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General Notes

This is the common ISA and UL Standard for Explosive Atmospheres — Part 11: Equipment Protection by
Intrinsic Safety “iI”. It is edition 6.2 of ANSI/ISA-60079-11 and edition 6 of ANSI/UL 60079-11. This
document is a modification of the IEC document and includes US deviations encompassing both additions
and deletions of information.

ANSI/ISA 60079-11 and ANSI/UL 60079-11 contain identical requirements, and the identical publication
dates. The presentation and format of the standards material may differ between the two published

standards.

This comrLon standard was prepared by ISA and Underwriters Laboratories Inc. (UL).
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Preface (ISA)

This ISA standard is based on the Sixth edition of IEC Publication 60079-11 including Corrigendum 1. It
is the intention of the ISA12 Committee to develop an ANSI Standard that is harmonized with IEC
60079-11 to the fullest extent possible. This preface is included for informational purposes and is not part
of ISA 60079-11. The document is a modification of the IEC document and includes U.S. deviations
encompassing both additions and deletions of information.

The entire text of IEC 60079-11:2011 is included in this document including Corrigendum 1. U.S. National
Deviations are shown by strlkeout through deleted text and underI|n|ng of added text Tables or portions
of tables, {f ‘ ' ' T the overlay
”X.” Somg tables have been reformatted to aIIow for US standard paper sizes. There are tenannexes in
this standard. Annexes A, B, D, F and G are normative and form part of the requirements'of thig standard.
Annexes ¢, E, H, | and J are informative and are not considered part of this standargd.

The significant changes with respect to the previous edition are listed below:
* [nclusion of non-edition specific references to ANSI/ISA 60079-0;
 [The merging of the apparatus requirements for FISCO fromANSI/ISA 60079-27.
 [The merging of the requirements for combustible dust.atmospheres from ANSI/ISA $1241-11.

» Clarification of the requirements for accessories:connected to intrinsically safe appafatus;
such as chargers and data loggers.

e Addition of new test requirements for opto-isolators.
* [ntroduction of Annex H about ignitief’/testing of semiconductor limiting power supply circuits.
* Clarification of the spacing requirements applicable to protective fuses.

The standprds referenced within this*document may contain provisions which, through referepce in this
text, constjtute requirements of. this document. At the time of publication, the editions indicated fvere valid.
All standafds are subject to revision, and parties to agreements based on this document are ehcouraged
to investigate the possibjlity-of applying the most recent editions of the standards indicated |within this
document] Members of.JEC and ISO maintain registers of currently valid International Standards. ANSI
maintain registers of-currently valid U.S. National Standards.

This document+has been prepared as part of the service of ISA toward a goal of uniformity in fhe field of
instrumentation: To be of real value this document should not be static but should be subject to periodic
review. Taoy A t they be
addressed to the Secretary, Standards and Practlces Board ISA; 67 AIexander Dr|ve 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 (Sl) 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 Sl (and the metric system) in their business and professional
dealings with other countries. Toward this end, this Department will endeavor to introduce Sl-acceptable
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metric units in all new and revised standards, recommended practices, and technical reports to the
greatest extent possible. IEEE/ASTM Sl 10, American National Standard for Metric Practice, 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 RIGH RTED IN CONN ON 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 THEVALIDITY 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, WiFH A FAIR AND REASONABLE
ROYALTY RATE AND FAIR AND REASONABLE TERMSCAND CONDITIONS. FQR 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 QF ASSURANCE, IF ANY, OR IN, ANY LICENSING AGREEMENTS ARE REASONABLE OR
NON-DISCRIMINATORY.

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 MA[ERIALS,
OPERAT|IONS OR2EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS (OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDPUSSCONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER TH USER’S
PARTICULAR—CIREY HSER O—-CONSIE APPHICABILITY 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 ISA12.2:
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A. Engler* Det Norske Veritas DNV
G. Garcha GE Power & Water
J. Genre Industrial Scientific Corp.
G. Kozinski GE Infrastructure Sensing
R. Mase| CSA Group
J. McCofmick Siemens Process Analytics
J. Miller Detector Electronics Corp.
S. Nguy¢gn* Siemens Milltronics Ltd.
A. Page Consultant
R. Parks Intertek
T. Patel Littelfuse, Inc.
B. Saxinper BW Technologies by Honeywell
B. Schagfer UL LLC
T. Schndare Rosemount Ine.
J. Thomas Schlumberger
L. Vlagep GeneraldMonitors
T. Woods GE Qil& Gas
ZOne vole for company

The followjng people served as members of ISAT2:
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National Differences

National Differences from the text of International Electrotechnical Commission (IEC) Publication
60079-11, Explosive Atmospheres — Part 11: Equipment Protection by Intrinsic Safety “i” copyright 2011,
are indicated by notations (differences) and are presented in bold text. The national difference type is
included in the body.

In the ISA publication of this standard, National Differences are presented using legislative text (strike-out
and underline). The national difference type is identified in an informative annex.

The UL printed standard nciudes the nationar difference types within the body of the text using| legislative
text (strikg-out and underline).

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 thesg National
Differenceg.

D1 - These are National Differences which are based on basic safety principles and reqyirements,
elimination] of which would compromise safety for consumers and users,of products.

D2 — Thege are National Differences from IEC requirements based-on existing safety practiges. These
requiremepts reflect national safety practices, where empirical/substantiation (for the IEC ¢r national
requiremeft) is not available or the text has not been includedhin the IEC standard.

DC - Thege are National Differences based on the component standards and will not be dg¢leted until
a particulgr component standard is harmonized with the IEC component standard.

DE - Thege are National Differences based on editorial comments or corrections.

DR - Thege are National Differences based on the national regulatory requirements.
Each natignal difference contains a description of what the national difference entails. Typically|one of the
following words is used to explainthow the text of the national difference is to be applied to thg base IEC

text:

Addition { Add - An addition’ entails adding a complete new numbered clause, subclause, taple, figure,
or annex. fAddition is net meant to include adding select words to the base IEC text.

Deletion /| Delete”-"A deletion entails complete deletion of an entire numbered clause, subclause, table,
figure, or annexswithout any replacement text.

Modificatler Modi A-modification-is—an-alteringof- theexisting-base ——te HEA—3 eaddition,
replacement or deletion of certain words or the replacement of an entire clause, subclause, table, figure,
or annex of the base IEC text.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES - Part 11: Equipment Protection by intrinsic safety ”i”

FOREWORD

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 §
International
referred to a
in the subjed
liaising with
Standardizat

2) The formg
opinion on th

3) IEC Publi
sense. Whilg

Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guid
b “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Gemmitf
t dealt with may participate in this preparatory work. International, governmental and nongovernmental

the IEC also participate in this preparation. IEC collaborates closely with the International Org
on (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, an international
e relevant subjects since each technical committee has representation from all interested IEC National g

—C publishes
es (hereafter
ee interested
prganizations
bnization for

tonsensus of
ommittees.

ations have the form of recommendations for international use and are*accepted by IEC National Comnpittees in that

all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IH

held respongble for the way in which they are used or for any misinterpretation\by any end user.

4) In order t
maximum e
correspondin

5) IEC itself
and, in som
certification

6) All users {

7) No liabilit
technical col
whatsoever,
reliance upo

8) Attention i
correct appli

promote international uniformity, IEC National Committees\undertake to apply IEC Publications transp
tent possible in their national and regional publications: Any divergence between any IEC Publica
g national or regional publication shall be clearly indicated in the latter.

oes not provide any attestation of conformity.dndependent certification bodies provide conformity assesst
b areas, access to IEC marks of conformity. IEC is not responsible for any services carried out by
odies.

hould 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 m
nmittees and IEC National Committees for any personal injury, property damage or other damage g

hether direct or indirect, or for costs (including legal fees) and expenses arising out of the publicatig
, this IEC Publication or any other IEC Publications.

5 drawn'to-the Normative references cited in this publication. Use of the referenced publications is indispe
ation of+this publication.

C cannot be

hrently to the
tion and the

hent services

independent

bmbers of its
f any nature
n, use of, or

sable for the

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

International Standard IEC 60079-11 has been prepared by subcommittee 31G: Intrinsically safe

apparatus,

of IEC technical committee 31: Equipment for explosive atmospheres.

This sixth edition cancels and replaces the fifth edition of IEC 60079-11 published in 20086, the first edition
of IEC 61241-11 published in 2005, and the new Annex G replaces the apparatus requirements of the
second edition of IEC 60079-27 published in 2008. This sixth edition constitutes a technical revision of
these publications.
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NOTE IEC 60079-25 cancels and replaces the remaining subject matter of IEC 60079-27.

The significant changes with respect to the previous edition are listed below:

¢ [nclusion

of non-edition specific references to IEC 60079-0.

* The merging of the apparatus requirements for FISCO from IEC 60079-27.

* The merging of the requirements for combustible dust atmospheres from IEC 61241-11.

e Clarification of the requirements for accessories connected to intrinsically safe apparatus; such as

chargers 3§

e Addition

nd data loggers.

of new test requirements for opto-isolators.

e Introductjon of Annex H about ignition testing of semiconductor limiting power supply circuits

The text of this standard is based on the following documents:
FDIS Report on voting
31G/207/FDIS 31G/213/RVD

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

indicated i

This stand
Table 1 (s

This publig

A list of al
on the |EQ

The comn
date indic
publication

h the above table.

ard supplements and modifies the general requifements of IEC 60079-0, except as i
ce Scope).

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

on voting

hdicated in

parts of the IEC 60079 series,(under the general title: Explosive atmospheres, can be found

website.

ittee has decided that the' contents of this publication will remain unchanged until t

he stability

ated on the IEC web site under ”http://webstore.iec.ch” in the data related to the specific

. At this date, the publication will be

¢ reconfirnmped;

e withdrawn;

e replaced

by ‘a’revised edition, or

e amended.

IMPORTANT - The ’colour inside’ logo on the cover page of this publication indicates that it contains colours which
are considered to be useful for the correct understanding of its contents. Users should therefore print this document
using a colour printer.
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EXPLOSIVE ATMOSPHERES - Part 11 : Equipment Protection By

Intrinsi

1 Scope

c Safety "i”

This part of IEC 60079 specifies the construction and testing of intrinsically safe apparatus intended for
use in an explosive atmosphere and for associated apparatus, which is intended for connection to
intrinsically safe circuits which enter such atmospheres.

1

This type
incapable

This stand
explosive
safety of t
of such el
explosive

The requir

This stand
Table 1.
requireme

If requirer
apparatus

This stand
means “el

If associa
Type of P
with the re

V.1.1 Replace “part of IEC 60079” with “standard”.

f protection is applicable to electrical equipment in which the electrical circuits them
f causing an explosion in the surrounding explosive atmospheres.

rd is also applicable to electrical equipment or parts of electrical-equipment located
tmosphere or protected by another Type of Protection listed in IEC 60079-0, where t
e electrical circuits in the explosive atmosphere may depend upon the design and ¢
betrical equipment or parts of such electrical equipment. The electrical circuits expd
htmosphere are evaluated for use in such an atmosphiere by applying this standard.

ements for intrinsically safe systems are provided'in IEC 60079-25.

ard supplements and modifies the general requirements of IEC 60079-0, except as i
Where a requirement of this standard.‘conflicts with a requirement of IEC 60
hts of this standard shall take precedence.

the term “apparatus” is used throughout the standard.

ard is for electrical equipment only; therefore the term “equipment” used in the stand
betrical equipment”.

d apparatus is ‘placed in the explosive atmosphere, it shall be protected by an 3
otection listed inFIEC 60079-0, and then the requirements of that method of protectia
levant paptsiof IEC 60079-0 also apply to the associated apparatus.

selves are

butside the
he intrinsic
bnstruction
sed to the

hdicated in
D79-0, the

hents in this standard are applicable to both intrinsically safe apparatus and associated

ard always
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Table 1 — Applicability of specific clauses of IEC 60079-0

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 (2007) Ed. 6.0 (2011) Clause / Subclause title Group | and Group Il
(informative) (informative) (normative) Group Il

1 1 Scope Applies Applies Applies

2 2 Normative references Applies Applies Applies

3 3 Terms and definitions Applies Applies Applies

4 4 Equipment grouping Applies Applies Applies

4.1 4.1 Group | Applies Excluded Applies

4.2 4.2 Group I Applies Excluded Applies

4.3 4.3 Group Il Excluded Applies Appligs

4.4 4.4 Equipment for a particular Applies Applies Applies

explosive atmosphere

5.1 5.1 Environmental influences Applies Applies Applies

5.1.1 5.1.1 Ambient temperature Applies Applies Appligs

51.2 51.2 External source of heating or Applies Applies Applies

cooling

5.2 5.2 Service temperature Applies Applies Applies

5.3.1 5.3.1 Determination of maximum Applies Applies Exclyded

surface temperature

5.3.2.1 5.3.2.1 Group | electrical equipment Applies Excluded Excluyded

5.3.2.2 5.3.2.2 Group |l electrical equipment Applies Excluded Exclyded

5.3.2.3 5.3.2.3 Group Il electrical equipment Excluded Applies Exclyded

5.3.3 5.3.3 Small component temperature for | Applies Excluded Exclyded

Group | or Group Il electrical
equipment

6.1 6.1 General Applies Applies Appligs

6.2 6.2 Mechanical strength of equipment | Excluded except | Excluded except | Exclyded except
when 6.1.2.3 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied

