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European foreword

"Equipment for explosive atmospheres" was submitted to the IEC-CENELEC parallel vo

The text of document 31/1257/FDIS, future edition 2 of IEC 60079-29-1, prepared by IEC/TC ﬁ\
approved by CENELEC as EN 60079-29-1:2016.

prepared by SC 31-9 "Electrical apparatus for the detection and measur combustible gases to
be used in industrial and commercial potentially explosive at of CLC/TC 31 "Electrical
apparatus for potentially explosive atmospheres" and appr NELEC.

A draft amendment, which covers common modifications to IEC 6007 Q-Q 1257/FDIS) was

The following dates are fixed:

e latest date by which the docum %‘ (dop) 2017-06-23
to be implemented at ngtj

publication of an identic
national standard or by endorsement

e latest date by which the national d 2019-12-23
standards conflicting with the document (dow)
have to be withdrawn

This document supersedes EN 60079-29-1:2007.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Clauses, subclauses, notes, tables, figures and annexes which are additional to those in
IEC 60079-29-1:2016 are prefixed “Z”.

This document has been prepared under a mandate given to CENELEC by the European Commission
and the European Free Trade Association, and supports essential requirements of EU Directive.

For the relationship with EU Directive see informative Annex ZZ, which is an integral part of this
document.

Endorsement notice

The text of the International Standard IEC 60079-29-1:2016 was approved by CENELEC as a
European Standard with agreed common modifications.



BS EN 60079-29-1:2016

EN 60079-29-1:2016 —4 -
Annex ZA

(normative) \

Normative references to international publications GO((\

with their corresponding European publlcatlons 66

The following documents, in whole or in part, are normatively referenw is document and are
i

indispensable for its application. For dated references, onlyt ited applies. For undated
references, the latest edition of the referenced documen y amendments) applies.

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

NOTE 2  Up-to-date information @ \\est versions of the European Standards listed in this annex is

available here: www.cenelec. e\o

Publication Year Title EN/HD Year

- - Electromagnetic compatibility - Electrical EN 50270 -
apparatus for the detection and
measurement of combustible gases,
toxic gases or oxygen

- - Electrical apparatus for the detection EN 50271 -
and measurement of combustible gases,
toxic gases or oxygen - Requirements
and tests for apparatus using software
and/or digital technologies

IEC 60050-426 - International Electrotechnical - -
Vocabulary -
Part 426: Equipment for explosive
atmospheres

IEC 60068-2-6 - Environmental testing - EN 60068-2-6
Part 2-6: Tests - Test Fc: Vibration
(sinusoidal)

IEC 60079-0 - Explosive atmospheres - EN 60079-0
Part 0: Equipment - General
requirements

IEC 60079-20-1 - Explosive atmospheres - EN 60079-20-1
Part 20-1: Material characteristics for
gas and vapour classification - Test
methods and data
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Annex ZZ
(informative)

Relationship between this European Standard and the essential requirﬁ@g\
of Directive 2014/34/EU [2014 OJ L96] aimed to be cove@fé .

2O

This European Standard has been prepared under a S s standardization request [Full
reference to the request “M/xxx” 1) to provide on & t means of conforming to essential
requirements of Directive 2014/34/EU of the Eur rliament and of the Council of 26 February
2014 on the harmonisation of the laws (Of ber States relating to equipment and protective
systems intended for use in potentially e atmospheres [2014 OJ L96].

.
Once this standard is cit X\h@ Official Journal of the European Union under that Directive,
compliance with the normative clauses of this standard given in Table ZZ.1 confers, within the limits of
the scope of this standard, a presumption of conformity with the corresponding essential requirements
of that Directive, and associated EFTA regulations.

Table ZZ.1 — Correspondence between this European Standard and
Annex Il of Directive 2014/34/EU [2014 OJ L96]

Essential Requirements of Clause(s) / sub-clause(s) Remarks / Notes
Directive 2014/34/EU of this EN
1.55-157 whole standard except 4.2.9
and 5.4.23
1.5.8 4.29,54.23

WARNING 1 — Presumption of conformity stays valid only as long as a reference to this European
standard is maintained in the list published in the Official Journal of the European Union. Users of this
standard should consult frequently the latest list published in the Official Journal of the European
Union.

WARNING 2 — Other Union legislation may be applicable to the product(s) falling within the scope of
this standard.

1) Mandate not yet available.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 29-1: Gas detectors — Performance re@@&gts

of detectors for fIammaQIe
o

is'a worldwide organization for standardization comprising
ational Committees). The object of IEC is to promote

FOREW

1) The International Electrotechnical Commis‘io

all national electrotechnical committg
international co-operation on all i0 oncerning standardization in the electrical and electronic fields. To
this end and in addition t @ﬁies, IEC publishes International Standards, Technical Specifications,
Technical Reports, Public le Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparttion is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 60079-29-1 has been prepared by IEC technical committee 31:
Equipment for explosive atmospheres.

This second edition of IEC 60079-29-1 cancels and replaces the first edition of
IEC 60079-29-1:2007 series and constitutes a technical revision.

Significant technical changes between |EC 60079-29-1, Edition 1 (2007), and
IEC 60079-29-1, Edition 2 (2016), is as listed below:

Significant changes with respect to IEC 60079-29-1:2007
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Type
Changes Clause Minor and Extension Major
editorial technical
changes chang
(\\
Measuring range up to 20 %LEL All X GU\
) N >
(Modified requirements) ,\C.2 .
Definitions 3 X \) o
(Additional clarifications) AEJ&
Manufacturer’s claims 4.1.1 a)'b\b
b o . .
(special applications requirements) ‘A\1("\
General construction 4_0\\‘ (oF
(Malfunction effects on safety related function) N .
General indicating devices N 4.2.2.1 C2
(portable equipment with visual and audibJe\i\ on)
¥
Suppression of indication and gne h’es below zero (4.2.2.5 C3
(functional limits) %\
A

Fault signals 4.2.4 C4
(Fault indication below minimum voltage limit, sensor
disconnection and zero drift condition)
Adjustments 4.2.5 C5
(Zero and sensitivity adjustments)
Marking 4.3 X
(Portable equipment protective case)
Instruction Manual 4.4 C6
(Additions and clarifications)
Samples and sequence of tests 5.2.2 X
(Optical filter special sensitivity limits, and modification
considerations)
Preparation of equipment before testing 5.2.3 X
(separate gas detection control units)
Test gas 5.3.2 C7
(methane, and propane or butane for general purpose gas
detector)
General test methods 5.4.1 X
(selectable range and wiring worst case conditions)
Calibration curve 5.4.3.2 C8
(fixed volume fractions)
Response to different gases 5.4.3.3 C9
(semiconductor and catalytic high gas concentration
exposure)
Stability 5.4.4 X
(duration of test method)
Alarm set point(s) 5.4.5 X
(alarm set point test method)
Temperature (portable) 5.4.6 C10
(temperature range and stabilization period)
Temperature (all other equipment) 5.4.6 X
(temperature range and stabilization period)
Pressure 5.4.7 X
(tolerance on pressure measurement)
Humidity of test gas 5.4.8 X
(test method clarification)
Air velocity 5.4.9 X
(test method clarification)
Flow rate for aspirated equipment 5.4.10 X
(test method clarification)
Vibration 5.4.12 X
(test method clarification)
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(test method clarification)

Type
Changes Clause Minor and Extension Major
editorial technical
changes chang
. (\\ Y
Drop test for portable and transportable equipment 5.4.13 X GU
(Automatic re-starting or shut-down requirement C .
clarification) (\e .)
4
Warm-up time 5.4.14 r>“9 C11
(user prompt requirement) (
Py _ -y
1\
High gas concentration operation above the measuring 5.4.16 ° 1(\0( <
range \
(test method and requirement clarification) o G
Battery capacity 5.‘4.17 X
(test method clarification) { \\
Power supply variation * ‘ ‘ 5.4.18 C12
(minimum supply voltage fault @1‘\' *
S %
Poisons (applicable only to Gro apparatus with catalytic |5.4.20.2 X
or semiconductor sensors)
(test method clarification)
Electromagnetic compatibility 5.4.21 C13
(test methods and requirements)
Field calibration kit 5.4.22 X
(test method clarification)
Software function 5.4.23 X
(supporting documentation)
Determination of time of response Annex B X

NOTE 1

The technical changes referred to include the significance of technical changes in the revised IEC

Standard, but they do not form an exhaustive list of all modifications from the previous version. More guidance may

be found by referring to the Redline Version of the standard.
Explanations:

A) Definitions
Minor and editorial changes

Clarification decrease of technical
corrections.

These are changes which modify requirements in an editorial or a minor technical way.

requirements minor

technical

change editorial

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

Extension
Addition of technical options

These are changes which add new or modify existing technical requirements, in a way that
new options are given, but without increasing requirements for equipment that was fully
compliant with the previous standard. Therefore, these will not have to be considered for
products in conformity with the preceding edition.

Major technical changes

Addition of technical requirements increase of technical requirements.

