as the maximum power or irradiance value. The thermal failure characteristic of
such low power optical sources is acceptable to provide adequate over-power protection for any EPL.

5.2.5.3 Optical sources requiring power limiting circuitry

Where the beam strength of the optical device is limited by the driver circuitry, the faults to be considered
apply to that circuitry and not to the optical device itself.

An LED current limited by the driver C|rcwtry to values within the data sheet specmcatlons is not
consideregHe-e : :

Faults to pe considered include the opening or shorting of any component that could.impac{ the beam
strength df the optical device. Printed wiring board traces need not be considered for shorting because
they comply with the creepage distance, clearance or through solid insulation requiremeénts of the relevant
general industrial standard.

Electrical |circuits such as current and/or voltage limiters placed betweéen-the optical sourde and the
electrical power source may provide over-power fault protection. Elegtrical over-power fault| protection
shall be pfrovided to the degree necessary for the intended EPL (see\e.g. IEC 60079-11 for an example
methodolggy for conducting the fault analysis, but other methodologies may also be applied). For Ga, Da
or Ma equipment, current and/or voltage limiters shall provide over-power fault protection|in normal
operation fand after one or two countable faults are applied to-the’current and/or voltage limiter. For Gb, Db
or Mb eduipment, over-power fault protection shall besprovided in normal operation and| after one
countablelfault is applied to the current and/or voltage limiter. For Gec or Dc equipment the ratefl electrical
values shall be taken without assuming any fault.

5.3 Reqpuirements for protected optical radiation “op pr”
5.3.1 Gg¢neral

This conckpt requires radiation to be eonfined inside optical fibre or other transmission mediuny based on
the assunpption that there is no escape of radiation from the confinement. In this case the performance of
the confinement defines the safety level of the system, “op pr’. Safety levels that are applicable include

EPL Gb of Gc and Db or D¢ and Mb. (see Table 1). Two options may be used, either 5.3.2 or 5.3.3.

All opticallcomponents:shall be suitable for the ratings and temperature range for which they arg used.

NOTE It is npt a requiremnent of this standard that conformity to the specification of the components be verified.

5.3.2 Radiation inside optical fibre or cable

5.3.2DV.1 DR Modification of Clause 5.3.2 to replace with the following:

The optical fibre or cable protects the release of optical radiation into the atmosphere
during normal operating conditions. For EPL Gb, Db or Mb protected optical fibre cables
shall be used in accordance with the applicable cable requirements of NFPA 70 provided
by-additional-armeuring,—conduit,—cable-tray,—orraceway. For optical fibres or cables, that
exit the end-equipment enclosure, a-the Cable pull test shall be performed according to {EC
60079-11 UL 60079-11.

Gb,—Ge, Db-and-De—equipment-shall-utilize Optical fiber cable, with or without current-

carrying conductors (i.e. composite optical fiber cable) shall comply with one of the
following:
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* For Gb, Gc, Db and Dc equipment, UL 1651 for single or multiple optical fi

ber cable

(as described in Article 770 and other applicable parts of the National Electrical

Code, NFPA 70) that complies-with-UL-1651; or

* For Gb, Gc, Db and Dc equipment, UL 2225 for Types MC-HL or ITC-HL cable; or

* For Gb and Gc equipment, UL 2225 for Type TC-ER-HL cable; or

* For Gc and Dc equipment, UL 1569, UL 1277, UL 2250 or UL 13 for Types MC, TC,

TC-ER, ITC, ITC-ER, PLTC or PLTC-ER, as applicable.

a
te
e
c

NG

Fg

=

Fg

cdnnections shall comply with the pluggable<connections requirements from IEC]

Ul
pl

NG

NG

5.3.3 Ra

Ignition ca
of protecti
according
enclosure
enclosure,

other fibre (in a new cable) by using dedicated coupler or joining kits givi
mination. For external termination/splicing, the cable connection. shall
uivalent mechanical strength to that of the cable. The procedure, to” perf
nnections shall be detailed in the instructions.

