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Preface

This preface, as well as all footnotes and Informative annexes, is included for information
purposes and is not part of ANSI/ISA-60079-28 (12.21.02)-2012.

This document has been prepared as part of the service of ISA 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 S| (and the metric
system) in their business and professional dealings with other countries. Toward this end, this
Department will endeavor to introduce Sl-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 DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT, AND
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE
USE OF THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF
ANY PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR
OWN RESPONSIBILITY.

PURSUANT TO ISA’S PATENT POLICY, ONE OR MORE PATENT HOLDERS OR PATENT
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A
LICENSE ON A WORLDWIDE, NON-DISCRIMINATORY BASIS, WITH A FAIR AND REASONABLE
ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS. FOR MORE
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR
VISIT WWW.ISA.ORG/STANDARDSPATENTS.

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS, OR DETERMINING WHETHER
ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION WITH SUBMISSION OF A
LETTER OF ASSURANCE, IF ANY, OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR
NON-DISCRIMINATORY.
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ISA REQUESTS 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
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.
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INTRODUCTION

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

There are four possible ignition mechanisms.

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

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

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

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

The most likely case of ignition occurring in practice with lowest radiation power of ignition
capability is case a). Under some conditions for pulsed radiation, case d) also will become
relevant.

Optical equipment is used in most cases in conjunction with electrical equipment, for which clear
and detailed requirements and standards for use in potentially explosive atmospheres exist. One
purpose of this standard is to inform industry about potential ignition hazards associated with the
use of optical systems in hazardous locations as defined in IEC 60079-10 and the adequate
protection methods.

This standard details the integrated system used to control the ignition hazard from equipment
using optical radiation in hazardous locations.
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EXPLOSIVE ATMOSPHERES -

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

1 Scope

This standard part—efHEC-60079—explains the potential ignition hazard from equipment using
optical radiation intended for use in explosive gas atmospheres. It also covers equipment, which
itself is located outside but its emitted optical radiation enters such atmospheres. It describes
precautions and requirements to be taken when using optical radiation transmitting equipment in
explosive gas atmospheres. It also outlines a test method, which can be used to verify a beam is
not ignition capable under selected test conditions, if the optical limit values cannot be
guaranteed by assessment or beam strength measurement.

NOTE 1 Throughout this standard, reference is made to equipment protection levels (EPLS) as a means to determine
the applicability of requirements (see ISA 60079-0 for the definition of EPLs). While NFPA 70 (NEC) does not preclude
marking of the equipment protection level (EPL), the concept of a risk assessment to establish the selection of
equipment for specific areas based on the assigned EPL for the specific area is not currently recognized. Therefore,
when applying this standard, the EPL designations shown are to be understood as meaning equipment suitable for a
Zone classification as follows:

EPL Designation Zone classification

Ga Class I, Zone 0
Gb Class |, Zone 1
Gc Class I, Zone 2

This standard contains requirements for optical radiation in the wavelength range from 380 nm to

10 um. It covers the following ignition mechanisms:

e optical radiation is absorbed by surfaces or particles, causing them to heat up and, under
certain circumstances, this may allow them to attain a temperature which will ignite a
surrounding explosive atmosphere;

e direct laser induced breakdown of the gas at the focus of a strong beam, producing plasma
and a shock wave both eventually acting as the ignition source. These processes can be
supported by a solid material close to the breakdown point.

NOTE 2% See items a) and d) of the introduction.

This standard applies to optical fibre equipment and optical equipment, including LED and laser
equipment, other than as detailed below:

e Non-array indicator LEDs used to show egquipment status (such as standard panel-mount
indicator LEDS).

e Luminaires with divergent light sources.

e Optical radiation sources for Gc applications which comply with Class | limits in accordance
with US Code of Federal Regulations, 21 CFR Part 1040.

e Optical radiation sources for Gb or Gc applications which comply with Class 1 limits in
accordance with IEC 60825-1.
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NOTE 3 Class | limit evaluations in accordance with US Code of Federal Regulations, 21 CFR Part 1040 are based on
normal operating conditions. Class 1 limit evaluations in accordance with IEC 60825-1 are based on normal operating
and single fault conditions.

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

This standard specifies requirements for equipment intended for use under atmospheric
conditions.

This standard supplements and modifies the general requirements of ANSI/ISA-}ECS-60079-0.
Where a requirement of this standard conflicts with a requirement of ANSI/ISA-}EC-60079-0, the
requirement of this standard will take precedence.

NOTE 42 Although one should be aware of ignition mechanism b) and c) explained in the introduction, they are not
addressed in this standard due to the very special situation with ultraviolet radiation and with the absorption properties
of most gases (see Annex B).

NOTE 53 Safety requirements to reduce human exposure hazards from fibre optic communication systems are found
in IEC 60825-2:2000.

NOTE 64 Types of protection "op is", "op pr", and "op sh" can provide equipment protection levels (EPL) Ga, Gb, or
Gc. For further information, see Annex E.

