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Part 28: Protection of equipment and
transmission systems using optical radiation

INTERPRETATION SHEET 1

interpretation sheet has been prepared by IEC technical-Committee 31: Equipmen
psive atmospheres.

text of this interpretation sheet is based on the fellowing documents:

DISH Report on voting
31/1496/DISH 31/1508/RVDISH

information on the voting for the approval of this interpretation sheet can be found in
rt on voting indicated in the above'table.

fpretation sheet to the 6th paragraph of the Scope of IEC 60079-28:2015 (Edition

bus cinterpretations are being made by IECEx ExCB -and ExTL staff regarding
ideration of the risk of ignition from optical sources, and the applicability of IEC 6007

in tH

t for

the

2)

the
D-28

e context of Subclause 68 6 4 of IEC 60079.0:2017 1In addition to assistance prn\/ir’l

d to

date on IECEx Decision Sheet DS2018/004, the Liaison with IECEx has indicated that an
interpretation sheet addressing the applicability of IEC 60079-28 is required to clarify which

equi

pment that falls into the scope and what does not.

This interpretation is made available for Edition 2 of this standard due to the current use of
that standard by manufacturers, conformity assessment schemes and national bodies by

mea

ns of this “Interpretation Sheet” as follows:

ICS 29.260.20
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Details of interpretation:

IEC 60079-28:2015 (Edition 2: Protection of equipment and transmission systems using
optical radiation

Interpretation of the 6th paragraph of the Scope:

Question: The 6" paragraph including the items 1) to 5) describes the equipment excepted
from the Scope of this standard. The understanding of the listed exceptions is ambiguous.
Therefore, it is possible that IEC 60079-28 is not applied in all situations where it is relevant.

In agdition, the potentiat confusion can be compounded by the wording of the exceptions.

Whgn should the requirements of IEC 60079-28 be applied to Ex Equipmenti/inclu
Equlpment assemblies and Ex Components that include an optical radiation source base
Subglause 6.6.4 “Lasers, luminaries, and other non-divergent continuous“\wave op
sourjces” in IEC 60079-0:2017 (Edition 7)?

Intefpretation:

This| standard applies to

This| standard does not apply to:

1)

2)
3)

4)

laser equipment; and

gptical fibre equipment; and

within the hazardous area.

NOTE 2 Some optical elements such as lenses and\eflectors are able to convert divergent light i
donvergent beam.

laser equipment for EPL Mb, Gb:.6b G¢ and Db or Dc applications which complies
Class 1 limits in accordance with tEC 60825-1; or

NOTE 3 The referenced Class 1 limits are those that involve emission limits below 15 mW measured|
distance from the optical radiation source in accordance with IEC 60825-1, with this measured dis
flected in the Ex applications

divergent light sources or beams where light is not focussed within the hazardous ared
$ingle or multipleroptical fibre cables not part of optical fibre equipment if the cables:

g) comply with.the relevant industrial standards, along with additional protective me
e.g. robustcabling, conduit or raceway (for EPL Gb, Db, Mb, Gc or Dc); or

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

ptical\radiation sources as defined in i. to iii. above where the optical radiation is
odtained in an enclosure complying with one of the followings Types of Prote

ding
d on
tical

gny other convergent light sources or beams whete light is focussed in one single point

hto a

with

at a
ance

, Or

ans,

fully
btion

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

NOTE 4 A flameproof “d” enclosure is suitable because an ignition due to optical radiation in combination

with absorbers inside the enclosure is contained.

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

NOTE 5 A pressurized “p” enclosure is suitable because there is protection against ingress of an

explosive atmosphere.

c) restricted breathing “‘nR” enclosure (IEC 60079-15); or

NOTE 6 A restricted breathing “nR” enclosure is suitable because there is protection against ingre
an explosive atmosphere.

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

ss of

NOTE 7 A dust protection “t” enclosure is suitable because there is protection against ingress of an

explosive dust atmosphere.
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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
IEC 60079-0.

NOTE 8 An enclosure of a minimum ingress protection of IP 6X and complying with “Tests of enclosures
in IEC 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 absorbers is avoided.

”
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 28: Protection of equipment and transmission
systems using optical radiation

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization/eompfising
all national electrotechnical committees (IEC National Committees). The object of IEC (s, to prdmote

riternational co-operation on all questions concerning standardization in the electrical and electronic fields. To
His end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter. referred to as |[“IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intergsted
n the subject dealt with may participate in this preparatory work. International,, governmental and|non-
bvernmental organizations liaising with the IEC also participate in this preparation) IEC collaborates clpsely
th the International Organization for Standardization (ISO) in accordance (with conditions determindd by
preement between the two organizations.

N
4 v sQ35 U=

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
nsensus of opinion on the relevant subjects since each technical/cemmittee has representation from all
terested IEC National Committees.

59

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

4) order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicqtions

In

trensparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the correspondinginational or regional publication shall be clearly indicaled in
the latter.

5) IBC itself does not provide any attestation ofieonformity. Independent certification bodies provide confdrmity

agsessment services and, in some areas,.access to IEC marks of conformity. IEC is not responsible fof any
services carried out by independent certifieation bodies.

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

7) Np liability shall attach to IEC or(ts' directors, employees, servants or agents including individual expert$ and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees) and
ekpenses arising out of t{the* publication, use of, or reliance upon, this IEC Publication or any othef IEC
Publications.

8) Aftention is drawn to {hie Normative references cited in this publication. Use of the referenced publicatidns is
indispensable fortthe correct application of this publication.

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

G O 0 PP L <. SYR®LLL v o

has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60079-28 has been prepared by IEC technical committee 31:

Equipment for explosive atmospheres.

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:

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

Type

Significant Changes

Clause

Minor and
editorial
changes

Extension

Majd
techn
chang

cal
es

Scope: Expansion to include Group Ill and EPLs Da, Db and
Dc

Scope: Clarification and list of exclusions for optical
radigation sources

Norrhative references: Deletion of IEC 60079-10, and
addifion of IEC 60050-426 and 60050-731

Terms and definitions: Some definitions not used in the
standard deleted. New definitions added.

Gengral requirements: Introduction of an ignition hazard
assgssment moved to 4, statement for presence of
absqrbers added, Explanation of EPLs deleted

Table 1: EPLs versus protection types moved from 5.5 to
5.1, [table modified and extended

5.1

Strufture of Table 2 changed and extended explanation-in
the potes, but with the same limit values

5.2.2.1

Table 3 for Group Ill added

5.2.2.1

Table 4 replaces Figure 1 for better application

5.2.2.1

Detgiled requirements for the measurement of optical power
add¢d

5.2.2.2

Detdiled requirements for the measurement of optical
irradiance added

5.2.2.3

Reqpirements for the assessment of optical pulses for
Grodip Il much more detajted

Reqpirements(for the assessment of optical pulses for
Grodp | and-Group Il added

aloaoaon
RN
olrwhD

Ignifon”tests: Notes 1 and 2 added

o
N
N

Tkl

<l
hY
dn

O L £ IS 4 FH - H k. &l =i
vel-pewertenergy-fattt-protection—Fite-changed-and

wording modified for clarity

Radiation inside optical fibre or cable: requirements added,
e.g. pull test

5.3.2

C1

wan

Radiation inside enclosures: IP 6X enclosures, “p” or “t”
enclosures added

5.3.3

Optical system with interlock “op sh”
Table 3 deleted, Figure 1 with interlock cutoff delay times
added

5.4

Type verifications and tests: structure changed (editorial,
without changing the requirements)

Marking: markings required by IEC 60079-0 deleted.
Examples of marking: example with combination of op is
with other types of protection added
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Type
Significant Changes Clause Minor and | Extension Major
editorial technical
changes changes
Ignition hazard assessment: Flow chart in Figure C.1 Annex C X
modified for better understanding
Old Annex E (Introduction of EPLs) deleted. New Annex E Annex E X
provides a flow chart for the assessment of pulses
according to 5.2.3
Relevant IEC-Standards moved to Clause 2 Formerly X
Annex F
Explanation of the Types of Significant Changes:

1)

Thes
the
requi

2) E

Thes
but
thessg

3) Major technical changes: — addition of technieal requirements

Thes
prody
editid
chan

Note
have

B) In
C1F

cablgs have been added.

The

Full

A) 5rfinitions

inor and editorial changes: — Clarification
— Decrease of technical requirements
— Minor technical change
— Editorial corrections

e are changes which modify requirements in an editorial or a minor technical.way. They include changes
ording to clarify technical requirements without any technical change, or-a reduction in level of existing

ement.
ktension: Addition of technical options
e are changes which add new or modify existing technical requirements, in a way that new options are gi\

ithout increasing requirements for equipment that was fully gompliant with the previous standard. Therefg
will not have to be considered for products in conformity wjith/the preceding edition.

— increase of technical requirements

e are changes to technical requirements (addition,\increase of the level or removal) made in a way that a
ct in conformity with the preceding edition will not always be able to fulfil the requirements given in the I
n. These changes have to be considered for-products in conformity with the preceding edition. For these
jes additional information is provided in clause B) below.

[These changes represent current techinological knowledge. However, these changes should not normally
an influence on equipment already, placed on the market.

formation about the background of ‘Major technical changes’

br the protection concept “protected radiation op pr” some requirements like a pull test for optical fibres o

text of this standard is based on the following documents:
FDIS Report on voting
31/1178/FDIS 31/1193/RVD

information on the voting for the approval of this standard can be found in the repor

bf

en,
re,

ter

t on

votir

This

g Indicated In the above table.

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.
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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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

The contents of the interpretation sheet of November 2019 have been included in this copy.

IMPODRTANT - The 'colour inside’' logo on the cover page of this publication indicates
that| it contains colours which are considered to be useful for the “corrfect
undprstanding of its contents. Users should therefore print this document using a
colqur 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.—Ofter Where the installation is inside or close to
potentially explosive atmospheres,-and 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.

Thefle are four possible ignition mechanisms:

Optical radiation is absorbed by surfaces or particles, causing them to heat up;,and upder
gertain circumstances this may allow them to attain a temperature which“will ignite a
gurrounding explosive atmosphere.

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

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

d) Direct laser induced breakdown of the gas or vapour at.the focus of a strong bgam,

[
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 point.

The|most likely case of ignition occurring in practice \with lowest radiation power of ignjtion
capability is case a). Under some conditions for_pudlsed radiation, case d) also will become
releyant. These two cases are addressed in this\standard. Although one should be awale of
ignifon mechanism b) and c) explained above, they are not addressed in this standard dye to
the yery special situation with ultraviolet radiation and with the absorption properties of most
gasgs (see Annex A).

This| standard describes precautionis and requirements to be taken when using optical
radimtion transmitting equipment M>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 upder
selerted test conditions, if/he optical limit values cannot be guaranteed by assessment or
beafn strength measurement:

There is equipment_outside the scope of this standard because the optical radiation
assqciated with this’equipment is considered not to be a risk of ignition for the folloying
reasjons:

— due to_lew/radiated power or divergent light, and

gs hat) surfaces created due to a too small distance from the radiation source tg an
absofber which is already considered 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) lIgnition hazards associated with optical systems in explosive atmospheres as defined in
IEC 60079-10-1 and IEC 60079-10-2, and,
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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-hazardeustocations explosive atmospheres. ‘
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EXPLOSIVE ATMOSPHERES -

Part 28: Protection of equipment and transmission
systems using optical radiation

D
®
(¢}]
e

B

This| part of IEC 60079 specifies the requirements, testing and marking of equipment emi
al radiation intended for use in explosive atmospheres. It alsoCovers equipment loc
outsde the explosive atmosphere or protected by a Type of Protection listed in IEC 60079-0,
which generates optical radiation that is intended to enfer an explosive atmospherg. It
covégrs Groups I, Il and Ill, and EPLs Ga, Gb, Gc, Da, Db, B¢, Ma and Mb.

This| standard contains requirements for optical #adiation in the wavelength range

380

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

nm to 10 um. It covers the following ignition mechanisms:
Dptical radiation is absorbed by surfaces @r particles, causing them to heat up, and u

urrounding explosive atmosphere.

In rare special cases, direct lasen'induced breakdown of the gas at the focus of a st

These processes can be supported by a solid material close to the breakdown point.

(
gertain circumstances this may allowythem to attain a temperature which will ignife a
S

tting
ated

rom

hder

rong

heam, producing plasma and @, shock wave both eventually acting as ignition solyrce.

This| standard does not_cever ignition by ultraviolet radiation and by absorption of the radiation

in the explosive mixture itself. Explosive absorbers or absorbers that contain their
oxidjzer as well as(catalytic absorbers are also outside the scope of this standard.

own

This| standard<specifies requirements for equipment intended for use under atmospheric

con

This
requirement of this standard conftlicts with a requirement of I[EC 600/39-0, the requireme

this

ditions.

standard supplements and modifies the general requirements of IEC 60079-0. Whefre a

standard takes precedence.

This standard applies to optical fibre equipment and optical equipment, including LED and
laser equipment, with the exception of the equipment detailed below:
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1) Non-array divergent LEDs used for example to show equipment status or backlight
function.

2) All luminaires (fixed, portable or transportable), hand lights and caplights; intended to be
supplied by mains (with or without galvanic isolation) or powered by batteries:

— with continuous divergent light sources (for all EPLs),
— with LED light sources (for EPL Gc or Dc only).

NOTE 2 Continuous divergent LED light sources for other than EPL Gc or Dc are not excluded from the
standard due to the uncertainty of potential ignition concerns regarding high irradiance.

3) Optical radiation sources for EPL Mb, Gb or G¢c and Db or Dc applications which comply
vith Class 1 limits in accordance with [EC 60825-1. Q

NOTE 3 The referenced Class 1 limits are those that involve emission limits below 15 mW ed at a
distance from the optical radiation source in accordance with |IEC 60825-1, with this me% disfance
reflected in the Ex application.

4) $ingle or multiple optical fibre cables not part of optical fibre equipment |f(fl}g cables:

comply with the relevant industrial standards, along with additio rotective megns,
e.g. robust cabling, conduit or raceway (for EPL Gb, Db, Mb, G/i(g’ c),

comply with the relevant industrial standards (for EPL Gc or

5) Enclosed equipment involving an enclosure that fully co @ﬁk the optical radiation|and
hat complies with a suitable type of protection as reqwr y the involved EPL, witH the
nclosure complying with one of the following conditio s\

absorbers inside the enclosure would be acc le such as flameproof "d" enclospres
(IEC 60079-1), o

+ An enclosure for which protection regari@mgress of an explosive gas atmosphere is
provided, such as pressurlzed "p" en ures (IEC 60079-2), restricted breathing [nR”

enclosure (IEC 60079-15), o \sg\

+ An enclosure for which protechonq&agardmg ingress of an explosive dust atmosphere is
provided, such as dust protec& "t" enclosures" (IEC 60079-31), o

+ An enclosure for which prq\?:tlon regarding ingress of absorbers is provided (such as
IP 6X enclosures) and WQ‘eJ no internal absorbers are to be expected.

An enclosure for which an ignition due to ;p@al radiation in combination |with

NOTE 4 For these scope exclu |o\ based on enclosure constructions, it is anticipated that the enclosuref are
not opened in the explosive atmosphere, so that ingress is protected.

2 Normative re@nces

The foIIowmg@ments in whole or in part, are normatively referenced in this document|and
are |ndisp le for its application. For dated references, only the edition cited applies.| For
und ted rences the latest edition of the referenced document (including [any

@hts ) applies.

IEC 60050, International Electrotechnical Vocabulary

IEC 60079-0,
Part 0: Equipment — General requirements

Explosive atmospheres —

IEC 60079-1, Explosive atmospheres — Part 1: Equipment protection by flameproof
enclosures "d"
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IEC 60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety "i"

IEC

60079-15, Explosive atmospheres — Part 15: Equipment protection by type of
protection "n"

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

For
IEC

NOTE

3.1
abs
in a
enel

[SO

3.2

beam diameter (or beam width)

dista
of th

Note

[SO

3.3

beam strength

optig

3.4

Terms and definitions

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

brption
propagation medium, the conversion of electromagnetic wave energy into another for
gy, for instance heat

URCE: IEC 60050-731:1991, 731-03-14]

nce between two diametrically opposed points where the irradiance is a specified frag
e beam's peak irradiance

1 to entry: Most commonly applied to beams that are circular or nearly circular in cross section.

URCE: IEC 60050-781:1991, 731-01-35]

al beam’spower, irradiance, energy, or radiant exposure

cor:
cen . . . . . . .

126,

m of

tion

[SOURCE: IEC 60050-731:1991, 731-02-04]

3.5

cladding
dielectric material of an optical fibre surrounding the core

[SOURCE: IEC 60050-731:1991, 731-02-05]
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fibre bundle
assembly of unbuffered optical fibres

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

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

optir-ql fibre

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

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

3.8

optical radiation types of protection

3.8.

inhgrently safe optical radiation

“oplis”

visijle or infrared radiation that is incapable of producing stfficient energy under normal or
spegified fault conditions to ignite a specific—hazardouds—atmospheric—mixture explgsive
atm¢sphere

Note |1 to entry: This definition is analogous to the term “intrinsically safe” applied to electrical circuits.

3.8.2

profected optical radiation

“op pr”
visifjle or infrared radiation that is confifed inside optical fibre or other transmission med
undé¢r normal constructions or constructions with additional mechanical protection base
the dassumption that there is no esgape of radiation from the confinement

3.8.

opti
“op

syst
med
leve
uncq

3.9

]
cal system with interlock
sh”

em to confine Yisjble or infrared radiation inside optical fibre or other transmis|
ium with interlack cut-off provided to reliably reduce the unconfined beam strength to
s within a«Specified time in case the confinement fails and the radiation beco
nfined

irragiance

DEIIREGA-T-EB—hﬂe'n'suy

lium
i on

sion
safe
mes

radiant power 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

Note

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

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

3.1

optical fibre

fila

ent shaned aontical waveauide made of dielectric materials
g Lig )

[SO

3.12
opti
asse
desi
whil

[SO

JRCE: IEC 60050-731:1991, 731-02-01])

cal fibre cable
mbly comprising one or more optical fibres or fibre bundles insidecat@ommon cove

ring

gned to protect them against mechanical stresses and other enwvironmental influefnces

b retaining the transmission qualities of the fibres

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

3.13
opti

cal (or-radiant) power

theTme rate of flow of radiant energy with time

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

3.14

optical radiation
electromagnetic radiation at wavelengths in vacuum between the region of transition to X-rays
and the region of transition to radio waves, that is approximately between 1 nm and 1000 ym

Note

1 to entry: In the context of this standard, the term “optical” refers to wavelengths ranging from 380 nm to
10 pm.

[SOURCE: IEC 60050-731:1991, 731-01-03, modified (addition of Note 1 to entry)]
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3.15

protected optical fibre cable

optical fibre cable protected from releasing optical radiation into the atmosphere during
normal operating conditions and foreseeable malfunctions by additional armouring, conduit,
cable tray or raceway

3.1

radignt exposure Q

radiant energy incident on an element of a surface divided by the area of that eleé'ant
. . O

HEV|393-14-84 modified—andtEV-845-01-42 modified}-2) q/

P

4 General requirements

Electrical equipment and electrical Ex Components (e.g. fibre optic terminal devices) shall
comply with one or more of the specific electrical equipment protection technique standards
listed in IEC 60079-0 suitable for the application if intended to be installed inside the
hazardous area.
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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.