6.3 6.3 Opening\times Excluded Excluded Exclyded

6.4 6.4 Circulating currents in enclosures | Excluded Excluded Exclyded

(e'g. of large electrical machines)

6.5 6.5 Gasket retention Excluded except | Excluded except |Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied

6.6 6.6 Electromagnetic and ultrasonic Applies Applies Excluded

radiating equipment

711 AN Applicability Excluded except | Excluded except |Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied

71.2 7121 Specificatiomof-meateriats ExctudedexceptTExctudedexcept—TExctuded except
when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied

713 7122 Plastic materials Excluded except | Excluded except |Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied

71.4 7123 Elastomers Excluded except | Excluded except |Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied

7.2 7.2 Thermal endurance Excluded except | Excluded except |Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied

Table 1 — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1 — Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0 IEC 60079-0 clause application to IEC 60079-11
Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 (2007) Ed. 6.0 (2011) Clause / Subclause title Group | and Group Il
(informative) (informative) (normative) Group Il
7.3 7.3 Resistance to light Excluded except | Excluded except | Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied
7.4 7.4 Electrostatic charges on external | Applies Applies Excluded
Ror-metattic-meateriats
NR 7.5 Accessible metal parts Applies Applies Exclided
7.5 NR Threaded holes Excluded except | Excluded except( |'Exclyded except
when 6.1.2.3 a) |when 6.1.3 a) is| { when| 6.1.2.3 a)
is applied applied. is applied
8.1 8.1 Material composition Applies Applies Exclyded
8.1.1 8.2 Group | Applies Excluded Exclyded
8.1.2 8.3 Group I Applies Excluded Excluded
8.1.3 8.4 Group I Excluded Applies Exclyded
8.2 NR Threaded holes Excluded except/| Excluded except | Exclyded except
when 6.1.2.3'a) |when 6.1.3 a) is [when 6.1.2.3 a)
is applied applied. is applied
9 9 Fasteners Excluded Excluded Exclyded
10 10 Interlocking devices Excluded Excluded Exclyded
11 11 Bushings Excluded Excluded Exclyded
12 12 Materials used for cementing Excluded except | Excluded except | Exclyded except
when 6.1.2.3 a) |when 6.1.3 a) is [when 6.1.2.3 a)
is applied applied. is applied
13 13 Ex Components Applies Applies Appligs
14 14 Connection facilitieszand Excluded Excluded Excluded
termination compartments
15 15 Connection fagilities for earthing | Excluded Excluded Exclyded
or bonding-eonductors
16 16 Entries into enclosures Excluded except | Excluded except | Exclyded except
when 6.1.2.3 a) |when 6.1.3 a) is [when 6.1.2.3 a)
is applied applied. is applied
17 17 Supplementary requirements for | Excluded Excluded Excluded
rotating machines
18 18 Supplementary requirements for | Excluded Excluded Exclyded
switchgear
19 19 Supplementary requirements for | Excluded Excluded Excluded
fuses
20 20 Supplementary requirements for | Excluded Excluded Exclyded
plugs, socket outlets and
connectors
21 21 Supplementary requirements for | Excluded Excluded Excluded
luminaires
22 22 Supplementary requirements for | Modified Modified Excluded
caplights and handlights
23.1 23.1 General Applies Applies Applies
23.2 23.2 Batteries Excluded Excluded Excluded
23.3 23.3 Cell types Applies Applies Applies
23.4 234 Cells in a battery Applies Applies Applies
23.5 23.5 Ratings of batteries Applies Applies Applies

Table 1 — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1 — Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0 IEC 60079-0 clause application to IEC 60079-11
Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 (2007) Ed. 6.0 (2011) Clause / Subclause title Group | and Group Il
(informative) (informative) (normative) Group Il
23.6 23.6 Interchangeability Applies Applies Applies
23.7 23.7 Charging of primary batteries Applies Applies Applies
23.8 23.8 Leakage Applies Applies Applies
23.9 23.9 Connections Applies Applies Applies
23.10 23.10 Orientation Applies Applies Applies
23.11 23.11 Replacement of cells or batteries | Applies Applies Applies
23.12 23.12 Replaceable battery pack Applies Applies Appligs
24 24 Documentation Applies Applies Applies
25 25 Compliance of prototype or Applies Applies Applies
sample with documents
26.1 26.1 General Applies Applies Appligs
26.2 26.2 Test configuration Applies Applies Applies
26.3 26.3 Tests in explosive test mixtures Applies Applies Applies
26.4.1 26.4.1 Order of tests Excluded exeept | Excluded except | Exclyded except
when 6.17:283 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied
26.4.1.1 26.4.1.1 Metallic enclosures, metallic parts | Excluded except | Excluded except | Exclyded except
of enclosures and glass parts of _|when 6.1.2.3 a) |when 6.1.3 a) is [when 6.1.2.3 a)
enclosures is applied applied. is applied
26.4.1.2 26.41.2 Non-metallic enclosures or non= Excluded except | Excluded except | Exclyded except
metallic parts of enclosures, when 6.1.2.3 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied
26.4.1.2.1 26.4.1.2.1 Group | electrical equipment Excluded except | Excluded Exclyded except
when 6.1.2.3 a) when| 6.1.2.3 a)
is applied is applied
26.4.1.2.2 26.4.1.2.2 Group Il and*Group IlI electrical Excluded except | Excluded except | Exclyded except
equipment when 6.1.2.3 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied
26.4.2 26.4.2 Resistance to impact Excluded except | Excluded except | Exclyded except
when 6.1.2.3 a) |when 6.1.3 a) is |when[6.1.2.3 a)
is applied applied. is applied
26.4.3 26.4.3 Drop test Applies Applies Exclyded except
when| 6.1.2.3 a)
is applied
26.4.4 26744 Acceptance criteria Applies Applies Exclyded except
when| 6.1.2.3 a)
is applied
26.4.5 26.4.5 Degree of protection (IP) by Applies Applies Applies
enclosures
26.5.1.1 26.5.1.1 General Applies Applies Excluded
26.5.1.2 26.5.1.2 Service temperature Modified Modified Modified
26.5.1.3 26.5.1.3 Maximum surface temperature Modified Modified Modified
26.5.2 26.5.2 Thermal shock test Excluded except | Excluded except |Excluded except
when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied
26.5.3 26.5.3 Small component ignition test Applies Excluded Excluded
(Group | and Group 1)
26.6 26.6 Torque test for bushings Excluded Excluded Excluded

Table 1 — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1 — Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 (2007) Ed. 6.0 (2011) Clause / Subclause title Group | and Group Ill
(informative) (informative) (normative) Group Il P
26.7 26.7 Non-metallic enclosures or non- Excluded except | Excluded except | Excluded except
metallic parts of enclosures when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
is applied applied. is applied
26.8 26.8 Thermal endurance to heat Excluded except | Excluded except | Excluded except
when-6-+2-3-a)—twher6-+3-aris—twhen 6.1.2.3 a)
is applied applied. istapplied
26.9 26.9 Thermal endurance to cold Excluded except | Excluded except(\Exclyded except
when 6.1.2.3 a) |when 6.1.3 a) is| [when 6.1.2.3 a)
is applied applied. is applied
26.10 26.10 Resistance to light Excluded except | Excluded except | Exclyded except
when 6.1.2.3 a) |whem6:1.3 a) is |when6.1.2.3 a)
is applied applied. is applied
26.11 26.11 Resistance to chemical agents for | Excluded except (;Excluded Exclyded
Group | electrical equipment when 6.1.2.3 a)
is applied
26.12 26.12 Earth continuity Excluded Excluded Exclyded
26.13 26.13 Surface resistance test of parts of | Applies Applies Exclyded
enclosures of non-metallic
materials
26.15 26.14 Measurement of capacitance Applies Applies Exclyded
NR 26.15 Verification of ratings of Excluded Excluded Exclyded
ventilating fans
NR 26.16 Alternative qualification of Excluded except | Excluded except | Exclyded except
elastomeric sealing Qfrings when 6.1.2.3 a) |when 6.1.3 a) is |when|6.1.2.3 a)
is applied applied. is applied
27 27 Routine tests Applies Applies Applies
28 28 Manufacturer's-tesponsibility Applies Applies Appligs
29 29 Marking Applies Applies Applies
30 30 Instructions Applies Applies Applies
Annex A Annex A Supplementary requirements for | Excluded Excluded Exclyded
(Normative), (Normative) cable glands
Annex B Annex B Requirements for Ex Components | Applies Applies Applies
(Normative) (Normative)
Annex C Annex € Example of rig for resistance to Applies Applies Exclyded except
(Normative), (Norfative) impact test when[6.1.2.3 a)
is applied
Annex D NR Alternative risk assessment Applies Applies Applies
(Informative method encompassing
“equipment protection levels” for
Ex equipment
Annex E Annex D Motors supplied by converters Excluded Excluded Excluded
(Informative) (Informative)
NR Annex E Temperature rise testing of Excluded Excluded Excluded
(Informative) electric machines
NR Annex F Guideline flowchart for tests of Excluded except | Excluded except | Excluded except
(Informative) non-metallic enclosures or when 6.1.2.3 a) |when 6.1.3 a) is |when 6.1.2.3 a)
nonmetallic parts of enclosures is applied applied. is applied
(26.4)

Applies — This requirement of IEC 60079-0 is applied without change.
Excluded — This requirement of IEC 60079-0 does not apply.

Table 1 — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1 — Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

Intrinsically safe apparatus

Associated
apparatus

Ed. 5.0 (2007)
(informative)

Ed. 6.0 (2011)
(informative)

Clause / Subclause title
(normative)

Group | and
Group Il

Group Il

Excluded except — This requirement of IEC 60079-0 does not apply except when the conditions stated are met.
Modified — This requirement of IEC 60079-0 is modified as detailed in this standard.
NR — No requirements.

NOTE The clause numbers in the above table are shown for information only. The applicable requirements of IEC 60079-0 are

identified by the clause title which is normative. This table was written against the specific requirements of IEC 6007p-0, ed.
6.0. The clduse numbers for the previous edition are shown for information only. This is to enable the General requitements
IEC 60079-D, ed. 5.0, to be used where necessary with this part of IEC 60079. Where there were no requirefments, indicated by
NR, or ther¢ is a conflict between requirements, the later edition requirements take precedence.
Tgble 1DV DR Modification of Table 1DV NOTE to replace with the-following:
Table 1DV - Applicability of specific clauses of IEG60079-0
Clause or subclause of IEC 60079-0 IEC 60079-0)clause application to IEC[60079-11
Intrinsically safe apparatus Aisociated
apparatus
Ed. 5.( Ed. 6.0 Clause / Subclause title Group | and Group I
(informatjve) (informative) (normative) Group Il
1 1 Scope Applies Applies Applles
2 2 Normative references Applies Applies Applles
3 3 Terms and definitions Applies Applies Applles
4 4 Equipment grouping Applies Applies Applles
4.1 4.1 Group | Applies Excluded Applies
4.2 4.2 Group Il Applies Excluded Applles
4.3 4.3 Group Il Excluded Applies Applles
4.4 4.4 Equipment-for a particular Applies Applies Applles
explosive atmosphere
5.1 5.1 Environmental influences Applies Applies Applies
5.1.1 5.1.1 Ambient temperature Applies Applies Applies
5.1.2 5.1.2 External source of heating or Applies Applies Applles
cooling
5.2 5.2 Service temperature Applies Applies Applies
5.3.1 5.3.1 Determination of maximum Applies Applies Excluded
surface temperature
5.3.2.1 5:3.2.1 Group | electrical equipment Applies Excluded Exclyded
5.3.2.2 5.3.2.2 Group Il electrical equipment Applies Excluded Excl+ded
5.3.2.3 5:3:2:3 Groupii-etectricatequipment Exctuded Applies Exciided
5.3.3 5.3.3 Small component temperature | Applies Excluded Excluded
for Group | or Group Il
electrical equipment
6.1 6.1 General Applies Applies Applies
6.2 6.2 Mechanical strength of Excluded Excluded Excluded
equipment except when except when except when
6.1.23 a) is 6.1.3 a) is 6.1.2.3 a) is
applied applied. applied
6.3 6.3 Opening times Excluded Excluded Excluded