TE 1 This can be achieved by using mechanical clamping or snap connection.

r EPL Gc or Dc optical fibre or cables and internal pluggable factory connec

C-60079-0 UL 60079-0 suitable for the EPL.

r EPL Gb, Db or Mb, optical fibre or cables.connected via internal pluggab

| 60079-15. External optical fibre or cable field connections shall comply with th
Ilg and socket outlet requirements from}EC-60079-0 UL 60079-0 for the required

TE 2 Typical examples are connections in split-boxes.

TE 3 Optical fibre or cable alone isinot Ex equipment.

Hiation inside enclosures

bable radiation'inside enclosures is acceptable if the enclosure complies with recogn

to IEC 60079-1, or where it is not to be expected that there are absorbing targets
according to the ignition hazard assessment (such as an IP 6X enclosure, press

however, he\considered, that any non-inherently safe radiation that may leave the enclosure

restricted breathing “nR” enclosure, dust ignition protection by enclosure "t" etc.

cable) to
g a fixed
provide
prm field

ions that

cgmply with the applicable industrial standard are suitable. External optical fibre or cable
fidld connections shall comply with the external plug and socket outlet requirem

bnts from

e factory

160079-15
external

EPL.

sed types

bn for electrical equipment designed to contain an internal ignition (flameproof "d" ¢nclosure)

inside the

urized "p
. It shall,

has to be

protected according to this standard.

5.4 Optical system with interlock “op sh”

This type of protection is also applicable when the radiation is not inherently safe. The concept requires
radiation to be confined inside an optical fibre or other transmission medium based on the assumption that

there is no

escape of radiation from the confinement under normal operating conditions.

Depending on the EPL, “op sh” requires the application of “op pr” principles, along with an additional
interlock cutoff, as follows (see also Table 1):
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— For Ga, Da or Ma “op sh” applications, protected fibre optic cable “op pr”’ for Gb/Db/Mb, along with a
shutdown functional safety system based on ignition delay time of the explosive gas atmosphere, is

required.

— For Gb, Db or Mb “op sh” applications, protected fibre optic cable “op pr’ for Gc/Dc, along with a
shutdown functional safety system based on eye protection delay times (IEC 60825-2), is required.

— For Gc or Dc “op sh” applications, unprotected fibre optic cable (not “op pr”), along with a shutdown

functional

The interl

safety system based on eye protection delay times (IEC 60825-2), is required.

becomes

unconfine

The interl
Group 1A
fit to minin

5

al

n
G
54

pek—eut-off-shall-operate—f—the—protectionby-the—eonfinementfails—and-theradiatior
d on time scales shorter than the ignition delay time or the delay time for eye protectio
pbck cut-off delay time of equipment for use for Group I, Group IIA temperature cla
temperature class T2 shall be less than the boundary curve of Figure 1 represented b

hum ignition delays with a safety factor of 2 included.

4DV.1 DR Modification of Clause 5.4 Note to replace with thefollowing:

hd Group IIA temperature class T2 in Figure 1. Therefore, type of protection,

n.

ss T1 and
y the curve

NOTE Ignition delay times are only identified for Group.I,-Group IIA temperature class T1

op sh", is

pt permitted ignition-delay-times for other Group HA applications or for any Gro
roup lIC applications neeessitate—additional-testing—and—documentation—to]
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Figure 1

Optical ignition delay times and safe boundary curve with safety factor of 2
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5.4DV.2 DE Modification of Clause 5.4, fifth paragraph to replace with the following:

The interlock cut-off shall be required to perform according to the requirements defined by
the risk analysis. The methods given in appropriate standards (e.g. IEC 61508, IEC 61511,
ISA-84.00.01, Parts 1-3) may be used to analyse equipment performance for the appropriate

safety level. According to Table 1 the shutdown system is required to operate safely with
one faulit.

