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PREFACE

This is the harmonized FM and UL standard for Workplace Atmospheres — Part 1: Gas Detectors —
Performance Requirements of Detectors for Toxic Gases. It is the first edition of FM 62990-1 and the first
edition of UL 62990-1.

This harmonized standard is based on IEC Publication 62990-1: first edition, Workplace Atmospheres —
Part 1: Gas Detectors — Performance Requirements of Detectors for Toxic Gases, issued June 2019 and

corrigendu

m 1. IEC publication 62990-1 is copyrighted by the IEC.

This harmosi

This stand
standard.

ard is considered suitable for use for conformity assessment within the stated s

Applicatign of Standard

cope of the

Where ref¢rence is made to a specific number of samples to be tested, the specified number is to be
considered a minimum quantity.

Note: Although the intended primary application of this standard is stated in its_scope, it is important to note that

responsibility

of the users of the standard to judge its suitability for their particular purpose.

Level of Harmonization

This stand

This stand

An identic

hrd adopts the IEC text with national differénces.
brd is published as an identical standdrd for FM and UL.

bl standard is a standard that is exactly the same in technical content except

differenceq resulting from conflicts in.codes and governmental regulations. Presentation is wq

except for

All nationa
technical ¢

pditorial changes.

differences from¢the 1EC text are included in the FM and UL versions of the standar
bntent is the same’in each organization’s version, the format and presentation may d

Interpretations

The interp
based on t

retation by the standards development organization of an identical or equivalent

it remains the

for national
rd for word

H. While the
iffer.

standard is
pdural rules

heliteral text to determine compliance with the standard in accordance with the proc

of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.
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IEC Copyright

For FM, the text, figures, and tables of International Electrotechnical Commission Publication 62990-1,
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Gases, copyright 2019, are used in this standard with the consent of the International Electrotechnical
Commission. The IEC Foreword and Introduction are not a part of the requirements of this standard but
are included for information purposes only.

These materials are subject to copyright claims of IEC and UL. No part of this publication may be
reproduced in any form, including an electronic retrieval system, without the prior written permission of UL.
All requests pertaining to the Workplace Atmospheres — Part 1: Gas Detectors — Performance
Requirements of Detectors for Toxic Gases UL 62990-1 Standard should be submitted to UL,
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National Differences

National Differences from the text of International Electrotechnical Commission (IEC) Publication 62990-1,
Workplace Atmospheres — Part 1: Gas Detectors — Performance Requirements of Detectors for Toxic
Gases, copyright 2019, are indicated by notations (differences) and are presented in bold text.

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

D2 - The
requireme
requireme

DC - Thes
particular g

DE - Thes|
DR -Thes

Each natio
following W
text:

Each natio

following W
text:
Ad
figu

e are National Differences from IEC requirements based on existing safety_practi
ts reflect national safety practices, where empirical substantiation (for_the’IEC
t) is not available or the text has not been included in the IEC standard.

e are National Differences based on the component standards andwill not be de
omponent standard is harmonized with the IEC component standard-

b are National Differences based on editorial comments or corrections.
e are National Differences based on the national regulatory requirements.

hal difference contains a description of what the national difference entails. Typicall
ords is used to explain how the text of the national difference is to be applied to th

hal difference contains a description gf-what the national difference entails. Typicall
ords is used to explain how the text'of the national difference is to be applied to th

Hition / Add - An addition entails adding a complete new numbered clause, subcl
re, or annex. Addition is'not meant to include adding select words to the base IEC te

Deletion / Delete - A deletion entails complete deletion of an entire numbered clause,

tab

Mo
adg
sub

e, figure, or annex without any replacement text.

ification /~Modify - A modification is an altering of the existing base IEC text s
ition, replacement or deletion of certain words or the replacement of an en
clause,table, figure, or annex of the base IEC text.

ices. These
or national

eted until a

one of the
e base |IEC

one of the
e base IEC

huse, table,
Xt.

subclause,

uch as the
ire clause,
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

WORKPLACE ATMOSPHERES - Part 1: Gas detectors — Performance requirements of detectors

for toxic gases

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

International S

referred to as
the subject d
liaising with
Standardizati

2) The forma
opinion on thd

3) IEC Publig
sense. While
responsible fi

4) In order g
maximum ex
correspondin

5) IEC itself d
and, in somg
certification b

6) All users s

7) No liability
technical corn
whatsoever,

reliance upon

8) Attention is

tandards, Technical Specifications, Technical Reports, Publicly Available Specifications (

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

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

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

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

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

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

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

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

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

correct application of this publicdtion:

9) Attention is
not be held rg

Internation

drawn to the/possibility that some of the elements of this IEC Publication may be the subject of patent ri
sponsiblée for identifying any or all such patent rights.

al_Standard ISO/IEC 62990-1 has been prepared by Joint Working Group (JWG

PAS) and Gui

des (hereafter
e interested in
organizations
banization for

consensus of
mmittees.

mittees in that
annot be held

parently to the

tent possible in their national and regional publications. Any\divergence between any IEC Publication and the

ment services
independent

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

nsable for the

phts. IEC shall

45 of IEC

technical committee—3+—Equipmentforexplosive atmospteresand1SS—techmicat—committ
quality, sub-committee 2: Workplace atmospheres.

The text of

this International Standard is based on the following documents:

FDIS
31/1463/FDIS

Report on voting
31/1480/RVD

ce 146: Air

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the ISO/IEC 62990 series, published under the general title Workplace atmospheres,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the stability
date indicated on the IEC website under "http://webstore.iec.ch" in the data related to the specific
document. At this date, the document will be

* reconfirmed,

 withdrawn,

* replaced by a revised edition, or

*« amended.

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

This part of ISO/IEC 62990 specifies general requirements for construction, testing and performance of
equipment intended to measure the concentration of toxic gas and vapour in workplace atmospheres and
other industrial and commercial applications. The performance requirements are intended to apply under
environmental conditions present at the site of operation. However, because a wide range of
environmental conditions are encountered in practise, this document specifies requirements that have to
be fulfilled by equipment when tested under prescribed laboratory conditions.

This document applies to the following types of equipment: Health Monitoring (HM) and Safety Monitoring
(SM). For a g|ven measurement task of Type HM equment the range over wh|ch the reqwrements must

be met depend

occupatio
decided to
tests. The
to the occ
type testing

Electrical ¢
and vapou
time. This
measured

For gas d
considerat

General re
vapours ar

al exposure limit vaIues have not been harmonlzed at the |nternat|onal level. There
use a reference value instead of the occupational exposure limit value forcthe p
ist of reference values is given in Annex A. The reference values chosen afe gqua
pational exposure limit values used in different countries but are intended.to be u
j equipment without any legal implications.

quipment used for the direct detection and direct concentration;measurement of
's generate readings in clean air (nominally zero), which vary with environmental cor
document therefore includes test methods and requirements for acceptable v
values at application of zero gas and of defined test gases.

ptection equipment including additional function fof.detecting flammable gas and
on should be given to the relevant standards.

uirements for construction, testing and perfermance of gas detectors for flammable
e set out in IEC 60079-29-1, Explosive atmospheres — Part 29-1: Gas detectors — P

requirements of detectors for flammable gases.

General rg
gases are

quirements for construction, testing and performance of open path detectors for
set out in IEC 60079-29-4, Explosive atmospheres — Part 29-4: Gas detectors — P

requirements of open path detectors for-flammable gases.

Guidance 1
60079-29-
maintenan

10

Re

or the selection, installation, use and maintenance of gas detecting equipment is s¢
>.

ce of detectors fof flammable gases and oxygen.

place“IEC 60079-29” with “UL 60079-29".

/apours the
fore, it was
erformance
to or close
sed only for

foxic gases
ditions and
ariations in

or oxygen,

gases and
lerformance

flammable
erformance

t out in IEC

Explosive atmospheres — Part 29-2, Gas detectors — Selection, installation, use and

1.DV DR Medification of Introduction, fifth, sixth and seventh paragraphs as follows:

Guidance for functional safety of fixed gas detection systems is set out in IEC 60079-29-3: Explosive
atmospheres — Part 29-3, Gas detectors — Guidance on functional safety of fixed gas detection systems.
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13

WORKPLACE ATMOSPHERES - Part 1: Gas detectors — Performance
requirements of detectors for toxic gases

1 Scope

This part of ISO/IEC 62990 specifies general requirements for design, function and performance, and
describes the test methods that apply to portable, transportable, and fixed equipment for the detection and
concentration measurement of toxic gases and vapours in workplace atmospheres and other industrial

and commersialapplications:
10V.1 DR Modification of Clause 1, first paragraph as follows:

Rgplace “part of ISO/IEC 62990” with “standard” and add the following to the
tence “with maintenance performed by a competent (qualified)-service technician.”

Se|

This docur]
indication,
gas or vap,
is applicab

This docun
* Type HM
For
und
Val
with
* Type SM
For
req

the

In general

nent is applicable to continuously sensing equipment whase_primary purpose is to
alarm and/or other output function the purpose of which¢is+to indicate the presend
bur in the atmosphere and in some cases to initiate automatic or manual protective
e to equipment in which the sensor generates an eleetrical signal when gas is prese

nent applies to two types of equipment:
(Health Monitoring) ‘occupational exposure’ equipment:

occupational exposure measurement, the performance requirements are f
ertainty of measurement of gas.¢oncentrations in the region of Occupational Exp
les (OELV). The upper limit of-measurement will be defined by the manufacturer in

4.21.

Safety Monitoring)..general gas detection’ equipment:

general gas_detection applications (e.g. safety warning, leak detection), the p
Lhirements dre: focused on alarm signalling. The upper limit of measurement will be
manufactlirer according to the intended use of the equipment.

the.requirements for accuracy will be higher for Type HM equipment than fo

end of the

provide an
e of a toxic
action(s). It
nt.

pcused on
osure Limit
accordance

erformance
defined by

r Type SM

equipment

The same equinment mav meet the requirements of both Tvne HM and Tvne SM
A o Y <t P P

For equipment used for sensing the presence of multiple gases this document applies only to the detection
of toxic gas or vapour.

This document is not applicable to equipment:

— with samplers and concentrators such as sorbents or paper tape having an irreversible indication;

— used for the measurement of gases and vapours related to the risk of explosion;

— used for the measurement of oxygen;
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— used only in laboratories for analysis or measurement;

— used only for process measurement purposes;

— used in the domestic environment;

— used in environmental air pollution monitoring;

— used for open-path (line of sight) area gas measurement;

— used for \

1A

WHh

st
st

2 Normative references

The followi
constitutes

undated references, the latest edition of the referenced dé¢ument (including any amendments)

IEC 60068-
IEC 60079-
IEC 60529,

IEC 61000-
Voltage dip

IEC 61000
for resident

IEC 610004
for industria

ntilaticon contral in aar ol o rtunnala
TTUTATTUTT UUTTIirvrimroar PUI NO VT tUtTinivuio.
DV.1 DR Addition of the following:

ere references are made to IEC standards, the reference requirements foun

hdard (see Clause 2).

hg documents are referred to in the text in such 'a’way that some or all of th
requirements of this document. For dated references, only the edition cited a

P-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
0, Explosive atmospheres — Part O~Equipment — General requirements
Degrees of protection provided by enclosures (IP Code)

4-29, Electromagnetic compatibility (EMC) — Part 4-29: Testing and measurement te
5, short interruptions-and voltage variations on d.c. input power port immunity tests

6-3, Electromagnetic compatibility (EMC) — Part 6-3: Generic standards — Emissio
fal, commetrcial and light-industrial environments

6-4, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards — Emissio
l.environments

d in these

ndards shall apply as modified by any applicable US National Differences for the

bir content
bplies. For
bpplies.

chniques —

n standard

n standard

IEC 61326-1, Electrical equipment for measurement, control and laboratory use — EMC requirements —

Part 1: Gen

eral requirements

2DV DR Modification of Clause 2 references as follows:

IEC 60529, Degrees of protection provided by enclosures (IP Code)’

1 The US adoption is identical to the international standard.

UL

60079-0, Explosive Atmospheres — Part 0: Equipment — General requirements
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
* IEC Electropedia: available at http://www.electropedia.org/

* ISO Online browsing platform: available at http://www.iso.org/obp

3.1
gas propeLties

3.1.1
ambient ajr
normal atmosphere surrounding the equipment

3.1.2

clean air
air that is ffee of gases or vapours which the sensor is sensitive to or\which influence the performance of
the sensor

3.1.3
occupational exposure limit value
OELV
limit of the|time-weighted average of the concentration of a chemical agent in the air within thie breathing
zone of a Wyorker in relation to a specified reference\period

Note 1 to entfy: The term “limit value” is often used as.a synonym for “occupational exposure limit value”, but the tern| “occupational
exposure limif value” is preferred because there is more than one limit value (e.g., biological limit value and occupational exposure
limit value).