2 Normative References

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

ANSI/ISA-HEC-60079 (all parts), Electrical apparatus for explosive gas atmospheres

ANSI/ISA-HECG-60079-0, Electrical apparatus for explosive gas atmospheres — Part 0: General
requirements

IEC 60079-10, Electrical apparatus for explosive gas atmospheres — Part 10: Classification of
hazardous areas

ANSI/ISA-IEC- 60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic
safety "i"

IEC 60825-1, Safety of Laser Products — Part 1: Equipment Classification and Requirements

IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibore communication systems

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic safety-
related systems

IEC 61511 (all parts), Functional safety — Safety instrumented systems for the process industry
sector
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ANSI/ISA-84.00.01 Part 1 (IEC 61511-1 Mod), Functional Safety: Safety Instrumented Systems
for the Process Industry Sector - Part 1: Framework, Definitions, System, Hardware and
Software Requirements

ANSI/ISA-84.00.01 Part 2 (IEC 61511-2 Mod), Functional Safety: Safety Instrumented Systems
for the Process Industry Sector - Part 2: Guidelines for the Application of ANSI/ISA-84.00.01-
2004 Part 1 (IEC 61511-1 Mod) — Informative

ANSI/ISA-84.00.01 Part 3 (IEC 61511-3 Mod), Functional Safety: Safety Instrumented Systems
for the Process Industry Sector - Part 3: Guidance for the Determination of the Required Safety
Inteqgrity Levels - Informative

NFEPA 70, National Electrical Code (NEC)

ANSI/UL 1651, Optical Fiber Cable

US Code of Federal Requlations, 21 CFR Part 1040, Performance standards for light-emitting
products

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ANSI/ISA-}EC-60079-0 and
the following apply.

NOTE Additional definitions applicable to explosive atmospheres can be found in IEC 60050-426 [1]1.

3.1

absorption

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

[IEV 731-03-14]

3.2

beam diameter (or beam width)

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

[IEV 731-01-35]

NOTE Most commonly applied to beams that are circular or nearly circular in cross section.

3.3

beam strength

a general term used in this standard referring to an optical beam’s power, irradiance, energy, or
radiant exposure

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

1 Figures in square brackets refer to the bibliography.
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[IEV 731-02-04]

3.5
cladding
that dielectric material of an optical fibre surrounding the core

[IEV 731-02-05]

3.6
fibre bundle
an assembly of unbuffered optical fibres

[IEV 731-04-09]

3.7

fibre optic terminal device

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

[IEV 731-06-44]

NOTE A fibre optic terminal device always has one or more integral fibre optic connector(s) or optical fibre pigtails(s).

3.8

inherently safe optical radiation

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

NOTE This definition is analogous to the term “intrinsically safe” applied to electrical circuits.

3.9
irradiance
the radiant power incident on an element of a surface divided by the area of that element

[IEV 731-01-25]

3.10
light (or visible radiation)
any optical radiation capable of causing a visual sensation directly on a human being

[IEV 731-01-04]

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

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

3.11

minimum ignition energy

MIE

lowest electrical energy stored in a capacitor which upon discharge is sufficient to effect ignition
of the most ignitable explosive atmosphere under specified test conditions
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3.12
optical fibre
filament shaped optical waveguide made of dielectric materials

[IEV 731-02-01]

3.13

optical fibre cable

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

[[EV 731-04-01]

3.14

optical fibre communication system

OFCS

engineered, end-to-end assembly for the generation, transference and reception of optical
radiation arising from lasers, LEDs or optical amplifiers, in which the transference is by means of
optical fibre for communication and/or control purposes

3.15

free space optical communication system

FSOCS

an installed, portable, or temporarily mounted, through-the-air system typically used, intended or
promoted for voice, data or multimedia communications and/or control purposes via the use of
modulated optical radiation produced by a laser or IR-LED. "Free space" means indoor and
outdoor optical wireless applications with both non-directed and directed transmission. Emitting
and detecting assemblies may or may not be separated.

NOTE The above definitions are from IEC TC 76. This standard is not only dealing with “communication systems”, so
a more general definition could be useful.

3.16
optical (or radiant) power
the time rate of flow of radiant energy with time

[IEV 731-01-22]

3.17

optical radiation

electromagnetic radiation at wavelengths in vacuum between the region of transition to X-rays
and the region of transition to radio waves, that is approximately between 1 nm and 1 000 um

[IEV 731-01-03]

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

3.18

protected optical fibre cable

optical fibre cable protected from releasing optical radiation into the atmosphere during normal
operating conditions and foreseeable malfunctions by additional armouring, conduit, cable tray or
raceway
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3.19
radiant energy
energy that is emitted, transmitted or received via electromagnetic waves

[IEV 731-01-21]

3.20
radiant exposure
the radiant energy incident on an element of a surface divided by the area of that element

[IEV 393-14-84, modified, and IEV 845-01-42, modified] 2

4 General requirements

4.1 Optical equipment

All electrical parts and circuits inside and outside optical equipment shall comply with the
appropriate standards for electrical apparatus.

4.2 Risk levels

Three different equipment protection levels Ga, Gb, Gc are defined (see Annex E). Table 1
shows the relationship between the EPL and the probability of an ignition source:

Table 1 — Relationship between Zone, EPL and the probability of an ignition source

Zone EPL Protection required
0 Ga Ignition not likely with one fault and two independent faults or in the case of rare
malfunctions
1 Gb Ignition not likely with one fault or in the case of expected malfunctions
2 Gce Ignition not likely in normal operation

An ignition hazard assessment, as given in Annex C, has to be carried out to identify the ignition
mechanisms and ignition sources caused by the specific working principle of the equipment
using optical radiation.

The types of protection selected from section 5 to protect the specific equipment depend on this
ignition hazard assessment considering the table of ignition probabilities given above for the
different EPLs.

NOTE In IEC TC 31, the introduction of "equipment protection levels (EPL) Ga, Gb, Gc" was decided.

2 |EC 60050-393:2003, International Electrotechnical Vocabulary (IEV) — Part 393: Nuclear instrumentation —
Physical phenomena and basic concepts

IEC 60050-845:1987, International Electrotechnical Vocabulary (IEV) — Chapter 845: Lighting
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