These are changes to technical requirements (addition, increase of the level or removal)
made in a way that a product conforming to the preceding edition will not always be able

to fulfil the requirements given in the later edition. These changes have to be considered

for products conforming to the preceding edition. For these changes additional information

is provided in B) below.

NOTE 2 These changes represent current technological knowledge. However, these changes should not
normally have an influence on equipment already placed on the market.
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B) Information about the background of ‘Major technical changes’
C1 Addition of malfunction effects not adversely affecting the safety related function

(4.2.1). \

C2 Addition of visual and audible indication for portable equipment (4.2.2.1). 0((\

C3 Addition of functional limits for suppression of indication and for m rQ©vaIues
below zero (4.2.2.5).

C4 Addition of requirements for fault indication below min'@t@\)%;e limit, sensor

disconnection and zero drift condition (4.2.4). -
C5 Addition of requirements for zero and sensi&\\@%ents (4.2.5).

C6 Addition and clarification requirement fq lusion within the instruction manual
(4.4).

C7 Addition of methane andq ‘)\ e or butane as required test gases for general
2

purpose gas detectﬁ?.
C8 Specification of vAlume fractions which are expressed as a percentage of the
measuring range (5.4.3.2).

C9 Addition of requirement for semiconductor and catalytic sensors to be exposed to
high gas concentration on response to different gases (5.4.3.3).

C10 Addition of temperature range and stabilization period (5.4.6).
C11 Addition of requirement where equipment prompts the user (5.4.14).

C12 Addition of requirement for output functionality above the minimum supply voltage
fault limit (5.4.18).

C13 Addition of test methods and requirements for electromagnetic compatibility tests
(5.4.21).

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

FDIS Report on voting
31/1257/FDIS 31/1266/RVD

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

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

A list of all parts of the IEC 60079 series, under the general title Explosive atmospheres, can
be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website 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.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

performance, and describes the test methods that apply to portable, transportable an
equipment for the detection and measurement of flammable gas or vapour conc
with air.

This part of EN 60079-29 (c] specifies general requirements for construction, testing ang\

is set out in EN 60079-29-2 (Cl: Explosive atmosphere 9-2: Gas detectors —

Guidance for the selection, mstallatlon use and mamtenance% tlng equipment
Selection, /nstallat/on use and ma/ntenance of detec{ory @\ ble gases and oxygen.

Guidance for functional safety of fixed gas d&t ti&systems is set out in EN 60079-29-

3 (Cl: Explosive atmospheres — Part 29 SVdetectors — Guidance on functional safety of

fixed gas detection systems. .
.

General requirements fo@“%ction, testing and performance of open path detectors for

flammable gases are set dut in EN 60079-29-4 (Cl: Explosive atmospheres — Part 29-4:
Gas detectors — Performance requirements of open path detectors for flammable gases.



BS EN 60079-29-1:2016
-13 - IEC 60079-29-1:2016 © IEC 2016

EXPLOSIVE ATMOSPHERES -

Part 29-1: Gas detectors — Performance requirements \
of detectors for flammable gases GO('(\

S.
gaoge
1 Scope ‘\(\a'

| ‘(Q irements for construction, testing and
t apply to portable, transportable and fixed
ent of flammable gas or vapour concentrations
, is intended for use in explosive atmospheres and in

This part of [C) EN 60079-29 (C] specifies ge
performance, and describes the test met
equipment for the detection and

with air. The equipment, or p "
mines susceptible to fire

This part of EN 60079-29 (c] is applicable to flammable gas detection equipment with a
measuring range up to any volume fraction as declared by the manufacturer, and which is
intended to provide an indication, alarm or other output function; the purpose of which is
to indicate a potential explosion hazard and in some cases, to initiate automatic or manual
protective action(s).

For the purposes of this part of EN 60079-29 (cl, the term “indicating up to a volume
fraction of X % or X %LFL” includes equipment with an upper limit of the measuring range
equal to or less than X % or X %LFL.

This part of EN 60079-29 (C] is applicable to equipment, including the integral sampling
systems of aspirated equipment, intended to be used for commercial, industrial and non-
residential safety applications.

This part of EN 60079-29 does not apply to external sampling systems, or to equipment
of laboratory or scientific type, or to equipment used only for process monitoring and/or control
purposes. It also does not apply to open path (line of sight) detectors which are within the
scope of EN 60079-29-4 (Cl. Only equipment with very short optical paths intended for use
where the concentration is uniform over the optical path are within the scope of this standard.

For equipment used for sensing the presence of multiple gases, this part of EN 60079-
29 applies only to the detection of flammable gas or vapour.

This part of [C) EN 60079-29 (]l supplements and modifies the general requirements of
[©) EN 60079-0 (Cl. Where a requirement of this standard conflicts with a requirement of
EN 60079-0 (cl, the requirement of [C) EN 60079-29-1 takes precedence.

Text deleted

NOTE 1 All equipment calibrated on specific gases or vapours can not be expected to correctly indicate on
other gases or vapours.

For the purposes of this standard, the terms “lower flammable limit (LFL)” and “lower explosive
limit (LEL)” are deemed to be synonymous, and likewise the terms “upper flammable limit
(UFL)” and “upper explosive limit (UEL)” are deemed to be synonymous. For ease of reference,
the two abbreviations LFL and UFL may be used hereinafter to denote these two sets of terms.
It should be recognized that particular authorities having jurisdiction may have overriding
requirements that dictate the use of one of these sets of terms and not the other.

NOTE 2 Indication of concentration in %(v/v) or vol ppm can also be available for equipment which measures
up to 100 %LFL or 20 %LFL. In that case, units of measurement might need to be selected in agreement with the
manufacturer when verifying the performance requirements of Annex A.
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2 Normative references

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

[©) EN 50270, Electromagnetic compatibility — Electrical apparat@@()lg detection and

measurement of combustible gases, toxic gases or oxygen

-
EN 50271, Electrical apparatus for the detect/on surement of combustible gases,
toxic gases or oxygen — Requirements and te paratus using software and/or digital
technologies (C]

EN 60079-0 (1, Exp/oswe{Qo \7\veres — Part 0: Equipment — General requirements
EN 60068-2-6 (1, Env“:mental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

EN 60079-20-1 (Cl, Explosive atmospheres — Part 20-1: Material characteristics for gas
and vapour classification — Test methods and data

IEC 60050-426, International Electrotechnical Vocabulary — Part 426: Equipment for explosive
atmospheres

Text deleted

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 60079-0 and
the following apply. Additional definitions applicable to explosive atmospheres can be found
in IEC 60050-426.

3.1
gas properties

3.11
ambient air
normal atmosphere surrounding the equipment

3.1.2

clean air

air that is free of gases or vapours which the sensor is sensitive to or which influence the
performance of the sensor

3.1.3

flammable gas

gas or vapour which, when mixed with air in a certain proportion, will form an explosive
atmosphere

Note 1 to entry: For the purposes of this part of EN 60079-29 {cl, the term “flammable gas” includes flammable
vapours.

Note 2 to entry: For the purposes of this part of EN 60079-29 (Cl, the terms “combustible gas” and “flammable
gas” are equivalent.

3.1.4

lower flammable limit

LFL

concentration of flammable gas or vapour in air, below which an explosive gas atmosphere
does not form
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Note 1 to entry: This is also known as lower explosive limit (LEL).

Note 2 to entry: The concentration may be expressed as either a volume fraction or a mass per unit volume.

3.1.5 ((\\
poisons gﬂo

<for sensing elements> substances that lead to temporary or perman gsh ge of
performance, particularly loss of sensitivity of the sensing element \) @

3.1.6 -
upper flammable limit (\‘a-
UFL ‘(\
concentration of of flammable gas or vapour i ‘gbve which an explosive gas atmosphere
does not form

Note 1 to entry: This is also know, x pg Xxploswe limit (UEL).

Note 2 to entry: The concentra 0 ay be expressed as either a volume fraction or a mass per unit volume.

3.1.7

volume fraction

viv

quotient of the volume of a specified component and the sum of the volumes of all
components of a gas mixture before mixing, all volumes referring to the pressure and the
temperature of the gas mixture

Note 1 to entry: The volume fraction and volume concentration take the same value if, at the same state
conditions, the sum of the component volumes before mixing and the volume of the mixture are equal. However,
because the mixing of two or more gases at the same state conditions is usually accompanied by a slight
contraction or, less frequently, a slight expansion, this is not generally the case.

3.1.8

zero gas

gas recommended by the manufacturer, which is free of flammable gases and interfering and
contaminating substances, the purpose of which is calibration/adjustment of the equipment
zero

3.1.9

standard test gas

test gas with a composition specified for each item of equipment and gas and/or vapour to be
used for all tests unless otherwise stated

3.2
types of equipment

3.21
alarm-only equipment
equipment with an alarm but not having an indication of measured value

3.2.2
aspirated equipment
equipment that samples the gas by drawing it to the gas sensor

Note 1 to entry: A hand operated or electric pump is often used to draw gas to the sensor.

3.2.3

automatically aspirated equipment

aspirated equipment with an integral pump or separate pump, which is connected directly to
the equipment
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3.24
continuous duty equipment
equipment that is powered for long periods of time, but may have either continuous or\

intermittent sensing (.(\

Note 1 to entry: For this edition of the standard, all equipment is regarded as continuous duty. 6 .