Note 2 to entfy: Occupational exposure limit\alues (OELVs) are often set for reference periods of 8 h, but can also be[set for shorter
periods or cofcentration excursions.

[SOURCE]ISO 18158:20146;2.1.5.4, modified (Note 2 to entry is shortened)]

3.1.4
reference value
<for type HM-equipment> value used as the basis to specify requirements such as measuring range,
resolution ahdjalarm set point

Note 1 to entry: The term reference value is used in this document because for most toxic gases and vapours the occupational
exposure limit values have not been harmonized at the International level.

3.1.5

poisons

<for sensing elements> substances that lead to temporary or permanent change of performance,
particularly loss of sensitivity of the sensing element

3.1.6

toxic gas

gas or vapour that can be harmful to human health and/or the performance of persons due to its physical
or physico-chemical properties
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Note 1 to entry: For the purpose of this document, the term “toxic gas” includes “toxic vapours”.

3.1.7

volume fraction
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 toxic gases and interfering and’ cor

substances

3.1.9

, the purpose of which is calibration or adjustment of the equipment zero

standard tI?t gas

test gas wi
tests unlesg

3.1.10
time-weigh

a composition specified for each item of equipment and gas and/or vapour to be
otherwise stated

ted average concentration

TWA concéntration

concentrati

3.1.11
reference
specified p

Note 1 to entry

[SOURCE:
current doc

3.2
types of eg

3.21
alarm-only

bn of gas in air averaged over a reference period

eriod

Iriod of time for which the occupational exposure limit value of a chemical agent app

: The reference period is usually 8 h¥for long-term measurements and 15 min for short-term measuremen|
ISO 18158:2016, 2.1.5.7, modified (term “biological agent” deleted as not rele
Lument)]

uipment

equipment

taminating

ised for all

ies
Is.

ant to the

it 9N alarm hit nat havi
\Ht PDHotHa

equipment

3.2.2

oot iot T =V

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: Within this document, all equipment is regarded as continuous duty.

3.25

diffusion equipment

equipment in which the transfer of gas from the atmosphere to the sensor takes place without aspirated
flow

3.2.6
fixed equipment
equipment|fastened to a support, or otherwise secured in a specific location when energized

3.2.7
portable elquipment
equipment|intended to be carried by a person during its operation

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

b) personal njonitors, similar in size and mass to the hand-held equipment; that are continuously operating while they gre attached to
the user, and

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

3.2.8
transportgble equipment
equipment|not intended to be carried by‘a-person during operation, nor intended for fixed installation

3.2.9
gas detection transmitter
fixed gas [detection equipment that provide a conditioned electronic signal or output indication to a
generally accepted industry standard (such as 4-20 mA), intended to be utilized with sgparate gas
detection dontrol units‘or signal processing data acquisition, central monitoring and similar systems, which
typically prpcess infofmation from various locations and sources including, but not limited to gas detection
equipment

3.2.10
gas detection control unit

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

3.2.11

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)

3.2.12

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 assembled to the equipment housing
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3.2.13
accessory
component which can be fitted to the equipment for special purpose

EXAMPLE: External gas pump, sampling probe, hoses, collecting cone, weather protection device.

3.3
sensors

3.3.1
sensing element
part of the §ensor which is sensitive to the gas/vapour to be measured

3.3.2

sensor
assembly |n which the sensing element is housed and that may also contain associdted circuit
componentp

3.3.3
integral sehsor
sensor whigh is within or directly assembled to the equipment housing

3.34
remote sensor
sensor whigch is installed separately, but is connected*t{o”a gas detection control unit, gas detection
transmitter,|or to transportable or portable equipment

3.4
supply of gas to equipment

3.4.1
sample ling
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 pgrobe
separate agcessory-sample line which is optionally attached to the equipment

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

3.4.3
adjustment
procedure carried out to minimize the deviation of the measured value from the test gas concentration

Note 1 to entry: When the equipment is adjusted to give an indication of zero in clean air, the procedure is called 'zero adjustment’.

3.4.4

calibration

procedure which establishes the relationship between a measured value and the concentration of a test
gas

Note 1 to entry: If the deviation at calibration is too high, usually an adjustment will be carried out subsequently.
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3.4.5

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 is an example of a field calibration kit.

3.4.6
mask for gatibration-and-test
device thaf can be attached to the equipment to present a test gas to the sensor in a reproduciljle manner

3.5
signals arnd alarms

3.51
alarm set point
setting of the equipment at which the measured concentration will cause the equipment tq initiate an
indication, plarm or other output function

3.5.2
TWA alarm set point
setting of the equipment at which the measured time¢weighted average concentration will cause the
equipment(to initiate an indication, alarm or other output-function

3.5.3
indication
representation of the measured value on an-eutput or display

Note 1 to ently: The indication may be affected by suppression of indication, filtering or averaging.

3.5.4
fault signgl
audible, visible or other type-of output, different from the alarm signal, permitting, directly or jindirectly, a
warning orlindication that.the equipment is not working satisfactorily

3.5.5
latching alarm
alarm that,|once activated, requires deliberate action to be deactivated

3.5.6
measured value
calculated concentration of gas and/or vapour that results from processing sensor signal

Note 1 to entry: The measured value may be further processed before indication on output or display (e.g. time-weighted average,
suppression of indication, etc.).

3.5.7

measuring principle

type of physical or physico-chemical detection principle and the measurement procedure to determine the
measured value
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3.5.8

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.

3.5.9
indication range
range of measured values of gas concentration over which the equipment is capable of indicating

—_

(see Figurel 1
3.5|9DV DE Modification of Clause 3.5.9 as follows:

Replace “(see Figure 1.” with “SEE Figure 1.”

3.5.10
lower limit|of indication
smallest me¢asured value within the indication range

SEE Figurg 1)
3.5{10DV DE Modification of Clause 3.5.10 as-follows:
Replace “SEE Figure 1)” with “SEE Figure 1.”
3.5.11
upper limif of indication
largest megsured value within the indication range
SEE Figurg 1.
3.5.12
measuring range

range of measured-values of gas concentration over which the accuracy of the equipment|lies within
specified limits

SEE Figure 1.

3.5.13
lower limit of measurement
smallest measured value within the measuring range

SEE Figure 1.

Note 1 to entry: The lower limit of measurement is always zero for type SM equipment.

3.5.14
upper limit of measurement
largest measured value within the measuring range
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SEE Figure 1.

Note 1 to entry: Indications below the lower limit of measurement or above the upper limit of measurement will not necessarily meet
the requirements of this document.

Lower limit of indication Upper limit of indication

Zero
Indication range

Measuring range

Lower limit of measurement Upper limit of measurement

su4312
Figure 1

Relationship between indication range and measuring range

3.6
times

3.6.1
drift
variation ir] the equipment indication overtime at any fixed gas volume fraction (including cleah air) under
constant ambient conditions

3.6.2
final indication
indication given by the equipment after stabilization

3.6.3
stabilizatipn
state when three successive indications of an equipment at a constant gas volume fraction) taken at 2
minute intarvals or twice the respective £(90), whichever is less, indicates no changes greater than + the
lower limit of measurement for type HM equipment or £1 % of the upper limit of measurement for type SM
equipment

3.64

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 is produced at the equipment inlet, and the time when
the indication reaches a stated percentage (x) of the final indication

Note 1 to entry: For alarm-only equipment the stated indication can be represented by the activation of the alarm set at a stated
value.


https://ulnorm.com/api/?name=UL 62990-1 2023.pdf

22

ANSI/FM 62990-1-2023 + UL 62990-1

FEBRUARY 3, 2023

3.6.5
time of recovery

t(x)

time interval, with the equipment in a warmed-up condition, between the time when an instantaneous
change from standard test gas to clean air is produced at the equipment inlet and the time when the
indication reaches a stated percentage (x) of the initial indication

Note 1 to entry: For alarm-only equipment the stated indication can be represented by the de-activation of the alarm set at a stated

value.
3.6.6
warm-up tipme
time interval, with the equipment in a stated atmosphere, between the time when the,eguipment is
switched on} and the time when the indication reaches and remains within the stated tolerances
Note 1 to entry: See equipment warm-up time in Figure 2 and Figure 3.
sA
8
©
<
Power offin | Power onin
clean air clean air
. /_\ Specified
:grt:)lpment in /_____ ————a —~ ..} tolerance band
[ / on zero indication
i |-
| >
0 Warm-up time Time
(see.3.6.6) IEC
u2735a
Figure 2
Warm-up time in clean air (typical)
&h
S
2
Power off Power on
in standard in standard
test-gas test-gas
Volume T Specified
fraction - ——/L — —r’kﬁ—.ﬁ ———} tolerances of
of standard ‘ the indication
test gas ‘
Zeroin ‘
clean air .
7 ‘ :
0 Warm-up time Time
3.6.6
su2736a (See ) IEC
Figure 3

Warm-up time in standard test gas (typical)
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3.7

uncertainty

3.71

expanded uncertainty

U

quantity defining an interval about a result of a measurement, expected to encompass a large fraction of
the distribution of values that could reasonably be attributed to the measurand

[SOURCE

3.7.2

measurand
particular quantity subject to measurement

[SOURCE

3.7.3
coverage
k
numerical

uncertainty

3.74

non-randgm uncertainty
uncertainty associated with non-random errors

3.75

random uncertainty
uncertainty associated with random.éfrors

3.7.6
zero unce

quantity ddfining an intervallabout zero expected to encompass a large fraction of the distributig

that could

Note 1 to ent
offset due to

IS0 16156:2070, 2.4.2.9]

ISO 18158:2016, 2.3.8]

factor

actor used as a multiplier of the combined standard uncertainty in order to obtain a

rtainty
easonably be attributed to the measurement in clean air

y: In Eigure’4, the mean value of the measured values in clean air is not equal to zero to illustrate that th
rift..The.mean value can be above or below zero.

h expanded

n of values

ere can be an
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= A
=
3
[<
o
Distribution of measured
values in clean air
Zero Lower limit of Indication
measurement
su4313 IEC
Figure 4
Example of zero uncertainty
3.8

miscellangous

3.8.1
special toqgl

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

Note 1 to entryf: The design of the tool is intended to discourage unauthorised interference with the equipment.

4 Genera] requirements

4.1 Overyiew

In addition fo the requirementstof this document, parts of the gas detection equipment intende
explosive atmospheres shall’eomply with the relevant construction and explosion protection re
as specified in the IEC 60079 series of standards. The ambient temperature and pressure rang
equipment ponforming e this document shall not exceed the ambient temperature and pressur

the Type(s)|of Protéction.

4.2 Desiqn

i for use in
juirements
es of such
b ranges of

421 General

For Type HM equipment the upper limit of measurement shall be equal to or greater than 2 times the
reference value. (See Table A.1.) The requirement for the lower limit of measurement is in 6.4.2.

The equipment shall be constructed in such a manner that regular functional checks can be easily
undertaken by the user and that it can be equipped with suitable devices for application of test gas (field

calibration kit).

4.2.1DV.1 DE Modification of Clause 4.2.1, second paragraph as follows:

Replace “user” with “qualified personnel”.
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Toxic gas detection equipment or parts thereof (e.g. remote sensors) shall be constructed of materials
known to be resistant to degradation by the environment in which they are intended to be used. Equipment
specifically intended for use in the presence of corrosive vapours or gases, or which can 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.

Materials and components used in the construction of the equipment which are relevant to performance of
the equipment shall be used within the material and component manufacturer’s ratings or limitations
unless otherwise specified by appropriate safety standards. If such material and component ratings are
not available, demonstrated functionality of the equipment may be used. All materials along the gas path
shall not cause an inaccurate reading due to adsorption and absorption effects of materials in contact with
the toxic gés.

For aspirajed equipment, inlet and outlet ports shall be unambiguously marked to ensure the correct
connection| of any sample and exhaust lines.

Any failure| of functions of the gas detection equipment not relevant to safety ohealth shall ngt adversely
affect the flinctions of the equipment related to safety.

EXAMPLE: Eguipment with 4 to 20 mA and Highway Addressable Remote Transducer (HART) Protocol communication where HART
communicatign is defined in the instruction manual as not related to safety. The loss of-HHART communication is not reldted to safety.

4.2.2 Indjcating devices
4.2.21 Indicators

Readily digtinguishable indicators shall be provided te'show that the equipment is energized, irf alarm or in
a special sfate.

Portable equipment shall provide visual and audible indicators for both fault and alarm states. [The special
state “warm-up” shall be indicated by a‘visual and/or audible signal. The special states “calibration mode”
and “parameterization mode” shall be.indicated by a visual signal.

