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Preface

This preface is included for information purposes and is not part of ANSI/ISA-12.13.01 (IEC 61779-1
through 5 Mod).

This document has been prepared as part of the service of ISA The Instrumentation, Systems, and
Automation Societytoward a goal of uniformity in the field of instrumentation.  To be of real value, this
document should not be static but should be subject to periodic review.  Toward this end, the Society
welcomes all comments and criticisms and asks that they be addressed to the Secretary, Standards and
Practices Board; ISA; 67 Alexander Drive; P. O. Box 12277; Research Triangle Park, NC  27709;
Telephone (919) 549-8411; Fax (919) 549-8288; E-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (SI) in particular, in the preparation of
instrumentation standards.  The Department is further aware of the benefits to USA users of ISA
standards of incorporating suitable references to the SI (and the metric system) in their business and
professional dealings with other countries.  Toward this end, this Department will endeavor to introduce
SI-acceptable metric units in all new and revised standards, recommended practices, and technical
reports to the greatest extent possible.  Standard for Use of the International System of Units (SI): The
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and
conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards, recommended practices, and technical reports.
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical
reports that ISA develops.

CAUTION — ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS
INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS
REQUIRED FOR USE OF THE DOCUMENT, IT WILL REQUIRE THE OWNER OF THE PATENT TO
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING
WITH THE DOCUMENT OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE
FREE FROM UNFAIR DISCRIMINATION.

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS DOCUMENT, THE USER IS
CAUTIONED THAT IMPLEMENTATION OF THE DOCUMENT MAY REQUIRE USE OF TECHNIQUES,
PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE DOCUMENT. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE DOCUMENT OR FOR INVESTIGATING
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE DOCUMENT FOR THE
USER’S INTENDED APPLICATION.

HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND
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4 ANSI/ISA–12.13.01 (IEC 61779-1 through 5 Mod)

PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT.

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE
POTENTIAL ISSUES IN THIS VERSION.

The following people served as members of ISA Subcommittee SP12.13:

NAME COMPANY

J. Miller, Chairman Detector Electronics Corporation
M. Coppler, Managing Director Ametek Inc.
R. Bierzynski Scott /Bacharach Inc.
E. Briesch Underwriters Laboratories Inc.
C. Brown Enmet Corporation
S. Bruce Delphian Corporation
J. Cawley NIOSH Laboratory
S. Czaniecki Intrinsic Safety Concepts Inc.
G. Garcha GE Power Systems
L. Greenawalt Marathon Oil Company
A. Guerrera Sola Communications Safety Control
K. Hedrick MSHA Approval & Certification Center
B. Holcom Thermo Gas Tech
W. Mellon Bacharach Inc.
R. Menot Factory Mutual Research Corporation
D. Mercier U.S. Coast Guard Headquarters
T. Pipitone General Monitors Inc.
R. Poling E.I. du Pont
M. Schaeffer Control Instruments Corporation
P. Schimmoeller CSA International
D. Wechsler Dow Chemical Company

The following people served as members of ISA Committee SP12:

NAME COMPANY

T. Schnaare, Chair Rosemount Inc.
D. Bishop, Managing Director David N Bishop Consultant
N. Abbatiello Eastman Kodak Company
D. Ankele Underwriters Laboratories Inc.
A. Ballard Crouse Hinds Division of Cooper Industries
W. Bennett Pepperl + Fuchs Inc.
K. Boegli Phoenix Contact Inc.
R. Buschart PC & E Inc.
R. Cardinal Bently Nevada Corp.
C. Casso Schlumberger Oilfield Services
M. Coppler Ametek Inc.
J. Cospolich Waldemar S. Nelson & Company Inc.
J. Costello Henkel Corporation
S. Czaniecki Intrinsic Safety Concepts Inc.
T. Dubaniewicz NIOSH
U. Dugar Mobil Chemical Company
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A Engler EGS Electrical Group
T. Feindel R. Stahl Inc.
W. Fiske Intertek Testing Services
G. Garcha GE Power Systems
D. Jagger Bifold-Fluid Power
F. Kent Honeywell Inc.
J. Kuczka Killark
B. Larson Turck Inc.
W. Lawrence Factory Mutual Research
R. Masek ABB
A. Mobley 3M Company
A. Page MSHA Approval & Certification Center
J. Propst Equilon Enterprises
P. Schimmoeller CSA International
D. Wechsler Dow Chemical Company
C. Wellman DuPont Engineering

This document was approved for publication by the ISA Standards and Practices Board on 11 October
2002.
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M. Cohen Consultant
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Foreword

All text of IEC 61779-1 through IEC 61779-5 is included in this document. U.S. National Deviations are
shown by strikeout through deleted text and underline under added text. Tables or portions of tables that
are to be deleted are shown as shaded; figures to be deleted are marked with the overlay “Figure X
Deleted.” All added tables are numbered by a table number corresponding to the applicable subclause for
improved clarity and are NOT underlined. Notes appear in the table titles showing the tables as added
material.

For Part 1, there are four annexes and an introduction.  Annex A is normative and Annexes B, C, D and
the introduction are informative and are not considered part of this document.  For Part 2 through 5,
Annex A for each part is informative and is not considered part of this document.
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Introduction

This section provides an informative historical perspective on the development of combustible gas
detection performance standards.

Need for Gas Detection Standards

From the early 1920’s to the mid 1970’s, gas detection requirements were mostly limited to the detection
of combustible gases to warn of explosion hazards.  This need created an industry aimed at providing
portable and fixed apparatus that intermittently or continuously sample potentially hazardous areas and
provide alarms and indications.

The Mine Safety and Health Administration (formerly known as the U.S. Bureau of Mines) has been
certifying apparatus for use in mines since the late 1930’s.

Since the mid 1970’s, detectors submitted to some of the independent nationally recognized test
laboratories (or NRTL’s) for general hazardous area certifications also had to be tested to the lab’s own
performance standard.

Several standards organizations have provided standards and recommended practices to help users in
the selection and application of these apparatus.

Existing Gas Detector Standards

Parts 22 and 27 of Title 30 of the U.S. Code of Federal Regulations provided some of the earliest
requirements for apparatus that detect methane in mines.  Part 22 - issued in 1935, applied to Portable
Methane Detectors and part 27 - issued in 1966, applied to Methane Monitoring Systems.  These two
documents do still exist, but are fairly general in nature.  They are each about 4 to 6 pages long and
provide brief instructions on construction and performance requirements, but also include instructions on
submitting apparatus for evaluation and notification of design changes after approval.  No new work on
these documents is in process at this time.