3.2.5 \)g

diffusion equipment a
equipment in which the transfer of gas from the atmosphere_texXreN\egnsor takes place without

aspirated flow “\“
G

3.2.6

equipment, fixed

equipment fastened to a support or‘\1 ise secured in a specific location when energized
0

227 e

Group | equipment
equipment for mines susceptible to firedamp

3.2.8

Group Il equipment

equipment for places with an explosive gas atmosphere, other than mines susceptible to
firedamp

3.2.9
equipment, portable
equipment intended to be carried by a person during operation

Note 1 to entry: A portable equipment is battery powered and includes, but is not limited to
a) a hand-held equipment, typically less than 1 kg, which requires use of only one hand to operate,

b) personal monitors, similar in size and mass to the hand-held equipment, that are continuously operating (but
not necessarily continuously sensing) while they are attached to the user, and

c) larger equipment that can be operated by the user while it is carried either by hand, by a shoulder strap or
carrying harness and which may or may not have a hand directed probe.

3.2.10

equipment, transportable

equipment not intended to be carried by a person during operation, nor intended for fixed
installation

3.2.11

gas detection transmitter

fixed gas detection equipment that provide a conditioned electronic signal or output indication
to a generally accepted industry standard (such as 4 to 20 mA), intended to be utilized with
separate gas detection control units or signal processing data acquisition, central monitoring
and similar systems, which typically process information from various locations and sources
including, but not limited to gas detection equipment

3.212

gas detection control unit

equipment intended to provide display indication, alarm functions, output contacts and/or
alarm signal outputs or any combinations when operated with remote sensor(s)

3.2.13

separate gas detection control unit

equipment intended to provide display indication, alarm functions, output contacts or alarm
signal outputs or any combination when operated with gas detection transmitter(s)
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3.2.14

equipment with integral sensor(s)

equipment that provides display indication, alarm functions, output contacts and/or alarm
signal outputs using a sensor which is within or directly mounted to the equipment housing(.(\\

cO

.

3.2.15
accessory 66
component which can be fitted to the equipment for special purpose a\)

-
EXAMPLE External gas pump, sampling probe, hoses, collecting co"i“@‘r prefiection device

3.3 (‘,\(\

sensors .

3.3.1 \
sensing element "
part of the sensor which i‘e\%\Qe to the gas/vapour to be measured

3.3.2

sensor

assembly in which the sensing element is housed and that may also contain associated circuit
components

3.3.3
integral sensor
sensor which is within or directly mounted to the equipment housing

3.34

remote sensor

sensor that is separated from the equipment body and is connected to a gas detection control
unit or to a gas detection transmitter.

3.4
supply of gas to equipment

3.41
sample line
means by which the gas being sampled is conveyed to the sensor

Note 1 to entry: Accessories such as filter or water trap are often included in the sample line.

3.4.2
sampling probe
separate accessory sample line which is optionally attached to the equipment

Note 1 to entry: It is usually short (e.g. of the order of 1 m) and rigid, although it can be telescopic. In some cases
it is connected by a flexible tube to the equipment.

3.4.3

field calibration kit

means of presenting test gas to the equipment for the purpose of calibrating/adjusting or
verifying the operation of the equipment

Note 1 to entry: The field calibration kit can be used for verifying the operation of the alarms if the concentration
of the test gas is above the alarm set-point.

Note 2 to entry: A mask for calibration and test (see 3.4.4) is an example of a field calibration kit.

3.44

mask for calibration and test

device that can be attached to the equipment to present a test gas to the sensor in a
reproducible manner
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3.5
signals and alarms

3.5.1 \
alarm set point (’(\
setting of the equipment at which the measured concentration will cause the equi@@t to
initiate an indication, alarm or other output function 6 .

2O

3.5.2

latching alarm ,(é
alarm that, once activated, requires deliberate action &{‘@&va d
3.5.3 ‘G

fault signal
audible, visible or other type of out\x\, ferent from the alarm signal, permitting, directly or
indirectly, a warning or indic &k the equipment is not working satisfactorily

3.54

special state

any state of the equipment other than those in which monitoring of gas concentration and/or
alarming is the intent

Note 1 to entry: Special state includes warm-up, calibration mode or fault condition.

3.6
times

3.6.1

drift

variation in the equipment indication over time at any fixed gas volume fraction (including
clean air) under constant ambient conditions

3.6.2
final indication
indication given by the equipment after stabilization

3.6.3

stabilization

state when three successive readings of an equipment at a constant gas volume fraction,
taken at 2 min intervals or twice the respective #(90), whichever is less, indicates no changes
greater than +1 % of the measuring range

3.6.4

time of response

t(x)

time interval, with the equipment in a warmed-up condition, between the time when an
instantaneous change between clean air and the standard test gas, or vice versa, is produced
at the equipment inlet, and the time when the response reaches a stated percentage (x) of the
stabilized signal on the standard test gas

3.6.5

warm-up time

time interval, with the equipment in a stated atmosphere, between the time when the
equipment is switched on and the time when the indication reaches and remains within the
stated tolerances

Note 1 to entry: See Figure 1 and Figure 2.
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3.7
miscellaneous

3.71
special tool

tool required to gain access to, or to adjust the equipment controls

Note 1 to entry:
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4 General requirements

4.1 Overview

411

Manufacturer claims

I
Warm-up time
(see 3.6.5)

Time

IEC

Figure 2 — Warm-up time in standard test gas (typical)

1:2016

The design of the tool is intended to discourage unauthorised interference with the equipment.

The equipment shall conform to the requirements of this part of EN 60079-29 (] and

Annex A criteria.
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Where an equipment manufacturer makes any claims in the instruction manual regarding any
special features of construction or superior performance that exceed these minimum
requirements, all such claims shall be verified and the test procedures shall be carried out as
stated in each clause and shall be extended or supplemented, where necessary, to verlfy \
claimed performance.

When verifying a manufacturer’s claimed performance or special featur uctlon the
minimum requirements of the standard shall be met and the turer's claimed
performance shall be verified. Any additional tests shall be a ree y the manufacturer
and test laboratory and identified and described in the test@

EXAMPLE When a manufacturer claims a sensor accura
at £15 %LFL (assuming a measuring range of 0 to 10
-50 °C to —20 °C and meet the specified req

flned temperature range of =50 °C to +55 °C
Yhe sensor must meet the manufacturer’s claim from
5.4.6 for the temperature range of —20 °C to +55 °C.

may be a gas detector int be used in coal mines with a measuring range up to 10 %
(v/v) methane but with the Wiccuracy requirements of 5 % (v/v) methane equipment. In such a
case it shall be tested like 5 % (v/v) methane equipment.

There may be applicatio & ment with special features are needed. One example

4.1.2 Equipment ratings

Electrical assemblies and components shall conform to the construction and test requirements
of 4.2 and Clause 5, where applicable. In addition, parts of the flammable gas detection
equipment intended for use in hazardous areas shall conform to the Type(s) of Protection as
specified in the appropriate regulations for explosion protection (Cl.

The ambient temperature and pressure ranges of equipment conforming to this standard shall
not exceed the ambient temperature and pressure ranges of the Type(s) of Protection.

4.2 Construction
4.21 General

Gas detection equipment or parts thereof (e.g. remote sensors) specifically intended for use
in the presence of corrosive vapours or gases, or which may produce corrosive by-products
as a result of the detection process (e.g. catalytic oxidation or other chemical process) shall
be constructed of materials known to be resistant to corrosion by such substances.

All equipment shall be constructed to facilitate regular accuracy checks.

All materials and components used in the construction of the equipment shall be used within
the manufacturer's ratings or limitations, unless otherwise specified by appropriate safety
standards.

Any malfunction of outputs from the gas detection equipment not relevant to safety or health
shall not adversely affect the functions of the equipment related to safety.

EXAMPLE Equipment with 4-20 mA and HART communication where only the 4-20 mA communication is defined
in the instruction manual as related to safety. The loss of HART communication is not related to safety.

4.2.2 Indicating devices
4.2.21 General

Readily distinguishable indications shall be provided to show that the equipment is energized,
in alarm and in special states.

Portable equipment shall provide visual and audible indications for both fault and alarms.
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If audible indications are provided for transportable or fixed equipment, alarms shall be
indicated as a minimum.

All methods of indication of the measured value shall present the same value within «e\\
resolution of each indicator. CJO

.
The indications related to gas detection transmitters and remote senso Q&?equipment
may be shown only at the (separate) gas detection control unit. ga&s)

4.2.2.2 Resolution \(\6-’

For alarm-only equipment or equipment w ;g’ resolution of the read-out device is
inadequate to demonstrate compliance standard, the manufacturer shall identify

suitable points for connecting indict rerecording devices for the purpose of testing the
compliance of the equipment i ‘h‘l tandard. The indication on the readout device shall not
contradict the results obtaj & dditional indicating or recording devices.

4.2.2.3 Measuring range

Any over-range measurements shall be clearly indicated as such.