Transportgble or fixed equipment shall provide visual indicators for power, special states and alarm states.
It is permifted for fixed equipment that the indications related to gas detection transmitters and remote
sensors arg shown only atthe (separate) gas detection control unit.

If audible ipdicators-are provided for transportable or fixed equipment, alarms are required as alminimum.

[
Q

If the equigmenthas more than one indication range, the range selected shall be clearly identifi

4.2.2.2 Display and other devices for indication of measured values

For equipment with a display to indicate gas concentrations, the gas type, concentration and unit of
measurement shall be indicated. It is permissible to mark the gas and unit of measurement adjacent to the
display.

Within the measuring range, the resolution of the display and all other devices for indication of the
measured value shall be at least 2 % of the upper limit of measurement.

4.2.2.2DV.1 DE Modification of Clause 4.2.2.2, second paragraph as follows:

Replace “display” with “gas reading”.
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In addition,

for Type HM equipment the resolution shall be 10 % of the reference value or better.

NOTE See also 5.2.2.

All methods of indication of the measured value shall present the same value within the resolution of each

indicator.

Conditions

above the upper limit of indication shall be clearly indicated.

4.2.2.3 Suppression of indication and measured values below zero

It shall be
indication i
automatica

4.2

De

Measured

For HM equ
indicated a

a) Zero;
b) the meag
c) another i

4.2

possible to configure the equipment such that in measuring mode any kind of stp

ly disabled.

ete “permanently”

alues within the measuring range shall be indicated.

ipment, measured values below the lower limit of measurement specified in Table A
5 one of the following:

ured value; or
ndication that the measured value is below the lower limit of measurement.

2.3DV.2 DE Replace paragraph 3 itemization with the following:

a)t

en suppressioh_ is enabled:

5 permanently disabled. In calibration mode any kind of suppression of indicatig

2.3DV.1 DE Modification of Clause 4.2.2.3, first sentence of the firstparagraphf

bression of
n shall be

\.1 shall be

he measured value.”

The following additional requirement applies: if the measured value is below minus twice the lower limit of
measurement, the equipment shall indicate the negative measured value or shall provide a fault signal.
The fault signal shall be indicated prior to measured values below minus four times the lower limit of
measurement or —10 % of the upper limit of measurement, whichever is closer to zero.
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4.2.2.3DV.3 DE Replace paragraph 4 and bulleted items with the following:

“The following additional requirement applies: if the measured value is below minus twice

the lower limit of measurement, the equipment shall provide at least one of the following:

¢ indicate the negative measured value;

* provide another indication that the measured value is below this limit.

* provide a fault signal. The fault signal shall be indicated prior to measured values
below minus four times the lower limit of measurement or =10 % of the upper limit of

—measurement, whicheverisclosertozero:

For SM equipment, measured values below half of the reference value in Table A.1 or below 5 % of the

upper limit
a) zero;

b) the mea
c) another

4.7

“When suppression is enabled:

a)
b)
w
a)
The follow
value in Ti

equipment
be indicatsg

sured value; or

ndication that the measured value is below the limit spé&cified above.

.2.3DV.4 DE Replace paragraph 5 itemization.with the following:

Zero; or

nen suppression is disabled:

the measured value.”

dfor measured values below =10 % of the upper limit of measurement.

4.2.2.3DV.5 DE Replace paragraph 6 with the following:

of measurement, whichever is closer to zero shall be indicated as one of the following:

other indication that the measured value is below the lower limit of measuremeént.

ng addjtional requirement applies: if the measured value is below minus half of the reference
hble Axl-or below -5 % of the upper limit of measurement, whichever is closer fo zero the
shall indicate the negative measured value or shall provide a fault signal. The fault|signal shall

The following additional requirement applies: if the measured value is below minus half of
the reference value in Table A.1 or below -5 % of the upper limit of measurement,

whichever is closer to zero, the equipment shall provide at least one of the following:

* indicate the negative measured value;

» provide another indication that the measured value is below minus half of the

reference value in Table A.1 or -5 % of the upper limit of measurement.
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* provide a fault signal. The fault signal shall be indicated for measured values
below -10 % of the upper limit of measurement.

NOTE This range of measurements is outside the range of 5.4; therefore, the indication might not be within the accuracy
requirements of 5.4.

4.2.2.4 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):

a) alarms ir|dicating the presence of a gas concentration beyond an alarm set point shall'be-colqured RED;

b) equipmept special state indicators shall be coloured YELLOW;
c) power sypply indicators shall be coloured GREEN.

If a multi-co
other than ¢

loured indicator light is provided, the equipment shall provide an additional indication]
olour.

by means

ts shall be
cator lights

If there is ore than one indicator light of the same colour\with different functions, the ligh
labelled to show their functions. Text, marks, and icons on a.screen display describing the indi
are permisgible in place of printed labels.

4.2.3 Alagm signal

4.2.3.1 Alarm settings

The audiblé¢ and visual alarm settings for the equipment shall not be ambiguous. If the equi
more than pne indication range per.given gas, the equipment shall not automatically change 4
alarm settilgs when changing the indication range.

pment has
ny existing

4.2.3.2 Alarm output functions

Alarm set p

Alarms sha

pints and<PWA alarm set points shall not be adjustable outside the indication range.

| be latching as a factory default setting and require a deliberate manual action to ri

or more alg

bset. If two

rm_set points are provided, the lower may be non-latching. It is permitted that all

alarms are

configurable to be latching or non-latching.

NOTE The factory setting may deviate from the factory default setting upon user request.

Alarms shall remain in operation while the alarm condition is still present, although the audible alarm may
be silenced if this audible alarm is not the only alarm.

If it is possible to temporarily de-activate alarm devices, output contacts or alarm signal outputs, this
deactivation shall be indicated by a signal. For fixed equipment, this shall include a contact or other
transmittable output signal . The output signal or contacts are not required if the alarms are automatically
re-enabled within 15 minutes.

EXAMPLE: It might be necessary to de-activate alarm devices for calibration purposes.
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4.2.3.2DV DE Modification of Clause 4.2.3.2, fourth paragraph to replace with the following:

If it is possible to temporarily de-activate alarm devices, output contacts or alarm signal
outputs, this deactivation shall be indicated by a signal. For fixed equipment, the special
state signal shall be capable of transmitting to remote equipment. The output signal or
contacts are not required if the alarms are automatically re-enable within 15 minutes.

4.2.4 Fault signals

Externally

Externally
manufactu

A short-cir
indicated b
short-circu
manual. TH

Under the

Measured
the conditi

Equipment
sensor is n

Automaticd
a fault sign

nowered eql |ilnmpnf shall prm/idn afault Qignnl inthe event of failure of power to the

powered equipment shall provide a fault signal when the supply voltage “falls
rer’s specified lower supply voltage fault limit.

e equipment shall exit the “special state” calibration condition‘automatically within 1
bbove conditions the equipment may also indicate alarm.

values below zero (e.g. caused by drift) shall be.indicated by a fault signal in acco
bns of 4.2.2.3.

where the sensor can be replaced without'opening the housing shall provide a fault
ot re-connected within 15 minutes.

lly aspirated equipment shall beprovided with an integral flow-indicating device th
al in the event of low flow.

4.2.5 Adjustments

All adjustm
equipment

EXAMPLES:
special tool.

Fixed expl

bsion-protected equipment housed in explosion-protected enclosures shall be desig

equipment.

below the

Cuit or open-circuit in connections to any remote sensor or gas detéction transmitter shall be
y a fault signal. It is permitted for the equipment to enter the “special state” calibratign under the
t or open-circuit condition if this calibration activation procedurelis specified in thg instruction

b minutes.

rdance with

signal if the

ht produces

ent functions shall'be designed to discourage unauthorized or inadvertent interferemce with the

Procedural devices, in the case of a keyboard instrument, or mechanical devices such as a cover requirifg the use of a

hed so that,

if any facil

ties Tor adjusiment are necessary for routine recalibration and for resetfing or Tike functions,

these facilities shall be externally accessible and shall not degrade the explosion protection of the

equipment

The adjustments of the zero and sensitivity shall be designed so that:

a) adjustment of one will not affect the other;

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.
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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 seconds.

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 instruction manual.

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 o

(detected
shall be de
manufactur
concentrati
indication.
specified by

The manufacturer shall provide a means to interpret the indication, which will enable the accu

transfer fun

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

A specifica
with the ca
that the ac

data showing the relationship between the inputisignal and the gas concentrations correspond

10 %, 30 %, 50 %, 70 %, 90 % and 100 % of<upper limit of indication. Required inputs for up
indication and status signals (e.g. fault, calibration mode) shall also be specified by the manufad
The manufpacturer shall provide the details of the input signals, which will enable the accu
transfer function to be verified.

4.2.9 Software-controlled:equipment

4291 General

In the design of software-controlled equipment, the risks arising from faults in the program shz
into account\by“applying 4.2.9.2 to 4.2.9.7. In addition, where accessories are software-con

the equipment) has with the corresponding indication (transfer function). Suchrs
ailed to the extent that the accuracy of this transfer function can be verified. As-a mi
er shall provide data showing the relationship between the output signal an
bns corresponding to 0 %, 10 %, 30 %, 50 %, 70 %, 90 % and (400 % of up
The upper limit of indication and status signals (e.g. fault, calibration mode) sh
the manufacturer.

ction to be verified.

ion shall be supplied with the equipment that‘describes the relationship the input
culated gas concentration (transfer function).”Such specification shall be detailed to
turacy of this transfer function can be verified. As a minimum, the manufacturer sh

hcentration
becification
himum, the
d the gas
ber limit of
bl also be

racy of the

signal has
the extent
all provide
ng to 0 %,
per limit of
turer.

acy of the

Il be taken
trolled, the

risks arising from Taults In the programme shall be taken Into account where related 10 safety.

4.2.9.2 Conversion errors

The relationship between corresponding analogue and digital values shall be unambiguous. The output
range shall be capable of coping with the full range of input values within the equipment specification. A

clear indica

tion shall result if the conversion range has been exceeded.

The design shall take into account the maximum possible analogue-to-digital, computational and digital-to-
analogue converter errors. The combined effect of digitization errors shall not be greater than the smallest
deviation of indication required by this document.
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4.2.9.3 Special state indication

If a special state is entered by equipment this shall be indicated by a signal. For fixed equipment, this shall
include a contact or other transmittable output signal.

4.2.9.4 Software

The manufacturer shall have suitable documented procedures for the development, verification, validation
and change management (the life cycle) of the software.

Software shall conform ta the fnllnwing'
a) It shall be possible for the user to identify the installed version(s) of software by:

1) Ipdication on the display for at least three seconds during power up and enuser cominand; or

2) For equipment without display function or other interrogation function, marking(s) on the
eqyipment visible without disassembly of the equipment.

b) It shall not be possible for the user to modify the program code.
c) Paramefer settings shall be checked for validity. Invalid inputs shall be rejected.
d) All user phangeable parameters and their valid ranges,shall be listed in the manual.

e) An accgss barrier shall be provided against parameter changing by unauthorized persons| e.g. it may
be integrated by an authorization code in the software or may be realized by a mechanical lock

4.2.9.4DV DE Modification of Clause 4.2.9.4 item (e) as follows:

Add “or by special tool” at'the end of the sentence.

f) Parametgr settings shall be preserved after removal of power, and while passing a special state.
4.2.9.5 Dpata transmission

Digital datp transmission between spatially separated components of equipment shall be| reliable. If
transmission ‘errors cause delays that are longer than one third of the tlme of response £(90) or time to
alarm for alarm-opheguipment—the—eguipment-shallentera-defined B - ihed special
state shall be documented in the instruction manual.

4.2.9.6 Self-test routines

Programmed equipment shall incorporate self-test methods. Upon failure detection, the equipment shall
enter a defined special state. The defined special state shall be documented in the instruction manual.

The following minimum tests shall be performed by the equipment:

a) Power supply of digital units shall be monitored within time intervals of maximum ten times time of
response t(90) or time to alarm for alarm-only equipment.
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b) All output functions relating to safety shall be testable. The test shall be carried out automatically during

the start-up

4.2

sequence operation, and on user request.

.9.6DV DE Modification of Clause 4.2.9.6 item (b) as follows:

Replace “testable” with “verified”

c) Asynchronous monitoring circuitry (e.g. watchdog timers) shall work independently and separately from
the parts of the digital unit, which perform the data processing. The period of the monitoring function shall

not exceed

d) Program

10 % of the maximum time of response f‘/Qm of the pqnipmpnf inaccardance with T_

and parameter memory shall be monitored by procedures, which allow the\det

single bit efror.

e) Volatile

memory used for functions relating to safety shall be monitored by.‘procedures th

readability and writeability of the memory cells.

All tests, ex
on.