The Canadian standard - C22.2 No 152 - Combustible Gas Detection Instruments - was first issued in
1976 and last revised in 1988.  The revision added an exclusion of open path detectors, revised the step
change response test so that the acceptance criteria will now be to reach 90% of applied concentration
(100% LFL gas), and Temperature Variation test was changed to include portables.

Factory Mutual issued its Combustible Gas Detectors Approval Standard 6310/6320 in 1982 and updated
it in 1989 and 2001.

The American National Standards Institute (ANSI) adopted the ISA’s S12.13, part 1 - titled Performance
Requirements, Combustible Gas Detectors which was issued in 1986 and part 2 -  Installation, Operation,
and Maintenance of Combustible Gas Detection Instruments - issued in 1987.

The ANSI/ISA S12.13 part I performance standard - originally issued in 1975 - was based on the CSA
document.  It was revised slightly and released in October 1995 while work continued on issues that were
balloted and released in 2000.

The document is cited in two sections of the U.S. federal regulations pertaining to offshore and loading
platforms and preliminary discussions have proposed that it be adopted in other areas such as Parts 22
and 27 of Title 30 of the Code of Federal Regulations for mines and the parts of the National Electrical
Code pertaining to equipment in hazardous locations.
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The British Standards Institute issued EN50054 - Electrical Apparatus for the Detection and Measurement
of Combustible Gases general requirements and test methods - in 1991 which supersedes the withdrawn
BS 6020 which was issued in 1981.  The associated documents EN50055 and EN50056 cover
performance requirements for mines products indicating up to 5% by volume and 100% by volume
methane.  EN50057 and EN50058 document performance requirements for group II (non-mines)
apparatus indicating up to 100% LEL and 100% by volume respectively.

The Australian Standard 2275 is titled Electrical Equipment for Explosive Atmospheres - Combustible
Gas Detection Instruments.  Part 1 is General Requirements for Explosion Protection of Electrical
Apparatus and Systems.  Part 2 is Performance Requirements. UL 1484 and BS 7348 are residential
combustible gas detector standards and BS 6959 is a recommended practice for non-mines combustible
gas detector applications.  These documents are slightly outside the main focus of the SP12.13
subcommittee.

U.S. efforts in support of combustible gas detection applications

In the United States, a subcommittee of the ISA (the Instrumentation, Systems and Automation Society -
formerly known as the Instrument Society of America) is working to support users and manufacturers of
combustible gas detectors.  The SP12.13 (Performance Requirements for Combustible Gas Detectors)
subcommittee is a subcommittee of ISA’s SP12 (Electrical Equipment for Hazardous Locations)
committee.  In turn, the ISA is accredited by the American National Standards Institute (ANSI) as a
standard writing body and provides technical advisory groups to ANSI.  Also, ANSI established the
United States National Committee of the IEC, which serves as the ANSI sponsored, U.S. electrotechnical
industry supported and staffed, interface with its international parent organization the International
Electrotechnical Commission - IEC. The USNC also serves as the U.S. electrotechnical industry interface
with the European Committee for Electrotechnical Standardization - CENELEC, the Pacific Area
Standards Congress – PASC, the Pan American Standards Commission - COPANT, and the Council for
Harmonization of Electrotechnical Standardization of North America - CANENA.  For those not familiar
with the IEC, it could be considered the sister organization to ISO.  Based in Geneva, Switzerland, the
IEC handles all topics pertaining to electrotechnical devices and ISO handles everything else.  In short,
the SP12.13 subcommittee serves as the technical advisory group (TAG) to the U.S. National Committee
of the IEC. Other organizations throughout the world include subcommittees similar to SP12.13 (for
example CENELEC TC 31-9 in Europe and subcommittees in Australia, South Africa and others).

The purpose of the SP12.13 subcommittee is “to actively monitor applications, be a source for technical
information, and prepare documents as needed to improve minimum performance of combustible gas
detection instruments.”  The scope of the subcommittee includes:

Preparing standards and recommended practices for performance, installation, operation, and
maintenance of combustion gas detection instruments.

Promoting current technology for proper use and maintenance to enhance safety of hazardous areas.

Serving as a source of technical information.

Supporting efforts to obtain international standards for these instruments.

The types of instruments and applications that the subcommittee is involved with are those involving
industrial safety and do not include residential monitors or process analysis equipment.

The subcommittee maintains a balance between users, manufacturers, and others (government
agencies, third party test labs, etc.) in accordance with ISA and ANSI requirements, although this is not
necessary at the subcommittee level.  The group meets formally twice a year in conjunction with SP12
meetings.
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The ISA SP92 subcommittee is involved with detectors of oxygen and toxic gases.

The SP12.13 subcommittee is currently involved in the support of four documents:

The ANSI/ISA S12.13 part I performance standard as mentioned earlier in this text.

The document is cited in two sections of the U.S. federal regulations pertaining to offshore and loading
platforms and preliminary discussions have been started to propose that it be adopted in other areas such
as Parts 22 and 27 of Title 30 of the Code of Federal Regulations for mines and the parts of the National
Electrical code pertaining to equipment in hazardous locations.

The RP 12.13 part II recommended practice was last issued in 1987 and should have been reaffirmed in
1997, but recommended practices are not as firm as standards on review rules. The first section had
been placed into electronic media in preparation for editing, but we decided that we would adopt the IEC
guide when it issues.  The remainder of the document (Bureau of Mines 627) and Bureau of Mines 680
were released as technical reports as they contain very useful information pertaining to flame and
explosion hazards.

Edition 1 of the IEC 31L performance standard (61779-1 through 5) was approved and published in 1998.
Work to generate the U.S. version has been completed with National Deviations in ANSI/ISA-12.13.01-
2002.

The IEC 61779-6 guide was released in 1999.

Some of the technical issues related to existing and new technologies continue to be debated by SP12.13
for clarifications or adjustment of testing procedures, but several more significant issues are worth
mention.

EMI

By subjecting some gas detectors to radio or electromagnetic interference or electrostatic discharge, one
could cause the apparatus to go into alarm or stop functioning all together. Many older standards either
do not include requirements, or the requirements are considered to be inadequate. The present version of
ANSI/ISA-12.13.01-2002 requires only that the apparatus indication not vary by more than 10% when a 5-
watt radio is transmitting 1 meter away at two frequencies.  Most committee members agree that the
requirements should include a sweep of frequencies and that the field strength should be specified rather
than the power rating of a radio because the resulting field depends on the efficiency of the last stage and
antenna of the radio.  Also, with the introduction of more communications products, wider frequencies
need to be considered.  Because more stringent requirements are likely to add cost to the products, care
is being taken to propose only minimum EMI requirements that will satisfy most applications.