4.2.2.4 Selectable range

If the equipment has more than one measuring range, the range selected shall be clearly
identified.

4.2.2.5 Suppression of indication and measured values below zero

It shall be possible to configure the equipment such that in measuring mode any kind of
suppression of the measured value is permanently disabled. In calibration mode any kind of
suppression of the measured value shall be automatically disabled.

Measured values within the measuring range shall be indicated.

Measured values below 5 % of the measuring range (values below zero included) shall be
indicated as:

a) zero,

b) another indication that the measured value is below 5 % of the measuring range or

c) the measured value.

Equipment with a measuring range up to 20 % LFL shall indicate measured values

below -10 % of the measuring range or shall provide a fault signal. The equipment shall
provide a fault signal at measured values below —20 % of the measuring range at the latest.

All equipment with measuring ranges greater than 20 % LFL shall provide a fault signal at
measured values below -10 % of the measuring range at the latest. Portable and
transportable equipment shall indicate measured values below —5 % of the measuring range
or shall provide a fault signal.

Any suppression of indication shall be explained in the manual (see 4.4 d)).

4.2.2.6 Indicator light

If only one indicator light is provided for signalling alarms, special states and other
indications, it shall be coloured red. If separate indicator lights are used or if a multi-coloured
indicator light is provided, the colours shall be used in the following order of priority ((a) being
highest priority):
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a) alarms indicating the presence of a gas concentration beyond an alarm set point shall be
coloured RED;

b) equipment special state indicators shall be coloured YELLOW; \
c) power supply indicators shall be coloured GREEN. 0((\

shall be labelled to show their functions. Text, marks, and icons reen display
describing the indicator lights are permissible in place of printed la Ia

4.2.3 Alarm signals G“\“a'

4.2.3.1 General

If there is more than one indicator light of the same colour with different f%g e lights

Alarm devices shall not be adjustabl etate outside the measuring range.

If alarm devices, output EQ\ QOr alarm signal outputs are provided as part of continuous
duty gas detection equipment and are intended to operate when a potentially hazardous gas
concentration is detected, they shall be of a latching type requiring a deliberate manual action
to reset. If two or more alarm set points are provided, the lower may be non-latching — based
on user preference. Alarms shall remain in operation while the alarm condition is still present,
although audible alarms may be silenced if this audible alarm is not the only alarm.

If it is possible to deactivate alarm devices, output contacts or alarm signal outputs, e.g. for
calibration purposes, this deactivation shall be indicated by a signal. For fixed equipment, this
shall include a contact or other transmittable output signal. However, the output signal or
contacts are not required if the alarms are automatically re-enabled within 15 min.

4.2.3.2 Group | portable equipment indicating up to 5 % (v/v)

Alarm devices shall not be adjustable above 3 % (v/v). An additional over-range alarm, which
indicates when full scale has been exceeded, may be provided.

4.2.3.3 Group Il portable equipment indicating up to 100 % LFL

Alarm devices shall not be adjustable above 60 % LFL. An additional over-range alarm, which
indicates when full scale has been exceeded, may be provided.

4.2.4 Fault signals

Fixed and externally powered transportable equipment shall provide a fault signal in the event
of failure of power to the equipment.

Externally powered equipment shall provide a fault signal when the power supply falls below
the manufacturer’s specified minimum supply voltage fault limit.

A short-circuit or open-circuit in connections to any remote sensor or gas detection transmitter
shall be indicated by a fault signal.

Under the above conditions the equipment may also indicate alarm.

Measured values below zero (e.g. caused by drift) shall be indicated by a fault signal in
accordance with the conditions of 4.2.2.5.

For equipment where the sensor can be disconnected without opening the housing, the
equipment shall provide a fault signal in the event of a disconnection of the sensor.

Automatically aspirated equipment shall be provided with an integral flow-indicating device
that produces a fault signal in the event of low flow.
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4.2.5 Adjustments

interference with the equipment. Examples include procedural devices, in the case o
keyboard instrument, or mechanical devices such as a cover requiring the use of a ﬁ ial

tool. 6 ‘CJ

All adjustment devices shall be designed so as to discourage unauthorized or inadvertent\

Fixed explosion-protected equipment housed in explosion—protect%e sures shall be
designed so that, if any facilities for adjustment are necessary forge recalibration and for
~ ssible. The means for

resetting or like functions, these facilities shall be extm
1 f

making adjustments shall not degrade the explosion W the equipment.

The adjustments of the zero and sensitivit *designed so that:

a) adjustment of one will not affé)t \h\e ther;
.
or \(\\\

b) it shall not be possible to adjust only one and the sequence of adjustments shall ensure
that the affected one is adjusted second.

The equipment shall not perform an automatic zero adjustment during start-up. If equipment
prompts the user for zero adjustment during start-up and the user makes no selection,
equipment shall continue to start-up without zero adjustment, after a delay of no more than
15 s.

4.2.6 Battery-powered equipment

Equipment powered with integral batteries shall be provided with an indication of low battery
condition, and the purpose of this indication shall be explained in the manual (see 4.4 j)).

4.2.7 Gas detection transmitter for use with separate gas detection control units

A specification shall be supplied with the equipment that describes the relationship the gas
concentration (detected by the equipment) has with the corresponding output signal or
indication (transfer function). Such specification shall be detailed to the extent that the
accuracy of this transfer function can be verified. As a minimum, the manufacturer shall
provide data showing the relationship between the output signal and the gas concentrations
corresponding to 0 %, 10 %, 30 %, 50 %, 70 %, 90 % and 100 % of full-scale output
indication. Full-scale output and status signals (e.g. fault, inhibit) shall also be specified by
the manufacturer.

Where necessary, equipment shall be provided by the manufacturer to interpret the output
signal or indication, which will enable the accuracy of the transfer function to be verified.

4.2.8 Separate gas detection control units for use with gas detection transmitter(s)

A specification shall be supplied with the equipment that describes the relationship the input
signal has with the calculated gas concentration (transfer function). Such specification shall
be detailed to the extent that the accuracy of this transfer function can be verified. As a
minimum, the manufacturer shall provide data showing the relationship between the input
signal and the gas concentrations corresponding to 0 %, 10 %, 30 %, 50 %, 70 %, 90 % and
100 % of full-scale output indication. Required inputs for full-scale indication and status
signals (e.g. fault, inhibit) shall also be specified by the manufacturer.

Where necessary, equipment shall be provided by the manufacturer to provide the input
signals, which will enable the accuracy of the transfer function to be verified.
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[C)4.2.9 Apparatus using software and/or digital technologies
The equipment shall fulfil the requirements of EN 50271.

Software-controlled accessories shall be included where related to safety. (C] 00((\\

4.3 Marking

In addition to the applicable marking requirements of [©) EN %9& the equipment
marking shall also include:

a) EN 60079-29-1 (to represent conforma c&\\thls performance standard);
b) year of construction (may be encoded yi € serial number).

For portable equipment requiri \ﬂ se of a protective case in normal operation, the
required markings shall n tired or shall be reproduced on the protective case.

For small gas detection equipment, the EN 60079-29-1 marking may be placed within
the manual.

4.4 Instruction manual

Each equipment shall be provided with an instruction manual that includes the following
information as relevant:

a) complete instructions, drawings and diagrams for safe and proper operation, installation
and servicing of the equipment;

b) operating instructions and calibration/adjustment procedures including ranges of
concentration and humidity of the test gases as well as instructions for the use of the field
calibration kit (see also 5.4.22);

c) details for calibration and/or maintenance which shall include the following:

1) recommendations for initial checking and calibration of the equipment on a routine
basis including the maximum time interval between calibrations;

2) for portable equipment the requirement and method for performing a functional check
with gas before each day of use;

3) recommendations for maintenance to be taken after the measuring range has been
exceeded;

4) the procedure to check reaction time when the calibration gas is applied;

5) a recommendation to users to read the procedures described in EN 60079-29-2
for reference.

d) details of operational limitations, performance claimed by the manufacturer and special
features including, where applicable, the following:

1) gases for which the equipment is suitable and the relative sensitivities including
tolerances to these gases;

2) information that describes the sensitivities to other gases to which the equipment is
responsive;

3) time of response {(90) for the standard test gas(es), method of test (diffusion or flow),
and #(90) for other gases tested in accordance with this standard;

temperature limits (explosion protection and performance);
humidity limits;

)
)
6) pressure limits (explosion protection and performance);
) supply voltage limits;

)

maximum power consumption;
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f)

1)
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9) relevant characteristics and construction details of required interconnecting cables;

10)for battery operated equipment, battery type(s) and operating time(s) until low battery
condition under normal operating conditions;

sample flow rate limits; 0(’(\\
warm-up time; 66 ‘CJ

nominal orientation and orientation limits (for fixed and tran e equipment);
-
electro-magnetic compatibility (e.g. shielded ca«\‘aan f€nt suppression, special

enclosure); “
Y

16)description of any  suppressio indication and method for its
enablement/disablement; \

11)
12)
13)test gas application time for calibration;
14)
15)

17)air velocity limits.