6 Type verifications and tests

6.1 Test Let-up for ignition tests

6.1.1 Ge

All gas-aif
40 (x3)°C

All gas-air
IEC 60079

6.1.2 Tesgt vessel

A test ves
(potential i

neral

-mixtures within the test vessel shall be maintained during the test at a temp
or at the maximum temperature of the specific application.

mixtures within the test vessel shall be maintained at an ambient pressure in accorg
-0.

bel shall be used with a diameter greater than, 150°'mm, and a height above the abso
hnition source) greater than 200 mm.

6.1.3 Criteria to determine ignition

Ignition s

Il be considered to have occurred if a temperature rise of at least 100 K is meas|

brature of

ance with

ber target

ured by a

0,5 mm diameter thermocouple bead located 100 mm above the reference absorber, or if the appearance

of a flame

6.2 Verif

6.2.1 Re

To check
propane-a

s visually observed.
cation of suitability.of test set-up for type tests
erence gas

vhether the-test set-up is suitable for type tests according to 6.3, ignition tests shal
r-mixture4n accordance with the following:

involve a

* For conti
either 5 %

huous wave radiation and for pulsed wave radiation above 1 s duration: propane-air

mixture of

or 4 % by volume, quiescent mixture.

* For pulsed wave radiation equal to or less than 1 s and for all pulse trains: propane-air-mixture of 4 % by
volume, quiescent mixture.

See Table

A.1 for additional background on the application of the propane-air-mixture.

If the set-up is used only for either continuous wave or pulsed radiation, only the applicable of the two
reference tests is necessary.
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6.2.2 Reference absorber

Absorption at investigated wavelength above 80 %, to be applied on the transmission fibre tip (fibre

optics), or compressed respectively applied to an inert substrate (free beam transmission).

NOTE Experiments show that for pulses in the micro and nanosecond range a carbon black absorber gives the lowest
energies (absorption 99 %, combustible, high decomposition temperature) [1,4,67].

" Numbers in square brackets refer to the bibliography.

The irradifited reference absorber shall be physically and chemically inert for the duration-of th
absorber peeds to have very high absorption to act as nearly a black body. The set-upshall be
the referepce gas and absorber at 40 °C £ 5 K. For the testing of fibre optics, the absaerber shall

igniting pulse

e test. The
tested with
be applied

to the fibr¢ tip in a very thin layer (approximately 10 um) (e.g. applied as a powdér-in suspensioi and dried

afterward$). The reference values are given in Table A.1. The test setup is\acceptable if th
ignition vdlues are not more than 20 % above the data from Table A.1. Thé@absorber shall be u
at the end|of the test.

For the tepting of free beam transmission the smallest diameter of the beam shall hit a plane |
target material applied to a substrate or in a compressed form-as.a pellet. The reference value
taken fromh Table A.1 for the respective beam diameter. Thevtest setup is acceptable if the
ignition vdlues are not more than 20 % above the data from.Table A.1. The absorber shall be u
at the end|of the test.

6.2.4 Rdference test for pulsed radiation below 1 ms pulse duration

The irradigted reference absorber shall be irradiated from the front (free beam irradiation) durin
tests. For the testing of free beam transmission the smallest diameter of the beam shall hit a plg
the target|material applied either to a substrate or to a compressed form as a pellet. The refer
for a beamm diameter of 90 um is 499.uJ pulse energy for pulses of 90 ns and 600 pJ for pulse
The set-up shall be tested with the reference gas and absorber at 40 °C + 5 K. The tes

acceptablg if the achieved ignition values are not more than 20 % above the data from Table B.1|.

NOTE Background information for'the reference values are given in the bibliography [4].