The subcommittee had developed a matrix of available EMI standards that could be cited, but this leaves
the task of identifying the adequate test conditions and acceptance criteria.  Another reference being
considered is EN50270-1999.  Manufacturers of communications equipment are being polled for
information on expected field characteristics in the typical user’s environment.

IR technology response

The introduction of infrared gas detectors brought with it improved long-term stability, but also slightly
longer step recovery times on some models.  This is because the sensor does not promote diffusion of
the gas to the sensor surface as in catalytic sensors and because the sensor signal is non-linear.  Some
manufacturers propose that recovery time requirements should be relaxed in order to allow users to take
advantage of lower maintenance costs and sensor poison resistance of IR sensors.  Another important
detail is that IR sensors do not detect hydrogen, but this is not a concern in most applications.
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Open path

Open path monitors measure hydrocarbon concentrations over a fixed distance.  The application of this
technology for safety monitoring is debated because there could be a high concentration at one point on
the path and none along the rest of the path, resulting in a low indication when in fact, a hazard exists.
Others note that part of the open path question is similar to that of how many point detectors are needed
to insure safety.

Entity concept & modular systems

The question being debated here is if it is wise to allow for approval of components of gas detection
systems that could be matched with other components selected by the user.  Detector heads might only
contain the sensor, or could include additional electronics, which might require more testing.  When the
user matches these components with control units or data acquisition systems, the complete system is
not guaranteed to perform within stated requirements.

Software quality requirements

With the increasing use of microprocessors and software in apparatus, subcommittee members have
voiced concern that the gas detector standards should include requirements that will assure software
quality.  Also, should the standard prohibit connection of safety devices on same bus with non-safety
components?  Existing documents being considered include UL1998, prEN50271, ANSI/ISA-84.01-1996,
and IEC 61508.

Harmonization

In many cases, harmonization and use of mutual recognition agreements between third party test labs will
likely increase the amount of testing and cost associated with certifying a detector with one lab.  However,
because the one certificate would be accepted throughout the world, overall cost will be lower for those
companies that address the world market.  The users benefit because they can buy detectors from
manufacturers anywhere in the world and be assured of product quality by citing the IEC standards.

Guidance for the selection, installation, use and maintenance of gas detecting apparatus are set out in
IEC Publication 61779-6 ANSI/ISA-RP12.13.02 (IEC 61779-6 Mod).
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Part 1 (IEC 61779-1 Mod)
Electrical apparatus for the detection and measurement of flammable gases —

Part 1:
General requirements and test methods

1 General

1.1 Scope

1.1.1 This part of IEC 61779 ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod) specifies general
requirements for construction and testing and describes the test methods that apply to portable,
transportable and fixed apparatus for the detection and measurement of flammable gas or vapour
concentrations with air.  The apparatus, or parts thereof, are intended for use in potentially explosive
atmospheres (see 2.1.8 2.1.3) and in mines susceptible to firedamp.  This document is supplemented by
the following parts, concerning the specific requirements for performance of the various types of
apparatus:

Part 2: Performance requirements for group I (mines) apparatus indicating up to a volume fraction of 5 %
methane in air

Part 3: Performance requirements for group I (mines) apparatus indicating up to a volume fraction of 100
% methane in air

Part 4: Performance requirements for group II (non-mining) apparatus indicating up to a volume fraction
of 100% lower explosive limit

Part 5: Performance requirements for group II (non-mining) apparatus indicating up to a volume fraction
of 100% gas

NOTE 1    IEC 61779-1 Part 1 of ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod), in association with the parts referred to above, is
intended to provide for the supply of apparatus giving a level of safety and performance suitable for general-purpose applications.
However, for specific applications a prospective purchaser (or an appropriate authority) may additionally require apparatus to be
submitted to particular tests or approval.  For example, group I apparatus (i.e. apparatus to be used in mines susceptible to
firedamp) may not be permitted to be used without the additional and prior approval of the relevant authority in mines under its
jurisdiction.  Such particular tests/approval are to be regarded as additional to and separate from the provisions of the standards
referred to above and do not preclude certification to or compliance with these standards.

NOTE 2    Group I and Group II apparatus indicating up to a volume fraction of 100% methane and group II apparatus indicating up
to a volume fraction of 100% gas are suitable for use only with the specific gases for which they have been calibrated.

NOTE 3    For the purpose of this document, the terms "lower flammable limit (LFL)" and "lower explosive limit (LEL)" are deemed to
be synonymous, and likewise the terms "upper flammable limit (UFL)" and "upper explosive limit (UEL)" are deemed to be
synonymous.  For ease of reference, the two abbreviations LFL and UFL may be used hereinafter to denote these two sets of terms.
It should be recognized that particular authorities having jurisdiction may have overriding requirements that dictate the use of one of
these sets of terms and not the other.

NOTE 4    For the purpose of this document, the terms “explosive gas atmosphere” and “flammable gas atmosphere” are deemed to
be synonymous.

1.1.2 This document is applicable when an apparatus manufacturer makes any claims regarding any
special features of construction or superior performance that exceed these minimum requirements. All
such claims shall be verified and the test procedures shall be extended or supplemented where
necessary to verify the claimed performance.  The additional tests shall be agreed between the
manufacturer and test laboratory.
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18 ANSI/ISA–12.13.01, Part 1 (IEC 61779-1 Mod)

1.1.3 This document is applicable to flammable gas detection apparatus intended to provide an
indication, alarm or other output function, the purpose of which is to give a warning of potential explosion
hazard and in some cases to initiate automatic or manual protective action(s).

1.1.4 This document is applicable to apparatus, including the integral sampling systems of aspirated
apparatus, intended to be used for commercial and industrial (non-residential) safety applications.

1.1.5 This document does not apply to external sampling systems, or to apparatus of laboratory or
scientific type, or to apparatus used only for process control purposes.  It also does not apply to open
path (line of sight) area monitors (refer to CENELEC prEN 50241-1 and prEN 50241-2, February 1996).
For apparatus used for sensing the presence of multiple gases, this document applies only to the portion
sensing the presence of flammable gas or vapor.