Table 1DV — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1DV - Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0 IEC 60079-0 clause application to IEC 60079-11
Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 Ed. 6.0 Clause / Subclause title Group | and Grouo Il
(informative) (informative) (normative) Group Il P
6.4 6.4 Circulating currents in Excluded Excluded Excluded
enclosures (e.g. of large
electrical machines)
6.5 6.5 Gasket retention Excluded Excluded Excluded
rexeept-when pt when
6.1.2.3 a) is 6.1.3 a) is 64:2|3 a) is
applied applied. applied
6.6 6.6 Electromagnetic and ultrasonic | Applies Applies Excljded
radiating equipment
711 711 Applicability Excluded Excluded Exclyided
except when except-when except when
6.1.2.3 a) is 6.1.3,a) is 6.1.23 a) is
applied applied. applied
7.1.2 7.1.21 Specification of materials Excluded Excluded Exclyded
except when except when except when
6.1.2.3 a)fis 6.1.3 a) is 6.1.2]3 a) is
applied applied. applied
71.3 7.1.22 Plastic materials Exeluded Excluded Excliided
except when except when except when
6:1.2.3 a) is 6.1.3 a) is 6.1.2]3 a) is
applied applied. applied
7.1.4 7.1.23 Elastomers Excluded Excluded Excliided
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2{3 a) is
applied applied. applied
7.2 7.2 Thermal endurance Excluded Excluded Excljded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2]3 a) is
applied applied. applied
7.3 7.3 Resistance to light Excluded Excluded Exclyded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.23 a) is
applied applied. applied
7.4 7.4 Electrostatic charges on Applies Applies Excliided
external non-metallic materials
NR 7.5 Accessible metal parts Applies Applies Exclyded
7.5 NR Threaded holes Excluded Excluded Exclihded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2]3 a) is
applied applied. applipd
8.1 8.1 Material composition Applies Applies Excluded
8.1.1 8.2 Group | Applies Excluded Excluded
8.1.2 8.3 Group Il Applies Excluded Excluded
8.1.3 8.4 Group Il Excluded Applies Excluded
8.2 NR Threaded holes Excluded Excluded Excluded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2.3 a) is
applied applied. applied
9 Fasteners Excluded Excluded Excluded
10 10 Interlocking devices Excluded Excluded Excluded

Table 1DV — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1DV - Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 Ed. 6.0 Clause / Subclause title Group | and Group Il
(informative) (informative) (normative) Group Il
11 11 Bushings Excluded Excluded Excluded
12 12 Materials used for cementing Excluded Excluded Excluded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2.3 a) is
appted——appHed——apphied
13 13 Ex Components Applies Applies Applles
14 14 Connection facilities and Excluded Excluded Excliided
termination compartments
15 15 Connection facilities for Excluded Excluded Exclyided
earthing or bonding conductors
16 16 Entries into enclosures Excluded Excluded Exclided
except when except when except when
6.1.2.3 a) is 6,1.3 a) is 6.1.23 a) is
applied applied. applied
17 17 Supplementary requirements Excluded Excluded Excliided
for rotating machines
18 18 Supplementary requirements Excladed Excluded Exclyided
for switchgear T
19 19 Supplementary requirements Excluded Excluded Excliided
for fuses
20 20 Supplementary requirements Excluded Excluded Exclyided
for plugs, socket outlets.and
connectors
21 21 Supplementary requirements Excluded Excluded Exclyided
for luminaires T
22 22 Supplementary requirements Modified Modified Excliided
for caplights.and handlights
23.1 23.1 General Applies Applies Applies
23.2 23.2 Batteries Excluded Excluded Exclyided
23.3 23.3 Cell types Applies Applies Applles
23.4 23.4 Cells in a battery Applies Applies Applles
23.5 23.5 Ratings of batteries Applies Applies Applles
23.6 23.6 Interchangeability Applies Applies Applles
23.7 23.7 Charging of primary batteries Applies Applies Applles
23.8 238 Leakage Applies Applies Applles
23.9 23.9 Connections Applies Applies Applles
23.10 23.10 Orientation Applies Applies Applies
23.11 23.11 Replacement of cells or Applies Applies Applies
batteries
23.12 23.12 Replaceable battery pack Applies Applies Applies
24 24 Documentation Applies Applies Applies
25 25 Compliance of prototype or Applies Applies Applies
sample with documents
26.1 26.1 General Applies Applies Applies
26.2 26.2 Test configuration Applies Applies Applies
26.3 26.3 Tests in explosive test mixtures | Applies Applies Applies

Table 1DV — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1DV - Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0 IEC 60079-0 clause application to IEC 60079-11
Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 Ed. 6.0 Clause / Subclause title Group | and Grouo Il
(informative) (informative) (normative) Group Il P
26.4.1 26.4.1 Order of tests Excluded Excluded Excluded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2.3 a) is
applied applied. applied
26.4.1.1 26441 Metallic-enclosures;metaitie Exetuded Exetuded Exetyded
parts of enclosures and glass | except when except when except when
parts of enclosures 6.1.2.3 a) is 6.1.3 a) is 6.1.2{3 a) is
applied applied. applied
26.4.1.2 26.4.1.2 Non-metallic enclosures or Excluded Excluded Excliided
non-metallic parts of except when except when except when
enclosures 6.1.2.3 a) is 6.1.3.a)is 6.1.23 a) is
applied applied. applied
26.4.1.2.1 26.4.1.2.1 Group | electrical equipment Excluded Execluded Excliided
except when except when
6.1.2.3 a) is 6.1.2{3 a) is
applied applied
26.4.1.2.2 26.4.1.2.2 Group Il and Group il electrical | Excluded Excluded Excliided
equipment except when except when except when
6:0h2.3 a) is 6.1.3 a) is 6.1.213 a) is
applied applied. applied
26.4.2 26.4.2 Resistance to impact Excluded Excluded Excliided
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2{3 a) is
applied applied. applied
26.4.3 26.4.3 Drop test Applies Applies Exclyded
except when
6.1.2{3 a) is
applied
26.4.4 26.4.4 Acceptance criteria Applies Applies Exclyded
except when
6.1.2]3 a) is
applipd
26.4.5 26.4.5 Degree of protection (IP) by Applies Applies Applles
enclosures
26.5.1.1 26.5.1.1 General Applies Applies Exclyded
26.5.1.2 26.5/12 Service temperature Modified Modified Modikied
26.5.1.3 26.5.11.3 Maximum surface temperature | Modified Modified Modihed
26.5.2 26:5.2 Thermal shock test Excluded Excluded Excliided
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2|3 a) is
applied applied. applied
26.5.3 26.5.3 Small component ignition test | Applies Excluded Excluded
(Group | and Group II)
26.6 26.6 Torque test for bushings Excluded Excluded Excluded
26.7 26.7 Non-metallic enclosures or Excluded Excluded Excluded
non-metallic parts of except when except when except when
enclosures 6.1.2.3 a) is 6.1.3 a) is 6.1.2.3 a) is
applied applied. applied

Table 1DV — Applicability of specific clauses of IEC 60079-0 Continued on Next Page
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Table 1DV - Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

(Informative)

electric machines

Intrinsically safe apparatus Associated
apparatus
Ed. 5.0 Ed. 6.0 Clause / Subclause title Group | and Grouo Il
(informative) (informative) (normative) Group Il P
26.8 26.8 Thermal endurance to heat Excluded Excluded Excluded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2.3 a) is
applied applied. applied
26.9 269 Fhermat-endurance-to-cotd Exetuded Exetuded Exetyded
except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.213 a) is
applied applied. applied
26.10 26.10 Resistance to light Excluded Excluded Exclyded
except when except when except when
6.1.2.3 a) is 6.1.3a)is 6.1.213 a) is
applied applied. applied
26.11 26.11 Resistance to chemical agents | Excluded Excluded Exclded
for Group | electrical equipment | except when
6.1.2.3 a) is
applied
26.12 26.12 Earth continuity Excluded Excluded Exclyded
26.13 26.13 Surface resistance test of parts | Applies Applies Excljded
of enclosures of non-metallic
materials
26.15 26.14 Measurement of capacitance Applies Applies Exclyded
NR 26.15 Verification of ratings of Excluded Excluded Exclyided
ventilating fans
NR 26.16 Alternative qualification of Excluded Excluded Excluded
elastomeric sealing’O-rings except when except when except when
6.1.2.3 a) is 6.1.3 a) is 6.1.2]3 a) is
applied applied. applipd
27 27 Routine tests Applies Applies Applies
28 28 Manufacturer’s responsibility Applies Applies Applles
29 29 Marking Applies Applies Applies
30 30 Instructions Applies Applies Applles
Annex A Annex A Supplementary requirements Excluded Excluded Excluded
(Normative) (Normative) for cable glands
Annex B Annex B Requirements for Ex Applies Applies Applies
(Normative) (Normative) Components
Annex C Annex C Example of rig for resistance to | Applies Applies Exclyided
(Normative) (Normative) impact test except when
6.1.2{3 a) is
applied
Annex D NR Alternative risk assessment Applies Applies Applies
(Informative) method encompassing
“equipment protection levels”
for Ex equipment
Annex E Annex D Motors supplied by converters | Excluded Excluded Excluded
(Informative) (Informative)
NR Annex E Temperature rise testing of Excluded Excluded Excluded
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Table 1DV - Applicability of specific clauses of IEC 60079-0 Continued

Clause or subclause of IEC 60079-0 IEC 60079-0 clause application to IEC

60079-11

Intrinsically safe apparatus As

apparatus

sociated

(informati

Ed. 5.0

Ed. 6.0 Clause / Subclause title

(informative)

Group | and

Group Il Group Il

(normative)

ve)

NR

Excluded
except when
6.1.3 a) is
applied.

Excluded
except when
6.1.2.3 a) is
applied

Guideline flowchart for tests of
non-metallic enclosures or
nonmetallic parts of enclosures

Annex F
(Informative)

Excluded

except when
6.1.2.
applied

3a)is

Applies -
Excluded
Excluded
Modified —

(26.4)

This requirement of IEC 60079-0 does not apply.
cept — This requirement of IEC 60079-0 does not apply except when the conditions stated are' m
his requirement of IEC 60079-0 is modified as detailed in this standard.

NOTE 1 Th
60079-0 ar
IEC 60079-
General re
no require

precedencé¢.

NOTE 2 In the US, the authority having jurisdiction for underground mines is-the Mine Safety and Health
Administrafion (MSHA) of the federal government. Additional regulations¢heyond those detailed here will als

clause numbers in the above table are shown for information only. The applicable requirements of IEC

identified by the clause title which is normative. This table was written against the specific requ
, ed. 6.0. The clause numbers for the previous edition are shown for informatien only. This is to
uirements IEC 60079-0, ed. 5.0, to be used where necessary with this part©f IEC 60079. Where tH
ents, indicated by NR, or there is a conflict between requirements, the later edition requirementg

rements of
Enable the
ere were
take

b apply.

1DV.2 DR Addition of 1DV.2.1

1DV.2.1 Where references are made to_other IEC 60079 standards, the re¢ferenced

repuirements found in these standardsshall apply as modified by any applid
National Differences.

2 Normatjve references

2[

Replace “Normative references” with “References”.

The follow
references
document

IEC 6007¢

)V.1 DR Modification of the-title in Clause 2 as follows:

ing referenced_documents are indispensable for the application of this document.
, only the edition cited applies. For undated references, the latest edition of the
(including,.any*amendments) applies.

-0, EXploesive atmospheres — Part 0: Equipment — General requirements

able U.S.

For dated
referenced

IEC 60074

-7~Explosive atmospheres — Part 7: Equipment protection by increased safety “e”

IEC 60079-25, Explosive atmospheres — Part 25: Intrinsically safe electrical systems

IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 60112, Method for the determination of the proof and the comparative tracking indices of solid

insulating

materials

IEC 60127 (all parts), Miniature fuses
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IEC 60317-3, Specifications for particular types of winding wires — Part 3: Polyester enamelled round
copper wire, class 155

IEC 60317-7, Specifications for particular types of winding wires — Part 7: Polyimide enamelled round
copper wire, class 220

IEC 60317-8, Specifications for particular types of winding wires — Part 8: Polyesterimide enamelled round
copper winding wire, class 180

IEC 60317-13, Specifications for particular types of winding wires — Part 13: Polyester or polyesterimide
overcoated with polyamide-imide enamelled round copper wire, class 200

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

IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems i Part 1: [Principles,
requiremepts and tests

IEC 60664-3:2003, Insulation coordination for equipment within low-voltage\systems — Part|3: Use of
coating, potting or moulding for protection against pollution

IEC 61158-2, Industrial communication networks — Fieldbus specifications — Part 2: Physical layer
specificatipn and service definition

IEC 62018-1, Caplights for use in mines susceptible to firedamp — Part 1: General requifements —
Constructipn and testing in relation to the risk of explosion

ANSI/UL 348-1 Low-Voltage Fuses — Part 1: General®Requirements
20)V.2 DR Modification of Clause 2 references to replace with the following:
IEC 60079-35-1, Explosive atmospheres Part 35-1: Caplights for use in mines siisceptible

to| firedamp — General requitements — Construction and testing in relation to the risk of
explosion

IEC 60085, Electricalinsulation — Thermal evaluation and designation

IEC 60112, Method-for the determination of the proof and the comparative tracking indices
of{ solid insulating materials

IEC 60127 (all parts), Miniature fuses

IEC. 60317-3, Specifications for particular types of winding wires — Part 3: |Polyester

IEC 60317-7, Specifications for particular types of winding wires — Part 7: Polyimide
enamelled round copper wire, class 220

IEC 60317-8, Specifications for particular types of winding wires — Part 8: Polyesterimide
enamelled round copper winding wire, class 180

IEC 60317-13, Specifications for particular types of winding wires — Part 13: Polyester or
polyesterimide overcoated with polyamide-imide enamelled round copper wire, class 200
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IEC 60529, Degrees of protection provided by enclosures (IP Code)
IEC 60664-1:2007, Insulation coordination for equipment within low-voltage systems — Part
1: Principles, requirements and tests
IEC 60664-3:2003, Insulation coordination for equipment within low-voltage systems — Part
3: Use of coating, potting or moulding for protection against pollution
IEC 61158-2, Industrial communication networks — Fieldbus specifications — Part 2:
Physical layer specification and service definition
IS)A 60079-25, Explosive atmospheres — Part 25: Intrinsically safe electrical systems
UlL 248 (all parts) Low-Voltage Fuses
UL 746A Polymeric Materials B Short Term Property Evaluations
UL 840 Insulation Coordination Including Clearances and Creepage Distances for|Electrical
Equipment
UL 60079-0 Explosive Atmospheres Part 0: Equipment — General Requirements
ULL 60079-7 Explosive Atmospheres — Part 7: Equipm€nt Protection by Increased [Safety “e”
3 Terms and definitions
For the pyrposes of this document, the terms and définitions given in IEC 60079-0, and the¢ following

apply.