5 [Types of protection Q§
5.1 General y\<0

Thrge types of protection can be applied to prevent ignitions by optical rad{%ﬂm in-potenf{ially

explpsive atmospheres. These types of protection encompass the entire oq/ al system.
/

Thesge types of protection are: Q/\

Q
a) inherently safe optical radiation, type of protection “op is”, C)b
b) protected optical radiation, type of protection “op pr”, an«/
c) optical system with interlock , type of protection “op sh’:

Whgre the ignition hazard assessment given in C shows that ignition due to optical
radigation may be possible, the principles of usi% he types of protection shown in Talle 1
shal] be applied. s\\)
. : : @ : :
[able 1 — EPLs achieved by apphcatb@ of types of protection for optical systemg
\‘
Type(s) of protectio&'\g EPLs
\O Ga, Da, Ma | Gb, Db, Mb Gc, Dk
Inherently safe optical radiation “op i?ﬁxee 5.2)
— afe with two faults or using o\%al source based on the Yes Yes Yes
thermal failure characteristic .2.2.2 item 3) or 5.2.2.3 item 3)
— pafe with one fault o § optical source based on the thermal No Yes Yes
failure characteristi .2.2 item 3) or 5.2.2.3 item 3)
— pafe in normal @@}gtion No No Yes
k‘
Protected fibre @media with ignition capable beam “op pr”
(seg] 5.3)
AN
- Wltb @$t|onal mechanical protection No Yes Yes
- R ding to fibre manufacturers specification for normal No No Yes

h PRI — el . M ’ L . L . .
nmuustriar usc, ut Without auuitioriar rieciiariedl prutetuurnt

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

—  Protected fibre optic cable “op pr” for Gb/Db/Mb + shutdown Yes ") Yes Yes
functional safety system based on ignition delay time of the
explosive gas atmosphere

—  Protected fibre optic cable “op pr” for Ge/Dc + shutdown No Yes ) Yes
functional safety system based on eye protection delay times
(IEC 60825-2)

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

None (unconfined, ignition capable beam) No No No

") Shutdown system safe with one fault
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5.2

5.2.1

General

—-17 -

Requirements for inherently safe optical radiation “op is”

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 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.

5.2.2.1

Either optical power or optical irradiance shall not exceed the valués)listed in Table 2, Tal
Table 4, categorized by

General

Continuous wave radiation

B

and
2 6 2

As gn alternative to compliance with Table 2 the following‘@ptions are available:

)
w

temperature class.{Fhe

— Flor irradiated surface areas above 400 mm2;{the maximum temperature—limits—off-the

measured ‘0h the irradiated surface shall be used to

eptablish the temperature class, with no limit\on irradiance. The temperature measurement
shall consider the possibility of non-homageneous beam strength.

— For limited irradiated areas not gregter than 130 mm2, maximum radiated power vajues

ofher than those as permitted by.Jable 2 for temperature classes T1, T2, T3 and T4

Groups IIA, 1IB or |IC are detailgd in Table 4.

— PHassing the ignition tests in&ccordance to with 5.2.4.

and

1 HA HA us He
FeTa o & Closs o = 2 T
Temperature class (°C) <150 <200 <135 <135 <135 <85
Power-{m\W) 150 150 35 35 35 =
lrradiance-{mW/mm?2)
(surface area not 202 202 5 5 5 5
exceeding-400-mm?2)
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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 Remarks
- - following atmospheres
Radiated power Irradiance (temperature classes in
(no irradiance limit (no radiated power limit combination with
applies) applies) equipment groups)
mw mW/mm?2

No limit to the involved

<150 IIA with T1, T2 or T3, and | irradiated area

I1A, 11B independent of T- No limit to the invokéd

<35 g,-la'rsf :n% Vlv'th T4 T2, T3 i radiated area ;\,
N
No limit to volved
<15 All atmospheres irradiate }r\aa
N Pod —
< 20 lIA with T1, T2 or T3, and | | ["acitedrareas limiteq to
VI
. Al atmospheres @ limit to the involved

(\\irradiated area

NOTE The applicable optical power or optical irradiance values listed in this are based on the subdiv|sion
of the equipment group (gas group) and the temperature class since the iwion process by small hot partjcles
depgnds on both the subdivision and the temperature class of the explosi xture. This is independent fron the
(elegtrical) equipment group and temperature class associated with the asséssment of the electrical equipmept. It
is tHerefore important to realize that the meaning of the term ‘tem%(ature class’ is not the same for ogtical
radigtion protection technique, “op is”, as it is for other applicabl ectrical equipment protection techniques
(sucp as for flameproof enclosures, “d”, or intrinsically safe app%é, “i”).

temgerature measured on the equipment. Instead, it rela the ignition properties of the gases associated|with
the jarious equipment groups. Therefore, for IIA and equipment, TS5 and T6 temperature classes arg not
appl|cable, as there are no IlIA or IIB gases that & T5 or T6 auto-ignition temperatures. Similarly, fof IIC
equipment, there are no IIC gases with T5 auto-ighition temperatures, and carbon disulfide is the only 1IC| gas
with|a T6 auto-ignition temperature.

For [op is”, the use of the term ‘temperature class’ wt;gg)lying this table does not relate to the maxijpum

)
So, when applying this table for 1IB equipm&‘f, there is only one option for optical power or optical irradignce
valugs, T1 to T4. However, for lIA, the ufacturer would indicate an “op is” temperature class for the invdlved
equipment group gases relating to thglin nded end-installation application either of T1 to T3 or of T4. Similarly,

for IfC, the manufacturer would eijt ndicate T1 to T4, or indicate T6 if carbon disulfide is included in the

intejded end-installation applica?’o\;\}
~r

\y

Table 3(—) afe optical power and irradiance for Group Ill equipment

,_\Q‘i‘quipment Group IIIA, 11IB and llIC
QY EPL Da Db Dc
Rad a‘t@%d;/er (no irradiance limit applies) mW <35 <35 <35
Irra ;u..x B e SRS B e SR <5 <5 <46
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Table 4 — Safe limit values for intermediate area, Group | or ll, constant power,
T1 — T4 atmospheres, equipment Groups IIA, IIB or IIC (Data derived
from Figure B.1 including a safety factor)

limited irradiated area Maximum radiated power value
mm? mw
<4*1073 35
>4*1073 40
>1,8*1072 52
>4 *107° 60 \\
>0,2 80 Q\/
>0,8 100 "\(f)
>2,9 115 nV
>8 200 ‘AQ).
>70 40@\' v
Forlirradiated areas equal to or above 130 mm? the irradiance limit of 5 mW/mm? @\es
Qo
% hydrogen <& ethyne $ carbon disu deo
2000+ @ AdlerCS, [11 © methane n-penta < O
O iso-propylic alcohol 18! prop b
B diethyl ether DO ethene Q g
1000 v dimethyl ether A THF
800 -
= 600}
E Ignition
5 400 |
2
o
(o
()]
£ 200 -
'c
2
§
£ 100
= 80+
e
401
@0 el Non-ignition
C)e 107 10° 1072 107" 10° 10" 10
Q/ Irradiated area mm>
AN IEC _1489/06
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 higher at the foreseen ambient
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3)

4)

Theffollowing is applicf& to whichever of the above test conditions is selected:
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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.

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

' iteri ' ' the
ptical device without the driver circuitry is then connected to a separate variable_sSoprce
f supply and subjected to input parameters equal to the maximum calcul input
arameter values. Maximum optical power is measured with the optical devic mbient
emperature between 21 °C and 25 °C. If the optical power is higher aty{ foregeen
mbient temperature range of the equipment, the measured value at r temperdture
bhall be adjusted due to the temperature coefficient taken from thgc‘i}ﬁ sheet. If no

information is given in the data sheet then the measurement shall b e additionally in
he lowest and highest values of the temperature range speci @ or the equipment.
]Eeparate samples shall be taken for each of the 3 tests if the c@ al device is subjefcted
o input parameters which are higher than its maximum rating -

The actual driver circuitry is replaced with a separate v@ble source of supply. [This
bource of supply is then used to provide variable i s to the optical device, |with
aximum optical power measured. No faults are con red. Ten samples of the optical
evice are to be tested at ambient temperature b n 21 °C and 25 °C. The maximum
bptical power is then taken from the highest r that can be measured at the| ten
bamples before the optical device shuts down ds back.

OTE When the actual driver circuitry is replaced‘@ a separate variable source of supply, the max|mum
ptical power is the power that can be measured defore the optical device shuts down or folds back. Under
uch shut down or fold back conditions, there i potential for significant variance between multiple sarhples
f the same optical device. To address this issue, 10 samples of the optical device are tested to identify the
haximum optical power. Such variance is’r@§7 issue when evaluating the optical device with its actual griver

ircuitry. A\
Calculation of maximum optl@ power based on the electrical power supplied to| the
pptical device as descriqu in 2). For the optical output values the data sheet
bpecifications shall be @Qﬁ into account, together with the calculated power supplied,
and if applicable distan provided by construction from the radiating surface.

o .0 n .o =

An optical de gc;r (e.g semiconductor sensor for nearly monochromatic radiation — opftical
power me or thermopile sensor for non-monochromatic or spectrally variable optical
sources)@ sed to measure the optical power.

The g@;ﬁal detector shall be positioned at a reasonable distance from the output of the
Jp device such that the entire beam diameter is captured, while being in accord

yiththe instructions for th tical detector. Alternatively. for optical devi r

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.

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).
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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 limiting aperture of not more than 100 mm2 shall be initially positioned such that the
midpoint of the aperture is centred on the beam from the optical device.

he size of the limiting ape e shall be le han the be i tical

2) g
adiation is partially blocked and does not exceed 100 mm?. A

3) The limiting aperture shall be positioned at the closest point of access to the mg}(o the
pptical device. Alternatively, for optical devices recessed a given distan ithin| the
¢nclosure, the limiting aperture can be positioned this given distance f n “the opfical
gevice. This alternative approach requires that the enclosure complies h recognfized
lypes of protection for electrical apparatus designed to contain an i?jj?'al ignition ($uch
as a flameproof "d" enclosure according to IEC 60079-1), or where | ot to be experted
Ihat there are absorbing targets inside the enclosure accordin the ignition hafard

gassessment (such as an IP 6X enclosure, pressurized "p enc@:re, restricted breathing
nR” enclosure, etc). ©

4) An optical detector (e.g. semiconductor sensor for m géhromatic radiation — optical

power meter — or thermopile sensor for non-monochrq\&c or spectrally variable optical
bources) with a wider detection area than the limiting*aperture is used to measurel the
maximum optical power passing through the Iimitg(aperture.

5) These maximum optical power measurements<ar&€ to be made with the limiting apefture
entred on the beam and also while movin §e aperture along the radiation field in ¢ase
fhe beam power is not homogeneous. ‘g\

6) Maximum optical irradiance is then ¢ %ted based on the maximum measured optical
bower through the limiting aperture d&& ed by the area of the limiting aperture.

7) The maximum calculated optica \g’radiance value shall be less than or equal to| the
applicable maximum irradiancida ue from Table 2, Table 3 or Table 4.

In cases where the beam st@'ﬁgth is not homogenous in the beam cross section grea,
measurements of the opti \)ower with an aperture of up to 100 mm2 shall be made to
determine the maximum irradiance value.

If the maximum c @ted optical irradiance value is not less than the applicable maxiqnum
irradiance valugﬂ§. Table 2, Table 3 or Table 4, then an evaluation can be performed to
detgrmine cor@~ nce with the requirements for ‘Optical power’ (see 5.2.2.2).

Conpiderat may be given to using a spectroradiometer or other suitable equipment to
mea|s tical irradiance in place of a limiting aperture and optical detector.
AN

5.2.3 Pulsed radiation
5.2.3.1 General

Optical pulse duration for G¢c 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 duration for Ga, Gb, Da, Db, Ma or Mb equipment shall be measured under
faults in accordance with the over-power/energy fault protection criteria required for ‘Optical
devices incorporating the inherently safe concept’. An electrical oscilloscope may be used to
measure the pulse duration of the voltage at the input to the optical device under each fault
condition.
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The flow diagram in Annex E shows the assessment procedure for Group II.

5.2.3.2 Optical pulse duration of less than or equal to 1 s for Group Il

For optical pulse duration of less than 1 ms, as determined in accordance with the applicable
equipment protection level, the optical pulse energy shall not exceed the minimum spark
ignition energy (MIE) of the respective explosive gas atmosphere.

For optical 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 atmasphere shall not be exceeded

For p single pulse, optical pulse energy is equal to the product of the average powerahd the
opti¢al pulse duration of that single pulse.

NOTE In accordance with the ‘Comparison of measured minimum igniting optical pulse €nergy (Qe,pi,min) at
90 purh beam diameter with auto ignition temperatures (AIT) and minimum ignition energié€s~(MIE) from literfature
Tablgq B.2, the applicable minimum spark ignition energy (MIE) is based on the equipment'greup subdivision.

The|MIE values for the application of this standard are:
e (Group lIA: 240 pd

e (roup IIB: 82 ud
e (Group lIC: 17 wd

5.2.3.3 Optical pulse duration greater than 1 sfor Group Il

For pptical pulse durations greater than 1 s, the peak power shall-net-exceed-the-safetylgvels
be measured in accordance with the ‘Continypouis wave radiation’ requirements, and shalf not

excged the safety levels for continuous wave radiation (see 5.2.2, Table 2 or Tablgq 4).
Regprdless 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;—the—single—pulsecriterion—applies—foreach—pulse involving plulse

durdtion less than or equal fe\$'s, the following applies:

1) IFor all repetition rates, compliance with the single pulse criterion applies for each puls

[

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

3) Ior repetition'rates at or below 100 Hz,—a-higher the average power-may-beapplicaljfleif
shall not gxceed the safety levels for continuous wave radiation in Table 2 or Table 4

nlesssdemonstrated to not cause ignition by tests according to Clause 6.

5.2.3:5 Additional requirements for optical pulses for Group | and Group lll

The output parameters of optical sources of equipment for EPL Ma or Mb and Da or Db shall
not exceed 0.1 mJ/mm?2 for pulse lasers or pulse light sources with pulse intervals of at least
5s.

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

Radiation sources with pulse intervals of less than 5s are regarded as continuous wave
sources.
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5.2.4 Ignition tests

Ignition tests to demonstrate inherent safety may be performed for Group Il in special cases

such as:

e beams of intermediate dimensions or pulse duration that may exceed the minimum op
ignition criteria but are still incapable of causing ignition;

tical

e beams with complex time waveforms such that pulse energies and/or average power are

not easily resolved;

o specific atmospheres, targets, or other specific applications that are demonstrably

less

4lo 4 4 T b ali ool & oot
QTVCTT UIdliT ICTST CUTTUTUUTTS STUUITTU TU UdlcT.

NOTE 1 These tests will be used only in very rare cases since they are quite expensive and require speeig
equigment. Not all testing stations working with this standard will have the necessary test equipment(for ig
tests

The|test shall be done as specified in Clause 6 with 10 samples of the-light pptical radig
source under worst case ambient conditions. The test is passed if there,is/no ignition dy
the 10 tests.

NOTIE 2 Ignition tests for Group | and Il are currently not specified.

5.2.% Optical-devices-incorporating-the-inherently safe concept Over-power/energ

fault protection
5.2.5.1 General

Optical devices incorporating the inherently safe{eoncept shall provide over-power/en
faul protection to prevent excessive beam strengths in—petentially explosive atmosphsg
The|risk/hazard analysis shall determine—wheg-these if additional-devices—are limitatid
required. The failure modes of the optical sodrce, the-supply-barrier driver circuitry, and
pregence—of an—explosive—atmosphere inlended EPL shall be considered during no

| test
hition

tion
ring

Yy

ergy
res.

n is
the
rmal

opefation and during fault conditions tetdetermine the requirement for additional-protegtion

limithtion.

5.2.5.2 Self-limiting optical(sources

Optical sources such as laser diodes, light-emitting diodes (LED) or lamps will fail if g

ver-

heafed under over-power ‘fault conditions. The thermal failure characteristic of certain optical

sources—may providesithe necessary over-power fault protection if a {test of 10 samy
shows that a defingd\fail-safe shutdown or foldback will occur (see 5.2.2.2 and 5.2.2.3).
highlest obtained ptical output power value of the 10 samples is to be taken as the maxir
powegr or irradjafRee value. The thermal failure characteristic of such low power optical sou
is agceptable~o provide adequate over-power protection for any EPL.

5.2.%5.3 Optical sources requiring power limiting circuitry

les}
The
num
rces

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 circuitry to values within the data sheet specifications is

not considered to exceed the maximum forward voltage given in the data sheet for
current.

Faults to be considered include the opening or shorting of any component that could im

that

pact

the beam strength of 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 requirements of the relevant general industrial standard.
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Ele

faul

IEC60079-11 for an example methodology for conducting the fault anal/ is, but g
methodologies may also be applied). For Ga, Da or Ma equipment, cﬁ a

limit
couf
over
is a
valu

5.3
5.3.
This

med
In thi

pr’.

Table 1). Two options may be used, eit 5.3.2 or 5.3.3.

All g
are

NOTE

rical circuits such as current and/or voltage limiters placed between the opti@vso
and [the electrical power source may provide over-power fault protection. Electric er pd

protection shall be provided to the degree necessary for the intended (see

nd/or vol
brs shall provide over-power fault protection in normal operation after one or
table faults are applied to the current and/or voltage limiter. For G\f@ b or Mb equipni
-power fault protection shall be provided in normal operation an@ ter one countable
bplied to the current and/or voltage limiter. For Gc or Dc e@ment the rated elect
s shall be taken without assuming any fault.

&

Requirements for protected optical radiation “oe§qr’
General QQ

concept requires radiation to be confine $n3|de optical fibre or other transmis
um based on the assumption that there |é\ escape of radiation from the confinen
is case, the performance of the confinefment defines the safety level of the system,
Safety levels that are applicable include EPL Gb or Gc and Db or Dc and Mb.

N
ptical components shall be s.;{'@ble for the ratings and temperature range for which
ised. C\)j“

\

It is not a requirement of@& standard that conformity to the specification of the components be verifidd.

urce
wer
e.g.
ther
age
two
ent,
fault
rical

sion
ent.

op
see

they

o

5.3.2 Radiation inside optical fibre or cable,—ete.{no-mechanical damage-to-be

epectad)

The optical fibre or cable protects the release of optical radiation into the atmosphere during
normal operating conditions.-Ferforeseeable-malfunections,—this-ean-be For EPL Gb, Db or Mb
protected optical fibre cables shall be used provided by additional armouring, conduit, cable
tray, or raceway. For optical fibres or cables, that exit the end-equipment enclosure, a pull

test

shall be performed according to IEC 60079-11.
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Internal or external cables can be terminated/ spliced from one fibre (from a cable) to another
fibre (in a new cable) by using dedicated coupler or joining kits giving a fixed termination. For
external termination/splicing, the cable connection shall provide equivalent mechanical
strength to that of the cable. The procedure to perform field connections shall be detailed in
the instructions.