1.2 Normative references

The following normative documents contain provisions, which, through reference in this text, constitute
provisions of this part of IEC 61779 ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod).  At the time of
publication, the editions indicated were valid.  All normative documents are subject to revision, and
parties to agreements based on this part of IEC 61779 ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod)
are encouraged to investigate the possibility of applying the most recent editions of the normative
documents indicated below.  Members of IEC and ISO maintain registers of currently valid International
Standards.  ANSI maintains registers of currently valid U.S. National Standards.

IEC 60050(351): 1975, International Electrotechnical Vocabulary (IEV) — Chapter 351: Automatic control

ANSI/ISA-12.00.01-2002 (IEC 60079-0 Mod): 1983, Electrical Apparatus for Use in Class I, Zones 0 & 1
Hazardous (Classified) Locations: explosive gas atmospheres  Part 0: General requirements.

ANSI/ISA-12.22.01-2002 (IEC 60079-1 Mod): 1990, Electrical Apparatus for Use in Class I, Zone 1
Hazardous (Classified) Locations: explosive gas atmospheres  Part 1: Construction and verification test
of flameproof enclosures of electrical apparatus  Type of Protection – Flameproof “d”.

IEC 60079-2: 1983, Electrical apparatus for explosive gas atmospheres  Part 2: Electrical apparatus 
type of protection “p” NFPA 496-1998 Standard for Purged and Pressurized Enclosures for Electrical
Equipment.

ANSI/ISA-12.25.01-1998 (IEC 60079-5 Mod): 1967, Electrical Apparatus for Use in Class I, Zone 1
Hazardous (Classified) Locations: explosive gas atmospheres  Part 5: Sand filled apparatus Type of
Protection – Powder Filling “q”.

ANSI/ISA-12.26.01-1998 (IEC 60079-6 Mod): 1995, Electrical Apparatus for Use in Class I, Zone 1
Hazardous (Classified) Locations: explosive gas atmospheres  Part 6: Type of Protection – Oil
immersion "o".

ANSI/ISA-12.16.01-2002 (IEC 60079-7 Mod): 1990, Electrical Apparatus for Use in Class I, Zone 1
Hazardous (Classified) Locations: explosive gas atmospheres  Part 7: Type of Protection – Increased
safety "e".

ANSI/ISA-TR12.24.01-1998 (IEC 60079-10 Mod): 1995, Electrical apparatus for explosive gas
atmospheres  Part 10: Classification of hazardous areas Recommended Practice for Classification of
Locations for Electrical Installations Classified as Class I, Zone 0, Zone 1, or Zone 2.

ANSI/ISA-12.02.01-2002 (IEC 60079-11 Mod): 1991, Electrical Apparatus for Use in Class I, Zones 0, 1,
and 2 Hazardous (Classified) Locations: explosive gas atmospheres  Part 11: Type of Protection –
Intrinsic safety "i".
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ANSI/ISA–12.13.01, Part 1 (IEC 61779-1 Mod) 19

IEC 60079-13: 1982, Electrical apparatus for explosive gas atmospheres  Part 13: Construction and
use of rooms or buildings protected by pressurization.

IEC 60079-14: 1984, Electrical apparatus for explosive gas atmospheres  Part 14: Electrical
installations in explosive gas atmospheres (other than mines).

ANSI/ISA-12.12.01-2000, Nonincendive Electrical Equipment for Use in Class I and II, Division 2 and
Class III, Divisions 1 and 2 Hazardous (Classified) Locations.  IEC 60079-15: 1987, Electrical apparatus
for explosive gas atmospheres  Part 15: Electrical apparatus, with Type of Protection "n"

ANSI/ISA-12.23.01-2002 (IEC 60079-18 Mod): 1992, Electrical Apparatus for Use in Class I, Zone 1
Hazardous (Classified) Locations: explosive gas atmospheres  Part 18: Type of Protection –
Encapsulation "m".

IEC 60079-19: 1993, Electrical apparatus for explosive gas atmospheres  Part 19: Repair and overhaul
for apparatus used in explosive atmospheres (other than mines or explosives).

IEC 60079-20: 1996, Electrical apparatus for explosive gas atmospheres  Part 20: Data for flammable
gases and vapours, relating to the use of electrical apparatus.  NFPA 497-1997, Recommended Practice
for the Classification of Flammable Liquids, Gases, Vapors and of Hazardous (Classified) Locations for
Electrical Installations in Chemical Process Areas.

IEC 801-1: 1984 61000-4-1: 1992, Electromagnetic compatibility for industrial-process measurement and
control equipment  Part 1: General introduction

IEC 801-3: 1984 61000-4-3: 1995, Electromagnetic compatibility for industrial-process measurement and
control equipment  Part 3: Radiated electromagnetic field requirements

IEC 801-4: 1988 61000-4-4: 1995, Electromagnetic compatibility for industrial process measurement and
control equipment  Part 4: Electrical fast transient/burst requirements

ISO 2738: 1987, Permeable sintered metal materials  Determination of density, oil content, and open
porosity

ISO 4003: 1977, Permeable sintered metal materials  Determination of bubble-test-pore size

ISO 4022: 1987, Permeable sintered metal materials  Determination of fluid permeability

ISO 6142: 1981, Gas analysis  Preparation of calibration gas mixtures  Weighing methods

ISO 6145-1: 1986, Gas analysis  Preparation of calibration gas mixtures  Dynamic volumetric
methods  Part 1: Methods of calibration

ISO 6145-3: 1986, Gas analysis  Preparation of calibration gas mixtures  Dynamic volumetric
methods  Part 3: Periodic injections into a flowing gas stream

ISO 6145-4: 1986, Gas analysis  Preparation of calibration gas mixtures  Dynamic volumetric
methods  Part 4: Continuous injection method

ISO 6145-6: 1986, Gas analysis  Preparation of calibration gas mixtures  Dynamic volumetric
methods  Part 6: Sonic orifices

ISO 6147: 1979, Gas analysis  Preparation of calibration gas mixtures  Saturation method
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20 ANSI/ISA–12.13.01, Part 1 (IEC 61779-1 Mod)

2 Definitions

For the purpose of this part of IEC 61779 ANSI/ISA-12.13.01 (IEC 61779-1 through 5 Mod), and of the
standards listed in 1.1.1, the following definitions apply:

2.1 Gas properties

2.1.1 ambient air:
normal atmosphere surrounding the apparatus.