3.1 Gene

3.1.1 intfinsic safety “i” type of protection based on the restriction of electrical energy withi

equipment
which can

3.1.2 asgociated apparatus-electrical equipment which contains both intrinsically safe circui

non-intring
adversely

NOTE Assodg

ral

and of interconnecting wiring exposed to the explosive atmosphere to a level beloy
cause ignition by eitherisparking or heating effects

ically safe circuits-and is constructed so that the non-intrinsically safe circuits canno
affect the intfinsically safe circuits

iated apparatus may be either:

=)

that

s and
it

a) electrical ¢

quipment which has another type of protection listed in IEC 60079-0 for use in the appropriate explosive

atmosphere,

or

b) electrical equipment not so protected and which, therefore, is not normally used within an explosive atmosphere, for example a
recorder which is not itself in an explosive atmosphere, but is connected to a thermocouple situated within an explosive
atmosphere where only the recorder input circuit is intrinsically safe.

3.1.3 intrinsically safe apparatus electrical equipment in which all the circuits are intrinsically safe

circuits
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3.1.4 intrinsically safe circuit circuit in which any spark or any thermal effect produced in the
conditions specified in this standard, which include normal operation and specified fault conditions, is
not capable of causing ignition of a given explosive atmosphere

3.1.5 simple apparatus electrical component or combination of components of simple construction
with well-defined electrical parameters and which is compatible with the intrinsic safety of the circuit in
which it is used

3.2 coating insulating material such as varnish or dry film laid on the surface of the assembly

NOTE Coating and base material of a printed board form an insulating system that may have properties similar to solid insulation.

[Definition|3.5 of IEC 60664-3]

3.3 confprmal coating electrical insulating material applied as a coating to loaded lprinted cifcuit
boards to produce a thin layer conforming to the surface in order to provide a protective barrigr against
deleteriou$ effects from environmental conditions

[Definition|2.1 of IEC 61086-1]

3.4 control drawing drawing or other document that is prepared hy'the manufacturer for the
intrinsically safe or associated apparatus, detailing the electrical parameters to allow for
interconndctions to other circuits or apparatus

3.5 diod¢ safety barrier assemblies incorporating shunt:diodes or diode chains (including Z¢ner
diodes) prptected by fuses or resistors or a combinatiofof these, manufactured as an individdal
apparatus|rather than as part of a larger apparatus

3.6 entity concept method used to determine;acceptable combinations of intrinsically safe apparatus
and assodjated apparatus through the use of\intrinsically safe parameters assigned to connection
facilities

3.7 faults|

3.7.1 countable fault fault which occurs in parts of electrical apparatus conforming to the
constructignal requirements-ef.lEC 60079-11

3.7.2 faullt any defectiof-any component, separation, insulation or connection between compgpnents,
not definedl as infalliple-by IEC 60079-11, upon which the intrinsic safety of a circuit depends

3.7.3 non-countable fault fault which occurs in parts of electrical apparatus not conforming o the
constructignalréquirements of IEC 60079-11

3.8 fuse rating — I, current rating of a fuse as specified in IEC 60127 series, ANSI/UL 248-1 or in the
manufacturer’s specification

3.8DV D2 Modification of Clause 3.8 to replace with the following:

fuse rating — |, current rating of a fuse as specified in IEC 60127 series, the ANSI/UL 248
series or in the manufacturer’s specification

3.9 FISCO abbreviation of Fieldbus Intrinsically Safe Concept
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3.10 infallibility

3.10.1 infallible component — infallible assembly of components component or assembly of
components that is considered as not subject to certain fault modes as specified in IEC 60079-11
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NOTE The probability of such fault modes occurring in service or storage is considered to be so low that they are not to be taken
into account.

3.10.2 infallible connection connections, including joints and interconnecting wiring and printed circuit
board tracks, that are not considered according to IEC 60079-11 as becoming open-circuited in service
or storage

NOTE The probability of such fault modes occurring in service or storage is considered to be so low that they are not to be taken
into account.

3.10.3 infallible separation — infallible insulation separation or insulation between electrically
conductivg parts that Is considered as not subject to short circuits as specified in [EC 6007911

NOTE The pfobability of such fault modes occurring in service or storage is considered to be so low that theyjare nof to be taken
into account.

ts

3.11 internal wiring wiring and electrical connections that are made within the apparatus by
manufactyrer

3.11DV DR Modification of Clause 3.11 to add the following NOTE after the first
paragraph:

NOTE Within a rack or panel, interconnections between separate pieces of apparatus made
in| accordance with detailed instructions from/the manufacturer are considefed to be
internal wiring.

3.12 live|maintenance maintenance activities carried;out while the associated apparatus, infrinsically
safe appafatus and circuits are energized

3.13 elecfrical parameters

3.13.1 mpximum input voltage U; maximum voltage (peak a.c. or d.c.) that can be applied {fo the
connection facilities of apparatus without invalidating the type of protection

3.13.2 mpximum input current-; maximum current (peak a.c. or d.c.) that can be applied tq the
connection facilities of apparatus without invalidating the type of protection

3.13.3 mpximum input power P; maximum power that can be applied to the connection facfilities of
apparatus|without invalidating the type of protection

3.13.4 mpximum internal capacitance C; maximum equivalent internal capacitance of the gpparatus
which is cpnsidered as appearing across the connection facilities

3.13.5 maximum internal inductance L; maximum equivalent internal inductance of the apparatus
which is considered as appearing at the connection facilities

3.13.6 maximum internal inductance to resistance ratio L;/R; maximum value of ratio of inductance
to resistance which is considered as appearing at the external connection facilities of the electrical
apparatus

3.13.7 maximum output voltage U, maximum voltage (peak a.c. or d.c.) that can appear at the
connection facilities of the apparatus at any applied voltage up to the maximum voltage
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3.13.8 maximum output current I, maximum current (peak a.c. or d.c.) in apparatus that can be
taken from the connection facilities of the apparatus

3.13.9 maximum output power P, maximum electrical power that can be taken from the apparatus

3.13.10 maximum external capacitance C, maximum capacitance that can be connected to the
connection facilities of the apparatus without invalidating the type of protection

3.13.11 maximum external inductance L, maximum value of inductance that can be connected to
the connection facilities of the apparatus without invalidating the type of protection

3.13.12 maximum external inductance to resistance ratio L,/R, maximum value of ratio df
inductanceg to resistance that can be connected to the external connection facilities of the electrical
apparatus|without invalidating intrinsic safety

3.13.13 rmaximum r.m.s. a.c. or d.c. voltage U,, maximum voltage that can be applied to the non
intrinsically safe connection facilities of associated apparatus without invalidating-the type of pfotection

NOTE 1 Thiq additionally applies to the maximum voltage that can be applied to non-intrinsically’safe connection faciljties of
intrinsically spfe apparatus (for example, charging connections on battery operated apparatus, where charging is only|done in the
non-hazardofis area).
NOTE 2 The|value of Um may be different at different sets of connection facilities, and may be different for a.c. and d.c. voltages.
3.14 ovefvoltage category numeral defining a transientiovervoltage condition
[Definition[1.3.10 of IEC 60664-1]

NOTE Overvpltage categories |, Il, Ill and IV are used, see.2:2.2.1 of IEC 60664-1.

3.15 pollution degree numeral characterizing the expected pollution of the micro-environment
[Definition|1.3.13 of IEC 60664-1]

NOTE Pollutjon degrees 1, 2, 3 and 4qare-used.

3.16 protective extra-low voltage — PELV extra-low voltage system which is not electrically|
separated|from earth but which otherwise satisfies the requirements for SELV

NOTE A 50 Y centre-tapped earth system is a PELV system.

o the

d. insulation voltage r.m.s. withstand voltage value assigned by the manufacturer t
i izi ift i iti itstnsulation

[Definition 1.3.9.1 of IEC 60664-1]

NOTE The rated insulation voltage is not necessarily equal to the rated voltage of equipment which is primarily related to
functional performance.

3.18 recurring peak voltage maximum peak value of periodic excursions of the voltage waveform
resulting from distortions of an a.c. voltage or from a.c. components superimposed on a d.c. voltage

NOTE Random overvoltages, for example due to occasional switching, are not considered as recurring peak voltages
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3.19 safety extra-low voltage — SELV extra-low voltage system (i.e. normally not exceeding 50 V a.c.
or 120 V ripple-free d.c.) electrically separated from earth and from other systems in such a way that a
single fault cannot give rise to an electric shock

NOTE A 50 V earth free system is a SELV system.

3.20 encapsulation — encapsulate process of applying a compound to enclose or placing in or as if

in a capsu

le

3.21 casting process of pouring a liquid compound at normal ambient pressure into a cast

3.22 mollding process of placing an object in a tool with a shaping cavity and with plastic,material

being intrc{duced around the inserted component with pressure applied to either partially or.tof
encapsulate the inserted component

NOTE This g

3.23 galy
between t

NOTE Galval
4 Groupi
Intrinsicall
the appro

requireme
assigned i

rocess may also be referred to as injection moulding, over-moulding or insert moulding.

anic isolation arrangement within an apparatus which permits the.transfer of signg
vo circuits without any direct electrical connection between the two

hic isolation frequently utilizes either magnetic (transformer or relay) or optecoupled elements.

ng and classification of intrinsically safe apparatus{and associated apparatus
safe and associated apparatus which has a type of protection listed in IEC 60079-(

priate explosive atmosphere, shall be grouped in accordance with equipment

nts of IEC 60079-0 and shall have a maximum surface temperature or temperd
n accordance with the temperature requirements of IEC 60079-0.

Associate
equipmen

apparatus which has no such type of protection shall only be grouped in accordan
grouping requirements of IEC_60079-0.

ally

| or power

for use in

grouping
ture class

te with the

4DV.1 DR Modification of Clause 4, second paragraph to replace with the following:

4DV.1.1 Associated apparatus which has a type of protection listed in UL 60079-0 but not
syitable to be located in the explosive atmosphere shall only be grouped in agcordance

w

5 Levels

5.1 Gene

of Protecti

h the equipment‘grouping requirements of UL 60079-0.
f protection and ignition compliance requirements of electrical apparatus

al

on //iall //ibll or “iC”

in Levels

The requirements of this standard shall apply to all levels of protection unless otherwise stated. In the
determination of level of protection “ia”, “ib” or “ic”, failure of components and connections shall be
considered in accordance with 7.6. Failure of separations between conductive parts shall be considered
in accordance with 6.3. The determination shall include opening, shorting and earthing of the external
intrinsically safe connection facilities in accordance with 6.2.
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The intrinsically safe parameters for the intrinsically safe apparatus and associated apparatus shall be
determined taking into account the requirements for spark ignition compliance of 5.5 and thermal ignition
compliance of 5.6.

For circuits of associated apparatus which are connected to safety extra low-voltage circuits (SELV) or
protective extra low-voltage circuits (PELV) circuits, U, shall only be applied as a ‘common mode’ voltage,
with the nominal operating voltage applied for the differential mode signal between the circuit conductors.
(Typical examples are RS-232, RS-485 or 4-20 mA circuits). The certificate number for associated
apparatus relying on SELV or PELV circuits shall include the ”X” suffix in accordance with the marking
requirements of IEC 60079-0 and the specific conditions of use listed on the certificate shall detail the
precautions necessary.

5.]DV.1 DR Modification of Clause 5.1, fourth paragraph to replace with the-following:

5.1DV.1.1 For circuits of associated apparatus which are connected to safety extra
low-voltage circuits (SELV) or protective extra low-voltage circuits (PELV) circuits, Uy,
shall only be applied as a ‘common mode’ voltage, with the nominal operating voltage
applied for the differential mode signal between the circuit conductors. (Typical [examples
arp RS-232, RS-485 or 4-20 mA circuits). Associated apparatls-relying on SELVY or PELV
circuits shall detail any special precautions necessary for.installation.