4.29.7 Fu

cept for test b), shall be done automatically and be repeated at’least daily and afte

nctional concept

The manufacturer shall prepare documentation describing:

— data flow
— all specia
— user adju
— represent
— criteria fo
—extent an

—extent an

including all possible variations);

states, how they can be identified,.and how they are exited;
stable parameters and their permitted range of adjustment;
ation of measuring values‘and indications;

generation of alarms and signals;
1 realisation*of manual and automatic self-test routines;

J realisation of signalling to and from the equipment.

ble A.1.

bction of a

at test the

r switching

4.3 Label

ing and marking

The equipment shall be marked legibly and indelibly with a minimum of the following:

4.3

DV.1 DE Modification of Clause 4.3 in accordance with the following:

Replace first sentence with the following: “Each equipment type as specified in 3.2 shall be

ma

rked legibly and indelibly with a minimum of the following:”

a) name and address of the manufacturer;

b) designation of series or type;
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c) serial nu

mber;

d) year of manufacture (may be encoded within the serial number);

e) “62990-1" followed by “SM” and/or “HM” (to represent conformity with this document);

f) if applicable, the marking shall conform to the additional marking requirements of IEC 60079-0.

4.3DV.2 DE Modification of Clause 4.3 item (f) as follows:

Re

Portable a
remote ser
shall be ing

For portab
ofa), b), e

For small g
4.4 Instr

4./

Rgplace clause title “Instruction manual” with “Environmental ratings”

Each equi
relevant:

a) comple
operation,
equipment

b) details fi

1)d

13 1] H 7] aNnNn7o n’’
VT vV

nd transportable equipment, equipment with integral sensors, gas detection” trans
icated on a display upon user request.

e equipment requiring the use of a protective case in normal.operation, the requirg
and f) shall not be obscured or shall be reproduced on the protective case.

as detection equipment, the marking of e) above may_be placed within the instructio
Liction manual

DV DR Modification of Clause 4.4 as follows:

bment shall be prepared with;an instruction manual that includes the following inf

te instructions, drawings and diagrams for safe and proper installation, com
maintenance and-decommissioning of the equipment including any information
as a Health Monitor (HM) and/or Safety Monitor (SM);

br calibration and/or maintenance which shall include the following:

alibration/adjustment procedures including ranges of concentration of gas to be med

mitters and

sors shall be labelled with the gas(es) and range(s) to be detected or the’gas(es) apd range(s)

d markings

N manual.

brmation as

missioning,
for use of

sured, type

of balance gas (e.g. alr or nitrogen) and humidity or the calibration gases and wa

con

cerning the hazards associated with the calibration gases;

2) calibration gas application time;

rning notes

3) instructions for the use of the field calibration kit including the flow rate where applicable and the
maximum velocity of the ambient air;

4) recommendations and requirements for initial checking and calibration of the equipment on a
routine basis including the calibration period. The maximum recommended period between two
calibrations shall be no longer than 6 months;

NOTE Test methods and requirements of this document are designed for a maximum calibration period of 6 months (see
5.4.8).
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5) for portable equipment, the requirement and method for performing a functional check with gas
before each day of use and an instruction for calibration and adjustment when a functional check

has

failed;

4.4DV.1 DR Modification of Clause 4.4 items (b)(4) and (b)(5) to replace with the following
and delete the NOTE following item (b)(4):

6) r
sen

7)p

8) a
prad

9) if

c) details
including, W

149
2)in
equ

NOT
to oth

3) t
ope
flow

4) in
and

4) recommendations and requirements for initial checking and calibrat
equipment on a routine basis including the calibration period.

5) for portable equipment, the requirement and method for performing a

ion of the

functional

check with gas before use IT the reliability of the detector IS unkno

bitivity and time of response, after the measuring range has been exceeded:;

recommendation to users to read the procedures described in the recommended
tice for reference;

applicable, instructions for the replacement of the sensor.

bf operational limitations, performance claimed by the manufacturer and speci
here applicable, the following:

formation that describes the sensitivities and variation of sensitivity to other gases t
pment is responsive;

er substances known to affect performance.
mes of response_#(50) and #(90) and times of recovery #50) and #(10) in rec
used to determine these claims;

formation on how times of response and times of recovery vary with temperaturg
ambient air velocity or flow rate of the aspirated gas;

n and an

instruction for calibration and adjustment when a functional check hasfailed;

bcommendations for maintenance to be taken, and the effect on sensor properti¢s such as

rocedure to check the time taken to reach stable indication when the calibration gas is applied;

code(s) of

bl features

bses for which the equipment is suitable, and its specified indication and measuring fange(s);

b which the

E Physical or chemical properties’of the atmosphere being measured can alter the degree of sensitivity with interaction

bmmended

ating modes, (diffusion or aspiration), and the test method(s) (calibration mask, diffusion or

, humidity,

4.4

DV.2 DR Modification of Clause 4.4 item (c)(4) to delete.

Item (c)(4) does not apply.

5) temperature limits (performance and if applicable, explosion protection);

6) humidity limits and transient effects from humidity changes, if any;

7) pressure limits (performance and if applicable, explosion protection) and, if a
correction factors for pressure dependence;

8) ai

r velocity limits for normal operation and for calibration;

ppropriate,
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9s
10)
11)

upply voltage limits;
maximum power consumption;

relevant characteristics and construction details of required interconnecting cables;

12) for battery operated equipment, battery type(s) and operating time(s) until low battery condition

und
13)
14)

er normal operating conditions, and purpose of the signal of low battery condition;
warm-up time;

nominal orientation and orientation limits (for fixed and transportable equipment);

15)

16)
eng

17)
18)
19)
20)

21)
apy

22)

communication port;

23)

d) details ¢
where app

4)t

electromagnetic compatibility (e.g. shielded cable, transient suppression, special,en

description of any suppression of indication(s) including default setting(s) andithe m
blement/disablement;

the averaging period for instruments measuring TWA concentratiop;
measuring principle;

equipment drift;

information on use in potentially explosive atmospheres; if applicable;

performance under operating conditions beyond the specification of this d
licable (see 5.1);

the interface specification, cabling characteristics and maximum polling rat

the largest and most complex system configuration.

f storage life and limitations-for the equipment, replacement parts and accessories
icable, the following:

bmperature;
umidity;
ressure;

me.

closure);

bthod for its

bcument, if

b for each

, including,

e) 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. It shall be stated, if known, whether the stated interfering gases in
the presence of the gas to be measured are additive, subtractive of synergistic;

f) for aspirated equipment, indication of the minimum and maximum flow rates and pressure, tubing type,

maximum |

ength and size for proper operation;

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

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

i) specification of the functions not related to safety;

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

k) a statement that alarm devices, outputs or contacts are of the non-latching types, where applicable, and
the requirement that the alarm with the highest set point shall be configured latching, if applicable (see
4.2.3.2);

) for battery-operated equipment, installation and maintenance instructions for the batteries;
m) a recommended replacement parts list;

n) where optional accessories (e.g. collecting cones, weather-protecting devices, field calibrafon kit) are
supplied, allist of such accessories and their effects on the instrument chatacteristics (including time of
response, fime of recovery and sensitivity), and means for their identification (e.g. part nymbers). In
addition, it|shall be clearly described for each accessory whetherkit™is included in the pg¢rformance
certificate;

0) details of performance certification, if any (e.g. issuing orgafisation, date, ranges, gases, a¢cessories,
etc.), and marking, and any special conditions of use;

p) if an ingrgss protection (IP) is claimed, such as IEC©0529, the following statement shall be included:

1) IP ratings do not imply that the equipment will detect gas during and after exposufe to those
condlitions;

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;

4.4DV.3 DR Modification of Clause 4.4 to replace item (p) and it’s subitems (1) — (3)) with the
folljowing:

p) | if an>ingress protection rating is claimed, the following statement (1) and
regommendations (2 and 3) shall be included:

1) Environment ratings do not imply that the equipment will detect gas during and
after exposure to those conditions;

2) Recommendations for determining appropriate calibration interval and
maintenance requirements if exposed to those conditions representative of the
rating;

3) Recommended accessories to those conditions representative of the rating;

q) if equipment with an internal sensor or a remote sensor is intended only for use in dry environments, the
statement of “dry environment use only” shall be included;
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r) for gas detection transmitter or separate gas detection control units (see 4.2.7 and 4.2.8), specification
of the transfer function, upper limit of indication and all status signals (e.g. fault, calibration mode);

s) for gas detection transmitter or separate gas detection control unit, information that the time of response
/ time of recovery of the entire system is determined by summing the times of response / times of recovery,
respectively, of all parts of equipment within the gas detection system;

t) for gas detection control unit or separate gas detection control unit, the maximum delay time until special

state is entered in case of transmission errors;

u) any necessary instructions or information, where the special nature of the equipment (such as non-
linear responses) requires additional instructions or special information that are alternatiye to, or in
addition to] the requirements of 4.3 and 4.4 a) to t).

5 Test mpthods

5.1 Gengdral

Equipment shall be tested for all the gases for which compliance with\this document is claimed. The
requirememts of this document shall be met. When deviations from Stated test condition [values are

necessary,
manual.

Where a 1
constructio
be verified
supplemer
performan
laboratory

special fegture the minimum requirements.of this document shall be met and the manufacturg

extended [

EXAMPLE: E
5.2 Gen€

5.21

Samples and-sequence of tests

the deviations and their justifications shall be documented in the test report ang

hanufacturer makes any claims in the instruction manual regarding any special
n or extended performance that exceed the requirements of this document, all such

instruction

features of
claims shall

and the test procedures shall be carried ,out"as stated in each clause and shall be ¢xtended or

ted, where necessary, to verify the claimed special features of construction o
ce. Any extended or supplemented.teésts shall be agreed between the manufactu
and described in the test report.~When verifying a manufacturer’s claimed perf
erformance shall be verified:

ktended performance claims.can’include operation over an extended temperature range.

ral requirements for tests

5.21.1

The EMC - ;
the Protection against water test (5.4.11

r extended
er and test
brmance or
r's claimed

) may be performed on a separate equipment

separate equipment sample for each test.

Test samples
er—mmmmm—mmmmsmm, and

sample or a

5.2.1.1DV.1 DE Modification of Clause 5.2.1.1, first paragraph to replace with the following:

The EMC test (5.4.7.3), the Fault signal tests (5.4.9), the Software controlled equipment
tests (5.4.10), and the Environmental exposure test (5.4.11) may be performed on a single

eq

uipment sample or separate equipment samples for each test.

The remaining tests shall be performed on one sample of Type SM equipment as a minimum and three
samples of the Type HM equipment.
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An additional set of samples of the equipment may be used for the stability test of 5.4.8.

For gas detection control unit and separate gas detection control unit with at least three inputs for Type
HM, the tests may be performed using one unit only.

If a test sample ceases to function during the test sequence, then the test laboratory shall decide which
tests have to be repeated with a replacement sample. The decision and its justification shall be described

in the test report.

5.2.1.2 Sequence

The unpow
shall be pe
which are U
used).

All remainir
laboratory.

If the desig
laboratory
The decisio

In the case
detection fy
minimum: n

5.2.1.3 Gas detection transmitter

For gas d¢
5.4.6.6,5.4

ered storage test 5.4.2 shall be conducted prior to all remaining tests. The vibration
formed after unpowered storage testing for pre-conditioning purposes for thosete

g tests shall be performed to a schedule agreed upon between the manufacturer g
However, the test 5.4.3 shall be conducted prior to the tests of 5.45,"5.4.6.9 and 5.4,

est5.4.4.1
st samples

sed for the tests 5.4.3,5.4.4.2, 5.4.5,5.4.6 and 5.4.7 (5.4.7.3 excluded, if a separat¢ sample is

nd the test
6.10 .

h of equipment, which has been tested previously to this ‘document, is modified th
hall agree with the manufacturer which tests have to be repeated with the modified
n and its justification shall be described in the test report.

of modifications to the software or of electronie:components which are part of theg
nctionality (signal chain from sensor to oufput(s)) the following tests shall be rep
neasurement of deviations, alarm set point(s); time-weighted (TWA) function, time of

tection transmitter the following-tests shall be performed: 5.4.2 to 5.4.4.1, 5.4.5,

en the test
bquipment.

basic gas
bated as a
response.

54.6.2 to

6.8 t0 5.4.6.11, 5.4.7 to 5.4.41"(if applicable) using the parameters of the transfer fur

5.2.1.4 Separate gas detection control unit

For separate gas detection,control units the following tests shall be performed: 5.4.2, 5.4

5451, 5.4

ction.

3, 54.41,

.6.1, 5.4.6.2,'5.4.6.4, 5.4.6.5, 5.4.6.6, 5.4.6.9, 5.4.7, 5.4.9 and 5.4.10 using the par

the transfer

5.2.2 Pre

function(s)-

baration of equipment before each test

ameters of

The resolution of the indicating device used for the purpose of type testing shall be at least one order of
magnitude better than the indication for each test gas concentration. The resolution when clean air is
applied shall be equal to or better than the resolution at the lowest test gas concentration. Suppression of
indications of the equipment under test shall be disabled.