2.1.2 clean air:
air that is free of flammable gases and interfering or contaminating substances.

2.1.3 explosive gas atmosphere:
mixture with air, under normal atmospheric conditions, of flammable material in the form of gas or vapour,
in which, after ignition, combustion spreads throughout the unconsumed mixture.

NOTE 1    This definition specifically excludes dusts and fibers in suspension in air. Mists are not covered by this document.

NOTE 2    Although a mixture that has a concentration above the upper flammable limit (see 2.1.9) is not an explosive atmosphere,
in certain cases for area classification purposes, it is advisable to consider it as an explosive gas atmosphere.

NOTE 3    Normal atmospheric conditions include variations above and below the reference levels of 101,3 kPa and 20 °C provided
the variations have a negligible effect on the explosive properties of the flammable materials.

2.1.4 firedamp:
flammable gas, consisting mainly of methane, found naturally in mines.

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

NOTE    For the purpose of this document the term "flammable gas" includes flammable vapours.

2.1.6 lower flammable limit (LFL):
volume ratio of flammable gas or vapour in air below which an explosive gas atmosphere will does not be
formed form, expressed as a percentage (see Annex A).

NOTE    This is also known as lower explosive limit (LEL).

2.1.7 poisons (of sensors):
substances which lead to temporary or permanent loss of sensitivity of the sensors.

2.1.8 potentially explosive atmosphere:
atmosphere that could become explosive (The danger is a potential one.).

2.1.9 upper flammable limit (UFL):
volume ratio of flammable gas or vapour in air above which an explosive gas atmosphere will does not be
formed form, expressed as a percentage (see also note 2 to 2.1.3 Annex A).

NOTE    This is also known as upper explosive limit (UEL).

2.1.10 volume ratio (v/v):
ratio of the volume of a component gas to the volume of the gas mixture under specified conditions of
temperature and pressure.
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2.1.11 zero gas:
gas recommended by the manufacturer which is free of flammable gases, and interfering and
contaminating substances, the purpose of which is calibration/adjustment of the apparatus zero.

2.2 Types of instruments

2.2.1 alarm-only apparatus:
apparatus having an alarm but not having a meter or other indicating device that would allow
measurement of the deviations permitted by the requirements of the appropriate parts listed in 1.1.1.

2.2.2 aspirated apparatus:
combustible gas detecting apparatus that obtains the gas by drawing it to the gas sensor – for example,
by means of a hand-operated or electric pump.

2.2.3 continuous duty apparatus:
combustible gas detecting apparatus that is powered for long periods of time, but may have either
continuous or intermittent sensing.

2.2.4, diffusion apparatus:
apparatus in which the transfer of gas from the atmosphere to the gas sensor takes place by random
molecular movement, i.e. under conditions in which there is no aspirated flow.

2.2.5 fixed apparatus:
apparatus that which is intended to have all parts permanently installed at a given location.

2.2.6      group I apparatus:
electrical apparatus for mines susceptible to firedamp.

2.2.7 group II apparatus:
electrical apparatus for places with a potentially explosive atmosphere, other than mines susceptible to
firedamp.

2.2.8 portable apparatus:
spot-reading or continuous duty apparatus that has been designed to be carried readily carried from place
to place and to be used while it is being carried. A portable apparatus is battery powered operated and
includes, but is not limited to

a) a hand-held apparatus, typically less than 1 kg, suitable for one-handed single-handed operation;
without accessories (such as sampling probes, sample lines), fitted,

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

c) another larger apparatus that can be operated by the user while it is carried either suspended by
hand, or by means of a shoulder strap or by a carrying harness; it and which may or may not have a
hand directed probe

2.2.9 spot-reading apparatus:
apparatus intended to operate be used for short periods of only a few minutes for irregular intervals time
as required (typically 5 min or less).

2.2.10 transportable apparatus:
apparatus not intended to be portable, but which can be moved readily from one place to another.
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22 ANSI/ISA–12.13.01, Part 1 (IEC 61779-1 Mod)

2.2.11   stand-alone gas detection apparatus:
fixed gas detection apparatus that provide a conditioned electronic signal or output indication intended to
be utilized with stand-alone control units, or signal processing data acquisition, central monitoring and
similar systems which typically process information from various locations and sources including, but not
limited to, gas detection apparatus.

2.2.12   stand-alone control unit:
fixed gas detection control units intended to provide meter indication, alarm functions and/or output
contacts when utilized with stand-alone gas detection apparatus.

2.3 Sensors

2.3.1 remote sensor:
sensor that is not integral to the main body of the apparatus.

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

2.4 Supply of gas to instrument

2.4.1 sample line:
pipeline by a means by of which the gas being sampled is conveyed to the sensor.

2.4.2 sampling probe:
separate sample line which is attached to the apparatus as required, that may or may not be supplied
with the apparatus. It is usually short (e.g. in the order of 1 m) and rigid (although it may be telescopic),
but it may be connected by a flexible tube to the apparatus.

2.5 Signals and alarms

2.5.1 alarm set point:
fixed or adjustable setting of the apparatus that is intended to preset the level of concentration at which
the apparatus will automatically initiate an indication, alarm or other output function.

2.5.2 fault signal:
audible, visible or other type of output different from the alarm signal, permitting, directly or indirectly, a
warning or indication that the apparatus is not working satisfactorily.

2.5.3 latching alarm:
alarm that, once activated, requires deliberate action to be deactivated.

2.6 Times

2.6.1 drift:
variation in the apparatus indication with time, at any fixed gas concentration level (including clean air).

2.6.2 final indication:
indication given by the apparatus after stabilization.

2.6.3 minimum time of operation (spot-reading apparatus):
time interval between the initiation of a measurement procedure and the time when the apparatus
indication reaches a stated percentage of the final indication.
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2.6.4 measuring span:
algebraic difference between the upper and lower limits of the measuring range [IEV 351-05-39 modified].

2.6.5 stabilization:
state when three successive readings of an apparatus, taken at two minute intervals, indicates no
changes greater than ±1 % of the measuring range.

2.6.6 time of response t(x) (not applicable to spot-reading apparatus):
time interval, with the apparatus in a warmed-up condition, between the time when an instantaneous
variation in volume ratio is produced at the apparatus inlet and the time when the response reaches a
stated percentage (x) of the final indication.

2.6.7 warm-up time (not applicable to spot-reading apparatus):
time interval, with the apparatus in a stated atmosphere, between the time when the apparatus is
switched on and the time when the indication reaches and remains within the stated tolerances (see
Figures 1 and 2).