6.3 Type tests

achieved
ndamaged

byer of the
5 are to be
b achieved
ndamaged

g all pulse
ne layer of
bnce value
s of 30 ns.
5t setup is

6.3.1 Ig|||ition tests with continuous wave radiation and pulses above 1 s duration

The ignition tests for continuous wave radiation and for pulsed wave radiation above 1 s duration shall

involve a gas-air-mixture in accordance with the following:

* For T6/IIC atmospheres: CS, in air, 1,5 % by volume, and Diethyl ether, 12 % by volume. If only diethyl
ether is used, the minimum ignition powers or irradiances obtained shall be divided by a factor of 4 when

applying the acceptance criteria.
» For T4/lIA, T4/IIB and T4/IIC atmospheres: diethyl ether, 12 % by volume.
* For T3/lIA and | atmospheres: propane in air, 5 % by volume.

* For special applications: the atmosphere under consideration.
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6.3.2 Ignition tests with single pulses less than 1 ms duration

The ignition tests for pulsed wave radiation less than 1 ms duration shall involve a gas-air-mixture in
accordance with the following:

* For IIC atmospheres: H, in air, 12 % and 21 % by volume, or CS in air, 6,5 % by volume.
* For IIB atmospheres: ethene in air, 5,5 % by volume.
* For I and lIA atmospheres: diethyl ether, 3,4 % by volume, or propane in air, 4 % by volume. If propane in

air is usedpdivide mimmunignitioTenergies obtaimed-withrpropane by, 2-whemapptyimgthearceptance
criteria.

* For special applications: the atmosphere under consideration.
6.3.3 Tests for pulse trains and pulses from 1 ms to 1 s duration

The ignitioh tests for pulsed wave radiation from 1 ms to 1 s and for all pulse_trains shall involve|a gas-air-
mixture in pccordance with the following:

« ignition tests performed with gas-air-mixtures in accordance withrthe’above “pulsed wave radiation above
1 s duratioh”, followed by

* ignition tests performed with gas-air-mixture in accordance with the above “pulsed wave rad|ation less
than 1 ms fHuration”.

6.3.4 Abgporber targets for type tests
The absorber target shall be maintained at the same temperature as the gas-air-mixture.

When irradiated, the absorber target:shall be physically and chemically inert for the duration of the test. It
is necessayry for the absorber to havelvery high absorption so as to act as nearly a black body.

For all optical transmission sources, the absorber target shall have an absorption property above 80 % at
the involvgd wavelength. Additional background on the selection of the reference absorber is given below.

The absorper targetishall be positioned at the closest point of access to the output of the optidal source.
For opticallfibre transmission sources, the reference absorber shall be applied to the fibre tip in @ very thin
layer. For pther than optical fibre transmission sources (free beam transmission), the referencg absorber
shall be agplied in a very thin layer to an inert substrate, or compressed to form a pellet, and located at the
output of the optical source.

Alternatively, for optical sources recessed a given distance within the enclosure, the absorber target can
be positioned this given distance from the optical source. For all optical transmission sources, the
absorber shall be applied in a very thin layer to an inert substrate, or compressed to form a pellet, and
located this given distance from the output of the optical source. This alternative approach is only an
option if the enclosure complies with recognised types of protection for electrical apparatus designed to
contain an internal ignition (such as a flameproof "d" enclosure) according to IEC 60079-1, or where it is
not to be expected that there are absorbing targets inside the enclosure according to the ignition hazard

assessment (such as an IP 6X enclosure, pressurised "p" enclosure, restricted breathing “nR” enclosure,
etc).
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Application of this very thin layer shall be achieved by having the absorber begin as a powder in
suspension, and then dried afterwards at a recommended thickness of approximately 10 ym.

NOTE Experiments show that for pulses in the micro and nanosecond range, a carbon black absorber gives lowest igniting pulse
energies (absorption 99 %, combustible, high decomposition temperature) [17][22][24].

6.3.5 Test acceptance criteria and safety factors

Where ignition is considered to have occurred and the absorber is undamaged, these results can be
treated as inherently safe data under the following conditions:

* A safety|factor as follows is applied to the achieved igniting power:

— For continuous wave radiation and for pulsed wave radiation greater than 1_s duration: A safety
fagtor of 1,5 shall be applied.