Where livgd maintenance procedures are specified by the manufacturer in the documentation provided, the
effects of this live maintenance shall not invalidate intrinsic safety_ and this shall be considered|during the
testing angl assessment.

NOTE 1 Apgaratus may be specified with more than one level of pratection, and may have different parameters for ach level of
protection.

NOTE 2 For|the application of U, U in the following clauses, any voltage up to the maximum voltage may be applied for the
assessment.

5.2 Level|of protection “ia”

With U, ahd Ui, applied, the intrinsically safe circuits in electrical apparatus of level of protection “ia” shall
not be capable of causing ignition-in each of the following circumstances:

a) in normpl operation and with the application of those non-countable faults which give the mot onerous
condition;

b) in normal opefation and with the application of one countable fault plus those non-countpble faults
which givg the most onerous condition;

€) in nornratoperatiomand-with—the—appticatiomof two—countabtefautts ptus—thosemoncountable faults
which give the most onerous condition.

The non-countable faults applied may differ in each of the above circumstances.

In testing or assessing the circuits for spark ignition, the following safety factors shall be applied in
accordance with 10.1.4.2:

—for botha)and b) 1,5

— for c) 1,0
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The safety factor applied to voltage or current for determination of surface temperature classification shall
be 1,0 in all cases.

If only one countable fault can occur, the requirements of a) and b) shall be considered to give a level of
protection of ”“ia” if the test requirements for “ia” can then be satisfied. If no countable faults can occur the
requirements of a) shall be considered to give a level of protection of “ia” if the test requirements for “ia”
can then be satisfied.

5.3 Level of protection “ib”

With U, and Ui, applied, the intrinsically safe circuits in electrical apparatus of level of protection “ib” shall
not be cagable of causing ignition in each of the following circumstances:

a) in normpl operation and with the application of those non-countable faults which givesthe mopst onerous
condition;

b) in normal operation and with the application of one countable fault plusithe application of those
non-countfble faults which give the most onerous condition.

The non-cpuntable faults applied may differ in each of the above circumstances.
In testing pr assessing the circuits for spark ignition, a safety factor of 1,5 shall be applied in dccordance
with 10.14.2. The safety factor applied to the voltage or cufrent for the determination pf surface

temperatufe classification shall be 1,0 in all cases.

If no countable fault can occur the requirements of a) shall be considered to give a level of prptection of
”ib” if the fest requirements for “ib” can be satisfied.

5.4 Level|of protection “ic”

With U, ahd U, applied, the intrinsically safe circuits in electrical apparatus of level of protection “ic” shall
not be cagable of causing ignition in narmal operation and under the conditions specified in thig standard.

In testing pr assessing the circuits\for spark ignition, a safety factor of 1,0 shall be applied in gccordance
with 10.14.2. The safety factor-applied to the voltage or current for the determination pf surface
temperatute classification shalt*be 1,0.

NOTE The cpncept of countable faults does not apply to this level of protection. Infallible components and assemblies,|as in Clause
8, are not applicable. For Jevel of protection “ic”, the term ‘infallible’ should be read as ‘meeting the requirements of 7]1".
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5.5 Spark ignition compliance

The circuit shall be assessed and/or tested for the successful limitation of the spark energy that may be
capable of causing ignition of the explosive atmosphere, at each point where an interruption or
interconnection may occur, in accordance with 10.1.

For Group lll, the spark ignition tests to the requirements of Group 1I1B shall be applied to circuits exposed

to dust.

5.6 Thermal ignition compliance

5.6.1 Gen

All surfacs
in contact
maximum
accordand
10.2.

NOTE 1 The
in IEC 60079

NOTE 2 Ca
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defined in Cl
circuit board
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Requirem
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The 5 K 4
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in the tab
ambient tg

NOTE Wherg

eral

s of components, enclosures, wiring and the tracks on printed circuit boards-which
with explosive atmospheres shall be assessed and/or tested for the maximum tempe
temperature allowable after the application of faults, as provided in 5.2, 5.3 and 5.4,
e with the temperature requirements of IEC 60079-0. Tests, whentequired, are §

requirements of this clause are not applicable to associated apparatus pretected by another type of prd
-0 or located outside the hazardous area.

e should be taken in the selection of materials to be used adja¢ent to components that could exhi
such as cells, batteries, or components that could dissipate”power greater than 1,3 W, under the fa
huse 5, to prevent the secondary ignition of the explosive athosphere by for example, heating or burning
, coatings or component packaging.

perature for small components for Group.} and Group Il

nts for temperatures of small components used in Group | or Group Il equipment ar
Il component temperature for_Group | or Group Il electrical equipment requireme
nd the test requirements are provided in the small component ignition test of IEC 6(

nd 10 K margin of safety required by the maximum surface temperature requiremg
bes not apply to thesmaximum surface temperature values, 200 °C, 275 °C and 950
e for the assessment of temperature classification according to component size
mperature in IEC-60079-0.

a catalyticor.0ther chemical reaction can result specialist advice should be sought.
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5.6.3 Wiring within intrinsically safe apparatus for Group | and Group Il

The maximum permissible current corresponding to the maximum wire temperature due to self-heating
shall either be taken from Table 2 for copper wires, or can be calculated from the following equation for
metals in general.

o [L (1+aT)T/2
T (+at)

—

where

ais the temperature coefficient of resistance of the wire material (0,004 284 K~ for.copper, 0,004 201 K-
for gold);

| is the mg@ximum permissible current r.m.s., in amperes;
I is the cUrrent at which the wire melts at the maximum specified ambient temperature, in amperes;

T is the melting temperature of the wire material in degrees Ceélsius (1 083 °C for copper, 1 P64 °C for
gold);

t is the threshold temperature, in degrees Celsius, of ,the applicable temperature class. The value of tis
the wire tgmperature due to self-heating and ambient-temperature.

Example: fine copper wire (Temperature class@T4)

a = 0,004 p84 K

k= 1,6 A {determined experimentally.or specified by the wire manufacturer)
T=1083[°C

t for T4 (small component, .t < 275 °C)

Applying the equation

I =1,3 A (This_is the maximum normal or fault current which may be allowed to flow to prevent the wire
temperatutefrom exceeding 275 °C.)
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Table 2 — Temperature classification of copper wiring (in a maximum ambient temperature of

greater tha

40 °C)
Diameter Cross-sectional area Maximum permissible current for temperature classification
(see Note 4) (see Note 4) A
mm mm?2 T1 to T4 and Group | 15 T6
0,035 0,000 962 0,53 0,48 0,43
0,05 0,001 96 1,04 0,93 0,84
0,1 0,007 85 2,1 1,9 1,7
0,2 0,031 4 3,7 3,3 3,0
0f35 0,096 2 0,4 5,0 5.0
4,5 0,196 7,7 6,9 o)y
NOTE 1 THe value given for maximum permissible current, in amperes, is the r.m.s. a.c. or d.c. value.
NOTE 2 Fdr stranded conductors, the cross-sectional area is taken as the total area of all strands of the.conductor.
NOTE 3 THe table also applies to flexible flat conductors, such as in ribbon cable, but not to printed cireuit conductdrs for
which see $.6.4.
NOTE 4 Dipmeter and cross-sectional area are the nominal dimensions specified by the wire manufacturer.
NOTE 5 Where the maximum power does not exceed 1,3 W the wiring can be assigned a temperature classificatior) of T4 and
is acceptabje for Group |. For Group | where dust is excluded, a maximum power of 3,3 W'is’permitted for ambient
temperaturgs of up to 40 °C. Refer to IEC 60079-0, Table 3a) and 3b) where derating ‘isrequired for ambient temperatures

h 40 °C.

5.6.4 Trad

The tempg
or by actu

Where the

For examf
33 pm thig
of T4 or @
continuous
1,0 mm a
1,833 A re

Track lend

ks on printed circuit boards for Group | and Group Il

rature classification of tracks of printed circuit boards shall be determined using available data

bl measurement.
tracks are made of copper, the temperature classification may be determined using

le, on printed circuit boards of at least 0,5 mm thickness, having a conducting track

Table 3.

of at least

kness on one or both sides, bycapplying factors given in Table 3, a temperature classification

roup | shall be given to the printed tracks if they have a minimum width of 0,3 m
current in the tracks does.not exceed 0,444 A. Similarly, for minimum track widths
nd 2,0 mm, T4 shall be.given for corresponding maximum currents of 0,648 A, 1,
spectively.

ths of 10 mm or less shall be disregarded for temperature classification purposes.

Where te

current shall be used.

Manufacturing, tolerances shall not reduce the values stated in this clause by more than 10 ¢

peraturecClassification of a track is to be experimentally determined, the maximum

m and the
bf 0,5 mm,
D92 A and

continuous

or 1 mm,

whicheveristhesmalter:

In the absence of testing, where the maximum power does not exceed 1,3 W, the tracks are suitable for
a temperature classification of T4 or Group I.

In the absence of testing, where dust is excluded and the maximum power does not exceed 3,3 W, the

tracks are

suitable for Group I.

Refer to the assessment of temperature classification for component surface areas > 20 mm? table in IEC
60079-0. Variation in maximum power dissipation with ambient temperature in IEC 60079-0 where a
derating is required for ambient temperatures greater than 40 °C.
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Table 3 — Temperature classification of tracks on printed circuit boards (in a maximum ambient
temperature of 40 °C)

Minimum track width Maximum permissible current for temperature classification
T1 to T4 and Group | T5 T6

mm A A A
0,075 0,8 0,6 0,5
0,1 1,0 0,8 0,7
0,125 1,2 1,0 0,8
0,15 1,4 1,1 1,0
0.2 1.8 1.4 1.2
0,3 24 1,9 1,7
0,4 3,0 24 2,1
0,5 3,5 2,8 2,5
0,7 4,6 3,5 3,2
1,0 5,9 4,8 41
1,5 8,0 6,4 5,6
2,0 9,9 7,9 6,9
2,5 11,6 9,3 8,1
3,0 13,3 10,7 9,3
4,0 16,4 13,2 11,4
5,0 19,3 15,5 13,5
6,0 22,0 1747 15,4

NOTE Th¢ value given for maximum permissible current, in amperes, is\the'r.m.s. a.c. or d.c. value.
This table|applies to printed boards 1,6 mm or thicker with a single layer of copper of 33 pm thickness
For boardg with a thickness between 0,5 mm and 1,6 mm, divide the“maximum current specified by 1,2.
For boardE with conducting tracks on both sides, divide the maximum current specified by 1,5.

For multilgyer boards, for the track layer under consideration, ‘divide the maximum current specified by 2.
For 18 pn] copper thickness, divide the maximum current by 1,5.

For 70 pn] copper thickness, multiply the maximum eurrent by 1,3.

For tracks| passing under components dissipating 0,25 W or more either normally or under fault conditions, divide the
maximum |current specified by 1,5.

At termingtions of components dissipating\0,28 W or more either normally or under fault conditions, and for 1,00 mm along
the conduftor, either multiply the track width by 3 or divide the maximum current specified by 2. Additionally, if the [track
goes undgr the component, apply the factor specified for tracks passing under components dissipating 0.25W or more.

For ambignt temperature up to 60°8C, divide the maximum current by 1,2.
For ambignt temperature up te '80'°C, divide the maximum current by 1,3.
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5.6.5 Intrinsically safe apparatus and component temperature for Group Il

For determination of maximum surface temperature for intrinsically safe apparatus of Group lIl, refer to
IEC 60079-0, temperature measurement. In particular the measurement shall be made using the specified
values of U, and |, for the intrinsically safe apparatus without a 10 % safety factor. The temperature shall
be that of the surface of the intrinsically safe apparatus that is in contact with the dust. For example, for
intrinsically safe apparatus protected by enclosure of at least IP5X, the surface temperature of the
enclosure shall be measured.

Alternatively intrinsically safe apparatus shall be considered suitable for total immersion, or an
uncontrolled dust layer thickness, if the matched power dissipation in any component is in accordance
with Table|4, and the continuous short-circuit current Is less than 250 mA. The intrinsically sate|apparatus
shall be marked T135 °C.

Tabjle 4 — Maximum permitted power dissipation within a component immersed in|dust

Maximum ambient °C 40 70 140
temperature
Permitt¢d power mwW 750 650 540

5.7 SimpL apparatus
The followjng shall be considered to be simple apparatus:

a) passivg¢ components, for example switches, junctionsboxes, resistors and simple semjconductor
devices;

b) sourcef of stored energy consisting of singfer components in simple circuits with wegll-defined
parameterp, for example capacitors or inductors;Whose values shall be considered when detefmining the
overall safety of the system;

c) sourceq of generated energy, for example thermocouples and photocells, which do not gengrate more
than 1,5, 100 mA and 25 mW.

Simple apparatus shall conform to all relevant requirements of this standard with the exception| of Clause
12. The mpnufacturer or intrinsically safe system designer shall demonstrate compliance with this clause,
including material data sheets and test reports, if applicable.