5.2.2DV.1 DE Modification of Clause 5.2.2, first paragraph to add “(e.g. deadband)” after
“Suppression”.

NOTE The resolution of indicating devices which fulfil the requirements of 4.2.2.2 might not be sufficient for type testing. It may then
be necessary to increase the number of decimal places indicated or provide suitable points for additional indicating or recording
devices described below.
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If necessary, the manufacturer shall identify suitable points for connecting indicating or recording devices
for the purpose of testing the compliance of the equipment with this document. The indication on the
display and other output devices of the equipment shall not contradict the results obtained by the
indicating or recording devices.

The equipment shall be prepared and mounted for typical use, in accordance with the instruction manual,

including all necessary interconnections, initial adjustments and initial calibrations.

Adjustments may be made at the beginning of each test.

Once a p

articular_test has begun, further adjustments shall not be made except where specifically

permitted K

a) Equipmént having remote sensors.

For
con
par
optl

For
reni
faci
test

loadl conditions for the test in question shall be permitted. The worst-case load conditid

det

For
the
ma
of t

b) Separat
The
in g
with
test

y the particular test procedure. In particular the following points shall be noted:

the purpose of the tests in 5.4, where reference is made to exposuré€)of'the senso|
ditions, the entire remote sensor (including any or all normally attached protective
s) shall be exposed. The exact configuration of the equipment, ‘including use of or
onal accessories, shall be included in the test report.

Type HM equipment having connection facilities for morehan three remote sensorg
ote sensors need to be subjected to the tests. ForType SM equipment having

s. The replacement of the remaining sensors by:"dummy" impedances yielding the

brmined by the testing laboratory within the limits specified in the instruction manual.

equipment having remote sensor(s), alltests shall be performed with resistances ¢
detector circuit to simulate the\maximum line resistance specified by the
hufacturer, except where minimum line resistance offers a more stringent test in the
he test laboratory.

b gas detection control units.

replacement of alhtransmitters by appropriate signal sources and worst-case loadsg
uestion shall be permitted. The worst-case loads shall be determined by the tes

report.

c) Equiment having integral sensors.

I to the test
mechanical
removal of

, only three
connection

ities for more than one remote sensors, only one/emote sensor needs to be subj¢cted to the

worst-case
ns shall be

bnnected in
equipment
judgement

for the test
t laboratory

in the limits_specified in the instruction manual. The chosen loads shall be documénted in the

The entire equipment shall be exposed to the test conditions (not including test gases) without
removal of any normally attached parts. The exact configuration of the equipment, including use of
or removal of optional accessories, shall be included in the test report.

Tests 5.4.3, 5.4.6.5, and 5.4.6.6 shall be performed without and with any sampling probe.

d) Alarm-only equipment.

Readings shall be taken using an external indicating or recording device connected to test points
as specified in this clause.

The use of optional extra protective mechanical parts (e.g. carrying case) shall be agreed between the
manufacturer and the test laboratory. If used, optional accessories shall be either attached or removed
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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 optional
accessories, shall be included in the test report.

5.2.3 Mask for calibration and test

When a mask is used for calibration or for the application of test gas to the sensor, the design and
operation of the mask, in particular the pressure and velocity inside the mask, shall not influence the
response of the equipment or the results obtained.

A suitable calibration mask may be provided with the equipment together with details of pressure and flow

rate for application of calibration gases to the equipment.

If a suitablg| calibration mask is provided with the equipment, then this mask may be used|

5.3 Normal conditions for test

5.3.1 General

The test cgnditions specified in 5.3.2 to 5.3.11 shall be used for all tésts, unless otherwise stated in the
particular tgst.

5.3.2 Testgas(es)

The test gapes shall be mixtures of clean air with the gag'for which the equipment is intended to|be used.

If clean air ¢annot be used because of instability ofithe test gas then nitrogen shall be used as the balance
gas. If the [sensor characteristics are affected by the balance gas, the test procedure shall |be agreed
between thé manufacturer and the test laboratory and specified in the test report.

The tolerar
fractions of

For the pur
to clean air

ce on the nominal volume:.fraction of all test gases shall not exceed + 10 %. T
all test gases shall be knawn to a relative expanded uncertainty of + 5 %.

bose of this document, where it is appropriate to use zero gas rather than clean air,
may be regardedias references to zero gas.

For Type HM equipment, the standard test gas shall have a volume fraction equal to the refer
specified in| Table*A=1. For gases not included in Table A.1, a value agreed between the manufacturer and
the test labpratery considering the occupational exposure limit value shall be used and specifieq

report.

he volume

references

ence value

in the test

For Type SM equipment, the standard test gas shall have a volume fraction equal to 50 % of the upper
limit of measurement.

5.3.3 Flow rate for test gases

When the equipment is exposed to the test gases, the flow rate of the gases shall be in accordance with
the instruction manual.

5.3.4 Power supply

a) fixed AC or DC powered equipment shall be operated within £2 % of the manufacturer’s recommended
supply voltage and frequency.
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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 5.4.5.1 shall be carried out with all batteries specified
in the instruction manual.

NOTE Long term testing is deemed to last longer than the operating time with fully charged batteries.
5.3.5 Temperature

The ambient air and test gases shall be held at a temperature constant to £2 K 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 5.4.4.1 and 5.4.7.3; the temperature conditions shall not result in
damage to|the sensor.

5.3.6 Pregssure

The tests ghall be performed at the prevailing ambient pressure provided that'it)lies between B6 kPa and
108 kPa. If a deviation greater than +1 kPa occurs during a test, the presstre“changes shall e recorded
and taken [nto account, using the results of the pressure test 5.4.5.2.

5.3.7 Humidity

The relative humidity (RH) of the ambient air, clean air and test'gases shall be within the range stated in
the instrucfion manual throughout each test.

The relative humidity (RH) of the clean air and test\@ases shall be controlled to be within +10 % RH of
initial condjtion throughout each test. The pressure, tést 5.4.5.2 shall be performed with clean Jair and test
gases having the same volume fraction of watervapour.

The use of dry gases is permitted when the application and maximum duration are agreed Hetween the
manufactufer and the test laboratory. . The properties of the sensor shall be taken into account.

EXAMPLE: Dyying out is an example of a property of the sensor.

The requirements of this clause need not be fulfilled for tests 5.4.4.1 and 5.4.7.3; the humidity conditions
shall not rgsult in damage to'the sensor.

5.3.8 Ac¢limationitime

In each ingtance where the equipment is subjected to a different test condition, the equipment shall be
allowed to mmmm i iti ;

5.3.9 Orientation

The equipment shall be tested in the orientation recommended in the instruction manual.
5.3.10 Communications options

For equipment having communications options used during normal gas detection operation, tests in 5.4.3,
5.4.5.1, 5.4.6.5 and 5.4.6.6 shall be performed with all communication ports connected. The maximum
transaction rate, communication channel characteristics and activity level specified in the instruction
manual shall be employed.
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5.3.11 Gas detection equipment as part of systems

For gas detection equipment, which are part of systems, tests in 5.4.3, 5.4.5.1, 5.4.6.5, 5.4.6.6, 5.4.6.8
and 5.4.6.9 shall be performed with the maximum system communications transaction rate and activity

level.

5.4 Tests

5.4.1 General

Tests shal
requireme

s of Clause 4.

The equiprent shall meet the performance requirements of Annex A. To determine ithe pgrformance

requireme
with agree
followed.

Take one
stated.

The values
be taken afi

If, however
shall be ag
stabilized.
calibration
adjustment

5.4
sh

For equipm
measuring

s for gases not listed within Table A.1, the general limit value guidelings ‘of Table
ent on performance requirements between the manufacturer andCiest laborato

pading in clean air and in the standard test gas before and after each test, unless

of the indications used for verification of compliance with the performance requirer
er stabilization (see 3.6.3), unless otherwise stated:

reed between the manufacturer and the fést laboratory when the equipment is deeg
[his time shall not exceed 7,5 min and shall be specified in the instruction man
has application time. This calibration.gas application time shall also be used for cali
of the equipment, and when performing the tests.

1DV.1 DE Modification of Clause 5.4.1, fifth paragraph to delete “not exceed 7,
.

ent having more than one selectable indication or measuring range for a gas, each
range shall betested. For the second and subsequent ranges, the necessary amour

shall be agileed uponbetween the manufacturer and the test laboratory.

If different

sensors are used for achieving different measuring ranges of the equipment, all t

A.1 along
'y shall be

otherwise

nents shall

the sensor characteristics do not allow the-equipment to stabilize within 7,5 min, then a time

med to be
ual as the
bration and

5 min and

associated
t of testing

ests of 5.4

shall be applied for each sensor.

For Type HM equipment, the most sensitive measuring range which is in accordance with 4.2.1 shall be
tested in accordance with the whole of 5.4 and the calibration curves of the other ranges shall be tested in
accordance with 5.4.3.1, as a minimum. The least sensitive range shall also be tested in accordance with
5.4.6.9.

For Type SM equipment, the most sensitive measuring range shall be tested in accordance with the whole
of 5.4 and the calibration curves of the other ranges shall be tested in accordance with 5.4.3.2, as a
minimum. The least sensitive range shall also be tested in accordance with 5.4.6.9.

The acceptance criteria in the following sub-clauses except for 5.4.3 are the maximum permitted
deviations of the indications of the equipment from the reference indications obtained at the start of the
test or at reference conditions (e.g. at reference temperature 20 °C).
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5.4.2 Unpowered storage

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

a) a temperature of (—20 + 3) °C for (24 +1/0) h;

b) ambient

temperature for at least 24 h;

c) a temperature of (40 + 2) °C for (24 +1/0) h;

o for ot Inoot D4 .

d) ambientt

The humid
ambient ai

aranaoratbiie o y|
TP TratoTrcTor atiicastzZT 1T,

ity requirement of 5.3.7 does not apply at the temperature of -20 °C. The hum
shall be such that condensation does not occur.

5.4.3 Measurement of deviations

5431 Z

Each indic
application
instruction

pro uncertainty, relative expanded uncertainty and calibrationcurve for Type HM

btion shall be taken after a time interval equal to 10 times the time of response #(50)
and equal to 10 times the time of recovery {(50) for‘clean air application, as spe
manual. Expose the equipment to test gases with the.following volume fractions of t

test gas: 0,1 (except if not practicable as stated below); 0}5; 1; 2; 5 (or 90 % of the up

measurem|
equipment
which are
below the
fraction sh

NOTE Conce
uncertainty of

ent if 5 times is outside the measuring range): For each test gas volume fraction,
to clean air and then the test gas and repeatthis cycle a total of six times. In the ca
very difficult to handle at low volume fragtions, the lowest possible test gas volu
standard test gas volume fraction shalk be used instead of 0,1. The lowest test

Il not exceed 0,2 times the standard\test gas volume fraction.

ntrations greater than 5 times the reference value are not considered relevant to the calculation of relg
Type HM equipment.

Calculate

he lower limit of measurement as specified in 6.3 using the indications in clean

conjunction with the test gas volume fractions up to and including two times the standard test
fraction. Calculate for each-test gas volume fraction, the relative expanded uncertainty as speci

Acceptanck criteria ofithe equipment is based upon 6.4.

5.4.3.2

libration curve for Type SM

idity of the

for test gas
cified in the
he standard
per limit of
expose the
se of gases
me fraction
jas volume

tive expanded

bir taken in
gas volume
fied in 6.2.

Each indication shall be taken after a time interval equal to 10 times the time of response #(50)
application and equal to 5 times the time of recovery #(10) for clean air application, as specified in the

instruction

manual.

for test gas

Expose the equipment to test gas volume fractions of: 0 %, 10 %; 30 %; 50 %; 70 %; and 90 % of the
upper limit of measurement, starting with the lowest and finishing with the highest volume fraction. This
operation shall be performed three consecutive times.

Acceptance Criteria: Each indication shall not differ from the volume fraction of the test gas by more than
120 % of the test gas volume fraction or £10 % of the upper limit of measurement, whichever is the

greater.
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5.4.4 Mechanical tests

5.4.4.1 Vibration

54411 Testequipment

The vibration test machine shall consist of a vibrating table capable of producing a vibration of variable
frequency and amplitude with the test equipment mounted in place, as required by IEC 60068-2-6 and the
following test procedures.

wever, the

The temperature _pressure and h||mir1ify conditions shall not result in damngp to the sensor; h

requiremen
5.4.41.2
54.4.1.2.1

The test sh

ts for ambient temperature 5.3.5, pressure 5.3.6 and humidity 5.3.7 need not be fulfi
Procedures
General

bll be performed in accordance with IEC 60068-2-6.