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

For EPL Gc or Dc optical fibre or cables and internal pluggable factory connections that
comply with the applicable industrial standard are suitable. External optical fibre or cable field
connections shall comply with the external plug and socket outlet requirements from
IEC [60079-0 Suitable for the EPL. Q

For |[EPL Gb, Db or Mb, optical fibre or cables connected via internal plugga@'factory
connpections shall comply with the pluggable connections requirements from I,I§36007C-15.
Extgrnal optical fibre or cable field connections shall comply with the externa and socket
outlg¢t requirements from IEC 60079-0 for the required EPL.

NOTE 2 Typical examples are connections in split-boxes. /\q

NOTHE 3 Optical fibre or cable alone is not Ex equipment. bQQ

5.3.3 Radiation inside enclosures C)

treeppdive Ignition capable radiation inside enclosures is a‘gﬁptable |f the enclosure complies

with recogmsed types of protectlon for electrical-a E A e

‘ . T

%we—)—aeee#ding—te—tEG—@@@?—g—seﬂes eqmpn@n designed to contaln an mternal |gn|t|on

(flameproof "d" enclosure) according to IEC 60 -1, or where it is not to be expected|that

therg are absorbing targets inside the enclosuf&a ccording to the ignition hazard assessment
(such as an IP 6X enclosure, pressurized "p&Zenclosure, restricted breathing “nR” enclodure,

dusf ignition protection by enclosure "t" t6.). It shall, however, be considered, that any pon-
inhefrently safe radmhon*seepmg—tge@hat may leave the enclosure has to be protected
accqrding to this standard. A\

xO
5.4 | Optical-radiation syste&@mth interlock-with-optical-fibre-breakage-“op sh”

This| type of protectlon |s@|so appllcable when the radlatlon is not mherently safe-{with

3 ale y-time. The concept reqyires
ied |nS|de an opt|cal f|bre or other transmlssmn medium based on| the
e is no escape of radiation from the confinement under normal opergting

rlgig@n the EPL, “op sh” requires the application of “op pr” principles, along with an

addifi nterlock cutoff, as follows (see also Table 1):

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

The interlock cut-off shall operate if the protection by the confinement fails and the radiation
becomes unconfined on time scales shorter than the ignition delay time or the delay time for
eye protection.
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The interlock cut-off delay time of equipment for use for Group |, Group IIA temperature class
T1 and Group IlIA temperature class T2 shall be less than the boundary curve of Figure 1
represented by the curve fit to minimum ignition delays with a safety factor of 2 included.

NOTE Ignition delay times are only identified for Group |, Group IIA temperature class T1 and Group IIA
temperature class T2 in Figure 1. Therefore ignition delay times for other Group IIA applications or for any Group
I11B and Group IIC applications necessitate additional testing and documentation to establish suitable times.

@ A
707
(]
©
g ‘
206 A
= Q}/
0,5+ r\<0
(fb
0.4 - (f/b
-
0,3 - QQ
C)@
0.2 K\Q/
O
01F  {=0,0149p-1989
0 A A &0\ A A .
N
0 0,2 0,4 %) 0,6 0,8 1
\\g\ Optical power, W
$ IEC
.\Q)
Figure 1 ptical ignition delay times and
safe bt{r~ ary curve with safety factor of 2
Thelinterlock cut-off shall b€)equwed to perform according to the requirements defined by the
risk lanalysis. The metheds given in appropriate standards (e.g. IEC 61508, IEC 61511) |may
y pment performance—te—ha#e—an—a%mhbﬂ%er—%méueﬂen—ia
3 for the approprlate Sé



https://iecnorm.com/api/?name=abe888548962d09a47ab4215fe132f41

IEC 60079-28:2015 RLV © IEC 2015

55 Suitabilitv_of ‘ .

— 27 —



https://iecnorm.com/api/?name=abe888548962d09a47ab4215fe132f41

6 [Type verifications and tests ©

6.1 | Test set-up for ignition tests ‘\
6.1. General QQ

All das-air-mixtures within the test vessel shall bQ(nQamtamed during the test at a temperdture
of 40 (£3) °C, or at the maximum temperature e specific application.

All gas-air-mixtures within the test ves éﬁ*'shall be maintained at an ambient pressurge in

accqrdance with IEC 60079-0. @
4\
6.1.2 Test vessel \O

| R

A tgst vessel shall be%sed with a diameter greater than 150 mm, and a height above] the
absqrber target pote@ ignition source) greater than 200 mm.

6.1.3 lgnition-criterion Criteria to determine ignition

Ignition shall be considered to have occurred if a temperature rise of at least 100 K is
measured by a 0,5 mm diameter thermocouple bead located 100 mm above the—heot-speot
reference absorber, or if the appearance of a flame is visually observed.

10.°C . ‘ 1 i lication.
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6.2.

To g
invo

Reference-test Verification of suitability of test set-up for type)tests

Reference gas

heck whether the test set-up is suitable for type tests according to 6.3, ignition tests
ve a propane-air-mixture in accordance with the following:

For continuous wave radiation and for pulsed wave\radiation above 1 s duration: prop

rave radiation and nulses above 1 s duratie respectively A volume (for 51
f S€ Ve—i RHE eSPec oHdHme—{+od

shall

Aane-

ir-mixture of either 5 % or 4 % by vqume—seelabie—M—éfe#gmhen—tests—w%h—eenhnweus

lcad
rSea

If th
the {

6.2.]

Abs
(fibr
tran

NOT
loweg

aoiatrorara—pu v Ty v o

for pulsed wave radiation equal to or le§8 than 1 s and for all pulse trains: propang
hixture of 4 % by volume, quiescent mixture.

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

b set-up is used only for eithler continuous wave or pulsed radiation, only the applicab
wo reference tests is necgssary.

p Reference abhsorber

b optics), .or.-compressed respectively applied to an inert substrate (free b
Emission)s

t igniting pulse energies (absorption 99 %, combustible, high decomposition temperature) [1,4,63].

prption at investigated wavelength above 80 %, to be applied on the transmission fibrg

-air-

e of

tip
eam

F  Experiments show that for pulses in the micro and nanosecond range, a carbon black absorber givels the

6.2.3 Reference test for continuous wave radiation and pulses above 1 s duration

The irradiated reference absorber—has—te shall be physically and chemically inert for the
duration of the test. The absorber needs to have very high absorption to act as nearly a black
body. The set-up-should shall be tested with the reference gas and absorber at 40 °C +
For the testing of fibre optics, the absorber-should shall be applied to the fibre tip in a very
thin layer (approximately 10 um) (e.g. applied as a powder in suspension and dried
afterwards). The reference values are given in Table A.1. The test setup is acceptable if the
achieved ignition values are not more than 20 % above the data from Table A.1. The absorber
has-te shall be undamaged at the end of the test.

3 N

umbers in square brackets refer to the bibliography.
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For the testing of free beam transmission the smallest diameter of the beam-sheuld shall hit a
plane layer of the target material applied to a substrate or in a compressed form as a pellet.
The reference values are to be taken from Table A.1 for the respective beam diameter. The
test setup is acceptable if the achieved ignition values are not more than 20 % above the data

from

Table A.1. The absorber-has-te shall be undamaged at the end of the test.

6.2.4 Reference test for pulsed radiation below 1 ms pulse duration

The irradiated reference absorber—should shall be irradiated from the front (free beam
irradiation) during all pulse tests. For the testing of free beam transmission the smallest
diameter of the beam-sheould shall hit a plane layer of the target material applied either to a

subgtrate or to a compressed form as a pellet. The reference value for a beam diameter qf 90

pm |s 499 ud pulse energy for pulses of 90 ns and 600 uyJ for pulses of 30 ns. The sgt-up

sheoyld shall be tested with the reference gas and absorber at 40 °C + 5 K. The test-setup is

accgptable 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 | Testmixtures Type tests

6.3. Ignition tests with continuous wave radiation and pulses above 1 s duration

G-SQ : H k) 0 ki b 0

 odlv_diethvl ethar ic nead the minimum—ianition-Bowers or irradiances obtained have tb-be

f-orly-diethyl ether-is-used,-the - minimum-ignition-powers-or-irradiances-obtained-have-tp-be

The|ignitiontests for continuous wave radiation and for pulsed wave radiation above| 1 s

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

o [or<F6/IIC atmospheres: CS, in air, 1,5 % by volume, and Diethyl ether, 12 % by volume.
[fonTy diethyl ether Is Used, the minimum Ignition pOwers or irradiances obtained shall be

divided by a factor of 4 when applying the acceptance criteria.
e For T4/lIA, T4/1IB and T4/IIC atmospheres: diethyl ether, 12 % by volume.

e For T3/lIA and | atmospheres: propane in air, 5 % by volume.

e For special applications: the atmosphere under consideration.

6.3.2 Ignition tests with single pulses less than 1 ms duration

0, 0, 1 H 0,
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Y
Thelignition tests for pulsed wave radiation less than 1 ms duration shall invol%g'gas-air-
mixtpre in accordance with the following: N

Q
e ffor IIC atmospheres: H, in air, 12 % and 21 % by volume, or CS; in aircgt,}% by volumne.
e FRor IIB atmospheres: ethene in air, 5,5 % by volume. ’

olume. If propane in air is used, divide minimum ignition en s obtained with propane

e For | and IIA atmospheres: diethyl ether, 3,4 % by vqume@@ropane in air, 4 % by
by 1,2 when applying the acceptance criteria.

e For special applications: the atmosphere under consider@n.
6.3.3 Tests for pulse trains and pulses from 1 mﬁtpl s duration

Thelignition tests for pulsed wave radiation fromQQs to 1 s and for all pulse trains ghall
invo]ve a gas-air-mixture in accordance with the\@Jowing:

e ipnition tests performed with gas-air-mixtabes in accordance with the above “pulsed Wave
nadiation above 1 s duration”, followed

e ipnition tests performed with gass@}ﬁlixture in accordance with the above “pulsed Wave
radiation less than 1 ms duration\

xO
6.3.4 Absorber targets foré{.pe tests

N\
Thelabsorber target shall bE}laintained at the same temperature as the gas-air-mixture.

Whgn irradiated, the@)rber target shall be physically and chemically inert for the durgtion
of the test. It is ne@ ary for the absorber to have very high absorption so as to act as ngarly

a black body. .
N

For fall opt& transmission sources, the absorber target shall have an absorption property
aboye o at the involved wavelength. Additional background on the selection of| the
refe K absorber is given below.

The absorber target shall be positioned at the closest point of access to the output of the
optical source. For optical fibre transmission sources, the reference absorber shall be applied
to the fibre tip in a very thin layer. For other than optical fibre transmission sources (free
beam transmission), the reference absorber shall be applied 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
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(such as an IP 6X enclosure, pressurised "p" enclosure, restricted breathing “nR” enclosure,
etc).

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 um.

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

Whdre ignition is considered to have occurred and the absorber is undamaged, thes@%sults
can pe treated as inherently safe data under the following conditions: Q.

,\<o

For continuous wave radiation and for pulsed wave radiation greateq)t%n 1 s duration:
A safety factor of 1,5 shall be applied.

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

For pulsed wave radiation less than or equal to 1 s and for pulﬂgiralns A safety fgctor
of 3 shall be applied.

e After application of this safety factor, the adjusted igniting-pewer is not more than 30 %
bove the data from Table A.1. <</

o)

Whgre no ignition is considered to have occurred (e.g. l@ause the power or energy cahnot
be increased further more in the test) and the absorbﬁ is undamaged, these results cap be
treajed as inherently safe data under the following ions:

e A safety factor as follows is applied to the q\ st non incendive beam power as follows:
@

For continuous wave radiation and for
A safety factor of 1,5 shall be apph

sed wave radiation greater than 1 s duration:

For pulsed wave radiation less, or equal to 1 s and for pulse trains: A safety fgctor
of 3 shall be applied. K\

e After application of the abové@afety factors, the adjusted non-incendive beam power is
not more than 20 % above\ data from Table A.1.

Another possibility to obtag)inherently safe beam strength data (including application pf a
safefy factor) is to us ‘alternative reference gas that is more sensitive to ignition. A an
example, for contin wave radiation and for pulsed wave radiation greater than| 1s
durdtion that is toCb)a used in IIA/T3 atmospheres this alternative test gas can be ethene
(CoHl,) up to a siZe*of the beam area of about 2 mm? . Ignition shall not be considered to have
occyrred at t d of the test and the absorber shall be undamaged.

NOT A@ion by a small hot surface is a process containing considerable statistical deviations, a safety factor
is ju tg& or the same reason, great care is to be applied when judging experiments as non-incendive bedause
smal

iations in test parameters may influence the results remarkably.
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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 specified in this
standard shall be marked in accordance with IEC 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) the symbol of the-group-ofthe-apparatus temperature class and Group and the suffixeg A,
B or C as stated in IEC 60079-0, but:

Eor tha tyne of nrotection-inherenthy safa ontical radiation “on-is” the suffives A B hr C
—ofthetypeorprotecHoRAnere Nty SateopHCaH1aGiatHoR—0Op IS HEe-SUXES = A=
E E E E = E E E ’

— For—apparatus equipment not suitable for installation in a hazardous. @rea, but providing
opti¢al radiation, the marking for ‘Associated—apparatus EquipmentAshall apply. If Table 2
requires a restriction of the temperature class, this shall be indicated following the type of
protection.

Example: [Ex op is IIC T4 Gb] HC;

c) 4
3

Detgrmining compliance with Table 2 mayinvolve the use of a column from Table 2 for optical
powegr or irradiance values associated?Zwith a temperature class other than the temperdture
clasp that is part of the Ex marking string for the other applicable electrical equipment
protgction technique(s). Only the 'm¥@re restrictive temperature class value shall be markefl on
the ¢quipment. More than one temperature class marking shall not be allowed.

7-31-Examples of marking

Equipment which conforms to EPL Gb:
x op prllC T4 Gb

[Ex op is IIA T3 Ga] HA

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

Ex mbopis IIC T4 Gb

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

Reference test data

IEC 60079-28:2015 RLV © IEC 2015

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.

ne

in air at 40 °C mixture temperature

data

Fibre core diameter Minimum igniting power at Minimum igniting poweriat 808 nm
1 064 nm (absorption: 83 %, 5 % | (absorption: 93 %, 4 %)propang by
propane by volume) volume)
pum mw mw
62,5 (125 uym cladding) 250

400 842 690

600 1200

1500 3 600
NOT - Other reference| test
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Annex B
(informative)

Ignition mechanisms*

The potential hazard associated with optics in the infrared and visible electromagnetic

spe

e fuel;

ctrum depends on:

laser wavelength (absorption properties);

abhsarbher material (inpr’r rpnrfi\/p)'

pressure;
ifradiated area;

ifradiation time.

There are an immense number of combinations of these factors that wilkinfluence the hagard

of optics in explosive atmosphere and at least the ignition mechanism) Worst case condif

aris
fall
igni

irradiated area may reach dimensions of square centimetres.” The conditions for ignition
be characterised in terms of the fundamental parameters énergy, area and time.

(1)
2)
3)
(4)

—_ o~

Infinjite time means continuous wave radiation. The research results for small and big a

are

surface ignition when the beam hits an absorber. The smaller the surface, the higher

igni

to cause an ignition. No,ignition was observed below 50 mW optical power for all gas/va

mix

elow the quenching distance of the explosive gas, the ignition can be seen as a j

I)when an absorber is present. When the dimensions of the radiation and/or the absg
on. However, radiation from the end of a fibre optic/cable diverges rapidly and

area tends to time tends to ignition criterion
zero infinity minimum power
infinity infinity minimum irradiance
zero zero minimum energy
infinity zero radiant exposure

jiven in Table B.1, Figure By1 and Figure B.2. In both regimes ignition takes place vig
fjng irradiance. This means that a smaller surface has to be heated to higher temperat

tures (excluding carbon disulfide). This supports the maximum permissible power valy

ions
rber
oint
the
can

reas
hot
the
ires
bour
e of

35 mW including a-'safety margin, which also has to consider the non-ideal grey body

abs

a toher) showed-that even though they have higher absorption, they were less effectiv

igni

margin). Forbigger irradiated areas a permissible value of 5 mW/mm? is much more rea
than a restrictive power criterion.

grption of thesinert absorber. Experiments with reactive absorbers (coal, carbon black

fjon sources. The n-alkanes do not ignite below 200 mW (150 mW including s4

and
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fety
istic

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

exp

losive mixture under optimised conditions (us and ns pulses).

The effectiveness of this ignition process depends on

pulse length and repetition rate;

wavelength;

4 The information provided in this annex is taken from. [1]
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e target (absorber) material;

e 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 combustibility). For
pulses in the millisecond range without a breakdown process but heating of the target, ignition

energies are more than one order of magnitude higher than the electrical MIE. Here the inert
grey . : .

WMWM&MM&WW

radiation.

For
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have
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limit
the

time
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of n
durg

The
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pulse trains the ignition criterion for each individual pulse is the energy criterion g
e when the pulse is less than 1 s. With higher repetition rates the previous. pulse n
an influence on the behaviour of the irradiated area with the actual pulse:’For repet
5 greater than 100 Hz, the average power should be restricted to thé-continuous W
This limitation forces a maximum repetition rate for a defined pulse energy. The sh
bulse, the higher the permissible peak power, but the longer the“duty cycle. This d

ved [4] that for nanosecond pulses in the range of the MIE (dp;to 400 uJ) a spark life
ore than 100 ps is not to be expected for a beam diameter of 90 um. For long p
tion > 1 s the peak power should be restricted to the corr€sponding cw-limit.

remaining combination of fundamental parameterssi.e. short times over infinite area
valuated by the results for the other regimes.

for cooling of the target or decay of a spark or plume of Aot' material. Experimrnts

ave

iven
ight
tion
ave
brier
ives

me
ulse

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

(maximum experimental safe gap) and measured ignition powers
of the chosen combustibles for inert absorbers as the target

material ((X1 064 nm=83 %, Qgos nm=93)5

Group | Combustible AIT MESG Conc. Min. Min. Conc. Min. Min. Min.
acc. i comb.® at | ignition ignition | comb. at ignition ignition ignition
in brackets: min :
. . power power min. power power power
to IEC increased ignition ignition
60079-0 mixture power power
temperature
62,5 pm 400 pm 400 pm 600 pm 1500 um
fibre fibre fibre fibre fibre
PTB* PTB PTB HSL* HSL HSL HSL
(1064 nm) ((1 064 nm)|(1 064 nm)] (803 nm) | (803 nm) |<(803 nin) | (803 nm)
°C mm % vol. mW mW % vol. mW mW| mW
A methpne 595 1,14 5,0 304 1125 6,0 960 1650 5000
acetdne 535 1,04 — - - 8 830 - -
2-prgpanol 425 0,99 4.5 273 660 = - - -
n-pentane 260 0,93 3,0 315 847 3;0 720 1100 3590
butare 410 - - - 4,6 680 - -
(365) (0,98)
propane 470 0,92 5,0 250 842 4,0 690 1 20( 3 600
petroj unleaded 300 >0,9 - - - 4,3. 720 3650
(350)
n-heptane 220 0,91 3,0 -~ 502 — - - -
(110 C)
methpne/ 595 0,90 6,0 259 848 - - - -
hydrqgen
1B diethyl ether/ 200 0,90 470 - 658 - - - -
n-heptane
(110 C)
tetra 230 0487 6,0 267 - - - - -
hydrqfuran
diethly! ether 175 0,87 12,0 89 127 23,0 110 180 380
propgnal 190 0,84 2,0 - 617 - - - -
(110 C)
dimethyl ether 240 0,84 8 280 - - - - -
ethene 425 0,65 7,0 202 494 7,5 530 - 2 007
methpne/ 565 0,50 7,0 163 401 - - - -
hydrqgen
Ic carbon 95 0,37 1,5 50/24** 149 - - - -
disulphide
ethyne 305 0,37 25,0 110 167 - - - -
hydrogen 560 0,29 10,0 140 331 8,0 340 500 1620

E3 Conc-comb:Concentration-of combustible

* HSL = Health and Safety Laboratory of the Health and Safety Executive (UK),
PTB = Physikalisch-Technische Bundesanstalt (Germany)

%

24 mW was obtained for a combustible target (coal)

5 AIT and MESG were taken from. [9]
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NOTE The given values are for each combustible in its maost easily ignitable mixture.