— For pulsed wave radiation less than or equal to 1 s and for pulse trains; A safety factdr of 3 shall
belapplied.

« After application of this safety factor, the adjusted igniting power is not'more than 20 % aboye the data
from Tablg A.1.

Where nolignition is considered to have occurred (e.g. because the power or energy cannot beg increased
further mqre in the test) and the absorber is undamaged, thése results can be treated as inhegrently safe
data undef the following conditions:

* A safety|factor as follows is applied to the highest'nen incendive beam power as follows:

— For continuous wave radiation and fer'pulsed wave radiation greater than 1 s duratioh: A safety
fagtor of 1,5 shall be applied.

— For pulsed wave radiation less than or equal to 1 s and for pulse trains: A safety factdr of 3 shall
belapplied.

« After application of the abeve safety factors, the adjusted non-incendive beam power is not|more than
20 % aboye the data fromTable A.1.

Another ppssibility to*ebtain inherently safe beam strength data (including application of a safefy factor) is
to use an|alternative reference gas that is more sensitive to ignition. As an example, for continous wave
radiation nd for.pulsed wave radiation greater than 1 s duration that is to be used in IIA/T3 at ospheres

NOTE As ignition by a small hot surface is a process containing considerable statistical deviations, a safety factor is justified. For the
same reason, great care is to be applied when judging experiments as non-incendive because small variations in test parameters
may influence the results remarkably.

7 Marking
7DV DR Modification of Clause 7 to replace with the following:

The equipment using optical radiation shall include all markings required by the other
applicable equipment protection techniques, if any, (such as flameproof enclosures, “d”,
and intrinsically safe apparatus, “i”’). Electrical equipment, parts of electrical equipment,
and Ex components emitting optical radiation and protected by the types of protection
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specified in this standard shall be marked in accordance with IEC-60079-0 UL 60079-0, with
the following additional marking:

a)

the symbol for the type of protection used:

“op is”: for inherently safe optical radiation;
“op pr”: for protected optical radiation;

“op sh”: for optical system with interlock.

b)
1E

Fg
ra

reptriction of the temperature class, this shall be indicated following\the type of pr

the symbol of the temperature class and Group and the suffixes A, B or C as
C-60079-0 UL 60079-0, but:

r equipment not suitable for installation in a hazardous area, but{providi
Hiation, the marking for ‘Associated Equipment’ shall apply. If,-Table 2 r

Example: [Ex op is lIC T4 Gb]

stated in

g optical
quires a
otection.

Determining compliance with Table 2 may involve the-use of a column from Table 2 for

oQ
te

tical power or irradiance values associated witha temperature class other

a

EXx

* B
to

mperature class that is part of the Ex marking-string for the other applicable

wed.
amples of marking
quipment which conforms to EPL Ga:

Class |, Zone 0 AEx'op-is lIC T6 Ga

quipment which conforms to EPL Gb:

Class |,.Zone 1 AEx op pr IIC T4 Gb

Equipment, which is installed outside the hazardous area and provides optical
the hazardous area, limit values taken from Table 2 or Table 4:

than the
electrical

edquipment protection technique(s). Only the more restrictive temperature class value shall
b%omarked on the equipment. More than onetemperature class marking sha
|

Il not be

radiation

[AE* ep is HA T2 Gal
L) LLLan WL I~ 4 vuj

* Equipment with an optical source protected by type of protection encapsulation ‘m’ and
type of protection ‘op is’

Class |, Zone 1 AEx mb op is IIC T4 Gb

The certificate shall identify the relevant EPL and intended Zone of the equipment (there
may be more than one EPL for the different parts of the equipment).
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Annex A
(informative)

Reference test data

Table A.1 gives reference values for ignition tests with a mixture of propane in air at 40 °C mixture
temperature. The absorber was attached to the end of an optical fibre and irradiated continuously.