details of storage m ﬁmitations for the equipment, replacement parts and
accessories, including Wwhere applicable, the following:

1) temperature;
2) humidity;

3) pressure;
4) time.

bases (source(s) and edition(s), such as EN 60079-20-1 {cl) used for converting test
and calibration gas concentrations from % LFL to % volume fraction;

information on the adverse effects of poisons and interfering gases or substances and
oxygen-enriched or deficient atmospheres on the proper performance (and, in the case of
oxygen-enriched atmospheres, on electrical safety) of the equipment;

for aspirated equipment, indication of the minimum and maximum flow rates and pressure,
tubing type, maximum length and size for proper operation;

for aspirated equipment, instructions for ensuring that the sample lines are intact and that
proper flow is established (see 4.2.4);

specification and significance of each alarm (including over-range indication) and fault
signal, the default setting of alarms, the duration of such alarms and signals (if time-
limited or non-latching), and any provisions that may be made for silencing or resetting
such alarms and signals, as applicable;

details of any method for the determination of the possible sources of a malfunction and
any corrective procedures (i.e. trouble-shooting procedures);

a statement that alarm devices, outputs or contacts are of the non-latching types, where
applicable (see 4.2.3.1);

m) for battery-operated equipment, installation and maintenance instructions for the batteries;

n)

0)

q)

a recommended replacement parts list;

where optional accessories (e.g. collecting cones, weather-protecting devices, field
calibration kit) are supplied, a list of such accessories and their effects on the instrument
characteristics (including response time and sensitivity), and means for their identification
(e.g. part numbers). In addition, it shall be clearly described for each accessory whether it
is included in the performance certificate. Consideration shall be given to the effects of the
use of the accessory on the measurement of different gases (see d)1) and d)3));

details of performance certification, if any (e.g. issuing organisation, date, ranges, gases,
accessories, etc.), and marking, and any special conditions of use;

if an ingress protection (IP) is claimed, such as EN 60529 (], the following statement
shall be included:

1) IP ratings do not imply that the equipment will detect gas during and after exposure to
those conditions.
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2) recommendations for determining appropriate calibration interval and maintenance
requirements if exposed to those conditions representative of the IP rating;

3) recommended accessories to those conditions representative of the IP rating

r) for gas detection transmitter or separate gas detection control units, specificatig
transfer function, full scale input/output and all status signals (e.g. fault, |nh|b ée 2.7
and 4.2.8);

s) for gas detection transmitter or separate gas detection control yms matlon that the
time of response of the entire system is determined by the tlm sponse of all parts of
equipment within the gas detection system;

t) for gas detection control unit or separate gas KA\X\Control unit, the maximum delay
time until special state is entered in case ssion errors;

u) any necessary instructions or i , where the special nature of the equipment
(such as non-linear responses}) s additional instructions or special information that
are alternative to, orin a@ , the requirements of 4.3 and 4.4 a) to r).

5 Test methods

5.1 Overview

The test methods and procedures described in 5.2 to 5.4 are intended as a basis for
establishing whether the equipment conforms with the supplementary requirements for
performance given in Annex A.

5.2 General requirements for tests
5.2.1 General

Where it is necessary to apply LFL and UFL values for the purposes of this standard, reference
shall be made to EN 60079-20-1 (cl.

5.2.2 Samples and sequence of tests
5.2.21 General

For the purpose of type testing, all the tests shall be carried out on the same sample except
for tests 5.4.4.3 to 5.4.4.6 in combination with 5.4.16 and for test 5.4.20, each of which may
be conducted on separate samples.

5.2.2.2 Optical filter

For IR-sensors with optical filters, where relative sensitivities with tolerance less than 20 % of
the stated value are specified within the instruction manual (see 4.4 d)1), the test 5.4.3.3 shall
be conducted with two samples where the centre wavelength of the optical filters shall be at
the minimum and maximum limits of the specification. One of these units may be used
subsequently for 5.4.4.3 to 5.4.4.6, 5.4.16 and 5.4.20.

5.2.2.3 Sequence

The unpowered storage test (5.4.2) shall be conducted prior to all remaining tests. The
vibration test (5.4.12) shall be performed after unpowered storage testing for pre-conditioning
purposes.

All remaining tests shall be performed to a schedule agreed upon between the manufacturer
and the test laboratory. However, the tests 5.4.4.3 to 5.4.4.6 and 5.4.16 shall always be
conducted sequentially.
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If the design of equipment, which has been tested previously to this standard, is modified then
the test laboratory shall agree with the manufacturer which tests have to be repeated with the
modified equipment. The decision and its justification shall be described in the test report. \

In the case of modifications to the software or of electronic components which are \?{Q

basic gas detection functionality (signal chain from sensor to output(s)) the tests
shall be re-performed as a minimum: calibration curve, alarm set point(s \) sponse
5.2.2.4 Gas detection transmitter(s) ga'

Gas detection transmitter(s) shall be tested to the reqwrements of 5.4.2 through
5.4.12 and 5.4.14 through 5.4.23 using the par the transfer function.

5.2.2.5 Separate gas detectlon units

Separate gas detection &9&’3 shall be tested to the applicable requirements of 5.4.2,
5.4.3, 5.4.5, 5.4.6, 5.4. 1(2‘3 through 5.4.18, 5.4.21 and 5.4.23 using the parameters of
the transfer function(s).

5.2.3 Preparation of equipment before testing

The equipment shall be prepared and mounted as near to typical use as possible, in
accordance with the instruction manual, including all necessary interconnections, initial
adjustments and initial calibrations. Adjustments may be made, where appropriate, at the
beginning of each test in 5.4.2 to 5.4.23. During each test, no adjustment shall be made.
Suppression of indications of the equipment under test shall be disabled.

Optional accessories to be included in the performance test shall be either attached or
removed according to which condition will give the most unfavourable result for the test being
conducted unless otherwise specified. The exact configuration of the equipment, including
use of or removal of the optional accessories, shall be included in the test report.

EXAMPLE Weather protection is an example of an optional accessory.
In particular, the following points shall be noted:

a) All equipment having remote sensors:

— For the purpose of the tests in 5.4, where reference is made to exposure of the sensor
to the test conditions, the entire remote sensor (including any or all normally attached
protective mechanical parts) shall be exposed.

— For equipment having connection facilities for more than one remote sensor, only one
remote sensor needs to be subjected to the tests. The replacement of all but one
sensor by "dummy" impedances yielding the worst case load conditions for the test in
question shall be permitted. The worst case load conditions shall be determined by the
testing laboratory within the limits specified in the instruction manual (see 4.4 d)).

— For equipment having remote sensor(s), all tests shall be performed with resistances
connected in the detector circuit to simulate the maximum line resistance specified by
the manufacturer, except where minimum line resistance offers a more stringent test in
the judgement of the test laboratory.

b) Separate gas detection control units:

The replacement of all transmitters by appropriate signal sources and worst case loads for
the test in question shall be permitted. The worst case loads shall be determined by the
test laboratory within the limits specified in the instruction manual (see 4.4 d)).

c) All equipment having integral sensors:

The entire equipment shall be exposed to the test conditions without removal of any
normally attached parts, including any sampling probe for tests 5.4.10, 5.4.14 and 5.4.15 .
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d) Alarm-only equipment:
For alarm-only equipment, readings shall be taken using an indicating or recording device
connected to the test points described in 4.2.2.2.

5.24 Mask for calibration and tests 0((\
and operation of the mask used by the testing laboratory — in par e pressure and

velocity inside the mask — shall not influence the response of t ment or the results
obtained.

When a mask is used for calibration or for the injection of test gas mto he@ %lﬁe design

N\

The manufacturer may provide a suitable calibrgty rGoK\( together with details of pressure or
flow for application of calibration gases wit dipment.

5.3 Normal conditions for{g \\

5.3.1 General

The test conditions specified in 5.3.2 to 5.3.12 shall be used for all tests, unless otherwise
stated.

5.3.2 Test gas(es)

The flammable gas(es) to be used in a mixture with clean air for initial and all subsequent
tests shall be selected in accordance with a) to d) with decreasing priority.

a) The specific gas for equipment intended for sensing a single flammable gas only.
b) Methane for equipment intended for sensing methane or firedamp.

c) Methane, and propane or butane for equipment intended for general purpose flammable
gas detection (in order to get representative results, e.g. concerning sensitivity, response
times and drift).

d) A gas from the manufacturer's list of flammable gases for which the equipment is claimed
to be suitable. The choice of this gas should be made by agreement between the
manufacturer and the test laboratory.

For all the other gases for which the equipment is claimed to be suitable, the calibration
curves and response times shall be supplied by the manufacturer and a representative
sample verified by the testing laboratory. The tolerance on the nominal volume fraction of all
test gases shall not exceed 10 %. The volume fraction of the component within the test
gas(es) shall be known to a relative expanded uncertainty of +2 % of the nominal value.

For the purpose of this standard, where it is appropriate to use zero gas rather than clean air,
references to clean air may be regarded as references to zero gas.

The gas mixture may be prepared by any suitable method, for example in accordance with the
methods outlined in ISO 6142 or ISO 6145, or by commercially produced certified gas
mixtures.