2.7 Miscellaneous

2.7.1 nominal supply voltage:
voltage that is given by manufacturers as the recommended operating voltage of their gas detection
apparatus.

2.7.2 special tool:
tool required to gain access to, or to adjust, controls. The design of the tool is intended to discourage
unauthorized interference with the apparatus.

2.7.3 type of protection:
measures applied in the construction of electrical apparatus to prevent ignition of the surrounding
explosive atmosphere by such apparatus (see 3.1.2).
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Figure 1  Warm-up time in clean air (typical)

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

3 General requirements

3.1 Introduction

3.1.1 Apparatus shall comply with both the requirements of this document and the appropriate part(s)
listed in 1.1.1.

Where an apparatus manufacturer makes any claims regarding any special features of construction or
superior performance that exceed these minimum requirements, all such claims shall be verified and the
test procedures shall be extended or supplemented where necessary to verify the claimed performance.

3.1.2 Electrical assemblies and components shall comply with the construction and test requirements
of 3.2, 3.5, and Clause 4, where applicable.  In addition, parts of the flammable gas detection apparatus
intended for use in hazardous areas shall employ materials and comply to the construction and explosion
protection as specified in the appropriate parts listed in 1.1.1 and in the appropriate standards of IEC
60079. The appropriate standards are as follows:

IEC 60079-0 ANSI/ISA-12.00.01-2002 (IEC 60079-0 Mod)

IEC 60079-1 ANSI/ISA-12.22.01-2002 (IEC 60079-1 Mod)

 IEC 60079-2 ANSI/NFPA 496
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NOTE    The requirements for pressurization can be found within ANSI/NFPA 496, “Pressurized Enclosures for Electrical
Equipment” along with additional guidance in ISA-RP12.4, “Pressurized Enclosures”.

IEC 60079-5 ANSI/ISA-12.25.01-1998 (IEC 60079-5 Mod)

IEC 60079-6 ANSI/ISA-12.26.01-1998 (IEC 60079-6 Mod)

IEC 60079-7 ANSI/ISA-12.16.01-2002 (IEC 60079-7 Mod)

IEC 60079-11 ANSI/ISA-12.02.01-2002 (IEC 60079-11 Mod)

IEC 60079-13

IEC 60079-15 ANSI/ISA-12.12.01-2000

IEC 60079-18 ANSI/ISA-12.23.01-2002 (IEC 60079-18 Mod)

3.1.3 For group I apparatus any electrical circuits to be installed in the same area as the sensor,
including those within the sensor, shall be intrinsically safe ("ia"); the sensing elements shall be
intrinsically safe, or their enclosures shall comply with the safety requirements specified in 1.1.1.

3.1.4 In the design of software-controlled apparatus, special account shall be taken of the risks arising
from faults in the program.

NOTE    No specific test requirements have been developed, but they are under consideration. When sufficient information is
available, a new IEC work item proposal will be initiated.

3.2 Construction

3.2.1 General

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

All apparatus shall be constructed to facilitate regular accuracy checks.

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

3.2.2 Indicating devices

3.2.2.1 An indication shall be provided to show that the apparatus is energized.

NOTE    The indication can be shown at the central unit.

3.2.2.2 For alarm-only apparatus or apparatus where the resolution of the readout device is inadequate
to demonstrate compliance with this document, the manufacturer shall identify suitable points for
connecting indicating or recording devices for the purpose of testing the compliance of the apparatus with
this document.  The indication on the readout device shall not contradict the results obtained by additional
indicating or recording devices.

3.2.2.3 Where a readout device is inadequate in this way, it shall be of sufficient quality as not to
contradict the results obtained by additional indicating or recording devices.
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3.2.2.4 If apparatus has more than one measuring range, the range selected shall be clearly identified.

3.2.2.5 If individual coloured indicating lights are provided, they shall be coloured as follows:

a) alarms indicating the presence of a gas concentration above an alarm set point shall be coloured
RED;

b) equipment fault indicators shall be coloured YELLOW;

c) power supply indicators shall be coloured GREEN.

3.2.2.6 In addition to the colour requirements, the indicator lights shall be adequately labeled to show
their functions.

3.2.3 Alarm or output functions

3.2.3.1 Continuous-duty apparatus

If alarm devices, output contacts, or alarm signal outputs are provided as part of fixed or continuous duty
portable apparatus and are intended to operate when a potentially hazardous gas concentration is
detected, they shall be of a latching type requiring a deliberate manual action to reset.  Where the outputs
are connected to an integrated or auxiliary system the means of latching and resetting may be
incorporated into these systems.  If two or more set or alarm positions are provided, the lower may be
nonlatching - based on user preference.

NOTE    The integral or latching device may reside in software.

3.2.3.2 Group II portable apparatus indicating up to 100% LFL

Alarm devices provided as part of gas detection apparatus shall not be set to operate above 60% LFL.

NOTE 1    For other group II apparatus, it is recommended that alarm devices should be set to operate at a gas volume ratio not
higher than 60% LFL.

NOTE 2    In addition, it is also permissible to fit group II apparatus with an alarm designed to indicate when full scale has been
exceeded and which therefore is set to operate at 100% LFL.

3.2.4 Fault signals

Fixed and transportable apparatus shall provide a fault signal in the event of failure of power to the
apparatus, loss of continuity in one or more of the wires to any sensor, or loss of electrical continuity of
any gas-sensing system. A short circuit or open circuit in connections to any sensor shall be indicated by
a fault signal.

Automatically aspirated apparatus shall be provided with:

a) fixed and transportable apparatus  an integral flow-indicating device that produces a fault signal in
the event of flow failure;

b) portable apparatus  a means of verifying the air flow.
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3.2.5 Adjustments

All adjustment devices shall be designed so as to discourage unauthorized or inadvertent interference
with the apparatus.  Examples would include procedural, in the case of a keyboard instrument, or
mechanical such as a cover requiring the use of a tool.

Fixed explosion-protected apparatus housed in explosion-protected enclosures shall be designed so that,
if any facilities for adjustment are necessary for routine recalibration and for resetting or like functions,
they shall be externally accessible.  The means for making adjustments shall not degrade the explosion
protection of the apparatus.

The adjustments of the zero and signal amplification shall be so designed that adjustment of one will not
affect the other.