Reference values for ignition tests with a m}-)?t%ll?e%; propane in air at 40 °C mixture temperature
Minimum igniting power at 1 064 nm Minimum igniting power.at 805 nm
Kibre core diameter (absorption: 83 %, 5 % propane by (absorption: 93 %,4.%prppane by
volume) volaimne)
Hm mwW mw
62,5 (125 pm cladding) 250
400 842 690
600 1200
1500 3600

NOTE Othér reference test data (e.g. for 8 um core diameter, 1 550 nm wavelength) are.currently not available
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Annex B
(informative)

Ignition mechanisms?

2 The information provided in this annex is taken from [1].

The potential hazard associated with optics in the infrared and visible electromagnetic spectrum depends
on:

* laser wavelength (absorption properties);

« absorbermaterial (inert, reactive);
« fuel;

* pressure
* irradiated area;
« irradiation time.

There are pn immense number of combinations of these factofs'that will influence the hazard qf optics in
explosive atmosphere and at least the ignition mechanism. Worst case conditions arise when an absorber
is present.|When the dimensions of the radiation and/or the.absorber fall below the quenching distance of
the explosjve gas, the ignition can be seen as a point ignition. However, radiation from the end of a fibre
optic cabl¢ diverges rapidly and the irradiated area-may reach dimensions of square centimétres. The
conditions|for ignition can be characterised in terms’of the fundamental parameters energy, arealand time.

area tends to time tendsto ignition criterion
(1) zgro infinity minimum power
(2) infinity infinity minimum irradiance
(3) zgro zero minimum energy
(4) infinity zero radiant exposure

Infinite time means continuous wave radiation. The research results for small and big areas arne given in
Table B.1, [Figure B.-{*and Figure B.2. In both regimes ignition takes place via hot surface ignitior] when the
beam hits|an absorber. The smaller the surface, the higher the igniting irradiance. This means that a
smaller sufface has to be heated to higher temperatures to cause an ignition. No ignition was| observed
below 50 mW optical power for all gas/vapour mixtures (excluding carbon disulfide). This supports the
maximum permissible power value of 35 mW including a safety margin, which also has to consider the
non-ideal grey body absorption of the inert absorber. Experiments with reactive absorbers (coal, carbon
black and a toner) showed that even though they have higher absorption, they were less effective as
ignition sources. The n-alkanes do not ignite below 200 mW (150 mW including safety margin). For bigger
irradiated areas a permissible value of 5 mW/mm? is much more realistic than a restrictive power criterion.

In the small area short time regime a laser pulse can create an ignition source similar to an electric spark
by a breakdown in air. It is known from the literature [10] that such spark with an energy approaching the
electrical minimum ignition energy (MIE) is able to ignite an explosive mixture under optimised conditions
(us and ns pulses).

The effectiveness of this ignition process depends on

* pulse length and repetition rate;
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» wavelength;
« target (absorber) material;
* irradiance and radiant exposure.

Microsecond pulses and nanosecond pulses with energies close to the MIE were found to ignite explosive
mixtures as shown in Table B.2. In this case the combustible carbon black target is the most effective
absorber. The properties of carbon black support this breakdown in comparison to the inert material
chosen in the continuous wave experiments (very high absorption, high decomposition temperature,
electron-rich structure and combust|b|I|ty) For pulses in the m|II|second range W|thout a breakdown
process bptt ' nor ' ' ] her than the
electrical MIE. Here the |nert grey body is the ideal absorber Pulses longer than 1 s should,be|treated as
continuoup wave radiation.