5.3.3 Standard test gas
The volume fractions of the standard test gases shall be as follows:

a) for Group | equipment indicating up to a volume fraction of 5 % methane: equivalent range
of either a volume fraction of (1,5 + 0,15) % or a volume fraction of (2,0 £ 0,2) %, as
agreed between the manufacturer and the testing laboratory;
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b) for other Group | and all Group Il equipment: 45 % to 55 % of the measuring range, not
within the explosive range wherever possible. If this concentration is within the explosive
range, the flammable gas shall be mixed with nitrogen if the measuring function of the
equipment is not affected by oxygen deficiency. Otherwise the volume fraction of \
standard test gas shall be taken outside the explosive range as near as possib @@
values stated above.

S-
The volume fractions shall be known to a relative expanded uncertai%@@ greater than

12 %. ‘ a’ga

5.3.4  Flow rate for test gases \(\

When the equipment is exposed to the test , sMCluding air, the flow rate of the gas shall
be in accordance with the instruction

For equipment that sample &x’@ ion, either a calibration mask in accordance with 5.2.4 or
a test chamber may be us

5.3.5 Voltage

a) Mains-powered and fixed DC powered equipment shall be operated within 2 % of the
manufacturer's rated voltage and frequency.

b) Battery-powered equipment shall, for short-term tests, be equipped with new or fully
charged batteries at the commencement of each series of tests. For long-term testing, it is
permissible to energize the unit from a stabilized power supply. The temperature test
(5.4.6) shall be carried out with all batteries specified in the instruction manual.

5.3.6 Temperature

The ambient air and test gas shall be held at a temperature constant to +2 °C within the range
of 15 °C to 25 °C, throughout the duration of each test, unless otherwise specified for the
particular test. This requirement is not applicable to tests 5.4.12 and 5.4.21.

5.3.7 Pressure

The tests shall be performed at the prevailing ambient pressure provided that it lies between
86 kPa and 108 kPa. If a deviation greater than +1 kPa occurs during a test, the pressure
changes shall be recorded and taken into account, using the results of the pressure test
(5.4.7).

5.3.8 Humidity

The ambient air, zero gas and test gas shall be held at a relative humidity (RH) over the range
20 % to 80 % throughout each test unless otherwise specified for the particular test. The
humidity of zero gas and test gas shall be controlled to within £10 % RH. This requirement is
not applicable to tests 5.4.12 and 5.4.21.

For short applications of test gases (up to 8 hours), the use of dry gases is permitted. The
properties of the measuring principle of the sensor shall be taken into account.

5.3.9 Acclimation time

In each instance where the equipment is subjected to a different test condition, the equipment
shall be allowed to stabilize under these new conditions before measurements are taken.

5.3.10 Orientation

The equipment shall be tested in the orientation recommended by the manufacturer.
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5.3.11 Communications options

For equipment that has serial or parallel communications options used during normal gas
detection operation, tests in 5.4.3.2, 54.6 and 5.4.15 shall be performed with
communication ports connected. The maximum transaction rate, cabling charactenstl @
activity level specified by the instrument’s manufacturer shall be employed. 6

5.3.12 Gas detection equipment as part of systems g

For gas detection equipment that are part of systems, t S m 3 2, 54.6, 54.15 and
5.4.18 shall be performed with the maximum syste cat|ons transactlon rate and
activity level. This shall correspond to the larg st ost complex system configuration
permitted by the manufacturer.

5.4 Test methods
5.4.1 General \(\\‘\'Q

Tests shall be carried out, where applicable, to ensure that the equipment satisfies the
construction requirements of 4.2. Most of the requirements for these tests are self-evident.
For short-circuit requirements in 4.2.4, each wire connecting the equipment to any remote
sensor or gas detection transmitter shall be substituted with a load resistor. The values of
these resistors shall be equivalent to the maximum wire resistance for the cable specified in
the instruction manual (see 4.4 d)). The device used for the short circuit shall be of negligible
resistance and shall be applied at the remote sensor or gas detection transmitter ends of the
load resistors.

The marking of the equipment and the contents of the instruction manual shall be confirmed
against 4.3 and 4.4.

The following tests shall be performed in accordance with 5.3, unless otherwise stated. All
tests shall be performed. At the end of each test, indications shall be taken in both clean air
and the standard test gas, unless otherwise stated. The values of the indications used for
verification of compliance with the performance requirements of Annex A shall be the final
indications (see 3.6.2) of both the clean air and standard test gas readings, unless otherwise
stated. If, however, the sensor characteristics do not allow the equipment to stabilize within 6
min, then a time shall be agreed between the manufacturer and the test laboratory when the
equipment is deemed to be stabilized. This time shall not exceed 6 min and shall be specified
in the instruction manual as the test gas application time for calibration. This time shall also
be used for calibration and adjustment of the equipment, and when performing test 5.4.15.

For equipment having more than one selectable range for the same or different gases or
vapours, each range shall be tested. For the second and subsequent ranges the necessary
amount of testing shall be agreed upon between the manufacturer and the test laboratory.

For equipment where different ranges are achieved by using different sensors, each range
shall be subjected to the full series of tests.

5.4.2 Unpowered storage

All parts of the equipment shall be exposed sequentially to the following conditions in clean
air only:

a) atemperature of (-25 £ 3) °C for at least 24 h;

b) ambient temperature for at least 24 h;

c) a temperature of (60 + 2) °C for at least 24 h;

d) ambient temperature for at least 24 h.
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At each temperature, the humidity of the clean air shall be such that condensation does not
occur.

5.4.3 Calibration and adjustment 0(’(\\

5.4.31 Initial preparation of the equipment

S-
The equipment shall be calibrated and adjustments shall be carrig \o)geobtain correct
indications in accordance with the manufacturer's instruction manug

5.4.3.2  Calibration curve \(\\

The equipment shall be exposed to the gas egfn accordance with 5.3.2, at 0 %, 10 %,
30 %, 50 %, 70 % and 90 % of the ange, starting with the lowest and finishing with
the highest of the selected volume \f dns. However, the highest volume fraction may be
reduced for equipment with suring ranges in order to prevent over-range indications

within the performance Iirw\.
This operation shall be carried out three times consecutively.

54.3.3 Response to different gases

For Group Il equipment, the accuracies of the response curves or correction charts provided
in the instruction manual shall be checked by measuring the response for the representative
gases in accordance with 5.3.2, at a minimum of three different volume fractions spread
evenly over the measuring range to verify response characteristics. This operation shall be
carried out two times consecutively.

The ratio between the indication of the equipment (before correction using the manufacturer’s
response curve or correction charts) and the gas volume fraction obtained for each of the
three gas volume fractions of each gas tested shall not be less than 0,4 and shall not exceed
2,0.

Equipment with semiconductor or catalytic sensors shall then be exposed to the test gas with
a volume fraction between 45 % to 55 % of the measuring range for (60 +2/0) min and the
deviation of the indication during the exposure measured.

5.4.4 Stability
5441 Battery-powered equipment for stability

For these tests, battery-powered equipment should be powered from internal batteries
wherever possible, otherwise an external power supply may be used.

5.4.4.2 Short-term stability

The equipment shall be exposed to six applications of the standard test gas for 3 min followed
by exposure to clean air for a period of 7 min. Indications shall be taken at the end of each
exposure to clean air and the standard test gas.

5.4.4.3 Long-term stability (fixed and transportable equipment — Group | only)

The equipment shall be operated in clean air continuously for a period of (28 +1/0) days and
shall be exposed to the standard test gas for an (480 +10/0) min period at (7 £ 1) day
intervals over the test period. Indications shall be taken prior to the application of, after
stabilization and prior to removal of the standard test gas.

After this first period, the following procedure shall be performed.
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The equipment shall be exposed to a methane-air mixture with a volume fraction of 1,0 %
(v/iv) £ 0,05 % (v/v) for (168 + 4) hours, a minimum of 5 indications being taken no less than
24 hours apart in clean air and the standard test gas. One of these indications shall be taken \

at the beginning of the test and another at the end of the test. (.(\
5.4.4.4 Long-term stability (portable equipment — Group | only) 6 G

The equipment shall be operated in clean air continuously for a peri @ +10/0) min per
working day over a total of 20 consecutive working days. The eq shall be exposed to
the standard test gas for (60 + 2) min during each operati 1] dications shall be taken
prior to the application of, after stabilization, and pr|o val of the standard test gas.

After this first period, the following proce I be performed starting at the next working
day.

The equipment shall be ‘\;Qm a methane-air mixture with a volume fraction of 1,0 %
(v/iv) £ 0,05 % (v/v) for (4 + 2) min, taking indications in clean air and the standard test gas
at the end of this period. The equipment shall then be switched off and exposed to clean air
over night. This cycle shall be repeated for a further 4 consecutive working days.

5.4.4.5 Long-term stability (fixed and transportable equipment — Group Il only)

The equipment shall be operated continuously in clean air for a period of (63 = 1) days. On
the eighth day, the equipment shall be exposed to the standard test gas for a (480 +10/0) min
period. Indications shall be taken prior to the application of test gas, after stabilization of the
reading and prior to the removal of test gas.