3.2.6 Battery-powered apparatus

Apparatus powered with integral batteries shall be provided with an indication of low battery condition,
and the nature and purpose of this indication shall be explained in the manual (see 3.4 j). All
battery-powered apparatus shall be so constructed that, when tested according to 4.4.19, it shall comply
with the requirements of the appropriate parts of this document listed in 1.1.1.

3.2.7 Stand-alone gas detection apparatus for use with separate control units

3.2.7.1 General

3.2.7 includes apparatus that provide a conditioned electronic signal or output indication intended to be
used with stand-alone control units, separate signal processing, data acquisition, central monitoring or
other similar systems which typically process information from various locations and sources including,
but not limited to, gas detection instrumentation.

3.2.7.2 Transfer function specification

A specification shall be supplied with the apparatus that describes the relationship the gas concentration
(detected by the apparatus) has with the corresponding output signal or indication (transfer function).
Such specification shall be detailed to the extent that the accuracy of this transfer function can be verified.
As a minimum, the manufacturer shall provide data showing the relationship between the output signal
and the gas concentrations corresponding to 0, 10%, 25%, 50%, 75% and 100% of full-scale output
indication.  Full-scale output shall also be as specified by the manufacturer.

3.2.7.3 Provision for transfer function verification

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

3.2.7.4 Tests

Stand alone gas detection apparatus shall be tested to the requirements of 4.4.2 through 4.4.13, 4.4.15,
4.4.16, 4.4.18, 4.4.20, 4.4.21, 4.4.22 and 4.4.25 using the parameters of the transfer function.

3.2.8 Separate control units for use with stand-alone gas detection apparatus

3.2.8.1 General

3.2.8 includes those apparatus to be used with stand-alone gas detection apparatus (as defined in 3.2.7)
to complete a "performance evaluated" combustible gas detection system.
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3.2.8.2 Tests

The control units shall be tested to the requirements of 4.4.2, 4.4.3, 4.4.6, 4.4.7, 4.4.13, 4.4.20, 4.4.21
and 4.4.25 using the parameters of the transfer function pertinent to the specific type of gas detector.

3.3 Labeling and marking

The apparatus shall comply with the marking requirements contained in the relevant standards covering
electrical apparatus for explosive atmospheres referred to in 3.1.2, as applicable.

The apparatus shall be marked with the number of the IEC 60079 “ANSI/ISA-12.13.01 Part x”, where x
represents the applicable part(s) standard (i.e. part 1, part 2, part 3, part 4, or part 5) with which the
performance is claimed to comply.  The marking shall be adjacent to that required by the standards
referred to in 3.1.2.  Where the apparatus incorporates flame arresting devices complying with 3.5 of this
standard, the marking shall include the symbol “s” in accordance with 25.6 of IEC 60079-0.

All equipment and protective systems shall be marked legibly and indelibly with the following minimum
requirements:

a) name and address of the manufacturer;

b) certification marking;

c) designation of series or type;

d) serial number, if any;

e) the specific marking describing the type of explosive protection.

f) the specific marking "CAUTION — READ AND UNDERSTAND INSTRUCTION MANUAL BEFORE
OPERATING OR SERVICING."

g) for portables apparatus indicating 0-100% LFL, the specific marking "CAUTION — OFF-SCALE
READINGS MAY INDICATE EXPLOSIVE CONCENTRATION."

Fixed Group II apparatus with remote sensors shall carry a label on each sensor, indicating the calibration
gas.

3.4 Instruction manual

Each apparatus shall be provided with an instruction manual that includes the following information:

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

b) operating instructions and adjustment procedures;

c) recommendations for initial checking and calibration of the apparatus on a routine basis, including
instructions for the use of the field calibration kit, if provided (see also Clause 5);

NOTE    Users are referred to IEC 61779-6 ANSI/ISA-RP12.13.02 (IEC 61779-6 Mod).

d) details of operational limitations, including, where applicable, the following:
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1) Gases for which the apparatus is suitable and the relative sensitivities of the instrument to these
gases

2) Information that describes the sensitivities to other gases to which the apparatus is responsive

3) Temperature limits

4) Humidity ranges

5) Supply voltage limits

6) Relevant characteristics and construction details of required interconnecting cables

7) Battery data

8) Pressure limits

9) Sample flow rate

10) Warm-up time

11) Stabilization time

e) details of storage life and limitations for apparatus, replacement parts, and accessories, including,
where applicable, the following:

1) Temperature

2) Humidity

3) Time

4) Pressure

f) the bases used for converting test and calibration gas concentrations from % LFL to % volume
fraction;

g) 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 apparatus;

h) for aspirated apparatus, indication of the minimum and maximum flow rates and pressure; also,
tubing type, maximum length and size for proper operation;

i) for aspirated apparatus, instructions for ensuring that the sample lines are intact and that proper flow
is established (see 3.2.4);

j) statements of the nature and significance of all alarms and fault signals, the duration of such alarms
and signals (if time-limited or non-latching) and any provisions that may be made for silencing or
resetting such alarms and signals, as applicable;

k) details of any method for determination of the possible sources of a malfunction and any corrective
procedures (i.e. trouble-shooting procedures);
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l) a statement that alarm devices, outputs, or contacts are of the non-latching types, where applicable
(see 3.2.3.1);

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

n) a recommended replacement parts list;

o) where optional accessories (e.g. collecting cones, weather-protecting devices) are supplied, the
manufacturer shall list them and state their effects on the instrument characteristics (e.g. including
response time and sensitivity) and provide means for identification of these (e.g. part numbers
included in manual);

p) details of certification and marking and any special conditions of service;

q) the storage life and recommended storage conditions for replacement parts and accessories, where
critical;

r) where the special nature of the apparatus (such as non-linear responses) requires additional
instructions or special information that are alternative to, or in addition to, the requirements of 3.3 and
3.4 a) to q), the instructions or information shall be provided.

3.5 Diffusion sensors

NOTE — Requirements for diffusion sensors are being prepared.

4 Test methods

4.1 Introduction

The test methods and procedures described in 4.2 to 4.4 are intended as a basis for establishing whether
the apparatus conforms with the supplementary requirements for performance given in the appropriate
part of this document listed in 1.1.1.

4.2 General requirements for tests

4.2.1 Samples and sequence of tests

4.2.1.1 For the purpose of type testing, the tests shall be carried out on one apparatus.  Another
apparatus may be used for tests according to 4.2.1.2.