The followjng aspects.shall always be considered:

* simple gpparatus shall not achieve safety by the inclusion of voltage and/or current-limiing and/or
suppressign_devices;

 simple apparatus shall not contain any means of increasing the available voltage or current, for example
DC-DC converters;

* where it is necessary that the simple apparatus maintains the integrity of the isolation from earth of the
intrinsically safe circuit, it shall be capable of withstanding the test voltage to earth in accordance with
6.3.13. Its terminals shall conform to 6.2.1;

e non-metallic enclosures and enclosures containing light metals when located in the explosive
atmosphere shall conform to the electrostatic charges on external non-metallic materials requirements
and metallic enclosures and parts of enclosures requirements of IEC 60079-0;
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* when simple apparatus is located in the explosive atmosphere, the maximum surface temperature shall
be assessed. When used in an intrinsically safe circuit within their normal rating and at a maximum
ambient temperature of 40 °C, switches, plugs, sockets and terminals will have a maximum surface
temperature of less than 85 °C, so they can be allocated a T6 temperature classification for Group Il
applications and are also suitable for Group | and Group Ill applications. For other types of simple
apparatus the maximum temperature shall be assessed in accordance with 5.6 of this standard.

Where simple apparatus forms part of an apparatus containing other electrical circuits, the whole shall be
assessed according to the requirements of this standard.

NOTE 1 Sensors which utilize catalytic reaction or other electro-chemical mechanisms are not normally simple apparatus. Specialist
advice on their application should be sought.

NOTE 2 It is hot a requirement of this standard that the conformity of the manufacturer’s specification of the simple apparatus needs
to be verified.

6 Apparatus construction

NOTE The requirements given in this clause apply, unless otherwise stated in the relevant\subclauses, only to those features of
intrinsically spfe apparatus and associated apparatus which contribute to this type of protection.

For example| the requirements for encapsulation with casting compound apply only if ‘encapsulating is required to sdtisfy 6.3.5 or
6.6.

6.1 Encldsures
6.1.1 General

Where intrinsic safety can be impaired by ingressiof moisture or dust or by access to conducting parts, for
example if the circuits contain infallible creepage distances, an enclosure is necessary.

The degrge of protection required will vary according to the intended use; for example, a|degree of
protection [of IP54 in accordance withIEC 60529 may be required for Group | apparatus.

The “enclpsure” need not be physically the same for protection against contact with live paits and the
ingress ofsolid foreign bodiestand liquids.

The designation of the surfaces which form the boundaries of the enclosure shall be the respgnsibility of
the manufhacturer and.shall be recorded in the definitive documentation (see Clause 13)
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6.1.2 Enc

losures for Group | or Group Il apparatus

6.1.2.1 General

Intrinsically safe and associated apparatus which rely on the spacings in Table 5 or Annex F shall be
provided with an enclosure meeting the requirements of 6.1.2.2 or 6.1.2.3 as applicable.

6.1.2.2 Apparatus complying with Table 5

Apparatus meeting the separation requirements of Table 5 shall be provided with an enclosure meeting
the requirements of IP20 in accordance with IEC 60529 or greater according to the intended use and

environmental conditions.

The enclo
portable a

6.1.2.3 Apparatus complying with Annex F

Apparatus

sure does not need to be subjected to the tests for enclosures in IEC 60079-0; h
bparatus, the drop test of IEC 60079-0 still applies.

bwever for

meeting the separation requirements of Tables F.1 or F.2 shallbe’ provided with prptection to
achieve pdllution degree 2. This can be achieved by one of the following:

a) an englosure meeting the requirements of IP54 or greater @ccording to the intended use and

environmental conditions in accordance with IEC 60529. For such enclosures the clauses of IE

identified i

h Table 1 additionally apply.

C 60079-0

b) an englosure meeting the requirements of IP20 ‘orrgreater according to the intended use and

environmental conditions in accordance with IEC 60529 provided that separations are obtaine|

d by using

coating type 1 or type 2 or casting compound or thfough solid insulation. The enclosure does rjot need to
be subjected to the tests for enclosures in IEC 60079-0; however for portable apparatus, the drop test of

IEC 60079-0 still applies.

C) an enclq

include th

Conditiong of Use listed on the.certificate shall detail the installation requirements

6.

c)
th

b ”X” suffix in accordahce with the marking requirements of IEC 60079-0 and th

an encloSure meeting the requirements of IP20 and by restricted installation
pt the restricted installation requirements shall be specified in the documentat

sure meeting the requirements of IP20 and by restricted installation, provided that the restricted
installatior] requirements shall be spegified as Specific Conditions of Use and the certificate nu

mber shall
e Specific

.2.3DV DR Modification of Clause 6.1.2.3, item c) to replace with the following:

provided
ion.
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6.1.3 Enclosures for Group Il apparatus

Where the intrinsic safety of intrinsically safe apparatus can be impaired by ingress of dust or by access
to conducting parts, for example if the circuits contain infallible creepage distances, an enclosure is
necessary by one of the following:

a) Where separation is accomplished by meeting the requirements for clearance or creepage distances of
Table 5 or Annex F, the enclosure shall provide a degree of protection of at least IP5X, according to IEC
60529. For such enclosures the 6.1.2.3 a) shall additionally apply.

b) Where separation is accomplished by meeting the requirements for distances under coating, casting
compounlor separation distances through solid insulation of Table 5 or Annex F, the enclgsure shall

provide a flegree of protection of at least IP2X, according to IEC 60529. The enclosure does-rjot need to
be subjected to the tests for enclosures in IEC 60079-0; however for portable apparatus,.the qrop test of
IEC 60079-0 still applies.

Enclosures for Group Ill associated apparatus shall meet the requirements of 6,1.2.
6.2 Facilities for connection of external circuits
6.2.1 Terminals

In addition] to satisfying the requirements of 6.3, terminals for jntrinsically safe circuits shall be[separated
from termipals for non-intrinsically safe circuits by one or merevof the methods given in a) or H).

These methods of separation shall also be applied where intrinsic safety can be impaired hy external
wiring whigh, if disconnected from the terminal, can come into contact with conductors or components.

NOTE 1 Terrhinals for connection of external circuits to intrinsically safe apparatus and associated apparatus should bg so arranged
that compongnts will not be damaged when making the_connections.

a) When geparation is accomplished by distance then the clearance between bare conducting parts of
terminals ghall be at least 50 mm.

NOTE 2 Carg should be exercised in the layout of terminals and in the wiring method used so that contact between circyits is unlikely
if a wire bec¢mes dislodged.

b) When geparation is ‘accomplished by locating terminals for intrinsically safe and nonintringically safe
circuits in |separatecénclosures or by use of either an insulating partition or an earthed metal partition
between términal§ with a common cover, the following applies:

1)|paritions used to separate terminals shall extend to within 1,5 mm of the enclosurd walls, or
altermativety-stattprovideaminimumdistanceof 50 mmbetweenthebareconducting parts of
terminals when measured in any direction around the partition;

2) metal partitions shall be earthed and shall have sufficient strength and rigidity to ensure that
they are not likely to be damaged during field wiring. Such partitions shall be at least 0,45 mm
thick or shall conform to 10.6.3 if of lesser thickness. In addition, metal partitions shall have
sufficient current-carrying capacity to prevent burn-through or loss of earth connection under
fault conditions;
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3) non-metallic insulating partitions shall have an appropriate CTI, sufficient thickness and shall
be so supported that they cannot readily be deformed in a manner that would defeat their
purpose. Such partitions shall be at least 0,9 mm thick, or shall conform to 10.6.3 if of lesser
thickness.

The clearances and creepage distances between the bare conducting parts of terminals of separate
intrinsically safe circuits and to earthed or potential-free conducting parts shall be equal to or exceed the
values given in Table 5.

Where separate intrinsically safe circuits are being considered, the clearance distance between bare
conducting parts of external connection facilities shall meet the following:

— at least 6 mm between the separate intrinsically safe circuits;

— at least 3 mm from earthed parts, if connection to earth has not been considered in [the safety
arjalysis.

See Figufe 1 when measuring distances around solid insulating walls-Qr) partitions. Any possible
movemen{ of metallic parts that are not rigidly fixed shall be taken into acCount.
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Dimensions in millimetres

©
©

S

su1281

Key

1 Conductivg cover

T Distances in accordance with 6.3
d Clearance distance at external connection facilities of terminals in accordance with 6.2.1

NOTE The dimensions shown are the creepage and clearance distances around the insulation as indicated above, not the thickness
of the insulation.

Figure 1a — Distance requirements for terminals carrying separate intrinsically safe circuits
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Circuit Circuit Y94  Circuit
I
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Key
1 Cover: norf-conductive, or conductive and earthed
2 Partition infaccordance with 6,211b); in this example, it shall be homogeneous with the base or cemented to it.
T Distances |n accordance‘with 6.3
dl > 3 mm; yhen coveris conductive and earthed
a2 >6 mm

d3>50 mmor dd <1,5mm

NOTE The dimensions shown are the clearance distances around the insulation, as indicated above, not the thickness of the
insulation.

Figure 1b — Example of separation of intrinsically safe and non-intrinsically safe terminals through use of a partition

Figure 1 — Separation of intrinsically safe and non-intrinsically safe terminals
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6.2.2 Plugs and sockets

Plugs and sockets used for connection of external intrinsically safe circuits shall be separate from and
non-interchangeable with those for non-intrinsically safe circuits.

Where intrinsically safe or associated apparatus is fitted with more than one plug and socket for external
connections and interchange could adversely affect the type of protection, such plugs and sockets shall
either be arranged, for example by keying, so that interchange is not possible, or mating plugs and
sockets shall be identified, for example by marking or colour coding, to make interchanging obvious.

Where a plug or a socket is not prefabricated with its wires, the connecting facilities shall conform to 6.2.1.
If, howevef, the connections require the use of a special tool, for example by crimping, such-tHat there is
no possibility of a strand of wire becoming free, then the connection facilities need only conforfn to Table
5.

Where a gonnector carries earthed circuits and the type of protection depends on the earth ¢onnection
then the cpnnector shall be constructed in accordance with 6.5.

6.2.3 Detg¢rmination of maximum external inductance to resistance ratio (Lg/R,) for resistance|limited
power source

The maximum external inductance to resistance ratio (L,/R,) whi¢h may be connected to a |resistance
limited poyver source shall be calculated using the following fornGla. This formula takes account of a 1,5
factor of gafety on current and shall not be used where @3for the output terminals of the|apparatus
exceeds 1| % of C,.

Ly 8eRg+(64e°R?-72U,2 e L)¥2
—= > H/IQ
Ro 4,50,

where
e is the mnimum spark-test apparatus ignition energy in joules, and is for
— Group | appatatus: 525 pd

— Group WA’ apparatus: 320 pd

— Group 1I1B apparatus: 160 pJ

— Group IIC apparatus: 40 pd
R, is the minimum output resistance of the power source, in ohms;
U, is the maximum open circuit voltage, in volts;
Lg is the maximum inductance present at the power source terminals, in henries.

Cg is the maximum capacitance present at the power source terminals, in farads
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If Lg=0

then

Where a s

NOTE 1 Theg
inductance 2

NOTE 2 Ly/R

L, and R, us|ng the spark tests in 10.1. The values of R, used should range from practically a shott Circuit (maximum /,

open circuit

6.2.4 Permanently connected cable

Apparatus
pull test in

safety beifg invalidated, for example where there is moresthan one intrinsically safe circuit in

and break

6.2.5 Req
hazardous

Intrinsicall
non-hazar
provided

equipment
7.5.2 shall

Where the

Protection
non-hazar
accessory
shall be st

afety factor of 1 is required, this value for L,/R, shall be multiplied by 2,25.

hd resistance requires special consideration.

—

hge could lead to an unsafe interconnection.

uirements for connections and accessories for IS apparatus when located in the non-
area

safe apparatus may be provided with connection facilities that are restricted t(

be considered sufficient protection for voltage limitation.

se connections.are provided for the connection of battery charger see also 7.4.9.

ated in the documentation.

normal application of the L/R, ratio is for distributed parameters, for example cables. Its use for lumpgd values for

', may be determined experimentally for non-linear power sources by testing the cireuit\with several disciete values of
to practically
I, nearly zero) and a trend established that ensures that the L,/R, will not result'in failure of the spark tept.

which is constructed with an integral cable for extérnal connections shall be subje¢ted to the
10.9 on the cable if breakage of the terminationsdnside the apparatus could result|in intrinsic
the cable

use in a
Hous area e.g. data downlpading and battery charging connections. Such facilities shall be
vith protection to ensurethe ratings of the safety components within the intrinsjcally safe
comply with 7.1. The.usé of a fuse protected shunt Zener assembly complying with 7.3 and

circuitry<ahd components may reside either in the intrinsically safe apparajus or the
Hous_area equipment. If any part of the protection circuit is located in the nonhazatdous area
it.shall be assessed in accordance with this standard and the nonhazardous arealaccessory

The maximum voltage U,, that can be applied to these non-hazardous area connections shall be stated
in the documentation, and marked on the intrinsically safe apparatus. The U,, at the connection facilities

shall be assumed to be the normal mains supply voltage e.g. 250 V a.c. unless marked otherwise.