For pulse [trains the ignition criterion for each individual pulse is the energy criteriongiven above when the
pulse is Igss than 1 s. With higher repetition rates the previous pulse might have an influefce on the
behaviour of the irradiated area with the actual pulse. For repetition rates greater than 100 Hz, thhe average
power should be restricted to the continuous wave limit. This limitation forcesa maximum repgtition rate
for a defined pulse energy. The shorter the pulse, the higher the permissible peak power, but|the longer
the duty ¢ycle. This gives time for cooling of the target or decay of ‘a~spark or plume of hqt material.
Experiments showed [4] that for nanosecond pulses in the range of the'MIE (up to 400 pJ) a spark lifetime
of more than 100 us is not to be expected for a beam diameter of 90.um. For long pulse duration > 1 s the
peak power should be restricted to the corresponding cw-limit.

The remalning combination of fundamental parameters i.e.short times over infinite area can bg evaluated
by the resllts for the other regimes.

Table B.1
AIT (auto ignition temperature), MESG

(maximym experimental safe gap) and measured ignition powers of the chosen combustlbles for
inert absorbers as the ‘target material (04 464 ym=83 %, 0gg5 nm=93)°

Group | Qombustible AIT MESG Conc. Min. Min. Conc. Min. Min. Min.
acc. to | ip brackets: comb. at | ignition | ignition | comb. at | ignition | ignition|]| ignition
IEC increased min. power power min. power power power
60079-0 mixture ignition | 62,5um | 400 pm ignition 400 pm 600 pm || 1 500 pm
temperature power fibre fibre power fibre fibre fibre
PTB* PTB PTB HSL* HSL HSL HSL
(1064 (1064 (1064 (803 nm) | (803 nm) | (803 nm)|| (803 nm)
nm) nm) nm)
°C mm % vol. mwW mW % vol. mW mW mW
A methane 595 1,14 5,0 304 1125 6,0 960 1650 5000
aketere 535 1,64 & 836 -
2-propanol 425 0,99 4.5 273 660 - - - -
n-pentane 260 0,93 3,0 315 847 3,0 720 1100 3590
butane 410 - - - 4,6 680 - -
(365) (0,98)
propane 470 0,92 5,0 250 842 4,0 690 1200 3600
petrol 300 >0,9 - - - 4,3. 720 3650
unleaded (350)
n-heptane 220 0,91 3,0 - 502 - - — —
(110°C)

Table B.1 Continued on Next Page
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Table B.1 Continued

Group | Combustible AIT MESG Conc. Min. Min. Conc. Min. Min. Min.
acc. to | in brackets: comb. at | ignition ignition | comb. at | ignition ignition | ignition
IEC increased min. power power min. power power power
60079-0 mixture ignition | 62,5 um 400 pm ignition 400 ym 600 yum | 1500 um
temperature power fibre fibre power fibre fibre fibre
PTB* PTB PTB HSL* HSL HSL HSL
(1064 (1064 (1064 (803 nm) | (803 nm) | (803 nm) | (803 nm)
nm) nm) nm)
°C mm % vol. mW mW % vol. mW mW mW
methane / 595 0,90 6,0 259 848 — — — -
hyldrogen
1B di¢thyl ether / 200 0,90 4,0 - 658 - - L -
n-neptane
(1p0°C)
tefra- 230 0,87 6,0 267 - - - - -
hyldrofuran
di¢thyl ether 175 0,87 12,0 89 127 23,0 110 180 380
prppanal 190 0,84 2,0 - 617 - - - -
(1p0°C)
diethyl 240 0,84 8 280 - - - - -
ether
ethene 425 0,65 7,0 202 494 75 530 - 2007
methane / 565 0,50 7,0 163 401 - - - -
hydrogen
Ic cgrbon 95 0,37 1,5 50/24** 149 - - - -
digulphide
ethyne 305 0,37 25,0 110 167 - - - -
hyldrogen 560 0,29 10,0 140 331 8,0 340 500 1620
* HSL = Hedth and Safety Laboratory of the Health and Safety Executive (UK),
PTB = Physikalisch-Technische Bundesanstalt (Gefmany)
** 24 mW wgs obtained for a combustible target (coeal)
3 AIT and MEBG were taken from [9].
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