At the end of each subsequent (7 =+ 1) day period, the equipment shall be exposed to the
standard test gas until the reading has stabilized. Indications shall be taken prior to the
application of test gas and after stabilization of the reading.

5.4.4.6 Long-term stability (portable equipment — Group Il only)

The equipment shall be operated continuously in clean air for a period of (420 +5/0) min and
then exposed to the standard test gas for another (60 +5/0) min. Indications shall be taken
prior to the application of test gas, after stabilization of the reading and prior to removal of
test gas.

The equipment shall then be operated in clean air continuously for a period of (480 +10/0) min
per working day over a total of 19 consecutive working days. The equipment shall be
exposed to the standard test gas until the reading has stabilized, once at the end during each
operating period. Indications shall be taken prior to the application of test gas and after
stabilization of the reading.

5.4.5 Alarm set point(s)
5.4.5.1 Rising concentration

For equipment with adjustable alarm set points, set the alarm set point at 10 % relative below
the concentration of the standard test gas.

If the alarm set point cannot be set at this concentration, the alarm shall be set as near as
possible to that concentration. In this case and for equipment with fixed alarm set points the
test gas shall have a volume fraction of 10 % relative above the concentration of the alarm set
point.

The equipment shall be adjusted with clean air and standard test gas or the specified test
gas. Then expose the equipment to clean air and then to the standard test gas or the
specified test gas until alarm activation or twice the respective #(90), whichever is less.
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For equipment with several alarm set points, this test shall be carried out for each alarm set
point.

5.4.5.2 Falling concentration (for equipment with measuring range over UFL onlf)((\\

For equipment with adjustable alarm set points, set the alarm set point at UFL 7 of
the measuring range. If the alarm set point cannot be set at this concentratj farm shall
be set as near as possible to that concentration.

The specified test gas shall have a volume fraction of ’m“@mg point minus 5 % of the

measuring range. “

The equipment shall be adjusted with st
gas. Then expose the equipment to

range and then to the specifi
whichever is less. i

For equipment with several alarm set points, this test shall be carried out for each alarm set
point.

est gas and clean air or the specified test
with a volume fraction of 90 % of the measuring
as until alarm activation or twice the respective {(90),

5.4.6 Temperature

This test shall be performed in a temperature chamber having the capability of holding the
remote sensor or equipment at the specified temperature within £2 °C. The remote sensor or
equipment shall be acclimated at each temperature specified in Annex A, as appropriate, for
at least 3 h or until acclimated within £2 °C for a minimum of 1 h. The remote sensor or
equipment shall be exposed sequentially to clean air and the standard test gas, which shall be
at the same temperature as the atmosphere in the test chamber. The dew point of the air or
standard test gas shall be below the lowest temperature of the test chamber.

For battery powered equipment, the test shall be carried out with all batteries specified in the
instruction manual.

5.4.7 Pressure

The effects of pressure variation shall be observed by placing the remote sensor or equipment
(including the aspirator for aspirated equipment) in a test chamber that permits the pressure
of clean air and of the standard test gas to be varied over the range specified in Annex A.

The pressure shall be maintained at the specified levels within +0,5 kPa for 5 min, before a
reading is accepted or a test is made. Readings shall be taken with clean air and standard
test gas.

5.4.8 Humidity of test gas

The test shall be conducted at temperature of (40 + 2) °C. After an acclimation time of at least
2 hours at 40 °C, the equipment shall be calibrated and adjusted in accordance with the
instruction manual (see 4.4 b) and 4.4 d)13)). The sensor shall be exposed for (60 +5/0) min
to clean air humidified to (20 £ 5) % RH. The sensor shall then be exposed to the standard
test gas humidified to (20 + 5) % RH until stabilized. The procedure shall be repeated with
humidities of (50 £ 5) % RH and (90 = 5) % RH. The concentration of the test gas shall be
held constant, or due allowance of changes in its concentration by dilution in water shall be
made.

All relative humidity shall be considered as water vapour volume fractions at the nominal
temperature of 40 °C.
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5.4.9 Air velocity

This test is applicable to diffusion equipment only.

The equipment or the remote sensor shall be tested in a flow chamber in both clea@m
standard test gas. 66 .

For equipment with integral sensors, which are too large to be teste a“q) chamber, other
flow equipment for carrying out the test shall be permitted L case the "other flow
equipment"” shall be described in the test report. . (\6’

The sensor shall be operated in the orientatio cowhiended by the manufacturer. If there is
no such recommendation e.g. for portable ' nt, a typical orientation shall be used.
Irrespective of whether an\;&r or other flow equipment is used, the direction of the

air flow with respect to th inlet shall be as follows:

1) flow directed at the sensor inlet;
2) flow directed 180° to 1);
3) flow directed 90° to 1).

Each orientation is given with a tolerance of +5°.
Measurements shall be made under:

e non-forced ventilation conditions
e at(3+£0,3)m/s and
e at(6+0,6)m/s.

Directions of flow which are prohibited within the instruction manual shall not be tested.

5.4.10 Flow rate for aspirated equipment
The equipment shall be tested by varying the flow rate in both clean air and standard test gas

1) from the nominal flow rate to 130 % of the nominal flow rate, if possible

2) from the nominal flow rate to 110 % of the flow rate at which the flow failure signal is
activated, or to 50 % of the nominal flow rate if a flow failure signal is not provided.

5.4.11 Orientation
5.4.11.1 Portable equipment

During tests with clean air and standard test gas, rotate the sensor, or the whole equipment if
relevant, through 360° in steps of 90° around each of its three mutually perpendicular axes
(one axis at a time). Record the indication in each position.

5.4.11.2 Fixed and transportable equipment

Test the equipment or remote sensor with clean air and standard test gas within the
orientation limits stated in the manufacturer's instructions, but in no case less than a deviation
of +15° from the nominal orientation.
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5.4.12 Vibration
54.12.1 Test equipment

The vibration test machine shall consist of a vibrating table capable of producing a vit@j@\
of variable frequency and amplitude with the test equipment mounted in place, as re@ y
EN 60068-2-6 (] and the following test procedures. 6 .

5.4.12.2 Procedures ga\)g
C d

5.4.12.2.1 General \ ‘\

The test shall be carried out in accordance wit ‘QN 60068-2-6 (1.

The equipment shall be energizedpj\ unted on the vibration test machine and vibrated
successively in each of thre @ espectively parallel to each of the three major axes of
the equipment. V\{

An adjustable alarm set point shall be set to 20 % of measuring range.

Before, and at the conclusion of the test, the equipment shall be exposed to clean air followed
by the standard test gas.

The equipment shall be mounted on the vibration table in the same manner as intended for
use including any resilient mounts, carrier or holding devices that are provided as standard
parts of the equipment.

The equipment shall be vibrated over the frequency range specified at the excursion or
constant acceleration peak specified, for a period of at least 1 h in each of the three mutually
perpendicular planes. The frequency shall continuously change exponentially with time and
the rate of change of frequency shall be one octave per minute.

5.4.12.2.2 Procedure 1

For remote sensors and all equipment with integral sensors, the vibration shall be as follows:

10 Hz to 31,5 Hz, 0,5 mm displacement amplitude (1,0 mm peak-peak total excursion)
31,5 Hz to 150 Hz, 19,6 m/s? acceleration amplitude

5.4.12.2.3 Procedure 2
For all other equipment, the vibration shall be as follows:

10 Hz to 31,5 Hz, 0,5 mm displacement amplitude (1,0 mm peak-peak total excursion)
31,5 Hz to 100 Hz, 19,6 m/s2 acceleration amplitude

5.4.13 Drop test for portable and transportable equipment

If the manufacturer recommends that the instrument be used in its protective casing, the test
shall be carried out with the protective casing installed.

If components of fixed equipment can be used like portable or transportable equipment
according to the instruction manual, these components should be considered to be portable or
transportable for this test.

Before, and at the conclusion of the test, the equipment shall be exposed to clean air followed
by the standard test gas.
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Portable equipment shall be released, while operating, from a height of (1 +0,05/0) m above a
concrete surface and allowed to free fall.

Transportable equipment with a mass less than 5 kg shall be released, while not op (ﬁ\\
from a height of (0,3 +0,03/0) m above a concrete surface and allowed to free faII 6

Other transportable equipment shall be released, while not operatlﬁ@a a height of
(0,1 +0,02/0) m above a concrete surface and allowed to free fall a

All heights are measured from the lowest point of the “’Q@

The test required above shall be perfor é separate times, the portable equipment
being released each time with a diff‘z surface) facing down at the time of release and

the transportable equipment to bg rientation for normal transport.
.

The equipment shall be &ldered to have failed this test if there is a loss of function (e.g.
alarm, pump function, controls, display) after the test.

Automatic re-starting or shut-down of the equipment shall not occur during the test.

5.4.14 Warm-up time

An adjustable alarm set point shall be set to 20 % of the measuring range.

The equipment shall be switched off and left for at least 24 h in clean air. After the 24 h
period, the equipment shall be switched on in clean air and the warm-up time measured.