NOTE Data taken from [1],[7].

Figure B.1 — Minimum radiafnt igniting power with inert absorber target
(21064 nm=83 %, ago5 nm=93 %) and continuous wave-radiation of 1064 nm
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Figure B.2 — Minimum radiant igniting power with inert absorber target

(0tq pg4 NM=83 %, aggs NM=93 %) and continuous wave-radiation
(PTB: 1064 nm, HSL: 805 nm, [8]:)803 nm) for some n-alkanes

Taple B.2 — Comparison of measured minimum igniting optical pulse energy
(Q,,p"m'“) at 90 um beam diameter with auto ignition temperatures (AIT) and minimgim
ighition energies (MIE) from literature [9] at concentrations in percent by volume (fp)

el Qe’pi,min ? AT MIE SMIE Qe,pi,min MIE
ud % °C ud %
70 ps spiked Pulse
n-Pdntane 669 3 260 280 3,3 2,4
>55 000 6,4
propgane 784 5,5 470 240 5,2 3,3
diethyl ether 661 3,4 175 190 5,2 3,5
1285 5,2 6,8
ethene 218 5,5 425 82 6,5 2,7
hydrogen 88 21 560 17 28 5,2
carbon disulfide 79 6,5 95 9 8,5 9,3
Nanosecond Pulses (20 ns to 200 ns)
propane 499 4,0 470 240 5,2 2,1
ethene 179 5,5 425 82 6,5 2,2
hydrogen 44 12 560 17 28 2,6
46 21 2,7

NOTE The target material was carbon black.



https://iecnorm.com/api/?name=abe888548962d09a47ab4215fe132f41

-40 - IEC 60079-28:2015 RLV © IEC 2015

Annex C
(normative)

Ignition hazard assessment

In all cases, where optical radiation is to be considered, the ignition hazard assessment shall
be the first step. If the assessment shows that no ignition is to be expected, the further
application of this standard is not necessary.

for g break down apply (threshold irradiance exceeded). See Figure C.1.
Zone 2
Zone 1
Surface Particle Open beam  Fibre breakage l Zdne 0
v v v
or or or
P Radiation It:xplosrl]ve
e — source atmosphere
present present
v
and
v
Explosion
IEC 1492/06
Radiating
equipment in Open beam no No ignition source due to optical
explosive or potential of breakage radiation as addressed in this standard
atmosphere of confinement
Continuous continuous Solid absorber/ yes
or pulsed radiation? target present?
(exceeding limits) (wall, particle)

putsed

Optical
breakdown possible
without solid
target?

no

Apply requirements of thi§ standard

Apply MIE concept
(5.2.3.2 of this standard)

IEC

Figure C.1 - Ignition hazard assessment
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Where these conditions for an ignition do not apply, an ignition hazard-may does not exist

within the scope of this standard. Afurther-assessment-considering-al-conditions—necessary
ferdoniten
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Lo
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NOT
that
to tH
mixt
mixt

important to understand that even open radiation exceeding the inherently safe level g
readily itself lead to ignition, as additional provisions—{differentfrom-theselectrical-s|
fon) are necessary to start an ignition process. This is different from_the situation of
frical spark ignition process.

E 2 As an example, a gas analysis system where in the beam there is no absorbing tg
can be heated up to be an ignition source may not create andgnition hazard with res
e optical radiation. In this specific case, there will be absorption of optical energy in
ure itself, but it can be easily demonstrated in most casgs’that there is no heating of
ure to such an extent that it will be ignited.

joes

e
the

rget
pect
the
the

e

encl

alloy

oo

ent
pre
abs

If a

(OF
the

ignition hazard assessment also\applies to the use of the protection conc
selves. Where an enclosure for 4l4& beam is used that does not allow solid materia

r it — although it allows the explosive atmosphere to enter — an optical ignition sourd
ented inside this enclosure,*provided inside the enclosure there exists no other
rber which may enter the optical beam.

ibre breakage is assumed, where the concept of interlock with the breakage detectiq
, it may be safe t0\'use the shut down times allowed for eye protection (IEC 6082

CS)), if it is improbable that the beam will hit a target with an incendive intensity du
shutdown tifRe.

nis
5-2:

2010 — Safety-af)aser products — Part 2: Safety of optical fibre communication sysfems

ring
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Annex D
(informative)

Typical optical fibre cable design

Figures D.1 and D.2 show the typical optical fibre cable design.

Outer sheath

Steel armour \
\\

Aluminium and plastic tape moisture barrier
Secondary coating or “buffer” \ Q'\<o
Optical fibre \ q’

\

"

Solid strength member

)
)

Inner sheath

Figure D.1 — Example Multi-Fibre Optical Cable Design For Heavy Duty Applicatior

IEC

S

/ Cladding
Core
Singlemode Multimode
~

N ~
Optical fibre —— e

e
—

l
\

\‘

/
Sl

Primary coating

\

Outer sheath

Secondary coating or “buffer”

High tensile synthetic yarn strain member

Figure D.2 — Typical Single Optical Fibre Cable Design

IEC
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Annex E
(normative)

Flow diagram for the assessment of pulses

Figure E.1 gives a flow diagram for the assessment of pulses according to 5.2.3.

SSESSHeRTOTPHrSea

optical radiation

| I

v v v
Pulse durationa Pulse durationa Pulse durationa
t_pulse < 1 ms 1ms<t pulse<1s t_pulse > 1s
no yes

A

N no P_pulse_peak <
v P_table 2/4¢

Putse train yes

P_pulse_average <
P_table 2/4b

A 4

Not in compliance W an
with 5.2.3 op 18

IEC

Applies to single pulses AND pulse trains

For repetition rates at or below 100 Hz the ignition test according to Clause 6 is optionally permitted

The peak power P_pulse_peak of a single pulse is always equal or less than the average power
P_pulse_average of a pulse train. Therefore the additional requirement for pulse trains is fulfilled

Figure E.1 — Flow diagram for the assessment of pulses according to 5.2.3
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INTERPRETATION SHEET 1

interpretation sheet has been prepared by IEC technical-Committee 31: Equipmen
psive atmospheres.

text of this interpretation sheet is based on the fellowing documents:

DISH Report on voting
31/1496/DISH 31/1508/RVDISH

information on the voting for the approval of this interpretation sheet can be found in
rt on voting indicated in the above'table.

fpretation sheet to the 6th paragraph of the Scope of IEC 60079-28:2015 (Edition

bus cinterpretations are being made by IECEx ExCB -and ExTL staff regarding
ideration of the risk of ignition from optical sources, and the applicability of IEC 6007

in tH

t for

the

2)

the
D-28

e context of Subclause 68 6 4 of IEC 60079.0:2017 1In addition to assistance prn\/ir’l

d to

date on IECEx Decision Sheet DS2018/004, the Liaison with IECEx has indicated that an
interpretation sheet addressing the applicability of IEC 60079-28 is required to clarify which

equi

pment that falls into the scope and what does not.

This interpretation is made available for Edition 2 of this standard due to the current use of
that standard by manufacturers, conformity assessment schemes and national bodies by

mea

ns of this “Interpretation Sheet” as follows:

ICS 29.260.20
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Details of interpretation:

IEC 60079-28:2015 (Edition 2: Protection of equipment and transmission systems using
optical radiation

Interpretation of the 6th paragraph of the Scope:

Question: The 6" paragraph including the items 1) to 5) describes the equipment excepted
from the Scope of this standard. The understanding of the listed exceptions is ambiguous.
Therefore, it is possible that IEC 60079-28 is not applied in all situations where it is relevant.

In agdition, the potentiat confusion can be compounded by the wording of the exceptions.

Whgn should the requirements of IEC 60079-28 be applied to Ex Equipmenti/inclu
Equlpment assemblies and Ex Components that include an optical radiation source base
Subglause 6.6.4 “Lasers, luminaries, and other non-divergent continuous“\wave op
sourjces” in IEC 60079-0:2017 (Edition 7)?

Intefpretation:

This| standard applies to

This| standard does not apply to:

1)

2)
3)

4)

laser equipment; and

gptical fibre equipment; and

within the hazardous area.

NOTE 2 Some optical elements such as lenses and\eflectors are able to convert divergent light i
donvergent beam.

laser equipment for EPL Mb, Gb:.6b G¢ and Db or Dc applications which complies
Class 1 limits in accordance with tEC 60825-1; or

NOTE 3 The referenced Class 1 limits are those that involve emission limits below 15 mW measured|
distance from the optical radiation source in accordance with IEC 60825-1, with this measured dis
flected in the Ex applications

divergent light sources or beams where light is not focussed within the hazardous ared
$ingle or multipleroptical fibre cables not part of optical fibre equipment if the cables:

g) comply with.the relevant industrial standards, along with additional protective me
e.g. robustcabling, conduit or raceway (for EPL Gb, Db, Mb, Gc or Dc); or

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

ptical\radiation sources as defined in i. to iii. above where the optical radiation is
odtained in an enclosure complying with one of the followings Types of Prote

ding
d on
tical

gny other convergent light sources or beams whete light is focussed in one single point

hto a

with

at a
ance

, Or

ans,

fully
btion

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

NOTE 4 A flameproof “d” enclosure is suitable because an ignition due to optical radiation in combination

with absorbers inside the enclosure is contained.

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

NOTE 5 A pressurized “p” enclosure is suitable because there is protection against ingress of an

explosive atmosphere.

c) restricted breathing “‘nR” enclosure (IEC 60079-15); or

NOTE 6 A restricted breathing “nR” enclosure is suitable because there is protection against ingre
an explosive atmosphere.

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

ss of

NOTE 7 A dust protection “t” enclosure is suitable because there is protection against ingress of an

explosive dust atmosphere.
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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
IEC 60079-0.

NOTE 8 An enclosure of a minimum ingress protection of IP 6X and complying with “Tests of enclosures
in IEC 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 absorbers is avoided.

”
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 28: Protection of equipment and transmission
systems using optical radiation
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiof/eomp
| national electrotechnical committees (IEC National Committees). The object of IEC (s, to prg

is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
bchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National_Committee inter
the subject dealt with may participate in this preparatory work. International,,gévernmental and
bvernmental organizations liaising with the IEC also participate in this preparation) IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance (with conditions determing
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical/committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatiohal use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible <foy ‘the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicg
bnsparently to the maximum extent possible in their national and regional publications. Any diverd
etween any IEC Publication and the correspondinginational or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation oftieonformity. Independent certification bodies provide confg
Esessment services and, in some areas,.access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certifieation bodies.

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

p liability shall attach to IEC or (its' directors, employees, servants or agents including individual expert
embers of its technical compmittees and IEC National Committees for any personal injury, property damal
her damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of tthe* publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatid
dispensable foritheCorrect application of this publication.

tention is dfawn to the possibility that some of the elements of this IEC Publication may be the subje
htent rightS|EC shall not be held responsible for identifying any or all such patent rights.

national Standard IEC 60079-28 has been prepared by IEC technical committee
pient for explosive atmospheres.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electronic fields. To

ions,
“IEC
sted
non-
bsely
d by

ional
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ional
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tions
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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 1 X
Dc
Scope: Clarification and list of exclusions for optical 1 X
radiation sources
Normeative—+eferenees—betetionofH=6-60049-40—and 2 3
addition of IEC 60050-426 and 60050-731
Terms and definitions: Some definitions not used in the 3 X
standard deleted. New definitions added.
Gengral requirements: Introduction of an ignition hazard 4 X
assgssment moved to 4, statement for presence of
absqrbers added, Explanation of EPLs deleted
Table 1: EPLs versus protection types moved from 5.5 to 5.1 X X
5.1, [table modified and extended
Strufture of Table 2 changed and extended explanation in 5.2.2.1 X
the motes, but with the same limit values
Table 3 for Group Ill added 5.2.21 X
Table 4 replaces Figure 1 for better application 5.2.2.1 X
Detgiled requirements for the measurement of optical power 52.2.2 X
add¢d
Detgiled requirements for the measurement of optical 5.2.2.3 X
irradiance added
Reqpirements for the assessment of optical pulses for 5.2.3.1 X
Grodip Il much more detailed 5.2.3.2

5.2.3.3

5.2.3.4
Reqpirements for the assessment of optical pulses for 5.2.3.5 X
Grodip | and Group Il added
Ignifon tests: Notes 1 and 2 added 5.2.4 X
Ovef-power/energy fault protectiony Title changed and 5.2.5 X
wording modified for clarity
Rad|ation inside optical fibre~or cable: requirements added, 5.3.2 C1
e.g. |pull test
Radlation inside enclosures: IP 6X enclosures, “p” or “t” 5.3.3 X
enclpsures added
Optipal system with interlock “op sh” 5.4 X
Table 3 deleted, Figure 1 with interlock cutoff delay times
add¢d
Typ¢ verifications and tests: structure changed (editorial, 6 X
without changing the requirements)
Marking: markings required by IEC 60079-0 deleted. 7 X
Examples of marking: example with combination of op is
with other types of protection added
Ignition hazard assessment: Flow chart in Figure C.1 Annex C X
modified for better understanding
Old Annex E (Introduction of EPLs) deleted. New Annex E Annex E X
provides 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) M

inor 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 of
the wording to clarify technical requirements without any technical change, or a reduction in level of existing
requirement.

2) Extension: Addition of technical options
Thesg are changes which add new or modify existing technical requirements, in a way that new options are_gi\
but wlithout increasing requirements for equipment that was fully compliant with the previous standard. Therefg
thesq will not have to be considered for products in conformity with the preceding edition.
3) Major technical changes: — addition of technical requirements

— increase of technical requirements
Thesg are changes to technical requirements (addition, increase of the level or removal) made, in a way that a
prodyct in conformity with the preceding edition will not always be able to fulfil the requirements given in the I3
editign. These changes have to be considered for products in conformity with the precedifg edition. For these

chan

Note
have

B) In
C1F

cablgs have been added.

The

Full
votir

This

Al
atm

jes additional information is provided in clause B) below.

[These changes represent current technological knowledge. However, these-changes should not normally
an influence on equipment already placed on the market.

formation about the background of ‘Major technical changes’

br the protection concept “protected radiation op pr” some requirements like a pull test for optical fibres o

text of this standard is based on the following documents:
FDIS Report on voting
31/1178/FDIS 31/1193/RVD

information on the voting for the approval of this standard can be found in the repor
g indicated in the above table,

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

5t of all parts in_the* IEC 60079 series, published under the general title Expld
bspheres, can befound on the IEC website.

re,

ter

t on

sive
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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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

The contents of the interpretation sheet of November 2019 have been included in this copy.

IMPODRTANT - The 'colour inside’' logo on the cover page of this publication indicates
that| it contains colours which are considered to be useful for the “corrfect
undprstanding of its contents. Users should therefore print this document using a
colqur 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

atm

ospheres, 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

exp

losive atmosphere. The presence or absence of an additional absorber, such as particles,

significantly influences the ignition.

Th £ H b 1o H
ere—arerott PUSOSTUIC TUTTuuITT THTUAriiolrits.

d)

Optical radiation is absorbed by surfaces or particles, causing them to heat up, and uphder
gertain circumstances this may allow them to attain a temperature which awill ignite a
qurrounding explosive atmosphere.

Thermal ignition of a gas volume, where the optical wavelength matches an absorpgtion
bhand of the gas or vapour.
R
|

Photochemical ignition due to photo dissociation of oxygen moleclles by radiation in the
ltraviolet wavelength range.

Direct laser induced breakdown of the gas or vapour at thefocus of a strong bgam,
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 point.

The|most likely case of ignition occurring in practice with' lowest radiation power of ignjtion

cap

rele

igni
the
gas

ant. These two cases are addressed in this standard. Although one should be aware of
on mechanism b) and c) explained above, they are not addressed in this standard dye to
ery special situation with ultraviolet radiation and with the absorption properties of most
¢s (see Annex A).

}bility is case a). Under some conditions for pulsed radiation case d) also will becpme

This| standard describes precautions@gand requirements to be taken when using optical

radixtion transmitting equipment in explosive gas or dust atmospheres. It also outlines a|test
met

od, which can be used in special cases to verify that a beam is not ignition capable upder

selerted test conditions, if theMoptical limit values cannot be guaranteed by assessment or

beafn strength measurement:

Thefe is equipment outside the scope of this standard because the optical radigtion

ass

reasions:

qciated with this(equipment is considered not to be a risk of ignition for the folloywing

dque to lowiradiated power or divergent light, and

4s hot_surfaces created due to a too small distance from the radiation source tg an
gbsorber which is already considered by general requirements for lighting equipment.

I 4 o FH 1 H S H P | HEY ] e 1 H % <l [ th
n rTUOl LAdoUTo UITC Uplivdl TYUITJYITITTTU To dooULIAlTU WILIT TiTvuirivdar TUUTPYTITTTIU Aartu wWiTol e

electrical equipment is located in a hazardous area then other parts of the IEC 60079 series

will

a)

b)

also apply. This standard provides guidance for:

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

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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1

EXPLOSIVE ATMOSPHERES -

Part 28: Protection of equipment and transmission
systems using optical radiation

Scope

This| part of IEC 60079 specifies the requirements, testing and marking of equipment emifting
opti¢al radiation intended for use in explosive atmospheres. It also covers equipmenti\locpated
outslide the explosive atmosphere or protected by a Type of Protection listed in IEC60079-0,

but
covers Groups I, Il and lll, and EPLs Ga, Gb, Gc, Da, Db, Dc, Ma and Mb.

which generates optical radiation that is intended to enter an explosive atmospherge. It

This| standard contains requirements for optical radiation in the wavelength range from

380

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

nm to 10 um. It covers the following ignition mechanisms:

Optical radiation is absorbed by surfaces or particles, causingcthem to heat up, and uphder
gertain circumstances this may allow them to attain a jtémperature which will ignite a
gurrounding explosive atmosphere.