The equipment shall be mounted on the vibration table in the same manner as installed for us

any accesg
equipment.

The alarm s
— for Type K
— for Type §

If the alarn
possible to

The equip
to each of
in clean air
air. If neces

ories, resilient mounts, carrier or holding devices that-are provided as standard g

et point shall be set:
1M equipment, at 80 % of the standard test.gas volume fraction;
bM equipment, at 10 % of the upper.limit of measurement.

set point cannot be set at this volume fraction, the alarm set point shall be set
this volume fraction.

nt shall be energized and vibrated successively in each of three planes respectiv|

e
r;Le three major axes of the equipment. Before and after the test, measurements shg

and then with standard test gas. During vibration, the equipment shall be operated
sary, clean airmay be applied to the sensor in order to obtain a stable indication.

The equipment<shall be vibrated over the frequency range specified at the excursion @

acceleratio

h peak specified, for a period of 1 h in each of the three mutually perpendicular p

frequency s

led.

e including
arts of the

AS near as

ely parallel
Il be taken
in ambient

r constant
lanes. The

hall continuously change exponentially with time and the rate of change of freque

y shall be

one octave

54.4.1.2.2

per minute.

Procedure 1

For portable and transportable equipment, remote sensors, gas detection transmitters and 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);

—31,5Hz to 150 Hz, 19,6 m/s? acceleration amplitude.
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54.4.1.23

Procedure 2

For gas detection control units and separate gas detection control units, 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/s? acceleration amplitude.

5.44.1.3

Acceptance criteria

During the
fault signal

Type HM ¢
limit of me
deviation g

Type SM e
upper limit
the indicati

vibeation oot tha Aot b all At o ffny S oo f fnotinn oy A S fo
VTIoTatoOT T tC oG T~ CqonpT et oraT ot SunCTarty oSS O oot oTT or—grve—arty—rat

The equipment shall not suffer damage resulting in hazard or loss of function.

quipment: The deviation of the indications in clean air shall be less than or equal {
hsurement in Table A.1 or the value specified in the instruction manual,whichever is
f the indications in standard test gas shall be within £20 % of the indication.

quipment: The deviation of the indications in clean air shall be less’than or equal to
of measurement. The deviation of the indications in standard\{est gas shall be with
on.

5.4.4.2 Dprop test

This test {

lse alarm or

o the lower
lower. The

10 % of the
n +20 % of

hall be performed only on portable and transportable equipment. If the instruction manual

specifies that components of fixed equipment can be used like portable or transportable equip

componen
recommen

Portable €
surface an

Transportg
of (0,3 ;"9

Other trans
a concrete

All heights

s shall be considered to be portablexor transportable for this test. If the m
(s that the equipment be used in its carrying case, the test shall be performed with th

uipment shall be released, while operating, from a height of (1 ,*>%) m above
d allowed to free fall.

ble equipment with a mass less than 5 kg shall be released, while not operating, fr
® ) m above a concrete surface and allowed to free fall.

portable equipment shall be released, while not operating, from a height of (0,1 "9
surface and.allowed to free fall.

are measured from the lowest point of the equipment.

ment, these
anufacturer
e case.

a concrete

bm a height

¥ ) m above

The test re

ing released

each time with a different side (surface) facing down at the time of release and the transportable

equipment

to be in an orientation for normal transport.

Before and after the test, measurements shall be taken in clean air and then with standard test gas.

The equipment shall be considered 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.

Acceptance criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
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whichever is lower. The deviation of the indications in standard test gas shall be within +20 % of the
indication.

Acceptance criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas

shall be within £20 % of the indication.

54.5 Env

ironmental tests

5.4.51 Temperature

This test s
equipment
at the samgq

nall be performed in a temperature chamber having the capability of holding._the
bt the temperatures specified below within +2 °C. The clean air and standardtest g
temperature as the atmosphere in the test chamber. The dew point of the test' gas

sensor or
as shall be
es shall be

below the Ipwest temperature of the test chamber and kept constant during the test,
While waiting for the equipment to acclimate at the new temperature, the sensor shall be exposed to the
ambient or|clean air inside the temperature chamber. The ambient air or clean air shall have & minimum

humidity wh

The require

ere necessary to avoid drying out the sensor.

ment of 5.3.7 relating to the ambient air does not apply. Fhe humidity of the ambig

be such thdt condensation does not occur.

At each tenpperature record the indication in clean air and,standard test gas and then perform te

Tests shall

—for gas d
and 55 °C;

— for portab
— for portab
—for all oth

— for all oth
40 °C.

be carried out:

btection control units and separate gas detection control units: at temperatures of §

le equipment: at temperatures of -20 °C, 5 °C, 20 °C and 40 °C;
le equipment with restricted temperature range: at temperatures of 5 °C, 20 °C and 4
br types of equipment: at temperatures of =20 °C, 5 °C, 20 °C and 55 °C;

er types-of equipment with restricted temperature range: at temperatures of 5 °C,

nt air shall

°C, 20 °C

0°C;

20 °C and

The minimt

mtemperature may need to be increased for substances with low vapour pressure

in order to

ensure that

the appropriate volume fraction of the substance in the test gas may be reached.

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

Acceptance Criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever is lower. The deviation of the indications in standard test gas shall be within £20 % of the
indication.

Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication.
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5.4.5.2 Pressure

The effects of pressure variation shall be observed by placing the equipment (including the aspirator for
aspirated equipment) in a test chamber that permits the pressure of the test gases to be varied. 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.

Tests shall be performed at pressures of 80 kPa, 90 kPa, 100 kPa, 110 kPa and 120 kPa. The 120 kPa
pressure level may be omitted if the instruction manual specifies that the equipment is not intended for use

for above 1

10 kPa pressure levels.

NOTE For be

The pressiire shall be changed with a rate less than 20 kPa/h or at a greater rate if agreed b

test labora

The requir

be such that condensation does not occur.

The equipr

For Type H
each 10 k

ow ground applications the pressure levels can exceed 110 kPa.

ory and the manufacturer.

bment of 5.3.7 relating to the ambient air does not apply. The humidity of the ambi

hent shall be exposed sequentially to clean air, and then standard test gas, at each g

M equipment, calculate the differences between themeasured values in standard
Pa step, i.e. 80 to 90 kPa, 90 to 100 kPa, 100 to. 410 kPa, 110 to 120 kPa (if tes

etween the

ent air shall

ressure.

test gas for
ted) for the

calculation|of the uncertainty according to 6.2.2.4.
Acceptancg Criteria for Type HM equipment: The deviation of the indications in clean air at a|l pressures
from that at 100 kPa shall be less than or equal to.the lower limit of measurement in Table A.1 or the value

specified i
at all press

Acceptanc
or equal to
shall be wi

5.4.5.3 Humidity of test-gas

The test shall be conducted at a temperature of (40 + 2) °C. After an acclimation time of at le

equipment

The test sH

the instruction manual, whichever isdower. The deviation of the indications in stand
ures from that at 100 kPa shall be within +35 % of the indication.

e Criteria for Type SM equipment: The deviation of the indications in clean air shall &

ard test gas

e less than

10 % of the upper limitcofy¥measurement. The deviation of the indications in standard test gas

hin +35 % of the indication.

shall b€ calibrated and adjusted as specified in the instruction manual.

all then be performed at relative humidities of 20 %, 50 % and 90 %. At each relati

ast 2 h, the

e humidity,

the equipn

eNt oF Sensor shall be acciimated 1 clean air for (60 ;> ) minutes and then exp

standard test gas. The relative humidity levels shall be known to within £5 % (RH).

sed to the

The volume fraction of the test gas shall be held constant, or due allowance of changes in its concentration
by dilution in water shall be made.

For certain gases, it may be necessary to reduce the temperature and/or highest humidity level to a level
at which a stable test gas mixture can be prepared. In these circumstances, the instruction manual shall
specify the temperature and highest humidity level tested.

Acceptance Criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever is lower. The deviation of the indications in standard test gas shall be within £20 % of the
indication.
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Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication.

5.4.54 Ai

r velocity

The effects of air velocity on diffusion equipment shall be determined by the following test with ambient air
and standard test gas.

The equipment with integral sensor or the remote sensor shall be tested in a flow chamber in both ambient

air and stan

dard test gas.

Clean air {
commonly

For equip

e
equipmen‘:]:or carrying out the test shall be permitted. In this case the "otherflow equipmer

described i

The sensof
recommeng

Irrespectivg
respectto t

1) flow dire
2) flow dire

3) flow dire

Each orientation is given with a tolerance of £5°.

Measuremgnts shall be madé uhder non-forced ventilation conditions, at (3 £ 0,3) m/s and at (6

Directions ¢

Acceptancg
or equal to

hall be used instead of ambient air for low measuring ranges of toxic gases
bresent in ambient air.

nt with integral sensors, which are too large to be tested in a_flow’ chamber,

the test report.

shall be operated in the orientation recommended by the manufacturer. If there
ation e.g. for portable equipment, a typical orientation shall'be used.

of whether a flow chamber or other flow equipment is used, the direction of the a
ne sensor inlet shall be as follows:

Cted at the sensor inlet;
cted 180° to item 1 above);

Cted 90° to item 1 above).

f flow which:are prohibited within the instruction manual shall not be tested.

Criteriafor Type HM equipment: The deviation of the indications in clean air shall b
theNower limit of measurement in Table A.1 or the value specified in the instructi

whichever

which are

other flow
t" shall be

is no such

ir flow with

+ 0,6) m/s.

e less than
bn manual,

s lower The deviation of the indications in standard test gas shall be within +2

D % of the

indication.

Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication.

5.4.6 Performance tests

5.4.6.1 Al

arm set-point(s)

When equipment is provided with either:

a) user adjustable means of setting either one or more alarm set-points; or
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b) internally pre-set alarm point(s).

The activation of such alarms by gas at the appropriate set point values shall be verified by using test gas
in the following manner:

For equipment of type a) above with a single alarm set-point, set it to a point equivalent to 80 % of the
volume fraction of standard test gas.

For equipment of type a) above with more than one alarm set-point, set all of the alarm set-points
separately to 80 % of the volume fraction of standard test gas.

If an alarm set-point cannot be set at this volume fraction, the alarm set-point shall be setyas close as
possible tolthis volume fraction.

For equipment of type a) above with alarms which have been set to 80 % of-the* volumg fraction of
standard tést gas, and for equipment of type b) above where the pre-set alarniset-point is ip the range
70 % to 80 % of the volume fraction of the standard test gas, the activation of\the alarm shall pe checked
by exposure to standard test gas.

For other gquipment of types a) and b) above, for each alarm which has a set point below 70 [o or above
80 % of the volume fraction of the standard test gas, expose the sensor to a test gas equivalent to (120
1 10) % of the volume fraction corresponding to the individual alarm set-point.

If a latching alarm is provided, the latching and the manual reset action shall be checked.
The alarm ghall be activated by the test gas at each set-point within #(90).

5.4.6.2 T)me to alarm or alarm reading

This test is|part of the temperature test,.see’5.4.5.1.

Set the algrm, if available, at 15 %.of the upper limit of measurement. Subject the equipment to a step
change from clean air to a test gas‘with a volume fraction of 75 % of the upper limit of measurement.

If the alarnmp is pre-set by the manufacturer and cannot be changed, a test gas equivalent to fiye times the
preset levdl shall be used:

Introduce the test.\gas by means of a mask or a chamber filled with this test gas into which tte sensor is
rapidly intrpduced.

Measure the time interval from making the step change to obtaining an alarm or, if no alarm is available or
cannot be set to 15 % of the upper limit of measurement, until the measured value reaches 15 % of the
upper limit of measurement.

Acceptance Criteria: The time to alarm or alarm reading shall not be greater than 20 s for temperatures at
and above 5 °C and 30 s for temperatures below 5 °C.

5.4.6.3 Flow rate
This test shall only be performed for aspirated equipment.

For automatically aspirated equipment, an adjustable low flow fault signal shall be set to the minimum set
point.
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To test the low flow fault signal decrease the flow rate of clean air until the low flow fault signal operates.
The equipment shall then be exposed to standard test gas and the flow rate varied:

—from 130

% of the nominal flow rate or, if this is not possible, from the nominal flow rate,

—10 110 % of the flow rate at which the low flow fault signal is set.

All other aspirated equipment shall be tested by varying the flow rate of standard test gas from the
maximum to the minimum value as specified in the instruction manual.