NOTE If Uy, is less than 250 V a.c., this should not be derived from unassessed equipment.


https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

46 ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11 FEBRUARY 15, 2013

6.2.5DV.1 DR Modification of Clause 6.2.5 Notes to replace with the following and
deletion of the Note following the fifth paragraph:

NOTE 1 If U, is less than 250 V a.c., this should not be derived from unassessed equipment.

NOTE 2 These requirements do not apply to the use of connections by the manufacturer during production, test,
repair or overhaul.

Additionally, the circuit of the intrinsically safe apparatus shall be provided with means to prevent the
delivery of ignition-capable energy to these safe area connections when in the hazardous area.

NOTE Thegse requirements do not apply to the use of connections by the manufacturer during production,
test, repaif or overhaul.

6.3 Separnation distances
6.3.1 General

Requireménts for separation distances are given in 6.3.2 to 6.3.14. Analternative methpd for the
dimensionjng of separation distances is given in Annex F.

6.3.2 Seppration of conductive parts

Separation of conductive parts between

— intrinsically safe and non-intrinsically safe circuits, or

— different|intrinsically safe circuits, or

— a circuitland earthed or isolated metal parts;

shall confgrm to the following if the type_of protection depends on the separation.
Separation distances shall be measured or assessed taking into account any possible movement of the
conductorg or conductive parts. Manufacturing tolerances shall not reduce the distances by more than

10 % or 1|mm, whichever is-the smaller.

Separation distances that comply with the values of Table 5 or Annex F under the conditions|of 6.1.2.2,
6.1.2.3 or B.1.3 shal)not be subject to a fault.

The fault mode“of*failure of segregation shall only be a short-circuit.

Separatiorrrequirementsstattnotappty whereeartted-metat, forexamptetracksof aprinted-—circuit board
or a partition, separates an intrinsically safe circuit from other circuits, provided that breakdown to earth
does not adversely affect the type of protection and that the earthed conductive part can carry the
maximum current that would flow under fault conditions. Creepage distance requirements shall not apply
where earthed printed circuit board tracks separate conductive tracks requiring separation, but clearance
requirements shall still be applied. Clearance requirements shall not apply where an earthed metallic
partition of sufficient height does not allow a discharge between components requiring separation.

NOTE 1 For example, the type of protection does depend on the separation to earthed or isolated metallic parts if a current-limiting
resistor can be bypassed by short-circuits between the circuit and the earthed or isolated metallic part.
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An earthed metal partition shall have strength and rigidity so that it is unlikely to be damaged and shall be
of sufficient thickness and of sufficient current-carrying capacity to prevent burn-through or loss of earth
under fault conditions. A partition either shall be at least 0,45 mm thick and attached to a rigid, earthed
metal portion of the device, or shall conform to 10.6.3 if of lesser thickness.

Where a non-metallic insulating partition having a thickness and appropriate CTl in accordance with Table
5 is placed between the conductive parts, the clearances, creepage distances and other separation
distances shall be measured around the partition provided that either the partition has a thickness of at
least 0,9 mm, or conforms to 10.6.3 if of lesser thickness.

NOTE 2 Methods of assessment are given in Annex C.

6.3.2.1 Distances according to Table 5
For Level$ of Protection “ia” and “ib”, smaller separation distances, which are less ‘than the values
specified ih Table 5 but greater than or equal to one-third of that value, shall be considered ag subject to
countable |short-circuit faults if this impairs intrinsic safety.
For Leveld of Protection “ia” and “ib”, if separation distances are less than ane-=third of the valuep specified
in Table 5| they shall be considered as subject to non-countable short-circuit faults if this impalrs intrinsic
safety.

For Level of Protection “ic”, if separation distances are less thantthe values specified in Table 5| they shall
be considégred as short-circuits if this impairs intrinsic safety:

6.3.2.2 Distances according to Annex F

For Leveld of Protection “ia” and “ib”, if separation-distances are less than the values specifiel in Annex
F, they shall be considered to fault as provided.in*F.3.1 if this impairs intrinsic safety.

For Level |of Protection “ic”, if separation distances are less than the values specified in Annex F, they
shall be considered as short-circuits if thissimpairs intrinsic safety.

Table 5 — Clearances, creepage distances and separations

1 2 3 4 5 6 7
Volt Clearance Separation Separation Creepage Distance under Comparative
(peak distance through | distance through distance coating tnacking index
value) casting compound | solid insulation (CTI)@
Vv mm mm mm mm mm
Level of || ia, ib ic ia, ib ic ia, ib ic ia, ib ic ia, ib ic ia ib, ic
protection
10 1'12 n’A n’: n’o n’: n’o 1’E 1’{\ n’R n’q — —
30 2,0 0,8 0,7 0,2 0,5 0,2 2,0 1,3 0,7 0,3 100 100
60 3,0 0,8 1,0 0,3 0,5 0,3 3,0 1,9 1,0 0,6 100 100
90 4,0 0,8 1,3 0,3 0,7 0,3 4,0 2,1 1,3 0,6 100 100
190 5,0 1,5 1,7 0,6 0,8 0,6 8,0 2,5 2,6 1,1 175 175
375 6,0 2,5 2,0 0,6 1,0 0,6 10,0 4,0 3,3 1,7 175 175
550 7,0 4,0 2,4 0,8 1,2 0,8 15,0 6,3 5,0 2,4 275 175
750 8,0 5,0 2,7 0,9 1,4 0,9 18,0 10,0 6,0 2,9 275 175
1 000 10,0 7,0 3,3 1,1 1,7 1,1 25,0 12,5 8,3 4,0 275 175
1 300 14,0 8,0 4,6 1,7 2,3 1,7 36,0 13,0 12,0 5,8 275 175

Table 5 — Clearances, creepage distances and separations Continued on Next Page
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Table 5 — Clearances, creepage distances and separations Continued
1 2 3 4 5 6 7
Volt Clearance Separation Separation Creepage Distance under Comparative
(peak distance through | distance through distance coating tracking index
value) casting compound | solid insulation (CTHR
\' mm mm mm mm mm
Level of ia, ib ic ia, ib ic ia, ib ic ia, ib ic ia, ib ic ia ib, ic
protection
1575 16,0 10,0 5,3 2,7 49,0 15,0 16,3 275 175
3,3 k 18,0 9,0 4,5 32,0
47 k 22,0 TZ,0 0,0 50,0
9,5 k 45,0 20,0 10,0 100,0
15,6 k 70,0 33,0 16,5 150,0
a) Evidence|of compliance with the CTI requirements of insulating materials shall be provided by the manufaéturer. At voltages up
to 10 V, thg CTI of insulating materials is not required to be specified.
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L

su1452a

Key

1) Chassis

2) Load

3) Non-intringically safe circuit definediby Uy,

4) Part of intfinsically safe circuit not itself intrinsically safe

5) Intrinsically safe circuit

6) Dimensior)s to which Table 5 or Annex F are applicable

7) Dimensionsto whitiT generat inaustriat standards are appticapie
8) Dimensions to 7.3

9) Dimensions to 6.2.1 for output terminals between separate Intrinsically safe circuits and between Intrinsically safe to non
intrinsically safe circuits

10) Protective components as applicable in accordance with 8.9

Figure 2 — Example of separation of conducting parts
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6.3.3 Voltage between conductive parts

The voltage which is taken into account when using Table 5 or Annex F shall be the voltage between any
two conductive parts for which the separation has an effect on the type of protection of the circuit under
consideration, that is for example (see Figure 2) the voltage between an intrinsically safe circuit and

— part of the same circuit which is not intrinsically safe, or

— non-intrinsically safe circuits, or

— other int

rinsically safe circuits.

The value

a) For circ
between t

of voltage to be considered shall be either of the following, as applicable.

Lits which are galvanically separated within the apparatus, the value of voltage fo be
ne circuits, shall be the highest voltage that can appear across the separation whg

circuits ar¢ connected together at any one point, derived from

he rated voltages of the circuits, or

he maximum voltages specified by the manufacturer which“may safely be supplied

cirfcuits, or

bny voltages generated within the same apparatus;

Where ong¢ of the voltages is less than 20 % of the othéf;.it shall be ignored. Mains supply vol

be taken

vithout the addition of standard mains tolefances. For such sinusoidal voltages, pe

shall be cgnsidered to be the following:

V2 x r.m.s

b) Betwee
circuit. Th

value of the rated voltage.

h parts of a circuit: the maximum peak value of the voltage that can occur in either
s may be the sum of the-voltages of different sources connected to that circuit. (

voltages may be ignored if it is less than 20 % of the other.

In all case
to derive t

s voltages whichatise during the fault conditions of Clause 5 shall, where applicabl
ne maximum.

Any externpal voltage shall be assumed to have the value U, or U, declared for the connectid

through w
fuse, that

nich it enters. Transient voltages such as might exist before a protective device, for
bpens_the circuit shall not be considered when evaluating the creepage distance, b

tonsidered
bn the two

fo the

ages shall
ak voltage

part of that

Dne of the

b, be used

n facilities
example a
ut shall be

consideretii when evaluating clearances.
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6.3.4 Clearance

Insulating partitions that do not meet the requirements of 6.3.2 shall be ignored, other insulating parts shall
conform to column 4 of Table 5.

For voltages higher than 1 575 V peak, an interposing insulating partition or earthed metal partition shall
be used. In either case, the partition shall conform to 6.3.2.

6.3.5 Sep

aration distances through casting compound

Casting compound shall meet the requirements of 6.6. For those parts that require encapsulation, the

minimum

surface of
minimum

solid insul
D.1).

separation distance between encapsulated conductive parts and components, an
the casting compound shall be at least half the values shown in column 3 of Tabl
bf 1 mm. When the casting compound is in direct contact with and adheres to‘an e
btion material conforming to column 4 of Table 5, no other separation is required (

The insulation of the encapsulated circuit shall conform to 6.3.13.

The failure
which is u
are not de

NOTE Furthd
6.3.6 Sep
Solid insul
that confo|
maximum

wire.

NOTE 1 If th
the composifj

NOTE 2 Foq
elastomeric i

NOTE 3 Var

NOTE 4 Seq
distances thr

of a component which is encapsulated or hermetically sealed, for example a semi
bed in accordance with 7.1 and in which internal clearances ‘and distances through e
fined, is to be considered as a single countable fault.

r guidance is given in Annex D.

Aration distances through solid insulation

ms to 6.3.13 when the separation distance is in accordance with Table 5 or Ann

b insulator is fabricated from two.ermore pieces of electrical insulating material which are solidly bonded t
E may be considered as solid!

the purpose of this standard, solid insulation is considered to be prefabricated, for example sheet o
hsulation on wiring!

hish and similar'coatings are not considered to be solid insulation.

aration\between adjacent tracks on intermediate layers of printed circuit boards should be considered 3

the free
5, with a
closure of
see Figure

conductor,
hcapsulant

ption is insulation which is extruded or moulded but not poured. It shall have a dielectiic strength

ex F. The

current in the insulated wiring shall'fiot exceed the rating specified by the manufacturer of the

bgether, then

I sleeving or

s separation

bugh, Solid insulation.
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6.3.7 Composite separations

Where separations complying with Table 5 are composite, for example through a combination of air and
insulation, the total separation shall be calculated on the basis of referring all separations to one column
of Table 5. For example at 60 V:

clearance (column 2) = 6 x separation through solid insulation (column 4);

clearance (column 2) = 3 x separation through casting compound (column 3);

equivalent clearance = actual clearance + (3 x any additional separation through encapsulant) +

6

For Levelq
than the ¢

Any cleard
ignored fo

For Level
5.

6.3.8 Creg¢page distance

For the cr
column 7
(CTI) mea
shall be in

Where a q
material.

Where the
conductivg
shall not b
or earthed

x any additional separation through solid insulation).

earance value specified in Table 5.

nce or separation which is below one-third of the relevant value specified in Table
[ the purpose of calculation.

pf Protection “ic”, the above results shall not be less than the.¢learance value specifig

eepage distances specified in column 5 of Table"5, the insulating material shall
bf Table 5 or Annex F where applicable, which:specify the minimum comparative trag
sured in accordance with IEC 60112. The fiiethod of measuring or assessing thesg
accordance with Figure 3.

int is cemented, the cement shall have insulation properties equivalent to those of th

creepage distance is made up from the addition of shorter distances, for exampl
part is interposed, distances of less than one-third the relevant value in column 5
e taken into account: For voltages higher than 1 575 V peak, an interposing insulatit
metallic partition-shall be used. In either case, the partition shall conform to 6.3.2.

of Protection “ia” and “ib”, for the separation to be infallible, the above resultyshall e not less

5 shall be

bd in Table

ronform to

king index
distances

e adjacent

e where a
of Table 5
g partition
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Figure 3 — Determination of creepage distances
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6.3.9 Distance under coating

A conformal coating shall seal the path between the conductors in question against the ingress of
moisture and pollution, and shall give an effective lasting unbroken seal. It shall adhere to the conductive
parts and to the insulating material. If the coating is applied by spraying, two separate coats shall be
applied.