In rare special cases, direct laser induced breakdown_of the gas at the focus of a stfong
heam, producing plasma and a shock wave both<{eventually acting as ignition sodrce.
These processes can be supported by a solid material close to the breakdown point.

This| standard does not cover ignition by ultraViolet radiation and by absorption of the radigtion
in the explosive mixture itself. Explosive“~absorbers or absorbers that contain their [own

oxidjzer as well as catalytic absorbers are also outside the scope of this standard.

This| standard specifies requirements for equipment intended for use under atmospheric

conditions.

This| standard supplements and modifies the general requirements of IEC 60079-0. Where a
requirement of this standard conflicts with a requirement of IEC 60079-0, the requirement of

this

standard takes precedence.

This| standard-applies to optical fibre equipment and optical equipment, including LED |and

lasef equipment, with the exception of the equipment detailed below:

1)

2)

3)

4)

Non4anray divergent LEDs used for example to show equipment status or back]ight
1|unction.

All luminaires (fixed, portable or transportable), hand lights and caplights; intended to be
supplied by mains (with or without galvanic isolation) or powered by batteries:

— with continuous divergent light sources (for all EPLs),
— with LED light sources (for EPL Gc or Dc only).

NOTE 2 Continuous divergent LED light sources for other than EPL Gc or Dc are not excluded from the
standard due to the uncertainty of potential ignition concerns regarding high irradiance.

Optical radiation sources for EPL Mb, Gb or Gc and Db or Dc applications which comply
with Class 1 limits in accordance with IEC 60825-1.

NOTE 3 The referenced Class 1 limits are those that involve emission limits below 15 mW measured at a
distance from the optical radiation source in accordance with I[EC 60825-1, with this measured distance
reflected in the Ex application.

Single or multiple optical fibre cables not part of optical fibre equipment if the cables:
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— comply with the relevant industrial standards, along with additional protective me

e.g. robust cabling, conduit or raceway (for EPL Gb, Db, Mb, Gc or Dc),

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

ans,

5) Enclosed equipment involving an enclosure that fully contains the optical radiation and
that complies with a suitable type of protection as required by the involved EPL, with the
enclosure complying with one of the following conditions:

— An enclosure for which an ignition due to optical radiation in combination

absorbers inside the enclosure would be acceptable such as flameproof "d" enclos
(IEC 60079-1), or

with
ures

e is

NOT
not o

2

The
are

undated references, the Ilatest edition of the&’ Yeferenced document (including

ame
IEC
IEC

IEC
"dn

IEC

IEC
llnn

IEC
(OF
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provided, such as pressurized "p" enclosures (IEC 60079-2), restricted breathing
enclosure (IEC 60079-15), or

An enclosure for which protection regarding ingress of an explosive dust atmosphe
provided, such as dust protection "t" enclosures" (IEC 60079-31), or

An enclosure for which protection regarding ingress of absorbers isyprovided (suc
IP 6X enclosures) and where no internal absorbers are to be expected.

EF 4 For these scope exclusions based on enclosure constructions, it is anticipated that the enclosure
bened in the explosive atmosphere, so that ingress is protected.

Normative references

following documents, in whole or in part, are normatively referenced in this document
ndispensable for its application. For dated references, only the edition cited applies.

ndments) applies.
60050, International Electrotechnical \l(@cabulary
60079-0, Explosive atmospheres <‘Part 0: Equipment — General requirements

60079-1, Explosive atmospheres — Part 1: Equipment protection by flameproof enclos

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

60079-15, Explosive atmospheres — Part 15: Equipment protection by type of prote(

£S)

‘nR”

re is

n as

5 are

and
For
any

Lres

-~

btion

60825-2-Safety of laser products — Part 2: Safety of optical fibre communication systems

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-426,

IEC

3.1

60050-731, IEC 60079-0 and the following apply.

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

[SOURCE: IEC 60050-731:1991, 731-03-14]
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3.2

beam diameter (or beam width)

distance between two diametrically opposed points where the irradiance is a specified fraction
of the beam's peak irradiance

Note 1 to entry: Most commonly applied to beams that are circular or nearly circular in cross section.

[SOURCE: IEC 60050-731:1991, 731-01-35]

3.3
beam strength
opti¢al beam’s power, irradiance, energy, or radiant exposure

3.4
corz'
cenfral region of an optical fibre through which most of the optical power is transmitted

[SOURCE: IEC 60050-731:1991, 731-02-04]

3.5
cladding
dielgctric material of an optical fibre surrounding the core

[SOURCE: IEC 60050-731:1991, 731-02-05]

3.6
fibre bundle
assgmbly of unbuffered optical fibres

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

3.7
fibre optic terminal device
assgmbly including one or maore-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
optigal 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: IEC60050-731:1991, 731-06-44]

3.8
opticalradiation types of protection

3.8.
inherently safe optical radiation

“op is”

visible or infrared radiation that is incapable of producing sufficient energy under normal or
specified fault conditions to ignite a specific explosive atmosphere

Note 1 to entry: This definition is analogous to the term “intrinsically safe” applied to electrical circuits.

3.8.2

protected optical radiation

“op pr”

visible or infrared radiation that is confined inside optical fibre or other transmission medium
under normal constructions or constructions with additional mechanical protection based on
the assumption that there is no escape of radiation from the confinement
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3.8.3

optical system with interlock

“op sh”

system to confine visible or infrared radiation inside optical fibre or other transmission
medium with interlock cut-off provided to reliably reduce the unconfined beam strength to safe
levels within a specified time in case the confinement fails and the radiation becomes
unconfined

3.9

irradiance

DEPRECATED: intensity

radignt power 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)
opti¢al radiation capable of causing a visual sensation directly on a humanibeing

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
exterjded usage of the term light to include the much broader portion of the electromagnetic spectrum that can be
hand|ed by the basic optical techniques used for the visible spectrum.

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

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
assgmbly comprising one arnmore optical fibres or fibre bundles inside a common covering
designed to protect them ‘against mechanical stresses and other environmental influepces
whilg retaining the transmission qualities of the fibres

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

3.13
optical (or'radiant) power
rate|of flow of radiant energy with time

[SOURCE: TEC 60050-731:1991, 731-01-22]

3.14

optical radiation

electromagnetic radiation at wavelengths in vacuum between the region of transition to X-rays
and the region of transition to radio waves, that is approximately between 1 nm and 1000 um

Note 1 to entry: In the context of this standard, the term “optical” refers to wavelengths ranging from 380 nm to
10 um.

[SOURCE: IEC 60050-731:1991, 731-01-03, modified (addition of Note 1 to entry)]
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ected optical fibre cable

optical fibre cable protected from releasing optical radiation into the atmosphere during
normal operating conditions and foreseeable malfunctions by additional armouring, conduit,
cable tray or raceway

3.16

radiant exposure
radiant energy incident on an element of a surface divided by the area of that element

4
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an enclosure, the requirements of this standard also apply to the emitted optical radiation.

5

5.1

Thre

atmospheres. These types of\protection encompass the entire optical system.

The
a) i
b)

c)

protected optical radiation, type of protection “op pr”, and

eneral requirements

rical equipment and electrical Ex Components (e.g. fibre optic terminal devi€es) §

d in IEC 60079-0 suitable for the application if intended to be installed inside
rdous area.

cal equipment shall be subjected to a formally documented ignition hazard assess]
g the principles stated in Annex C. This assessment shall be.fmade to determine W
ible optical ignition source can arise in the equipment under-consideration, and w
sures may need to be taken to mitigate the risk of ignition.

source of optical radiation is inside an enclosure providing a protection of minimum P
the tests specified in IEC 60079-0 for enclosures{,the ingress of absorbing targets
butside of the enclosure need not be taken into consideration, but the existence of inte
bts shall be taken into consideration. However where the optical radiation may leave 5

Types of protection

General

e types of protection can bé-applied to prevent ignitions by optical radiation in explo

be types of protection.are:

nherently safe (optical radiation, type of protection “op is”,

pptical system with interlock , type of protection “op sh” .

Whe

radigtion” may be possible, the principles of using the types of protection shown in Tah

re,the ignition hazard assessment given in Annex C shows that ignition due to op
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I be applied.

Table 1 — EPLs achieved by application of types of protection for optical systems

Type(s) of protection EPLs
Ga, Da, Ma Gb, Db, Mb Gc, Dc
Inherently safe optical radiation “op is” (see 5.2)
— safe with two faults or using optical source based on the Yes Yes Yes
thermal failure characteristic 5.2.2.2 item 3) or 5.2.2.3 item 3)
— safe with one fault or using optical source based on the thermal No Yes Yes
failure characteristic 5.2.2.2 item 3) or 5.2.2.3 item 3)
— safe in normal operation No No Yes
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Type(s) of protection EPLs
Ga, Da, Ma Gb, Db, Mb Gc, Dc

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 No No Yes

industrial use, but without additional mechanical protection

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

rotactad fibe otic-cable“cn o for Gh/DEMb - cbidtd oo Yos 1) Yes Yos

Fot ph P
functional safety system based on ignition delay time of the
explosive gas atmosphere

— [Protected fibre optic cable “op pr” for Ge/Dc + shutdown No Yes 1) Yes
functional safety system based on eye protection delay times
IEC 60825-2)

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

Nong (unconfined, ignition capable beam) No No No

bhutdown system safe with one fault

5.2

5.2.

Requirements for inherently safe optical radiation*“op is”

General

Inherently safe optical radiation means that the.visible or infrared radiation is incapable of

sup
exp
by

plying sufficient energy under normal or specified fault conditions to ignite a spgcific
Ipsive atmosphere. The concept is a beam strength limitation approach to safety. Ignjtion

gn optically irradiated target absorber“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

abs

5.2.

5.2.

Either optical powef or'optical irradiance shall not exceed the values listed in Table 2, Tal

and

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

¢rber-free environment.

2 Continuous wave radiation

2.1 General

e3
Table 4, categorized by equipment group and temperature class.

Forirradiated surface areas above 400 mm2, the maximum temperature measured or] the
itradiated surface shall be used to establish the temperature class. with no limif on
irradiance. The temperature measurement shall consider the possibility of non-
homogeneous beam strength.

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

Passing the ignition tests in accordance to with 5.2.4.
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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 Remarks
- - following atmospheres
Radiated power Irradiance (temperature classes in
(no irradiance limit (no radiated power limit combination with
applies) applies) equipment groups)
mw mW/mm?2

No limit to the involved

<150 I1A with T1, T2 or T3, and | irradiated area
I1A, 1IB independent of T- - .
<35 Class, IIC with T1, T2, T3 | NO limit to the involved
irradiated area
or T4, and |
No limit to the involved
<15 All atmospheres irradiated-area
<20 IIA with T1, T2 or T3, and | Irradlateg areas limited to
< 30 mm
No limit to the involved
<5 All atmospheres irradiated area
NOTE The applicable optical power or optical irradiance values listed in this table are based on the subdiv|sion
of tHe equipment group (gas group) and the temperature class since the ignition process by small hot partjcles
depgnds on both the subdivision and the temperature class of the explosi¥e mixture. This is independent from the
(elegtrical) equipment group and temperature class associated with the assessment of the electrical equipmept. It
is tHerefore important to realize that the meaning of the term ‘temperature class’ is not the same for ogtical
radiation protection technique, “op is”, as it is for other applicable €lectrical equipment protection technigues
(such as for flameproof enclosures, “d”, or intrinsically safe apparatus, “i”).
For [op is”, the use of the term ‘temperature class’ whenjapplying 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 jarious equipment groups. Therefore, for IIA and_IIB equipment, T5 and T6 temperature classes arg not
appl|cable, as there are no IlIA or IIB gases that have T5 or T6 auto-ignition temperatures. Similarly, fof IIC
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 IIB equipment, there is only one option for optical power or optical irradignce
valugs, T1 to T4. However, for IIA, the ma@hufacturer would indicate an “op is” temperature class for the invdlved
equipment group gases relating to the intended end-installation application either of T1 to T3 or of T4. Similarly,
for IJC, the manufacturer would either indicate T1 to T4, or indicate T6 if carbon disulfide is included in the
interjded end-installation application.
Table 3~'Safe optical power and irradiance for Group lll equipment
Equipment Group IIA, 1lIB and IlIC
EPL Da Db Dc
Radifated(power (no irradiance limit applies) mW <35 <35 <35
Irradiancé (no radiated power limit applies) mW/mm?2 <5 <5 <10
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Table 4 — Safe limit values for intermediate area, Group | or Ill, constant power,
T1 — T4 atmospheres, equipment Groups lIA, IIB or IIC (Data derived
from Figure B.1 including a safety factor)

limited irradiated area Maximum radiated power value
mm? mw
<4*10°3 35
>4*10°3 40
>1,8*1072 52
>47107° 60
>0,2 80
>0,8 100
>29 115
>8 200
>70 400
Forlirradiated areas equal to or above 130 mm? the irradiance limit of 5 mW/mm?2 applies

5.2.2.2 Optical power

If cqmpliance with Table 2, Table 3 or Table 4 is to,be’based on maximum optical power

valu

es, 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

intepded application:

1)

2)

3)

The actual driver circuitry is used to powerthe optical device, with maximum optical power

easured under fault conditions in *accordance with the over-power / energy fault
rotection criteria according to 5.2% and the respective EPL at ambient temperdture
etween 21 °C and 25 °C. If the” optical power is higher at the foreseen ambient
emperature range of the equipment, the measured value at room temperature shall be
djusted 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
he lowest and highest values of the temperature range specified for the equipment.
eparate samples shall be taken for each of the 3 tests if the optical device is subjerted
o input parameters.*\which are higher than its maximum rating. The number of [test
amples depends _upon the number of fault conditions to be applied.

he maximum, input parameters to the optical device from the actual driver circuitry| are
alculated/based on analysis of the driver circuitry schematic. This analysis shall incjude
onsideration of fault conditions in accordance with the over-power / energy fault
rotection criteria according to 5.2.5 and the respective EPL. One test sample of| the
pticall device without the driver circuitry is then connected to a separate variable soprce
f\stpply and subjected to input parameters equal to the maximum calculated ihput
parameter values. Maximum optical power Is measured with the optical device at ambient
temperature between 21 °C and 25 °C. If the optical power is higher at the foreseen
ambient temperature range of the equipment, the measured value at room temperature
shall be adjusted due 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 actual driver circuitry is replaced with a separate variable source of supply. This
source of supply is then used to provide variable inputs to the optical device, with
maximum optical power measured. No faults are considered. Ten samples of the optical
device are to be tested at ambient temperature between 21 °C and 25 °C. The maximum
optical power is then taken from the highest power that can be measured at the ten
samples before the optical device shuts down or folds back.
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4)

NOTE When the actual driver circuitry is replaced with a separate variable source of supply, the maximum
optical power 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
of the same optical device. To address this issue, 10 samples of the optical device are tested to identify the
maximum optical power. Such variance is not an issue when evaluating the optical device with its actual driver
circuitry.

Calculation 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 construction from the radiating surface.

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

n optical detector (e.g semiconductor sensor for nearly monochromatic radiation.—optical
ower meter — or thermopile sensor for non-monochromatic or spectrally variable“optical
ources) is used to measure the optical power.

he optical detector shall be positioned at a reasonable distance from the)output of the
ptical device such that the entire beam diameter is captured, while bging in accordance
ith the instructions for the optical detector. Alternatively, for optical devices recessed a
iven distance within an enclosure that does not contain the optigalyradiation, the optical
etector may be positioned this given distance from the opticahdevice. This alternative
pproach requires that the enclosure complies with recognized types of protection for
lectrical apparatus designed to contain an internal ignition~(such as a flameproof "d"
nclosure) according to IEC 60079-1, or where it is nal expected there are absorping
targets inside the enclosure according to the ignition hazard assessment (such as ap IP

X enclosure, a pressurized "p" enclosure, restricted breathing “nR” enclosure, etc.).”

he maximum measured optical power value shall'\be less than or equal to the applicpble
aximum optical power value from Table 2, Table 3 or Table 4 respectively.

If the maximum measured optical power value™is not less than or equal to the applicpble
maxjmum optical power value from Table.2,Table 3 or Table 4 then an evaluation canp be
performed to determine compliance withv'the requirements for ‘Optical irradiance’ [see

5.2.2.3).

5.2.2.3 Optical irradiance

If cgmpliance with Table 2, Fable 3 or Table 4 is to be based on maximum optical irradignce
valups, then optical irradiance can be determined in accordance with one of the |test

conditions specified in 5y2.2.2.

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

1)
2)

3)

4)

\ limiting @perture of not more than 100 mm?2 shall be initially positioned such thaf the
idpoint of the aperture is centred on the beam from the optical device.

he (Size of the limiting aperture shall be less than the beam width so that the optical
adiation is partially blocked and does not exceed 100 mm?.

The limiting aperture shall be positioned at the closest point of access to the output of the
optical device. Alternatively, for optical devices recessed a given distance within the
enclosure, the limiting aperture can 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 to be expected
that there are absorbing targets inside the enclosure according to the ignition hazard
assessment (such as an IP 6X enclosure, pressurized "p" enclosure, restricted breathing
“nR” enclosure, etc).

An optical detector (e.g. semiconductor sensor for monochromatic radiation — optical
power meter — or thermopile sensor for non-monochromatic or spectrally variable optical
sources) with a wider detection area than the limiting aperture is used to measure the
maximum optical power passing through the limiting aperture.
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These maximum optical power measurements are to be made with the limiting aperture
centred on the beam and also while moving the aperture along the radiation field in case

the beam power is not homogeneous.

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

The maximum calculated optical irradiance value shall be less than or equal to
applicable maximum irradiance value from Table 2, Table 3 or Table 4.

tical

the

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?2 shall be made to

det

PN k. -SR-S H-a-a P
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If the maximum calculated optical irradiance value is not less than the applicable{maxir
irradiance value from Table 2, Table 3 or Table 4, then an evaluation can be_performe
detgrmine compliance with the requirements for ‘Optical power’ (see 5.2.2.2).

Congideration may be given to using a spectroradiometer or other suitable equipmern
mealsure optical irradiance in place of a limiting aperture and optical detector.

5.2.
5.2.
Opt

B Pulsed radiation
8.1 General
ical pulse duration for Gc or Dc equipment may, bé)determined based on moduls

frequency and duty cycle ratings specified by the mandfacturer. For example, pulse durg

(or

on-time’) is equal to the product of the periody(or ‘time between pulses’) and the

cycle, with the period being equal to the inverse of the frequency.

Opt
faul
dev

ical pulse duration for Ga, Gb, Da, Db,{Ma or Mb equipment shall be measured u
s in accordance with the over-power/énergy fault protection criteria required for ‘Op
ices incorporating the inherently safeiconcept’. An electrical oscilloscope may be usg

meajsure the pulse duration of the voltage at the input to the optical device under each

con

dition.

Thelflow diagram in Annex Exshows the assessment procedure for Group II.

5.2.