D % of the

Acceptance Criteria: The deviation of the indications in standard test gas shall he within +2

indication. ]
54.64 W

An adjustal
set point, w

Expose the

Wait until the indication of equipment is stabilised in ambient or €lean air, then switch off the

and place

minimum o
specified in
and record

Acceptancg
or equal to
whichever

indication. 7

Acceptancg
or equal to
shall be wit

54.6.5 Ti
Expose the

air and star
air. The diff

he low flow fault signal shall be activated for automatically aspirated equipment,
arm-up time

le alarm set point shall be set to 20 % of the upper limit of measurement or the lowe
hichever is higher.

equipment to clean air and standard test gas until stabilized-and’record the indicatio

n ambient air for a minimum period of 24 h. Thern\expose the equipment to cleg
f 1 h. Switch on the equipment and record the indication at the end of the wa
the instruction manual. Immediately expose the‘equipment to standard test gas unt
the indication.

Criteria for Type HM equipment: The deviation of the indications in clean air shall b
the lower limit of measurement in Jable A.1 or the value specified in the instructi
s lower. The deviation of the indications in standard test gas shall be within +2
here shall be no false indication-or false alarm.

Criteria for Type SM equipment: The deviation of the indications in clean air shall b
10 % of the upper limit-of measurement. The deviation of the indications in standa
hin £20 % of the indication. There shall be no false indication or false alarm.

e of response

equipment to a step change from clean air to standard test gas. The relative humid
dard test gas shall conform to the requirements of 5.3.7 for the relative humidity of t
brence in humidity between clean air and test gas shall not be greater than 5 % (RH)

st available

equipment
n air for a
m-up time
| stabilized

e less than
bn manual,
D % of the

e less than
rd test gas

ty of clean
he ambient

Perform this test for diffusion equipment using a diffusion test method (e.g. see B.2.2), which allows the
equipment to be exposed to the step change. If such a method cannot be used due to the properties of the
test gas then a calibration mask method (e.g. see B.2.1) may be used.

EXAMPLE: Examples of such properties are absorption and stability.

5.4.6.5DV.1 DR Modification of Clause 5.4.6.5, second paragraph to add “at less than 0.3
m/s flow after “(e.g. B.2.2)”.

For aspirated equipment, the step change shall be applied at the gas inlet.
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Measure the time intervals #(50) and #(90), from making the step change to obtaining 50 % and 90 % of the
final indication (see Annex B).

Acceptance Criteria: The times of response #(50) and #90) shall not exceed the requirements in Table A.1.
For a gas which is not in the table, the time of response #(90) shall not exceed 150 s; the time of response
(50) shall not exceed 60 s.

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.

5.4.6.6 Tjme of recovery

Expose th¢ equipment to standard test gas for (450 £10) s and then to a step change ‘to.ambient air. The
relative humidity of standard test gas shall conform to the requirements of 5.3.7 for the relative| humidity of
the ambient air. The difference in humidity between standard test gas and ambient-air shall nof be greater
than 5 % (RH).

Perform this test for diffusion equipment by applying standard test gas\using the mask thgn suddenly
removing the mask and exposing the sensor to ambient air. The airwelocity at the sensor inlet shall not
exceed 0,9 m/s.

For aspirated equipment, the step change shall be applied at the‘gas inlet.

Measure the time intervals {(10) and #(50) from making, the step change to obtaining 10 % and |50 % of the
initial indication.

Acceptancg Criteria: The times of recovery {(50)and #(10) shall not exceed the requirements in Table A.1,
for a gas which is not in the table, the time_of tecovery {(10) shall not exceed 300 s; the time [of recovery
£(50) shall pot exceed 60 s.

For an optipnal sampling probe, an(extra test is required to measure the additional delay. This ghall 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.

5.4.6.7 Addition of sampling probe (portable and transportable equipment only)

The equipent shall first be exposed to clean air and the standard test gas without the sampling probe.
The sampl|ng prabe shall then be added, and the exposures repeated.

Acceptance Criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever is lower. The deviation of the indications in standard test gas shall be within +20 % of the
indication.

Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication.

5.4.6.8 Field calibration kit

Calibrate the equipment with clean air and standard test gas using the field calibration kit according to the
instruction manual with no forced ambient ventilation and record the indication.
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Apply clean air and standard test gas to the equipment as in normal operation with no forced ambient
ventilation and record the indication.

Afterwards, apply standard test gas to the equipment using the field calibration kit and increase the
ambient air speed to 6 m/s perpendicular to that part of the field calibration kit directly connected to the

sensor and

record the indication.

Acceptance Criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever is lower. The deviations of the indications in standard test gas shall be within £10 % of the

indication.

Acceptancg
or equal to
shall be wit

5.4.6.9 Gas concentrations above the upper limit of indication

Measuremgnts shall be taken in clean air and standard test gas.

Expose the
upper limit
transportab

Expose thg
standard te

Acceptancg
or equal to
whichever
indication. 7

5.4

Ad

Acceptancg
or equal to

16.9DV.1 DE Modification of Clause 5.4.6.9 in accordance with the following:

Criteria for Type SM equipment: The deviation of the indications in clean air shall'b
5 % of the upper limit of measurement. The deviations of the indications in standa
nin £10 % of the indication.

equipment to a step change from clean air to test gas with a volume fraction of
of indication and maintain for 10 min for portableyequipment and 30 min for
le equipment.

equipment to clean air for 60 min and record the final indication. Expose the eq
5t gas until stabilized and record the indication.

Criteria for Type HM equipment: Thé& deviation of the indications in clean air shall b
the lower limit of measurement in"Table A.1 or the value specified in the instructi
s lower. The deviation of the indications in standard test gas shall be within +2
An over-range condition shall-bé clearly indicated and, where fitted, an alarm shall be

Criteria for Type SM equipment: The deviation of the indications in clean air shall b
10_% of the upper limit of measurement. The deviation of the indications in standa

e less than
rd test gas

P times the
fixed and

uipment to

e less than
bn manual,
D % of the
activated.

d “or shall latch when over-range is reached thus requiring recovery and re-calibration”
at the end of the.second sentence of the fourth paragraph.

e less than
rd test gas

shall be wit

an alarm shall be activated.

5.4

.6.9DV.2 DE Modification of Clause 5.4.6.9 in accordance with the following:

hin £20 % of the indication. An over-range condition shall be clearly indicated and, where fitted,

Add “or shall remain in a latched state” at the end of the first sentence” and “or shall latch
when over-range is reached thus requiring recovery and recalibration” at the end of the
second sentence of the fifth paragraph.
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5.4.6.10 Extended operation in test gas
5.4.6.10.1 Portable equipment
Measurements shall be taken in clean air.

Operate the equipment for 8 h per day in a test gas of a volume fraction in accordance with the reference
value of Table A.1 over 3 days or for equipment with a calibration period less than 3 days until the end of
the calibration period. For the rest of each day, the equipment shall be switched off and placed in ambient
air.

For each 8|h period, record the indication after 10 min, at 4 h and at the end of the period.

After the fipal 8 h period, expose the equipment to ambient air for 60 min and then record the indication in
clean air.

Acceptancg Criteria for Type HM equipment: The deviation of the indications in clean air shall he less than
or equal td the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever [is lower. The deviation of the indications in standard test _gas’ shall be within £+20 % of the
indication.

Acceptancg Criteria for Type SM equipment: The deviation of thejindications in clean air shall he less than
or equal td 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication.

5.4.6.10.2 | Fixed and transportable equipment
Measuremgnts shall be taken in clean air and standard test gas.

Operate the equipment continuously for 7 days in test gas or for equipment with a calibration|period less
than 7 days until the end of the calibration period. The test gas volume fraction shall be the reference
value of Taple A.1.

Expose th¢ equipment to ambient air for 60 min and then record the indication in clean air and standard
test gas.

Acceptancg Criteriafor-Type HM equipment: The deviation of the indications in clean air shall he less than
or equal td the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever [is lower. The deviation of the indications in standard test gas shall be within £+20 % of the
indication.

Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication.

5.4.6.11 Orientation tests
5.4.6.11.1 Portable equipment

Rotate the equipment while applying clean air and then standard test gas, through 360° in steps of 90°
around each of its three mutually perpendicular axes. Record the stabilized indication in each position for
application of both clean air and standard test gas.
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Acceptance Criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever is lower. The deviation of the indications in standard test gas shall be within £20 % of the
indication.

Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas

shall be within +20 % of the indication.

5.4.6.11.2

Fixed and transportable equipment

Test the eq
nominal ori
orientation,
the vertical

Acceptancg
or equal to
whichever
indication.

Acceptancg
or equal to
shall be wit

5.4.7 Ele¢

5.4.71
This test sh

The equipn
beginning g

Expose the

Battery capacity for battery-powered.equipment

uipment with integral sensor or remote sensor with clean air and standard test
bntation and at the orientation limits stated in the instruction manual or £15° fromt
whichever is greater. Perform the test for each of two mutually perpendicular-axes
axis.

Criteria for Type HM equipment: The deviation of the indications ip, elean air shall b
the lower limit of measurement in Table A.1 or the value specified’in the instructi

s lower. The deviation of the indications in standard test gas_shall be within +20

Criteria for Type SM equipment: The deviation of the~indications in clean air shall b
10 % of the upper limit of measurement. The deviation of the indications in standa
nin £20 % of the indication.

trical tests

all be carried out with all batteries“specified in the instruction manual.

nent shall be fitted with (new batteries or rechargeable batteries shall be fully cha
f the test.

equipment to clean air for a minimum of 1 h. Switch the equipment on and perfor

measurem
total period
equipment
shall be ta

nt in clean air.and standard test gas. Then the equipment shall be operated in ambi
of 7 h, of)for a lesser period if specified by the manufacturer. At the end of this
hall be_exposed to clean air for 1 h and then a measurement in clean air and standg

gas at the
he nominal
excluding

e less than
bn manual,
% of the

e less than
rd test gas

ged at the

m an initial
bnt air for a
period, the
rd test gas

test gas shall be repeated 10 min after indication that the Iow-battery condition has been reached. 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.

For long life batteries, suitable methods for shortening the test duration may be agreed between the
manufacturer and the test laboratory.

Acceptance Criteria for Type HM equipment: The deviation of the indications in clean air shall be less than
or equal to the lower limit of measurement in Table A.1 or the value specified in the instruction manual,
whichever is lower. The deviation of the indications in standard test gas shall be within +20 % of the
indication. The low battery indication shall be activated.
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Acceptance Criteria for Type SM equipment: The deviation of the indications in clean air shall be less than
or equal to 10 % of the upper limit of measurement. The deviation of the indications in standard test gas
shall be within £20 % of the indication. The low battery indication shall be activated.

5.4.7.2 Power supply variations (excludes battery-powered equipment)

The equipment shall be set up at nominal supply voltage and, for AC powered equipment, rated frequency.
For equipment with remote sensors, the test shall be performed with both maximum and minimum

resistance

The alarm

of the interconnecting cable.

set point shall be set at 10 % of the upper limit of measurement. If the alarm set poin

t cannot be

set at this ¢

The equipfnent shall be exposed to clean air and standard test gas and the reading recorde

100 % and
the instrud
lower limits

It shall be
properly eV

The analo
+2 % abov|

Acceptanc
or equal tg
whichever
indication.

Acceptanc
or equal to
shall be wi
correctly.

5473 E

5.4.7.3.1

oncentration, the alarm shall be set as near as possible to that concentration.

80 % of nominal supply voltage and at +2 % above the lower supply voltage fault |
tion manual specifies another supply range, the equipment shall be-fested at the
of that range.

verified at +2 % above the lower supply voltage fault limit thatall output functions
en at the worst case load conditions.

jue outputs shall be tested at the maximum outputclevel. Relays shall be able to
b the lower supply voltage fault limit.

b Criteria for Type HM equipment: The deviation of the indications in clean air shall &
the lower limit of measurement in TablevA.1 or the value specified in the instruct
is lower. The deviation of the indications in standard test gas shall be within £2
No false alarm shall be activated. All output functions shall operate correctly.

e Criteria for Type SM equipment: The deviation of the indications in clean air shall &

hin £20 % of the indication:'No false alarm shall be activated. All output functions s

ectromagnetic-compatibility

Test

The equip
in IEC 61

ent, including the sensor and interconnecting wiring, shall be subjected to the test
26-1:2012, Table 2. The emission tests of IEC 61000-6-3 or of IEC 61000-6-4, as

d at 115 %,
mit. Where
upper and

bre working

energize at

e less than
on manual,
0 % of the

e less than

10 % of the upper limit of measurement. The deviation of the indications in standard test gas

hall operate

5 described
applicable,

shall be pe

rmormed.

The temperature, pressure and humidity conditions shall not result in damage to the sensor; however, the
requirements for ambient temperature 5.3.5, pressure 5.3.6 and humidity 5.3.7 need not to be fulfilled.

The tests shall be carried out in ambient air. Equipment with alarms shall be tested in a latched alarm
condition and also in a non-alarm condition. The alarm set point shall be set to 20 % of the indication in
standard test gas.