Group | equipment shall be switched off for a further 24 h in clean air. After this period, the
equipment shall be exposed for (5 +0,5/0) min to the standard test gas, then switched on in
the presence of the test gas and the warm-up time measured.

Where equipment prompts the user to perform any adjustment during start-up, the test shall
be applied for the ‘Yes’ and ‘No’ options.

5.4.15 Time of response

The equipment shall be switched on in clean air and, after an interval corresponding to at
least two times the warm-up time, as determined in accordance with 5.4.14, without switching
off, the equipment or the sensor(s) shall be subjected to step changes from clean air to the
standard test gas and from standard test gas to clean air. These changes shall be introduced
by means of suitable equipment (see Annex B).

The times of response t#(50) and #(90) for increasing concentration, and #(50) and #(10) for
decreasing concentration shall be measured.

For an optional sampling probe, an extra test is required to measure the additional delay. This
shall be less than 3 s/m of the total length of the probe plus tubing or any greater value, which
is stated in the instruction manual.

5.4.16 High gas concentration operation above the measuring range

This subclause applies to all equipment with an upper limit of the measuring range less than
100 % (v/v) gas.

The sensor shall be subjected to the test using test equipment that simulates a step change
between gas concentrations such as those described in Annex B.
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The sensor shall be subjected to a step change from clean air to a volume fraction of 100 %
(v/v) gas that shall be maintained for (180 +5/0) s. The equipment or remote sensor shall then
be subjected to clean air for (20 +2/0) min, followed by the standard test gas.

All gas concentrations above full scale shall be indicated by a full scale indication a @SQ
fitted, an alarm. If the indication is digital, a clear indication shall be given thaél% r limit
of the measuring range has been exceeded. \)g

All gas alarms shall remain in operation at all gas concenﬁ;}%@gove full scale. If the
equipment provides a latching alarm feature, the latc in{\(e\ sfall be verified during and
after application of the high gas concentration.

.

5.4.17 Battery capacity

5.4.17.1 Battery discharg{l‘Q“\\
a

With a battery fully charg the beginning of the test, the equipment shall be operated at
maximum load condition with consideration to quantity and type of sensors in clean air for a
total period of

a) (480 +5/0) min, if fitted with a user-operable on/off switch;
b) (600 +5/0) min, if not so fitted; or
c) any longer time as specified by the manufacturer.

At the beginning and end of the specified period, the equipment is exposed to clean air and
the standard test gas.

5.4.17.2 Low battery duration

The equipment shall then continue to operate until an indication that the low battery condition
has been reached. The equipment shall continue to operate for at least an additional
(10 +0,5/0) min and then be exposed to the standard test gas.

Where it is impractical to discharge the equipment continuously, the equipment may be
switched off (e.g. overnight) to ensure the low battery condition is observed in the required
time.

5.4.18 Power supply variations

The equipment shall be set up under normal conditions (see 5.3), at rated voltage and, where
appropriate, rated frequency. For equipment with remote sensors, the test shall be performed
with both maximum and minimum resistance of the interconnecting cable. The equipment
shall then be subjected to the following tests.

The equipment calibration shall be checked at both 115 % and 80 % of rated voltage and at
+2 % above the minimum supply voltage fault limit.

Where the manufacturer of the equipment specifies a supply range other than those specified
above, the equipment shall be tested at the upper and lower limits of the supply voltage
specified by the manufacturer.

It shall be verified at +2 % above the minimum supply voltage fault limit that all output
functions are working properly even at the worst case load conditions.

Analogue outputs shall be tested at the maximum output level. Relays shall be able to
energize at +2 % above the minimum supply voltage fault limit.
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5.4.19 Addition of sampling probe

When it is intended to add a sampling probe, the equipment shall first be calibrated using
clean air and the standard test gas without the sampling probe. The sampling probe shall \
be added, and clean air and standard test gas applied again. (%\

5.4.20 Other gases and poisons ges

5.4.20.1 Other gases

The equipment shall be tested separately with the follY\r‘gb@h%ms

a) Group | equipment indicating up to a volu of 5 % methane in air:

1) a methane volume fraction of the d test gas + a volume fraction of 13 % oxygen
in nitrogen;

2) a methane volum @o‘f the standard test gas + a volume fraction of 5 % carbon
dioxide in air;
3) a methane volume fraction of the standard test gas + a volume fraction of 0,075 %
ethane in air.
b) Group | equipment indicating up to a volume fraction of 100 % methane in air:
1) a volume fraction of 50 % methane + a volume fraction of 6,5 % oxygen in nitrogen;

2) a volume fraction of 50 % methane + a volume fraction of 5 % carbon dioxide in
nitrogen;

3) a volume fraction of 50 % methane + a volume fraction of 2,5 % ethane in nitrogen.

The gas mixtures may be prepared by any suitable method. The tolerances on the volume
fraction of each component shall be within £10 % of its nominal concentration.

The volume fraction of each component shall be known to a relative expanded uncertainty of
+2 % of the stated value.

5.4.20.2 Poisons (applicable only to Group | equipment with catalytic or
semiconductor sensors)

The equipment shall be exposed to a volume fraction of (1,0 + 0,05) % methane in air mixture
containing a volume fraction of (10 + 1) ppm of hexamethyldisiloxane and shall perform in
continuous operation until a dose of (400 + 20) ppm min is reached.

NOTE 1 Certain materials that might be present in industrial atmospheres can lead to "poisoning" or other
undesirable effects which can result in a change of sensitivity of a gas sensor.

NOTE 2 As improved tolerances to these materials are frequently claimed by manufacturers, evidence of the testing
procedure used to substantiate these claims and test results can be open to validation or verification by agreement
between a purchaser, a manufacturer, and a testing laboratory. Possible “poisoning” agents and their effects on
sensor performance are discussed in EN 60079-29-2 (C].

NOTE 3 The time the equipment is exposed is calculated by dividing the required dose by the actual
concentration of hexamethyldisiloxane.

5.4.21 Electromagnetic compatibility

The equipment shall be set up under normal conditions, in accordance with 5.3, and then shall
be subjected to the tests specified in EN 50270.

5.4.22 Field calibration kit

Calibration initiation methods and gas application methods shall be tested or excluded from
the scope of the performance test within the instruction manual.
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Field calibration kit(s) shall be verified by comparison of the following:

a) expose the equipment to clean air and standard test gas using the field calibration kit in
accordance with the instruction manual; \

b) expose the equipment to clean air and standard test gas as it is done in normal o :

.
5.4.23 Verification of software and digital components \)ges

Design and function of the equipment using software and/gg g technologies shall be
evaluated and tested in accordance with EN 50271. (%\‘\(\

ot

\(\\\\)“
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Annex B
(informative)

Determination of time of response 00('(\\

B.1 Aspirated equipment a\)ges )
2O

B.1.1 Test rig .
Attach the equipment to the test rig as shown schenﬂ \/Q Figure B.1.
.

flows can be switched between ¢ ipment inlet and the exhaust. While one flow is
directed to the equipment, t r¥lOw is directed to the exhaust. Switching of the two flows
should be done simultane\D@ \

The test rig consists of two gas Iine¥ plying clean air and the other test gas. The two
!

The gas line connecting the test rig to the equipment should have an outlet for excess gas.

The volume of the gas line connecting the test rig to the equipment should be kept to a
minimum.

B.1.2 Equipment without internal pump

The outlet for excess gas should be closed.

The flow rates of the two gas lines should be set to the minimum flow rate specified in the
instruction manual.

The measurement of the time of response should start with the switching from clean air to test
gas. Where appropriate, a correction should be made to the time of response for the switching
time between the two gas lines and for the time needed to purge the dead volume between
the outlet of the switching device and the equipment inlet.

B.1.3 Equipment with internal pump

The outlet for excess gas should be opened.

The gas inlet to the equipment should be appropriately restricted so that the flow rate to the
equipment is 10 % above the flow rate at which the flow failure signal is activated.

The flow rates of the two gas lines should be set appropriately. The excess flow rate at the
outlet should be sufficiently high so that reverse flow cannot occur. This will usually be
achieved by an excess flow rate of approximately 20 %.

The measurement of the time of response should start with the switching from clean air to test
gas. Where appropriate, a correction should be made to the time of response for the switching
time between the two gas lines and for the time needed to purge the dead volume between
the outlet of the switching device and the equipment inlet.
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Figure B.1 — Schematic example of test rig for use with aspirated equipment

B.2 Equipment that samples by diffusion

B.2.1 Calibration mask method

This method should only be used for measuring response times of "other gases" (5.3.2) in
order to compare the response times of different gases.

The test rig described in B.1.1 should be used. The test should be performed as for
equipment without an internal pump (see B.1.2).

The flow rate through the mask should be set to the minimum flow rate specified in the
instruction manual. If only a nominal flow rate is given, this nominal flow rate should be used.

B.2.2 Diffusion or flow methods

The diffusion and/or flow method should be used for measuring the time of response of the
equipment for the standard test gases according to 5.4.15.

A suitable method should be used which has been validated. Examples are diffusion (by
immersion or containment) or flow methods.
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