For
equ
igni

For
app

.2 Optical pulse. duration of less than or equal to 1 s for Group Il

bptical pulse dlration of less than 1 ms, as determined in accordance with the applic
ijpment protection level, the optical pulse energy shall not exceed the minimum s
fjon energy AMIE) of the respective explosive gas atmosphere.

opticalhpulse duration from 1 ms to 1 s inclusive, as determined in accordance with
lica

num
d to

tion
tion
duty

hder
tical
d to
fault

able
park

the
E of

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

opti

cal pulse duration of that single pulse.

NOTE In accordance with the ‘Comparison of measured minimum igniting optical pulse energy (Qe,pi,mi
90 um beam diameter with auto ignition temperatures (AIT) and minimum ignition energies (MIE) from literature

Tabl

e B.2, the applicable minimum spark ignition energy (MIE) is based on the equipment group subdivision.

The MIE values for the application of this standard are:

Group lIA: 240 pd
Group IIB: 82 ud
Group lIC: 17 wd

n) at
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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 1s, the following
applies:

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

2) Iror repetition rates above 100 Hz, the average power shall not exceed the saféty lgvels
for continuous wave radiation in Table 2 or Table 4.

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

5.2.3.5 Additional requirements for optical pulses for Group_{"and Group lli
equipment

The|output parameters of optical sources of equipment for ERL-Ma or Mb and Da or Db shall
not exceed 0.1 mJ/mm?2 for pulse lasers or pulse light source$ with pulse intervals of at least
5s.

The| output parameters of optical sources of éequipment of EPL Dc shall not ex¢eed
0,5 MmJ/mm? for pulse lasers or pulse light sources.

Rad|ation sources with pulse intervals of\dess than 5s are regarded as continuous wave
sources.

5.2.4 Ignition tests

Ignifion tests to demonstrate inherent safety may be performed for Group Il in special cases
such as:

e heams of intermediate dimensions or pulse duration that may exceed the minimum optical
ignition criteria butrare still incapable of causing ignition;

e heams with complex time waveforms such that pulse energies and/or average powel are
not easily reselved;

o gpecific @atmospheres, targets, or other specific applications that are demonstrably [less
gevere-than test conditions studied to date.

NOTIE 4 \/These tests will be used only in very rare cases since they are quite expensive and require special test

equipment—Not At tEstngstations workimg with—this—stanmdardwitrave the ecessary testequipmentfor fghition

tests.

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

NOTE 2 Ignition tests for Group | and Il 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
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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 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 ifradiance value. The thermal failure characteristic of such low power optical sourcgs is
accgptable to provide adequate over-power protection for any EPL.

5.2.5.3 Optical sources requiring power limiting circuitry

Whgre the beam strength of the optical device is limited by the driver circuitry,/the faults tp be
congidered apply to that circuitry and not to the optical device itself.

An LED current limited by the driver circuitry to values within the data* sheet specifications is
not |considered to exceed the maximum forward voltage given.in the data sheet for [that
current.

Faults to be considered include the opening or shorting of.any component that could impact
the peam strength of the optical device. Printed wiring,board traces need not be considgred
for shorting because they comply with the creepageé ‘distance, clearance or through solid
insujation requirements of the relevant general industrial standard.

Elegtrical circuits such as current and/or voltage limiters placed between the optical solrce
and [the electrical power source may provid& over-power fault protection. Electrical over-power
faulf protection shall be provided to the\degree necessary for the intended EPL (see [e.qg.
IEC60079-11 for an example methgdology for conducting the fault analysis, but gther
methodologies may also be applied): For Ga, Da or Ma equipment, current and/or volfage
limiters shall provide over-power<fault protection in normal operation and after one or|two
countable faults are applied to the current and/or voltage limiter. For Gb, Db or Mb equipmjent,
overpower fault protection shall be provided in normal operation and after one countable fault
is applied to the current and/or voltage limiter. For G¢c or Dc equipment the rated electrical
valuges shall be taken without assuming any fault.

5.3 | Requirements for protected optical radiation “op pr”
5.3. General

This| concept requires radiation to be confined inside optical fibre or other transmislsion
medjium based on the assumption that there is no escape of radiation from the confinement.
In thissnCase the performance of the confinement defines the safety level of the system) “op
pr’. Safety levels that are applicable include EPL Gb or G¢c and Db or Dc and Mb. (see
Table 1). Two options may be used, either 5.3.2 or 5.3.3.

All optical components shall be suitable for the ratings and temperature range for which they
are used.

NOTE It is not a requirement of this standard that conformity to the specification of the components be verified.
5.3.2 Radiation inside optical fibre or cable

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 provided by additional armouring, conduit, cable tray, or raceway. For optical fibres or
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cables, that exit the end-equipment enclosure, a pull test shall be performed according to
IEC 60079-11.

Internal or external cables can be terminated/ spliced from one fibre (from a cable) to another
fibre (in a new cable) by using dedicated coupler or joining kits giving a fixed termination. For
external termination/splicing, the cable connection shall provide equivalent mechanical
strength to that of the cable. The procedure to perform field connections shall be detailed in
the instructions.

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

For EPL Gc or Dc optical fibre or cables and internal pluggable factory connections [that
comply with the applicable industrial standard are suitable. External optical fibre or cable field
connections shall comply with the external plug and socket outlet requirements from
IEC [60079-0 suitable for the EPL.

For |[EPL Gb, Db or Mb, optical fibre or cables connected via internalhpliggable fagtory
connections shall comply with the pluggable connections requirements‘from IEC 60079-15.
Extgrnal optical fibre or cable field connections shall comply with the gxfernal plug and socket
outlgt requirements from IEC 60079-0 for the required EPL.

NOTE 2 Typical examples are connections in split-boxes.

NOTE 3 Optical fibre or cable alone is not Ex equipment.

5.3.3 Radiation inside enclosures

Ignifion capable radiation inside enclosures is .acceptable if the enclosure complies |with
recognised types of protection for electrical equipment designed to contain an internal ignjtion
(flameproof "d" enclosure) according to IEC 60079-1, or where it is not to be expected|that
there are absorbing targets inside the enclasure according to the ignition hazard assessment
(such as an IP 6X enclosure, pressurized "p" enclosure, restricted breathing “nR” enclodure,
dusf ignition protection by enclosure "t!>etc.). It shall, however, be considered, that any hon-
inherently safe radiation that may leave the enclosure has to be protected according to|this

This| type of protection\\is® also applicable when the radiation is not inherently safe. [The
congept requires radiation to be confined inside an optical fibre or other transmission medium
basg¢d on the assumption that there is no escape of radiation from the confinement upder
normal operating ‘conditions.

Depgending on’' the EPL, “op sh” requires the application of “op pr” principles, along with an
additional interlock cutoff, as follows (see also Table 1):

Mb,
the

explosive gas atmosphere, is required.

— For Gb, Db or Mb “op sh” applications, protected fibre optic cable “op pr” for Ge¢/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 safety system based on eye protection delay times (IEC 60825-2), is
required.

The interlock cut-off shall operate if the protection by the confinement fails and the radiation
becomes unconfined on time scales shorter than the ignition delay time or the delay time for
eye protection.
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The interlock cut-off delay time of equipment for use for Group I, Group IIA temperature class
T1 and Group IIA temperature class T2 shall be less than the boundary curve of Figure 1
represented by the curve fit to minimum ignition delays with a safety factor of 2 included.

NOTE Ignition delay times are only identified for Group |, Group IIA temperature class T1 and Group IIA
temperature class T2 in Figure 1. Therefore ignition delay times for other Group IIA applications or for any Group
11B and Group IIC applications necessitate additional testing and documentation to establish suitable times.
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Figure 1 —Optical ignition delay times and
safe boundary curve with safety factor of 2

Thelinterlock cut-off shall be_required to perform according to the requirements defined by the
risk [analysis. The metheds given in appropriate standards (e.g. IEC 61508, IEC 61511) may
be ysed to analyse ,equipment performance for the appropriate safety level. According to
Table 1 the shutdown-system is required to operate safely with one fault.

6 [Type verifications and tests

6.1 | Test set-up for ignition tests

6.1. General

All gas-air-mixtures within the test vessel shall be maintained during the test at a temperature
of 40 (£3) °C, or at the maximum temperature of the specific application.

All gas-air-mixtures within the test vessel shall be maintained at an ambient pressure in
accordance with IEC 60079-0.

6.1.2 Test vessel

A test vessel shall be used with a diameter greater than 150 mm, and a height above the
absorber target (potential ignition source) greater than 200 mm.
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6.1.3 Criteria to determine ignition

Ignition shall be considered to have occurred if a temperature rise of at least 100 K is
measured by a 0,5 mm diameter thermocouple bead located 100 mm above the reference
absorber, or if the appearance of a flame is visually observed.

6.2 Verification of suitability of test set-up for type tests
6.2.1 Reference gas

To check whether the test set-up is suitable for type tests according to 6.3, ignition tests shall
invofve a propane-air-mixture {m accordance with the fottowingr:

e Kor continuous wave radiation and for pulsed wave radiation above 1 s duration:)prépane-
gir-mixture of either 5 % or 4 % by volume, quiescent mixture.

e FKor pulsed wave radiation equal to or less than 1 s and for all pulse trains; propanef-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 {fwo reference tests is necessary.

6.2.2 Reference absorber

Absorption at investigated wavelength above 80 %, to~be applied on the transmission fibrg tip
(fibre optics), or compressed respectively applied to an inert substrate (free bpam
trangmission).

NOTE Experiments show that for pulses in the micreahd nanosecond range a carbon black absorber givels the
lowest igniting pulse energies (absorption 99 %, combustible, high decomposition temperature) [1,4,61].

6.2.3 Reference test for continuous wave radiation and pulses above 1 s duration

Thelirradiated reference absorberishall be physically and chemically inert for the duratign of
the {est. The absorber needs.to,;fiave very high absorption to act as nearly a black body.|The
set-up shall be tested withthe' reference gas and absorber at 40 °C + 5 K. For the testing of
fibrg optics, the absorber-shall be applied to the fibre tip in a very thin layer (approximTter
10 yYm) (e.g. applied as-a powder in suspension and dried afterwards). The reference values
are given in Table A.1. The test setup is acceptable if the achieved ignition values areg not
mor¢ than 20 % aboeve the data from Table A.1. The absorber shall be undamaged at the|end
of the test.

For the testing of free beam transmission the smallest diameter of the beam shall hit a pJane
layer of\the target material applied to a substrate or in a compressed form as a pellet.[The
refefence values are to be taken from Table A.1 for the respective beam diameter. The|test
setup IS acceptable 1T the achieved ignition values are not more than 20 % above the data
from Table A.1. The absorber shall be undamaged at the end of the test.

6.2.4 Reference test for pulsed radiation below 1 ms pulse duration

The irradiated reference absorber shall be irradiated from the front (free beam irradiation)
during all pulse tests. For the testing of free beam transmission the smallest diameter of the
beam shall hit a plane layer of the target material applied either to a substrate or to a
compressed form as a pellet. The reference value for a beam diameter of 90 um is 499 uJ
pulse energy for pulses of 90 ns and 600 pJ for pulses of 30 ns. The set-up shall be tested

1 Numbers in square brackets refer to the bibliography.
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with the reference gas and absorber at 40 °C + 5 K. The test setup is acceptable 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
6.3.1 Ignition tests with continuous wave radiation and pulses above 1 s duration

The ignition tests for continuous wave radiation and for pulsed wave radiation above 1s
duration shall involve a gas-air-mixture in accordance with the following:

o Ftor T6/1IC atmospheres: CS, in air, 1,5 % by volume, and Diethyl ether, 12 % by valume.
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.

e For T4/lIA, T4/1IB and T4/IIC atmospheres: diethyl ether, 12 % by volume.
e FKor T3/lIA and | atmospheres: propane in air, 5 % by volume.

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

Thelignition tests for pulsed wave radiation less than 1 ms duration shall involve a gastair-
mixture in accordance with the following:
e for IIC atmospheres: H, in air, 12 % and 21 % by veoJume, or CS; in air, 6,5 % by volume.
e For lIB atmospheres: ethene in air, 5,5 % by volume.

e FKor | and IIA atmospheres: diethyl ether, 3;4.% by volume, or propane in air, 4 % by
olume. If propane in air is used, divide minimum ignition energies obtained with propane
by 1,2 when applying the acceptance critefia.

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

The|ignition tests for pulsed wave radiation from 1 ms to 1 s and for all pulse trains ghall
involve a gas-air-mixture in accordance with the following:

e ipgnition tests performed with gas-air-mixtures in accordance with the above “pulsed wave
nadiation above 1,s.duration”, followed by

e ipgnition tests performed with gas-air-mixture in accordance with the above “pulsed wWave
nadiation less.than 1 ms duration”.

6.3.4 Absorber 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 necessary for the absorber to have very 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 involved wavelength. Additional background on the selection of the
reference absorber is given below.

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

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 pgives
lowegt igniting pulse energies (absorption 99 %, combustible, high decomposition temperature) [17][22][24].

6.3.9 Test acceptance criteria and safety factors

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

o A safety factor as follows is applied to the achieved igniting-power:

For continuous wave radiation and for pulsed waveyradiation greater than 1 s duration:
A safety factor of 1,5 shall be applied.

For pulsed wave radiation less than or equal/o”1 s and for pulse trains: A safety factor
of 3 shall be applied.

e After application of this safety factor, thesadjusted igniting power is not more than 20 %
bove the data from Table A.1.

o)

Whgre no ignition is considered to have occurred (e.g. because the power or energy cahnot
be increased further more in the test) and the absorber is undamaged, these results can be
trealed as inherently safe data under the following conditions:

e A safety factor as followsis:applied to the highest non incendive beam power as follows:

+ For continuous wave Ttadiation and for pulsed wave radiation greater than 1 s duration:
A safety factor ef\t,5 shall be applied.

+ For pulsed wave radiation less than or equal to 1 s and for pulse trains: A safety fgctor
of 3 shall be applied.

e After application of the above safety factors, the adjusted non-incendive beam powegr is
not more.than 20 % above the data from Table A.1.

Another ‘possibility to obtain inherently safe beam strength data (including application jof a
safety~actor) is to use an alternative reference gas that is more sensitive o ignition. As an
example, for continuous wave radiation and for pulsed wave radiation greater than 1s
duration that is to be used in IIA/T3 atmospheres, this alternative test gas can be ethene
(CoHy) up to a size of the beam area of about 2 mm?. Ignition shall not be considered to have
occurred at the end of the test and the absorber shall be undamaged.

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

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
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components emitting optical radiation and protected by the types of protection specified in
standard shall be marked in accordance with IEC 60079-0, with the following additi
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.

this
onal

b) the symbol of the temperature class and Group and the suffixes A, B or C as stated in

Cc 60079 ﬂ, but:

For pquipment not suitable for installation in a hazardous area, but providing optical radia
the marking for ‘Associated Equipment’ shall apply. If Table 2 requires a restriction of
temperature class, this shall be indicated following the type of protection.

xample: [Ex op is IIC T4 Gb]

Detgrmining compliance with Table 2 may involve the use of a column from Table 2 for op
powegr or irradiance values associated with a temperature class other than the tempera
clasp that is part of the Ex marking string for the other applicable electrical equipn
protection technique(s). Only the more restrictive temperature class value shall be marke
the ¢quipment. More than one temperature class marking shall\not be allowed.

Examples of marking

quipment which conforms to EPL Ga:
xopis IIC T6 Ga
quipment which conforms to EPL Gb:
x op pr lIC T4 Gb

quipment, which is installed outsidé the hazardous area and provides optical radiatidg
the hazardous area, limit values taken from Table 2 or Table 4:

[Ex op is IIA T3 Ga]

quipment with an opticalisource protected by type of protection encapsulation
type of protection ‘op is’

x mb op is IIC T4Gb

m

The|certificate shall.identify the relevant EPL of the equipment (there may be more than
EPL|for the different parts of the equipment).

tion,
the

tical
ture
hent
j on

n to

and

one
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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.

Table A.1 - Reference values for ignition tests with

a mixture of propane in air at 40 °C mixture temperature

Fibre core diameter

Minimum igniting power at
1 064 nm (absorption: 83 %, 5 %

Minimum igniting power{at 80§
(absorption: 93 %, 4 %)propan

nm
e by

propane by volume) volume)
pm mwW mWw
62,5 (125 um cladding) 250
400 842 690
600 1200
1500 3600

NOT|E Other reference test data (e.g.

for 8 um core diameter, 1 550 nm wavelength) are currently not availa

ple
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Annex B
(informative)

Ignition mechanisms?

The potential hazard associated with optics in the infrared and visible electromagnetic

spe

e fuel;

Thefe are an immense number of combinations of these factors that will'influence the ha

of optics in explosive atmosphere and at least the ignition mechanism) Worst case conditions

aris
fall
igni

irradiated area may reach dimensions of square centimetres”The conditions for ignition
be characterised in terms of the fundamental parameters eénergy, area and time.

(1)
2)
)
)

—~

3
(4

—~

Infinjite time means continuous wave radiation. The research results for small and big a

are

surface ignition when the beam hits an absorber. The smaller the surface, the higher

igni

to cause an ignition. No.ignition was observed below 50 mW optical power for all gas/va

mix

ctrum depends on:

laser wavelength (absorption properties);

abhsarbher material (inpr’r rpnrfi\/p)'

pressure;
ifradiated area;
ifradiation time.

elow the quenching distance of the explosive gas, the ignition can be seen as a j

I}when an absorber is present. When the dimensions of the radiation and/or the absg
on. However, radiation from the end of a fibre optic/cable diverges rapidly and

area tends to time tends to ignition criterion
zero infinity minimum power
infinity infinity minimum irradiance
zero zero minimum energy
infinity zero radiant exposure

jiven in Table B.1, Figure By1 and Figure B.2. In both regimes ignition takes place vig
fjng irradiance. This means that a smaller surface has to be heated to higher temperat

tures (excluding carbon disulfide). This supports the maximum permissible power valy

zard

rber
oint

the
can

reas
hot
the
ures
bour
e of

35 mW including a‘safety margin, which also has to consider the non-ideal grey body

abs

a toher) showed: that even though they have higher absorption, they were less effectiv

igni

margin). Rorbigger irradiated areas a permissible value of 5 mW/mm? is much more rea
than a restrictive power criterion.

grption of theqinert absorber. Experiments with reactive absorbers (coal, carbon black

fjon sources. The n-alkanes do not ignite below 200 mW (150 mW including s4

and
B as
fety
istic

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

exp

losive mixture under optimised conditions (us and ns pulses).