For multi-g

as portable equipment, this test shall be performed with a full set of typical sensors.

Any special advice in the instruction manual concerning EMC shall be followed.
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5.4.7.3.2 Performance criteria

The following performance criteria shall apply to the equipment:

Performance criterion A:

The equipment shall continue to operate as intended both during and after the test. No loss of function is
allowed. No spurious alarms or deactivation of alarms is allowed. The deviation of the indications shall be
within £20 % of the indication in standard test gas.

Performancecriterion B:

During the f{est

«de
the

* the

After the te
to operate

gradation of performance is allowed but the deviation of the indications shall be with
ndication in standard test gas, or

equipment shall show a specified fault indication and/or output.

5t any degradation in performance shall be self-recoverable and the equipment sha
as intended. No permanent change of actual operating-state or stored data or

deactivation of alarm is allowed.

If the equiy

ment includes latching alarms or status signals.it is permitted that these may b

during the fest. After the test signal has been removed,-the latching circuits shall be reset and

operation 0
equipment.

If performa
fulfilled if th

Performand

Temporary
be easily reg
No change

If performa
fulfilled if th

f the alarm circuit verified by applying test@as or simulation of signal depending on

hce criterion B is required in IEC™61326-1:2012, the requirements can be presu
b equipment complies with performance criterion A.

e criterion C:

oss of function isallowed during the test, provided the loss of function is selfrecover

of stored data.is allowed.

hce criterion C is required in IEC 61326-1:2012, the requirements can be presu
b equipment complies with performance criterion A or B.

n 40 % of

Il continue
continuous

b triggered
the correct
the type of

med to be

Able or can

stored by the gperation of the controls. The equipment shall operate as intended afier the test.

med to be

Acceptance Criteria for Types HM and SM equipment: The requirements of IEC 61326-1:20°
shall be fulfilled. The emission requirements of IEC 61000-6-3 or of IEC 61000-6-4, as applicable, shall be

fulfilled.

5.4.7.3.3 DC Input Power Ports

2, Table 2

IEC 61326-1 does not contain requirements for DC power ports related to voltage dips and short
interruptions. Tests shall be carried out following IEC 61000-4-29 with the following severity.

These tests are not applicable to DC connections between components of equipment which are not

directly con

nected to the DC power network.
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Acceptance Criteria for Types HM and SM equipment: Performance criterion C in IEC 61326-1 shall be

fulfilled for

voltage dips with 0 % residual voltage for a duration of 1 000 ms.

Acceptance Criteria for Types HM and SM equipment: Performance criterion C in IEC 61326-1 shall be

fulfilled for

short interruptions with 0 % residual voltage for a duration of 20 ms.

5.4.7.4 Time-weighted average (TWA) function

5.4.7.41

The testm

General

5.4.7.4.2

Apply the fi
for both Ty

othad of this clause shall nnly he pprfnrmpd an eq |i|nmnnf that has a TWA function

TWA calculation

bllowing regime over the TWA measuring period using test gases of the-stated volun
be HM and Type SM equipment:

— the refer¢nce value according to Table A.1 for 25 % of the period;

—50 % of t
— clean air
Record thg
Acceptanc
5.4.743

The equip
with a vol

activated g

Acceptanc

54.8 St

he reference value according to Table A.1 for 50 % of the period;
for 25 % of the period.

indicated value expressed as the time-weightedvalue of the test gas volume fractio
e Criteria: The mean percentage shall be between 45 % and 55 % of the reference v
TWA alarm

ent shall be switched on in-¢clean air. When the warm up time has been completed
me fraction of two times the TWA alarm set point shall be applied until the TV
r the TWA period has elapsed.
e Criteria: The TWA alarm shall activate when (50 £ 5) % of the TWA period has elap
bility

Battery powered-equipment shall be operated for 8 h per working day in ambient air. All othef

shall be o

rated continuously in ambient air.

ne fractions

alue.

, a test gas
A alarm is

sed.

equipment

The equipment shall be exposed to clean air and the standard test gas for a total of six times over the
calibration period that is specified in the instruction manual. The first exposure shall be at the beginning of
the calibration period and the last at the end of the calibration period or after 6 months whichever is the
shorter. The remaining four exposures shall be approximately evenly distributed over the calibration

period.

5.4.8DV.1 D1 Modification of Clause 5.4.8 second paragraph to replace with the following:

The equipment shall be exposed to clean air and the standard test gas for a total of six
times over the calibration period that is specified in the instruction manual. The first
exposure shall be at the beginning of the manufacturer recommended calibration period
and the last at the end of the manufacturer recommended calibration period. The remaining
four exposures shall be approximately evenly distributed over the calibration period.
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Record the

readings after each exposure to clean air and the standard test gas.

5.4.8DV.2 D1 Modification of Clause 5.4.8 to add the following after the third paragraph:

Additionally subject the sensor to a continuous toxic gas concentration equivalent to 3 %
* 1 % of the current NIOSH IDLH value for a period of 7 days or the manufacturer’s claimed
duration, whichever is lower. For equipment that provides a fault signal upon sensing
element failure, the duration may be reduced to the manufacturer’s claimed duration.

At termination of the exposure, immediately apply clean air for a period of 5 min * 30 sec,

or
fol
the

Acceptancg
or equal to
whichever
indication.
Acceptancg

or equal to
shall be wit

54.9 Fau
5.4.9.1
Fault signa
54.9.2 Ld

These test
nominal vol

as _defined by the manufacturer, whichever is less. and record the readin

‘;%‘—‘éj

owing the clean air exposure, apply the standard test gas for 5 min * 30 sec.gnd record

reading.

Criteria for Type HM equipment: The deviation of the indications in clean air shall b
the lower limit of measurement in Table A.1 or the value specified-in the instructi
s lower. The deviation of the indications in standard test gas 'shall be within +2

Criteria for Type SM equipment: The deviation of the jndieations in clean air shall b
10 % of the upper limit of measurement. The deviation of the indications in standa
nin 20 % of the indication.

It signal tests

General

s shall be verified against the requirements of 4.2.4.

pw voltage and power interruption

tage, calibrated andallowed to stabilize, then exposed to the following conditions:

. Immediately

e less than
bn manual,
D % of the

e less than
rd test gas

5 shall be performediin®ambient air. Externally powered equipment shall be powered at the

1) The voltage shall be.decreased to 2 % lower than the specified lower supply voltage fault liit and the

fault as spe

2) The non

cified in theinstruction manual shall be indicated.

inakvoltage shall be restored, and faults shall automatically clear or shall be manu

necessary.

ally reset if

3) The power shall be removed to test complete power loss and the fault as specified in the instruction
manual shall be indicated.

NOTE The equipment may also indicate alarm(s).

5.4.9.3 Field wiring faults

These tests shall be performed in ambient air. 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 c)). 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.
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A fault signal shall be indicated under all conditions shown below.

1) Each wire to the remote sensor or gas detection transmitter shall be opened one at a time. All faults and
alarms shall be cleared and the equipment returned to normal operation prior to opening the subsequent
wire.

2) All combinations of two wires to the remote sensor or gas detection transmitter shall be shorted one at a
time. All faults and alarms shall be cleared and the equipment returned to normal operation prior to
shorting the subsequent combination of wire.

NOTE The equipment may also indicate an alarm(s).

5.4.9.4 D|igita| communication fault

The test shall be performed in ambient air. Disruption or corruption of the communication shall|be induced
between the remote sensor and control unit, and a fault signal shall be indicated at the coptrol unit in
accordance with 4.2.9.5. The procedure of the test shall be agreed upon between the test labpratory and
the manufgcturer.

5.4.9.5 Measured values below zero
5.4.9.5.1 |General

The test shall be performed either by using test gas (Procedure 1) or by replacing the sepsor with a
simulator (Procedure 2) as agreed between the manufacturer and test laboratory.

5.4.9.5.2 |Procedure 1

The equipinent shall be adjusted according to the instruction manual. Then the following test shall be
carried out

A zero adjlistment shall be performed at application of a test gas. The volume fraction of the tgst gas shall
be 1,2 times the absolute value of the fault signal level specified in the instruction manual. Then the
volume fraftion of the test gasishall be lowered. The fault signal shall be activated at the latest when the
volume fraction is zero. Between the volume fraction of the test gas used for zero adjustment and the
release of the fault signal, the indication shall be in accordance with 4.2.2.3 for type HM equipment or type
SM equipnent, respectively.

NOTE The indicatiofincludes tolerance. Therefore, it should be considered that the zero indication, concentration indication, and
fault indicatiop may.not changeover at the exact test gas concentration specified as threshold.

5.4.9.5.3 Procedure 2
The equipment shall be adjusted with the simulator and the following test carried out:
For type HM equipment:

Starting at the lower limit of measurement, the simulated signal shall be lowered. The fault signal shall be
activated at the fault signal level specified in the instruction manual. At simulator signals between the lower
limit of measurement and this fault level, the indication shall be in accordance with 4.2.2.3 for type HM
equipment.

For type SM equipment:
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Starting at 5 % of the upper limit of measurement, the simulated signal shall be lowered. The fault signal
shall be activated at the fault signal level specified in the instruction manual. At simulator signals between
the signal at start and this fault level, the indication shall be in accordance with 4.2.2.3 for type SM
equipment.

5.4.9.6 Sensor disconnection

The test shall be performed in ambient air. Equipment where the sensor can be replaced without opening
the housing shall be calibrated and allowed to stabilize. The sensor shall be removed. A fault signal shall
be indicated within 15 minutes.

5.4.9.7 Aﬁtomatically Aspirated Equipment
See 5.4.6.3.
5.4.10 Software controlled equipment

Software copntrolled equipment shall be verified against the requirements 0£74.2.9. Compliang¢e shall be
demonstrated by a clause-by-clause report to 4.2.9 provided by the mantfacturer. The equipmeént shall be
operated dyiring the verification test in such a manner that, starting from the measuring state, the following
operation sfates shall be performed if applicable:

a) special states if they can be entered without destruction of theé hardware or modification of the software;

b) activatiop of every message on a display if they can be activated without destruction of the hardware or
modificatiof of the software;

c) test routines if they can be tested without destruction of the hardware or modification of thg¢ software;
and

d) change qf parameters.
5.4.11 Protection against water

5.4111DV DR Modification of Clause 5.4.11 to replace title “Protection against water” with
“Environmental.exposure” and add new subclause as follows:

5.4111DV.1 General

This clause is applicable to equipment or part of the equipment containing one or more gas sensors. This
clause is not applicable for sensors intended for use only in dry environments.

5.4.11DV.1 DR Modification of Clause 5.4.11 first paragraph to revise as follows:

Add “or non-dust contaminant” before “environments” in last sentence.

The alarm set point shall be set:

— for Type HM equipment, at 80 % of the standard test gas volume fraction;
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— for Type SM equipment, at 10 % of the upper limit of measurement.

If the alarm set point cannot be set at this volume fraction, the alarm set point shall be set as near as
possible to this volume fraction.

For fixed and transportable equipment, the equipment shall be positioned in the worst case orientation in
accordance with the instruction manual. For portable equipment, the equipment shall be positioned in the
typical orientation of use.

The standard test gas shall be applied. For diffusion equipment, a delivery system shall be used that will
simulate the natural aspiration of the sensing element. The final indication and the time to 90 % of the final
indication shall be recorded. The calibration mask may be used as the delivery system if the |direction of
gas flow énters through any weather protection and/or membrane prior to exposure. o the sensing
element. AJarms shall be reset prior to water exposure.

5.4.11DV.2 DR Modification of Clause 5.4.11 fifth paragraph to revise-as follows ahd add

Replace “water” with “environmental” in last sentence.

NQTE: This is not a requirement for ingress protection, but one to assure the performance of the|gas detector
whpn subjected to the environmental conditions that apply to an ingress rating.

5.4.11ADV.1 DR Modification of Clause 5.4.11 to'add subclause 5.4.11ADV.2 as follows:
5.4.11ADV.2 Dust

The equipment in normal operation‘shall be exposed to the dust test of the envjronmental
rating as marked.

Far equipment marked to,"indicate an environmental rating for protection against the
ingress of dust, this test shall be performed within a dust chamber defined by |[EC 60529.
The equipment shallbe mounted in accordance with the manufacturer's instructions, set to

the 2 hour test, any trouble or fault conditions indicated may be cleared in accordance with
the manufacturer's instructions and the equipment shall be allowed to undergo any stated
maintenance conditions in accordance with the manufacturer's recommendations related
to environmental exposure. The equipment shall be exposed to the standard test gas in
accordance with 5.3.2, and the final value and time to 90 % of the standard test gas
application shall be recorded.

The equipment in normal operation shall be exposed to the IPX3 water test method of IEC 60529.
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