4.2.1.2 The apparatus shall be subjected to all of the tests applicable to that type of apparatus as
described in 4.4.  The test sequence detailed below shall be followed.  However, test items 4) and 5) may
be carried out to a schedule agreed upon between the manufacturer and the test laboratory.

One apparatus shall successfully complete all the tests, 1) to 7) inclusive. Another apparatus may be
used for tests 8) and 9).

1) Unpowered storage (4.4.2)

2) Preparation and verification
Calibration and adjustment (4.4.3)
Alarm set point(s) (4.4.6)
Flow rate (4.4.11)
Warm-up time (4.4.15)
Time of response (4.4.16)
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Minimum time to operate (4.4.17)
Addition of sampling probe (4.4.22)
Field calibration kit (5)

3) Short-term stability (4.4.4.1)
Test on spot-reading apparatus (4.4.5)

4) Mechanical
Vibration (4.4.13)
Drop test (4.4.14)

5) Electrical battery capacity (4.4.19)
Power supply variations (4.4.20)
Power supply interruptions, voltage transients and step changes of voltage (4.4.21)
Electromagnetic interference (4.4.25)

6) Orientation (4.4.12)

7) Climatic
Temperature (4.4.7)
Pressure (4.4.8)
Humidity (4.4.9)
Air velocity (4.4.10)

8) Stability
Long-term tests for continuous-duty apparatus (4.4.4.2 through 4.4.4.5)

9) Environmental
High gas concentration (4.4.18)
Dust (4.4.23)
Poisons (4.4.24)

4.2.1.3 Tests shall also be carried out, where applicable, to ensure that apparatus satisfies the
construction requirements of 3.2.  The requirements for these tests are generally self-evident, except that
for short-circuit requirements in 3.2.4, ballast resistors shall be substituted for each wire connecting the
instrument to any remote sensor.  The values of these resistors shall be those declared in the instruction
manual (see 3.4 d)) to be the maximum lead resistances allowing satisfactory compliance with the
document.  The device used for the short circuit shall be of negligible resistance and shall be applied to
convenient points in the circuit, at the sensor ends of the ballast resistors.

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

4.2.2 Preparation of apparatus before testing

The apparatus shall be prepared and mounted as nearly as possible as for typical service, in accordance
with the instruction manual  including all necessary interconnections, initial adjustments, and initial
calibrations. Adjustments may be made, where appropriate, at the beginning of each test.

In particular, the following points shall be noted:
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a) Apparatus having remote sensors

For the purpose of the tests in 4.4, where reference is made to exposure of the sensor to the test
conditions, the entire remote sensor (including any or all normally attached protective mechanical
parts) shall be exposed.

For apparatus having connection facilities for more than one remote sensor, only one remote sensor
needs to be subjected to the tests. The replacement of all but one sensor by "dummy" impedance
yielding the worst case load conditions for the respective test shall be permitted. The worst case-load
conditions shall be determined by the testing laboratory within the limits specified in the instruction
manual (see 3.4 d)).

For apparatus having remote sensor(s), all tests shall be performed with resistances (with
temperature coefficients similar to those of the recommended interconnecting wire) connected in the
detector circuit to simulate the maximum line resistance specified by the apparatus producer, except
where minimum line resistance offers a more stringent test in the judgment of the test laboratory.

b) Apparatus having self-contained sensors

The entire apparatus shall be exposed to the test conditions without removal of any normally attached
parts, including any sampling probe for tests 4.4.11, 4.4.15, 4.4.16 and 4.4.17.

c) Alarm-only apparatus

For alarm-only apparatus, readings shall be taken using an external meter connected to the test
points described in 3.2.2.2.

In all cases Unless otherwise noted, optional parts shall be either attached or removed according to which
condition will give the most unfavorable result (at the discretion of the testing laboratory) for the test being
conducted.

4.2.3 Mask for calibration and tests

When a mask is used for calibration or the injection of test gas into the sensor, the design and operation
of the mask used by the testing laboratory  in particular the pressure and velocity inside the mask 
shall not inadmissibly influence the response of the apparatus or the results obtained.

NOTE    It is recommended that the testing laboratory should consult with the manufacturer in determining the design of the
calibration mask.  The manufacturer may provide a suitable calibration mask together with details of suggested pressure or flow for
application of calibration gases with the apparatus.

4.3 Normal conditions for test

4.3.1 General

The test conditions specified in 4.3.2 to 4.3.10 shall be used for all tests unless otherwise stated.

4.3.2 Test gas(es)

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

a) Methane for apparatus intended for sensing methane or firedamp, or intended for general-purpose
flammable gas detection that includes the detection of methane.
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b) The actual specific gas or a representative gas for apparatus intended for sensing a specific
flammable gas or a specific family of chemically similar flammable gases.

NOTE    This gas or vapour will normally be the test gas recommended by the manufacturer.

For all the other gases for which the apparatus is deemed to be suitable, the calibration curves and
response times shall be supplied by the manufacturer and a representative sample verified by the testing
laboratory.

NOTE 1    For the purpose of this document, where it is appropriate to use zero gas rather than clean air, references to clean air
may be regarded as references to zero gas.

NOTE 2    The gas mixture may be prepared by any suitable method, for example, in accordance with the methods outlined in ISO
6142, 6145, 6146 or 6147.

NOTE 3    Where vapours are used, the volume ratio of the standard test gas should be known to an uncertainty of ±2 %.

4.3.3 Standard test gas

The volume ratios of the standard test gas shall be as follows:

a) for group I apparatus indicating up to a volume fraction of 5 % methane: equivalent range of either a
volume fraction of (1.5 ± 0.15) % or a volume fraction of (2.0 ± 0.2) %, as agreed between the
manufacturer and the testing laboratory;

b) for other group I and all group II apparatus: 45% to 55% of measuring range, wherever possible, not
within the explosive range;

c) the volume ratios shall be known to an accuracy of ±2% of the gas concentration.

4.3.4 Flow rate for test gases

When the apparatus is exposed to the test gases, including air, the flow rate of the gas shall be in
accordance with the manufacturer's instructions.

NOTE    For apparatus that samples by diffusion, either a calibration mask in accordance with 4.2.3 or a test chamber may be used
(see also Annex B).

4.3.5 Voltage

a) Mains-powered apparatus shall be operated within 2% of the manufacturer's recommended supply
voltage and frequency.

b) Battery-powered apparatus 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.

4.3.6 Ambient temperature

The ambient air and test gas shall be held at a constant temperature ±2°C within the range of 15°C to
25°C throughout the duration of each test.
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