The effectiveness of this ignition process depends on

pulse length and repetition rate;

wavelength;

2 The information provided in this annex is taken from [1].
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arget (absorber) material;
rradiance 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 combustibility). For
pulses in the millisecond range without a breakdown process but heating of the target, ignition

radi

For
abo

ation.

e when the pulse is less than 1 s. With higher repetition rates the previous. pulse

have an influence on the behaviour of the irradiated area with the actual pulse-’For repe

rate
limit
the

time
shoy
of n
durg

The
be €

This limitation forces a maximum repetition rate for a defined pulse energy. The sh

for cooling of the target or decay of a spark or plume of hot'material. Experim

tion > 1 s the peak power should be restricted to the corre€sponding cw-limit.

remaining combination of fundamental parameters/i.e. short times over infinite area
valuated by the results for the other regimes.

pulse trains the ignition criterion for each individual pulse is the energy criterion g:rven

nts
ved [4] that for nanosecond pulses in the range of the MIE (up;to 400 uJ) a spark Iifer'me
ore than 100 us is not to be expected for a beam diameter of 90 um. For long pulse

ight
ition

5 greater than 100 Hz, the average power should be restricted to thé-continuous wave

brier

bulse, the higher the permissible peak power, but the longer the“duty cycle. This dives

can
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(maximum experimental safe gap) and measured ignition powers
of the chosen combustibles for inert absorbers as the target
material ((X1 064 nm=83 %, Qgos nm=93)3

Group acc.|Combustible AIT MESG Conc. Min. Min. Conc. Min. Min. Min.
i . comb. at ignition ignition | comb. at ignition ignition ignition
to in brackets: min. power power min. power power power
IEC 60079- |nc.reased ignition ignition
0 mixture power power
temperature
62,5 pm 400 pm 400 pm 600 pm 1500 um
fibre fibre fibre fibre fibre
PTB* PTB PTB HSL* HSL HSL HSL
(1064 nm) ((1 064 nm)|(1 064 nm)] (803 nm) | (803 nm) |<(803 nin) | (803 nm)
°C mm % vol. mWwW mwW % vol. mWyV mW mwW
A me{hane 595 1,14 5,0 304 1125 6,0 960 1650 5000
acetone 535 1,04 — - - 8 830 - -
2-pfopanol 425 0,99 4.5 273 660 = - - -
n-pgntane 260 0,93 3,0 315 847 350 720 1100 3590
butgne 410 - - - 4,6 680 - -
(365) (0,98)
propane 470 0,92 5,0 250 842 4,0 690 1 20( 3 600
petfol 300 >0,9 - - - 4,3. 720 3 650
unl¢aded (350)
n-hpptane 220 0,91 3,0 -~ 502 — - - -
(11p °C)
me{hane/ 595 0,90 6,0 259 848 - - - -
hydrogen
1B diefhyl ether/ 200 0,90 470 - 658 - - - -
n-heptane
(11p °C)
tetrp- 230 0487 6,0 267 - - - - -
hydrofuran
diefhyl ether 175 0,87 12,0 89 127 23,0 110 180 380
propanal 190 0,84 2,0 - 617 - - - -
(11p °C)
dimlethyl ether| 240 0,84 8 280 - - - - -
ethene 425 0,65 7,0 202 494 7,5 530 - 2 007
me{hane/ 565 0,50 7,0 163 401 - - - -
hydregen
Ic carbon 95 0,37 1,5 50/24** 149 - - - -
disulphide
ethyne 305 0,37 25,0 110 167 - - - -
hydrogen 560 0,29 10,0 140 331 8,0 340 500 1620

* HSL = Health and Safety Laboratory of the Health and Safety Executive (UK),
PTB = Physikalisch-Technische Bundesanstalt (Germany)

** 24 mW was obtained for a combustible target (coal)

3 AIT and MESG were taken from [9].
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NOTE The given values are for each combustible in its most easily ignitable mixture.

Figure B.1 — Minimum radiant igniting power with inert absorber target
(21064 nm=83 %, agg5 nm=93 %) and-continuous wave-radiation of 1064 nm

NOTE Data taken from [1],[7].
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Figure B.2 — Minimum radiant igniting power with inert absorber target

(0tq pg4 NM=83 %, aggs NM=93 %) and continuous wave-radiation
(PTB: 1064 nm, HSL: 805 nm, [8]:)803 nm) for some n-alkanes

Taple B.2 — Comparison of measured minimum igniting optical pulse energy
(Q,,p"m'“) at 90 um beam diameter with auto ignition temperatures (AIT) and minimgim
ighition energies (MIE) from literature [9] at concentrations in percent by volume (fp)

el Qe’pi,min ? AT MIE SMIE Qe,pi,min MIE
ud % °C ud %
70 ps spiked Pulse
n-Pdntane 669 3 260 280 3,3 2,4
>55 000 6,4
propgane 784 5,5 470 240 5,2 3,3
diethyl ether 661 3,4 175 190 5,2 3,5
1285 5,2 6,8
ethene 218 5,5 425 82 6,5 2,7
hydrogen 88 21 560 17 28 5,2
carbon disulfide 79 6,5 95 9 8,5 9,3
Nanosecond Pulses (20 ns to 200 ns)
propane 499 4,0 470 240 5,2 2,1
ethene 179 5,5 425 82 6,5 2,2
hydrogen 44 12 560 17 28 2,6
46 21 2,7
NOTE The target material was carbon black.
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Annex C
(normative)

Ignition hazard assessment

In all cases, where optical radiation is to be considered, the ignition hazard assessment shall
be the first step. If the assessment shows that no ignition is to be expected, the further
application of this standard is not necessary.

An explosive atmosphere can be ignited by optical radiation provided that the beam strength
excgeds an inherently safe level and an absorbing solid exists in the beam that can cauge a
hot ppot and an ignition source accordingly, or in case of pulses the conditions fora, bfeak
dowh apply (threshold irradiance exceeded). See Figure C.1.

Radiating
equipment in Open beam no No ignition source due‘to optical
explosive or potential of breakage radiation as addres$ed in this standard
atmosphere of confinement

Continuous
or pulsed radiation?
(exceeding limits)

continuous

Solid absorber/
target present?
(wall, particle)

yes

Optical
breakdown\possible
without solid
target?

Apply requirements of this standard

Apply MIE concept
(5.2.3.2 of this standard)

IEC

Figure C.1 — Ignition hazard assessment

Whgrethese conditions for an ignition do not apply, an ignition hazard does not exist wjthin
the sctope of thisstandarda:

It is important to understand that even open radiation exceeding the inherently safe level does
not itself lead to ignition, as additional provisions are necessary to start an ignition process.
This is different from the situation of the electrical spark ignition process.

As an example, a gas analysis system where in the beam there is no absorbing target that
can be heated up to be an ignition source may not create an ignition hazard with respect to
the optical radiation. In this specific case, there will be absorption of optical energy in the
mixture itself, but it can be easily demonstrated in most cases that there is no heating of the
mixture to such an extent that it will be ignited.

The ignition hazard assessment also applies to the use of the protection concepts
themselves. Where an enclosure for the beam is used that does not allow solid materials to
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enter it — although it allows the explosive atmosphere to enter — an optical ignition source is
prevented inside this enclosure, provided inside the enclosure there exists no other solid
absorber which may enter the optical beam.

If a fibre breakage is assumed, where the concept of interlock with the breakage detection is
used, it may be safe to use the shut down times allowed for eye protection (IEC 60825-2:
2010 — Safety of laser products — Part 2: Safety of optical fibre communication systems
(OFCS)), if it is improbable that the beam will hit a target with an incendive intensity during
the shutdown time.
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Annex D
(informative)

Typical optical fibre cable design

Figures D.1 and D.2 show the typical optical fibre cable design.

Outer sheath

Steel armour
{ \
\ \

Aluminium and plastic tape moisture barrier

Secondary coating or “buffer” \

Optical fibre

\

\

Solid strength member

Inner sheath

IEC

Figure D.1 — Example Multi-Fibre Optical Cable Design For Heavy Duty Applications

Cladding

rd

Core

Singlemode! Multimode

Optical fibre ————

/
Gl

Primary coating

W77
\X\\\L\ /dl/

Secondary coating or “buffer” Outer sheath

High tensile synthetic yarn strain member
IEC

Figure D.2 — Typical Single Optical Fibre Cable Design
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Annex E
(normative)

Flow diagram for the assessment of pulses

Figure E.1 gives a flow diagram for the assessment of pulses according to 5.2.3.

Assessment of pulsed
optical radiation

) I
v v v
Pulse durationa Pulse durationa Pulse durationa
t_pulse <1 ms 1ms<t pulse<1s t_pulse >1s
no yes
Y
B no W_pulse <
102 MIE
b4

\
< no P_pulse_peak <
B P_table 2/4¢

) 4

Pulse train yes
P_pulse_average <
P_table 2/4b
4
Not itneompliance .
with 5.2.3 op s
IEC
Appliés to single pulses AND pulse trains
b For'repetition rates at or below 100 Hz the ignition test according to Clause 6 is optionally permitted
c The peak power P_pulse_peak of a single pulse is always equal or less than the average power

P_pulse_average of a pulse train. Therefore the additional requirement for pulse trains is fulfilled

Figure E.1 — Flow diagram for the assessment of pulses according to 5.2.3
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Détails de l'interprétation:

IEC 60079-28:2015 (Edition 2: Protection du matériel et des systémes de transmission
utilisant le rayonnement optique

Interprétation du 6¢ alinéa du Domaine d’application:

Question: Le 6° alinéa comprenant les points 1) a 5) décrit le matériel exclu du domaine
d'application de la présente norme. La signification des exceptions énoncées est ambigué.
Par conséquent, il est possible que I'lEC 60079-28 ne soit pas appliquée dans toutes les

situgtionsouUetteestpeTtinenteEm outre, ta CONfUSIOM potentiette peut &tre acTentude p;

libel]é des exceptions.

les

raygnnement optique basée sur le Paragraphe 6.6.4 "Lasers, luminaires_et autres sou
optiques a ondes continues non divergentes" figurant dans I'lEC 60079-0:20417 (édition 7)1

Intefprétation:

La présente norme s’applique

Cette norme ne s’applique pas:

1)

2)

3)

4)

ensembles de matériels et les composants Ex qui comprennent une" source

Quand convient-il d’appliquer les exigences de I'IEC 60079-28 aux matériels EX)y con[pris

qux matériels a laser;
qux matériels a fibres optiques; et également

g toute autre source ou tout autre faisceau de ldrniere convergente dans lequel la luni
gst focalisée en un seul point a l'intérieur de Femplacement dangereux.

NOTE 2 Certains éléments optiques tels que les lentilles et les réflecteurs sont en mesure de conve
Ilumiere divergente en un faisceau convergent.

qux matériels a laser pour les_applications EPL Mb, Gb ou Gc et Db ou Dc qui
¢onformes aux limites de la Classe 1 conformément a I'lEC 60825-1;
NOTE 3 Les limites de Classe 1 référencées sont celles qui impliquent des limites d’émissions inférieu

5 mW mesurées a une certainé\distance de la source de rayonnement optique conformément a I'lEC 608
dette distance mesurée étant'reflétée dans I'application Ex.

qux sources ou faisceaux de lumiere divergents dans lesquels la lumiére n’est
focalisée dans la'zone dangereuse ;

qux cables atune ou plusieurs fibres optiques ne faisant pas partie du matériel a fi
optiques si‘les cables :

q) sont.'conformes aux normes industrielles pertinentes, avec des moyens de prote(
supplémentaires, par exemple, cablage robuste, conduit ou chemin de cébles rob
(pour EPL Gb, Db, Mb, Gc ou Dc),

ar le

de

ces
p

iere

(tir la

sont

res a
25-1,

pas

bres

ction
Lste

) sont conformes aux normes inaustrielles pertinentes (pour £EFL GcC ou Dc).;

aux sources de rayonnement optique telles que définies en i. a iii. ci-dessus, lorsque le

rayonnement optique est entiéerement confiné dans une enveloppe conforme a l'un

des

modes de protection suivants adaptés a I'EPL, ou a la valeur minimale de protection

contre la pénétration spécifiée:

a) les enveloppes antidéflagrantes "d" (IEC 60079-1); ou

NOTE 4 Une enveloppe antidéflagrante "d" est adaptée, car une inflammation due au rayonnement

optique en combinaison avec des absorbeurs a l'intérieur de I'enveloppe est confinée.

b) les enveloppes "p" sous pression (IEC 60079-2); ou

"an

NOTE 5 Une enveloppe a surpression interne "p" est adaptée, car il existe une protection contre la

pénétration d'une atmosphere explosive.
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c)

d)

e)

I’enveloppe a respiration limitée "nR" (IEC 60079-15); ou

NOTE 6 Une enveloppe a respiration limitée "nR" est adaptée, car il existe une protection contre la
pénétration d’'une atmosphére explosive.

les enveloppes "t" de protection contre les poussiéres (IEC 60079-31); ou

NOTE 7 Une enveloppe "t" de protection contre les poussieres est adaptée, car il existe une protection
contre la pénétration d’'une atmosphere explosive poussiéreuse.

une enveloppe procurant une protection minimale de degré IP 6X contre la
pénétration et ou aucun absorbeur interne n'est prévu et conforme aux "essais des
enveloppes" de I''EC 60079-0.

NOTE 8 Une enveloppe procurant une protection minimale de degré IP 6X contre la pénétration et

conforme aux "Essais des enveloppes” de I'lEC 60079-0 est appropriee, car il existe une protection contre
la pénétration des absorbeurs. Lorsque les enveloppes sont ouvertes, il est prévu que soit évitée-llentrée
de tout absorbeur.
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AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de, narmalig
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)L’IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les dom
b |'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — (publie des Nd
ternationales, des Spécifications techniques, des Rapports techniques, des SpécifiCations accessiblg
iblic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée
mités d'études, aux travaux desquels tout Comité national intéressé par le sujetntraité peut participer]
ganisations internationales, gouvernementales et non gouvernementales, enJiaison avec I'lEC, partid
palement aux travaux. L’IEC collabore étroitement avec I'Organisation Interpationale de Normalisation (
elon des conditions fixées par accord entre les deux organisations.

bs décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la m
Il possible, un accord international sur les sujets étudiés, étant dofiné que les Comités nationaux de
téressés sont représentés dans chaque comité d’études.

bs Publications de I'IEC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'l[EC. Tous les efforts raisonnables sont entrepris afin que
assure de |'exactitude du contenu technique de ses publigations; I'lEC ne peut pas étre tenue responsab
ventuelle mauvaise utilisation ou interprétation qui en estfaite par un quelconque utilisateur final.

ans le but d'encourager l'uniformité internationale, les )Comités nationaux de I'lEC s'engagent, dans to
esure possible, a appliquer de fagon transparente_ les*Publications de I'lEC dans leurs publications natio

régionales. Toutes divergences entre toutesRublications de I'lEC et toutes publications nationald
gionales correspondantes doivent étre indiquées-'en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
urnissent des services d'évaluation de\conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifig
dépendants.

bus les utilisateurs doivent s'assUrer qu'ils sont en possession de la derniére édition de cette publication.

Licune responsabilité ne doif étre imputée a I'lEC, a ses administrateurs, employés, auxiliaire
andataires, y compris se$ experts particuliers et les membres de ses comités d'études et des Co
htionaux de I'IEC, pour.tout préjudice causé en cas de dommages corporels et matériels, ou de tout
bmmage de quelque(nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les
b justice) et les dépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC

ute autre Publication de I'lEC, ou au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
férencéeg est obligatoire pour une application correcte de la présente publication.

attention—est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
bjet'de’ droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
b brevets et de ne pas avoir signalé leur existence.
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La Norme internationale IEC 60079-28 a éte etablie par le comite d'études 31 de I'IEC:
Equipements pour atmosphéres explosives.

Cette deuxieme édition annule et remplace la premiére édition, parue en 2006. Cette édition
constitue une révision technique.

Le contenu des modifications entre I'lEC 60079-28,édition 2.0 (2015) et I''EC 60079-28,
édition 1.0 (2006) est précisé ci-dessous:
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Signification des modifications par rapport a I'lEC 60079-28:2006

— 43 —

Type

Modifications majeures

Article /
paragraphe

Modifications
mineures et
rédactionnelles

Extension

Modifications
techniques
majeures

Domaine d'application: Extension incluant le
Groupe lll et les EPL Da, Db et Dc

Domaine d'application: Clarification et liste des
exclusions pour les sources de rayonnement
optique

Références normatives: Suppression de
I''EC B0079-10 et ajout de I'lEC 60050-426 et de
I''EC $0050-731

Termgs et définitions: Suppression de quelques
définifions non utilisées dans la norme. Ajout de
nouvglles définitions

Exigephces générales: Introduction d'une évaluation
des dpngers d'inflammation déplacée a I'Article 4,
ajout de I'énonceé pour la présence d'absorbeurs,
Suppiession de I'explication des EPL

Tablepu 1: Déplacement de la comparaison entre
EPL 4t modes de protection de 5.5 a 5.1, tableau
modif|é et étendu

5.1

Modif|cation de la structure du Tableau 2 et
extenpgion de I'explication dans les notes, mais avec
les mgmes valeurs limites

5.2.21

Ajout|du Tableau 3 pour le Groupe Il

5.2.2.1

Le Tapleau 4 remplace la Figure 1 pour une
meilldure application

52.2.1

Ajout|des exigences détaillées pour le mesurage de
la puipsance optique

5.2.2.2

Ajout |des exigences détaillées pour le mesurage de
I'éclairement optique

5.2.2.3

Ajout|de nombreux détails sur les exigerces pour
I'évalfiation des impulsions optiques pour le
Groupe Il

Ajout |des exigences pour I'évaluation des
impulgions optiques pour_ le Groupe | et le
Groupge Il

o aaaa
N NN D
o|rwho

Essaip d’inflammation: Ajout des notes 1 et 2

5.2.4

Protegtion contfe les défauts de surpuissance et
d'énefgie: Medification du titre et de la formulation
pour plus de clarté

5.2.5

Rayomnements a l'intérieur de la fibre ou du céable

5.3.2

optiqUeT ajout des exigences, par exemple essal de
traction

C1

Rayonnement a I'intérieur des enveloppes: Ajout
des enveloppes IP 6X, des enveloppes "p" ou "t"

5.3.3

Systéme optique avec asservissement "op sh"
Suppression du Tableau 3, ajout du retard de
coupure asservie sur la Figure 1

5.4

Vérifications et essais de type: modification de la
structure (rédactionnelle, sans modification des
exigences)

Marquage: Suppression des marquages requis par
I''EC 60079-0. Exemples de marquage: ajout de
I'exemple avec la combinaison de op is et d'autres
modes de protection
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Type
Modifications majeures Article / Modifications Extension | Modifications
paragraphe mineures et techniques
rédactionnelles majeures

Evaluation des dangers d'inflammation: Modification | Annexe C
du schéma fonctionnel de la Figure C.1 pour une X
meilleure compréhension

Suppression de I'ancienne Annexe E (Présentation Annexe E
des EPL). La nouvelle Annexe E présente un

schéma fonctionnel pour I'évaluation des impulsions

conformément a 5.2.3

Déplacement des normes IEC pertinentes a Ancien-

I'Article 2 nement X
Annexe F

Explication des types de modifications significatives:

A) 5rfinitions

1) Modifications mineures et rédactionnelles — Clarification

— Assouplissement des exigences techniques
— Modification technique mineure

— Corrections d’erdre rédactionnel

Il s’agit de modifications techniques mineures ou d’ordre rédactionnel, apportées aux exigences. Elles compor

des modifications de la formulation permettant de clarifier les exigenceS\techniques sans aucune modification
techrfique ou d’assouplir le niveau de I'exigence existante.

2) Ektension: Addition’d’options techniques

Il s’agit de modifications qui ajoutent de nouvelles exigences\techniques ou modifient les existantes pour prop
de nquvelles options sans augmenter pour autant le niveau\des exigences pour les matériels totalement confo
a la rjorme précédente. Ces modifications ne sont doncpas a prendre en compte pour les produits conformes
I’éditjon précédente.

3) Modifications techniques majeures: — addition d’exigences techniques
— augmentation du niveau des exigences techniq

Il s’agit de modifications apportées aux exigences techniques (addition, augmentation ou assouplissement du
nivegu) permettant d’indiquer qu’un produit'conforme a I’édition précédente n’est pas toujours en mesure de

satisfaire aux exigences données dans la derniére édition. Ces modifications sont a prendre en compte pour I
proddits conformes a I'édition préegedente. Concernant ces modifications, des informations supplémentaires so

donnges dans I'Article B) ci-dessous.

NOTE Ces modifications représentent les connaissances technologiques actuelles. Il convient néanmoins qu
modifications n'aient en principe pas d'influence sur les matériels déja commercialisés.

B) Informations de base concernant les ‘modifications techniques majeures’

C1 Ep ce qui congerie le concept de protection "rayonnement protégé op pr", certaines exigences comme un
de trgction pous-les fibres ou les cables optiques ont été ajoutées.

Le tgxte de cette norme est issu des documents suivants:

EDIS Rapport de vote

ent

bser
rmes
]

es

(2]

nt

P Ces

bssai

31/1178/FDIS 31/1193/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote a
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

yant

Une liste de toutes les parties de la série IEC 60079, publiées sous le titre général

Atmospheres explosives, peut étre consultée sur le site web de I'lEC.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

e reconduite,

e supprimeée,

e remplacée par une édition révisée, ou

e amendée.

Le contenu de la feuille d’interprétation de novembre 2019 a été pris en considération dans
cet ¢xemplaire.

IMPODRTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cqtte
publjication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une|bonne compréhension de son contenu. Les utilisateurs devraient, par-conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Les matériels optiques sous forme de lampes, lasers, diodes électroluminescentes (LED),
fibres optiques, etc. sont de plus en plus utilisés dans la communication, la surveillance, la
détection et le mesurage. Dans les traitements de matériau, des rayonnements optiques de
fort éclairement sont utilisés. Lorsque [linstallation est située dans ou a proximité
d'atmosphéres explosives, le rayonnement d’'un tel matériel peut traverser ces atmosphéres.
Selon ses caractéristiques, le rayonnement peut alors étre capable d’enflammer une
atmosphére explosive environnante. La présence ou l'absence d’absorbeurs supplémentaires
tels que des particules, a une influence significative sur I'inflammation.

Il exjste quatre mécanismes possibles d’inflammation.

le rayonnement optique est absorbé par les surfaces ou particules, provoquant [leur
g¢chauffement et, dans certaines circonstances, celles-ci peuvent _atieindre |une
température qui amorce I'inflammation de 'atmosphére explosive environpante.
L
U

‘inflammation thermique d’un volume de gaz, ou la longueur d’onde eptique correspopd a
ne bande d’absorption du gaz ou de la vapeur.

c) Winflammation photochimique due a la photodissociation des molécules d’oxygéne par le
nayonnement dans I’étendue des longueurs d’onde des ultraviplets.

le craquage direct d’'un gaz ou de la vapeur par laser( au point de focalisation d’un
faisceau puissant, produisant un plasma et une onde ’de choc, les deux agissan{ en
définitive comme source d’inflammation. Ces processus peuvent prendre naissance dans
un matériau solide proche de son point de craquage,

En pratique, le cas le plus probable d’inflammation a partir de la puissance minimale
d’inflammation d’'un rayonnement est le cas\,a). Dans certaines conditions pouf le
rayognnement a impulsions, le cas d) devient applicable. La présente norme traite ces deux
cas.|ll convient que les mécanismes d’inflammation b) et c) expliqués ci-dessus soient compnus
de tpus; ils ne sont cependant pas repris.dans la présente norme a cause de la situation|trés
partjculiere du rayonnement ultravioletset des propriétés d’absorption de la plupart des|gaz
(voil Annexe A).

La présente norme décrit les ptécautions a prendre et les exigences lors de l'utilisation de
materiels transmettant des\rayonnements optiques dans des atmosphéres explogives
gazguses ou poussiéreuses/ Elle souligne également une méthode d’essai, qui peut |étre
utiligée dans les cas patfticuliers pour vérifier qu'un faisceau n’est pas capable d’'inflammation
dang des conditions/d'essai choisies, si les valeurs limites optiques ne peuvent pas |étre
gargnties par I'évaluation ou le mesurage de la force du faisceau.

Il existe des matériels ne relevant pas du domaine d'application de la présente norme d( fait

que |[le rayennement optique associé a ces mateériels n'est pas considéré comme un rigque
d'inflampration pour les raisons suivantes:

- nyaison d'une faible puissance rayonnée ou d'une lumiére divergente, et

— étant donné que les surfaces chaudes, créées en raison d'une trop faible distance entre la
source de rayonnement et un absorbeur, sont déja couvertes par les exigences générales
des matériels d'éclairage.

Dans la plupart des cas, le matériel optique est associé a un matériel électrique, et lorsque le
matériel électrique est situé dans une zone dangereuse, d'autres parties de la série
IEC 60079 s’appliquent également. La présente norme fournit des lignes directrices relatives:

a) aux dangers d'inflammation associés aux systémes optiques situés dans des atmospheres
explosives telles que définies dans I'lEC 60079-10-1 et '|EC 60079-10-2, et,

b) a la surveillance des dangers d'inflammation des matériels utilisant le rayonnement
optique dans des atmosphéres explosives.
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La présente norme est relative au systéme intégré utilisé pour surveiller le danger
d’inflammation des matériels utilisant le rayonnement optique dans des atmosphéres

explosives.
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ATMOSPHERES EXPLOSIVES -

Partie 28: Protection du matériel et des systémes
de transmission utilisant le rayonnement optique

Domaine d'application

irésente partie de I'lEC 60079 spécifie les exigences, les essais et le marquage du
riel émettant des rayonnements optiques destiné a étre utilisé dans des atmosphgres
Ipsives. Elle couvre également le matériel situé a I'extérieur de I'atmosphére explosive ou

protegé par un mode de protection indiqué dans I'lEC 60079-0, mais qui\génere |des
rayonnements optiques qui sont destinés a pénétrer dans une atmospheére)explosive. [Elle

cou

La

longjueur d’onde de 380 nm a 10 um .Elle couvre les mécanismes d“inflammation suivants

NOTE 1 Voir les points a) et b) de I'introduction.

re les Groupes |, Il et lll, et les EPL Ga, Gb, Gc, Da, Db, Dc, Ma et Mb;

Arésente norme contient des exigences pour le rayonnement optique dans I'étendu¢ de

e rayonnement optique est absorbé par les surfaces, ou particules, provoquant [leur
chauffement et, dans certaines circonstances, celles-ci peuvent atteindre |une
empérature qui amorce I'inflammation de I'atmosphérelexplosive environnante.

pcalisation d’un faisceau puissant, produisant anvplasma et une onde de choc, les deux
gissant en définitive comme source d’inflammation. Ces processus peuvent prepdre

L

q

t

bans certains cas rares particuliers, le craquage-direct d’'un gaz par laser, au point de
fi

E:

naissance dans un matériau solide proche de_son point de craquage.

La présente norme ne couvre pas l'inflammation par rayonnement ultraviolet et par absorption
du rayonnement dans le mélange explosif lui-méme. Les absorbeurs explosifs ou absorbgurs

qui

également hors du domaine d'application de la présente norme.

ontiennent leur propre oxydanf/comburant de méme que les absorbeurs catalytiques pont

La grésente norme spécifiesles exigences pour les matériels destinés a I'utilisation dans|des

con

ditions atmosphériques.

La présente norme‘compléte et modifie les exigences générales de I'lEC 60079-0. Lorsqufune
exigence de Jaw-présente norme entre en conflit avec une exigence de I'lEC 60079-0,

I'ex

igence de-la présente norme prévaut.

La présente norme s'applique au matériel a fibre optique et au matériel optique, y compris les

LED| et‘les matériels a laser, a I'exception des matériels décrits ci-dessous:

1)

2)

3)

Les LED non divergentes utilisées par exemple pour afficher le statut d'un matériel ou
pour une fonction de rétroéclairage.

Tous les luminaires (fixes, portables ou transportables), les lampes a main et les lampes-
chapeaux; destinés a étre alimentés par le réseau (avec ou sans isolation galvanique) ou
par des batteries:

— avec des sources lumineuses divergentes continues (pour tous les EPL),

— avec des sources lumineuses LED (pour les EPL Gc ou Dc uniquement).

NOTE 2 Les sources lumineuses LED divergentes continues autres que pour les EPL Gc ou Dc ne sont pas
exclues de la norme en raison de l'incertitude liée a la probabilité d’inflammation associée a I’éclairement
élevé.

Les sources de rayonnement optique pour les applications EPL Mb, Gb ou Gc et Db ou Dc
qui satisfont aux limites de Classe 1 conformément a I'lEC 60825-1.
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NOTE 3 Les limites de Classe 1 référencées sont celles qui impliquent des limites d'émissions inférieures a
15 mW mesurées a une certaine distance de la source de rayonnement optique conformément a I'l[EC 60825-1,
cette distance mesurée étant reflétée dans I'application Ex.

4) Les cables a fibres optiques simples ou multiples ne faisant pas partie du matériel a fibre
optique si les cables:

— satisfont aux normes industrielles pertinentes, ainsi que les moyens de protection
supplémentaires, comme les cablages robustes, les conduits ou les chemins (pour
EPL Gb, Db, Mb, Gc¢ ou Dc),

— satisfont aux normes industrielles pertinentes (pour EPL Gc¢ ou Dc).

5) Les matériels sous enveloppe impliquant une enveloppe qui confine totalement les
ayonnements optiques et qui satisfait a un mode de protection adapte tel que requig par
FEPL concerné, I'enveloppe satisfaisant a I'une des conditions suivantes:

+ Une enveloppe pour laquelle une inflammation due aux rayonnements ,optiques en
combinaison avec des absorbeurs a l'intérieur de I'enveloppe est aceeptable |(par
exemple, les enveloppes "d" antidéflagrantes) (IEC 60079-1), ou

+ Une enveloppe pour laquelle la protection relative a la pénétrationd'une atmosphére
explosive gazeuse est prévue, comme les enveloppes sous pression "p" (IEC 60p79-
2), I'enveloppe "nR" a respiration réduite (IEC 60079-15), ou

+ Une enveloppe pour laquelle la protection relative a la pgnétration d'une atmosphére
explosive poussiéreuse est prévue comme les enveloppes "t" antipousgiére
(IEC 60079-31), ou

+ Une enveloppe pour laquelle la protection relative<a’'la pénétration d'absorbeurs est
prévue (comme les enveloppes IP 6X) et ou aucun*absorbeur interne n'est prévu.

NOTE 4 Pour ces exclusions du domaine d'application fondées)sur la construction des enveloppes, on prévoit que
les enveloppes ne sont pas ouvertes dans I'atmosphére explosive, de sorte que I'entrée est protégée.

2 Références normatives

Les [documents suivants sont cités encrgférence de maniére normative, en intégralité ol en
partle, dans le présent document €t*sont indispensables pour son application. Pour| les
réféfences datées, seule I'édition) citée s’applique. Pour les références non datéed, la
derniere édition du document de référence s’applique (y compris les éventuels
amendements).

IEC 60050, Vocabulaire Electrotechnique International
IEC 60079-0, Atmospheres explosives — Partie 0: Matériel — Exigences générales

IEC 60079-1,\Atmospheres explosives — Partie 1: Protection du matériel par enveloppes
antigéflagrantes "d"

IEC 160079-11. Atmosphéres explosives — Partie 11: Protection de I'équipement par séclirité
intrinseque "i"

IEC 60079-15, Atmosphéres explosives — Partie 15: Protection du matériel par mode de
protection "n"

IEC 60825-2, Sécurité des appareils a laser — Partie 2: Sécurité des systemes de
téelécommunication par fibres optiques (STFO)

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans
I'"EC 60050-426, I'lEC 60050-731, I'lEC 60079-0 ainsi que les suivants s'appliquent.
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3.1

absorption

conversion de I'énergie d’'une onde électromagnétique en une énergie d’'une autre forme, par
exemple en chaleur, dans un milieu de propagation

[SOURCE: IEC 60050-731:1991, 731-03-14]

3.2
diamétre d’un faisceau (ou largeur de faisceau)
distance entre les deux points d’'une droite normale a I'axe d’un faisceau électromagnétique,

ol |la—puissance-surfacigue—est réduite a3 une fraction-spécifice de -sa—valeur maximale sur
g =t g

I’axg

Note |1 a l'article: La notion de diamétre d’un faisceau est surtout employée dans le cas d’'un faisceau* de sgction
droitg circulaire ou presque circulaire.

[SOURCE: IEC 60050-731:1991, 731-01-35]

3.3
forcle du faisceau
puispance du faisceau optique, son éclairement, son énergie ou son’exposition énergétique

3.4
coeyr
région centrale d’une fibre optique dans laquelle la plus,grande partie de I'énergie rayonnpnte
est fransmise

[SOURCE: IEC 60050-731:1991, 731-02-04]

3.5
gaine
régipn d’une fibre optique, constituée d*dne substance diélectrique qui entoure le coeur

[SOURCE: IEC 60050-731:1991,,731-02-05]

3.6
faisgeau de fibres
assgmblage de fibresoptiques sans revétement protecteur

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

3.7
dispositif)d’extrémité de liaison optique

terminal de liaison optique
apﬂTEﬂTmmmWWWMﬁMWWmWWQHaI

électrique en signal optique ou vice versa, et qui est connectable a une ou plusieurs fibres
optiques

Note 1 a l'article: Un dispositif d’extrémité de fibre optique posséde un ou plusieurs connecteurs ou fibres
amorces.

[SOURCE: IEC 60050-731:1991, 731-06-44]
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modes de protection contre les rayonnements optiques

3.8.1
rayonnement optique a sécurité intrinséque

"op
rayo
des

d’un

Note

is"

nnement visible ou infrarouge qui est incapable de produire suffisamment d’énergie dans
conditions normales ou des conditions de défaut spécifiées pour provoquer I'inflammation
e atmosphére explosive spécifique

1 a l'article: Cette définition est analogue au terme "sécurité intrinséque" appliqué aux circuits électriques.

3.8.

raygnnement optique protégé
llop prll

rayonnement visible ou infrarouge qui est confiné a I'intérieur d'une fibre optique ou [d'un

autr

milieu de transmission dans des constructions normales ou des \constructions

comportant une protection mécanique supplémentaire, en supposant qu'aucun rayonnerpent

ne s

3.8.
sys
"op
syst

échappe du confinement

B

éme optique asservi
sh"

eme de confinement d'un rayonnement visible ou infrarouge a l'intérieur d'une fibre

optique ou d'un autre milieu de transmission possédant wune coupure asservie prévue pour

rédy
Spéq

3.9

ire de maniere fiable la force du faisceau non confiné a des niveaux sirs dans un délai
ifié au cas ou le confinement échoue et ou le rayonnement n'est plus confiné

quo
élé

écljirement énergétique

ient de la puissance rayonnante regue~par un élément d’une surface, par l'aire dg cet
ent

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

3.10

lum|ére (ou rayonnement visible)

rayonnement optique susceptible de produire directement une sensation visuelle chez l|étre
humifain

Note |1 & I'article: Les limites du domaine spectral de la lumiére sont nominalement fixées a des longueurs dlonde
dans|le vide voisinés-de 380 nm et 800 nm.

Note |2 a I'article:) Le terme "lumiere" est parfois appliqué a des rayonnements s’étendant en dehors du domaine
visible, par.exemple dans les télécommunications optiques et la technique des lasers, mais cet usage n’esf pas

recor

hmandé en frangais.

SO [T Vel i OO oo 7294.4004 Z24 04 041
UINUL . TLU UUUJUTT O T. TII T, TIOTTUTTUR]

3.1

fibre optique

guid

e d’'ondes optique en forme de filament, composé de substances diélectriques

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

3.12
cabl

e a fibres optiques

ensemble comportant une ou plusieurs fibres optiques ou un ou plusieurs faisceaux de fibres
sous une enveloppe commune de fagon a les protéger contre les contraintes mécaniques et
les agents extérieurs tout en conservant la qualité de transmission des fibres
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[SOURCE: IEC 60050-731:1991, 731-04-01]

3.13

puissance optique (ou puissance rayonnante)
dérivée de I'énergie rayonnante par rapport au temps

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

3.14
rayonnement optique

le d
radi

Note
380

[SO

Le
d’ex
prot

Le 1
docl

déterminer quelle*source d'inflammation optique possible peut se trouver dans le matér

I'étu

Siu

maine de transition vers les rayons X et le domaine de transition vers les~o
électriques, soit entre 1 nm et 1000 um environ

1 a l'article: Dans le contexte de la présente norme, le terme "optique" se référe aux lofigueurs d’on
ma 10 um.

RCE: IEC 60050-731:1991, 731-01-03, modifié (addition of Note 1_to entry)]

a fibres optiques avec une protection constituée d’une_armure, d’'un conduit ou
in de cables supplémentaire empéchant le rayonnement optique de s’échapper ¢

e de

d’un
lans

osphére dans des conditions de fonctionnement nermales ou de dysfonctionnemgents

isibles

bsition énergétique
gie rayonnante regue par un élément de surface divisée par I'aire de cet élément

Exigences générales

matériel électrique et les K composants Ex électriques (par exemple les dispo
frémité de liaison optique) doivent satisfaire a une ou plusieurs des normes technique

mentée utilisant les principes indiqués en Annexe C. Cette évaluation doit permettr

de ainsirque les mesures nécessaires a prendre pour réduire le risque d’'inflammation|

d'au

5itifs
5 de

bction du matériel électrique énumérées dans I'lEC 60079-0 et adaptées a I'application
lorsque celle-ci est destinée a étre installée dans une zone dangereuse.

natériel optique- doit étre soumis a une évaluation des dangers d'inflammation fornelle

e de
el a

hessource de rayonnement optique est a l'intérieur d'une enveloppe offrant une protegtion
moins IP 6X, aprés les essais spécifiés dans I'|lEC 60079-0 pour les enveloppes, la

pénétration de cibles absorbantes depuis I'extérieur de I'enveloppe peut ne pas étre prise en
considération, mais I'existence de cibles internes doit étre prise en considération. Toutefois,
lorsque le rayonnement optique peut étre émis d’une enveloppe de ce type, les exigences de
la présente norme s’appliquent également au rayonnement optique émis.

5

5.1

Modes de protection

Généralités

Trois modes de protection peuvent étre appliqués pour éviter I'inflammation par rayonnement
optique dans les atmosphéres explosives. Ces modes de protection englobent 'ensemble du
systéme optique.
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