A solder mask alone is not considered as a conformal coating, but can be accepted as one of the two
coats when an additional coat is applied, provided that no damage occurs during soldering. Other
methods of application require only one coat, for example dip coating, brushing, or vacuum impregnating.
A solder mask that meets the requirements of a Type 1 coating in accordance with IEC 60664-3 is
considered as a conformal coating and an additional coating Is not required. The manufadturer shall
provide evidence of compliance with these requirements.

NOTE 1 It is|not a requirement of this Standard that the conformity of the manufacturer’s specification of\the coating needs to be
verified.

The methpd used for coating the board shall be specified in the documentation accordjng to the
documentation requirements of IEC 60079-0. Where the coating is cofisidered adequate fo prevent
conductivg parts, for example soldered joints and component leads, fram protruding through the coating,
this shall ke stated in the documentation and confirmed by examination/ The distances within the coating
shall be in| accordance with column 6 of Table 5.

Where bane conductors or conductive parts emerge from thegcoating the comparative tracking index (CTI)
in column [7 of Table 5 or column 7 of Table F.2 or materiakgroup as specified in F.3.1 shall apply to both
insulation pnd coating.
NOTE 2 Thq concept of distance under coating was developed.for flat surfaces, for example non-flexible printed cjrcuit boards.
Flexible printed circuit boards should have suitable elastic ceating that does not crack. Radical differences from this fprmat require
special consideration.

6.3.10 Rejguirements for assembled printed circuit boards

Where crgepage and clearance distances affect the intrinsic safety of the apparatus, the pripted circuit
shall confgrm to the following (see Figure 4):

a) when a|printed circuit §S covered by a conformal coating according to 6.3.9, the requiremerjts of 6.3.4
and 6.3.8 shall apply ohly-to any conductive parts which lie outside the coating, including, for gxample

e tracks which emerge from the coating;

* the frele surface of a printed circuit which is coated on one side only;

e bare parts of components able to protrude through the coating;

b) the requirements of 6.3.9 shall apply to circuits or parts of circuits and their fixed components when the
coating covers the connecting pins, solder joints and the conductive parts of any components;

c) where a component is mounted over or adjacent to tracks on the printed circuit boards, a non-countable
fault shall be considered to occur between the conductive part of the component and the track unless;

1) the separation is in accordance with 6.3.2 between the conductive part of the component and
the track, or


https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

FEBRUARY 15, 2013 ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11

55

2) failure results in a less onerous condition.
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Figure 4a - Partially coated board

a
b
a
b
a a
b b

Figure 4b - Board with soldered leads protruding

a
b
™ ¢
] c

Cc

Figure 4c - Board with soldered leads folded or cropped

S52098

NOTE The thickness of the coating is not drawn to scale.

Key
a Apply clearance distance requirements of 6.3.4
b Apply creepage distance requirements of 6.3.8

¢ Apply distance under coating requirements of 6.3.9

Figure 4 — Creepage distances and clearances on printed circuit boards
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6.3.11 Separation by earth screens

Where separation between circuits or parts of circuits is provided by an earthed metallic screen, the
screen, as well as any connection to it, shall be capable of carrying the maximum possible current to
which it could be continuously subjected in accordance with Clause 5.

Where the connection is made through a connector, the connector shall be constructed in accordance with
6.5.

6.3.12 Internal wiring

Insulationiexcept for varnish and similar coatings, covering the conductors of internal wiring shall be
considered as solid insulation (see 6.3.6).

The separption of conductors shall be determined by adding together the radial thicknesses gf extruded
insulation pn wires which are lying side by side either as separate wires or in a cable form or jn a cable.

The distarjce between the conductors of any core of an intrinsically safe circuit and that of any core of a
non-intrindically safe circuit shall be in accordance with column 4 of Table’5, taking into agcount the
requiremepts of 6.3.7 except when one of the following apply:

— the corgs of either the intrinsically safe or the non-intrinsically, safe circuit are enclosed in an earthed
screen, or

—in Level$ of Protection ”ib” and “ic” electrical apparatus,\the insulation of the intrinsically safe cores is
capable of withstanding an r.m.s. a.c. test voltage of 2 @00 V when tested in accordance with [10.3.

NOTE One rethod of achieving insulation capable of withstanding this test voltage is to add an insulating sleeve ovef the core.
6.3.13 Diglectric strength requirement

The insulation between an intrinsically safe circuit and the frame of the electrical equipment or parts which
may be edrthed shall be capable of complying with the test described in 10.3 at an r.m.s. a.c. t¢st voltage
of twice the voltage of the intrinsically safe circuit or 500 V r.m.s., whichever is the greater. Where the
circuit dogs not satisfy this requirement the apparatus shall be marked with the symbol “X” and the
documentation shall indicate~the necessary information regarding the correct installation.

6.8.13DV.1 DR Modification of Clause 6.3.13, first paragraph to replace with the
fojlowing:

6.8.13DV.1.1 The insulation between an intrinsically safe circuit and the frame of the
electrical equipment or parts which may be earthed shall be capable of complying with the
te i i : msac: i intrinsically
safe circuit or 500 V r.m.s., whichever is the greater. Where the circuit does not satisfy this
requirement the documentation shall indicate the necessary information regarding the
correct installation.

The insulation between an intrinsically safe circuit and a non-intrinsically safe circuit shall be capable of
withstanding an r.m.s. a.c. test voltage of 2 U + 1 000 V, with a minimum of 1 500 V r.m.s., where U is
the sum of the r.m.s. values of the voltages of the intrinsically safe circuit and the non-intrinsically safe
circuit.
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Where breakdown between separate intrinsically safe circuits could produce an unsafe condition, the
insulation between these circuits shall be capable of withstanding an r.m.s. test voltage of 2 U, with a
minimum of 500 V r.m.s., where U is the sum of the r.m.s. values of the voltages of the circuits under
consideration.

6.3.14 Relays

Where the coil of a relay is connected to an intrinsically safe circuit, the contacts in normal operation shall
not exceed their manufacturer’s rating and shall not switch more than the nominal value of 5 A r.m.s. or
250 V r.m.s. or 100 VA. When the values switched by the contacts exceed these values but do not exceed
10 A or 500 VA, the values for creepage distance and clearance from Table 5 for the relevant voltage shall
be doublegl.

For highel values, intrinsically safe circuits and non-intrinsically safe circuits shall becconnegted to the
same relay only if they are separated by an earthed metal barrier or an insulating barrier corjfforming to
6.3.2. Thg dimensions of such an insulating barrier shall take into account the_ionization afising from
operation [of the relay which would generally require creepage distances and) clearances greater than
those given in Table 5.

Where a rglay has contacts in intrinsically safe circuits and other contacts in non-intrinsically sgfe circuits,
the intrins|cally safe and non-intrinsically safe contacts shall be separated by an insulating pr earthed
metal barrjer conforming to 6.3.2 in addition to Table 5. The relay Shall be designed such that broken or
damaged |contact arrangements cannot become dislodged and impair the integrity of the separation
between intrinsically safe and non-intrinsically safe circuits.

Alternativgly, segregation of relays may be assessed“by application of Annex F, taking info account
ambient cpnditions and applicable overvoltage categories as given in Annex F. The requir¢gments for
earthed metal or insulating barriers above shall alsobe applied in this case. If the insulating jor earthed
metal barter is embedded in a closed relay enclosure then 10.6.3 shall be applied to the clpsed relay
enclosure [and not to the insulating or earthed metal barrier itself.

6.4 Proteftion against polarity reversal

Protection| shall be provided within) intrinsically safe apparatus to prevent invalidation of the type of
protection|as a result of reversal of the polarity of supplies to that intrinsically safe apparfatus or at
connections between cells of a*battery where this could occur. For this purpose, a single diode shall be
acceptablg.
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6.5 Earth conductors, connections and terminals

Where earthing, for example of enclosures, conductors, metal screens, tracks on a printed circuit board,
segregation contacts of plug-in connectors and diode safety barriers, is required to maintain the type of
protection, the cross-sectional area of any conductors, connectors and terminals used for this purpose
shall be such that they are rated to carry the maximum possible current to which they could be
continuously subjected under the conditions specified in Clause 5. Components shall also conform to
Clause 7.

Where a connector carries earthed circuits and the type of protection depends on the earthed circuit, the
connector shall comprise at least three independent connecting elements for “ia” circuits and at least two
for ”ib” cirpuits (see Figure 5). These elements shall be connected in parallel. Where the conhector can
be removed at an angle, one connection shall be present at, or near to, each end of the conngctor.

Terminalsshall be fixed in their mountings without possibility of self-loosening and shall be constructed so
that the cgnductors cannot slip out from their intended location. Proper contact shall be assuried without
deterioratipn of the conductors, even if multi-stranded cores are used in terminalsiwhich are ifftended for
direct clamping of the cores. The contact made by a terminal shall notbe) appreciably impaired by
temperatufe changes in normal service. Terminals which are intended for(elamping stranded ¢ores shall
include regilient intermediate part. Terminals for conductors of cross-sections up to 4 mm? shill also be
suitable fof the effective connection of conductors having a smaller cross-section. Terminals whjch comply
with the rgquirements of IEC 60079-7 are considered to conform t@ these requirements.

Figure 5a - Example of three independent connecting elements

Figure 5b - Example of three connecting elements which are not independent

$4564B

Figure 5 — Examples of independent and non-independent connecting elements

The following shall not be used:
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a) terminals with sharp edges which could damage the conductors;

b) terminals which may turn, be twisted or permanently deformed by normal tightening;

¢) insulating materials which transmit contact pressure in terminals.

6.6 Encapsulation

6.6.1 General

For intrinsically safe apparatus, all circuits connected to the encapsulated conductive parts and/or

components and/or bare parts protruding from the compound shall be intrinsically safe. Fault
within the pompound shall be assessed but the possibility of spark ignition inside shall not be-C

For assoclated apparatus, fault conditions within the compound shall be assessed.

If circuits donnected to the encapsulated conductive parts and/or components and/or bare parts

from the

mpound are not intrinsically safe, they shall be protected by anpther type of prote

in IEC 60(Q79-0.

Encapsul

Where en(
potting bo

a) have a

ion may be applied by casting, moulding or pouring.

apsulation is used, it shall conform to the following and where appropriate it applies
or parts of an enclosure used in the encapsulation‘\process:

temperature rating, specified by the manufaéturer of the compound or apparatus,

least equ1l to the maximum temperature achieved byt@ny component under encapsulated con

b) alterna
not cause
operating
shall be e
shrinkage,
overheatin

c) have a
conductive

vely temperatures higher than the compound’s rating shall be accepted provided tH
damage to the compound. Whenithe temperature of the compound exceeds its
emperature (COT), no visible damage of the compound that could impair the type of}
ident, such as cracks in the.compound, exposure of encapsulated parts, flaking, img
swelling, decomposition,.erssoftening. In addition, the compound shall not show ¢
g that would adversely affect the protection;

its free surface-a~CTIl value of at least that specified in Table 5 or Annex F if
parts protrude from the compound;

d) only materials passing the test in 10.6.1 shall have its free surface exposed and unprotg

forming p3

rt of thé enclosure;

e) be adh

conditions
onsidered.

protruding
Ction listed

hlso to any
which is at
ditions;

at they do
continuous
protection

ermissible
vidence of

any bare

cted, thus

enclosed

rent\to all conductive parts, components and substrates except when they are totall

by the compount;

f) the compound shall be free of voids, except that encapsulation of components containing free space
(transistors, relays, fuses etc) is allowed.

g) be specified by its generic name and type designation given by the manufacturer of the compound.

NOTE Further guidance is given in Annex D.
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6.6.2 Encapsulation used for the exclusion of explosive atmospheres

Where casting is used to exclude an explosive atmosphere from components and intrinsically safe circuits,
it shall conform to 6.3.5.

Where moulding is used to exclude an explosive atmosphere from components and intrinsically safe
circuits, the minimum thickness to the free surface shall comply with column 4 of Table 5, see Figures
D.3a and D.3b.

In intrinsically safe apparatus where a compound is used to reduce the ignition capability of hot
components, for example diodes and resistors, the volume and thickness of the compound shall reduce
the maximum surface temperature of the compound to the desired value.

NOTE Examples of the application of 6.6.2 are; fuses, piezo-electric devices with their suppression components‘and erjergy storage
devices with [their suppression components.

7 Compopents on which intrinsic safety depends
7.1 Rating of components

For Level pf Protection “ia” and “ib” in both normal operation and after-application of the fault|conditions
given in Clause 5, any remaining components on which the type, of(protection depends, shall rjot operate
at more than two-thirds of their maximum current, voltage and-power related to the rating of the device,
the mouniing conditions and the temperature range specified: For Level of Protection “ic”,[in normal
operation,| components on which the type of protection «depends shall not operate at more|than their
maximum [current and voltage and no more than two-thitds of their power. These maximum rated values

shall be the normal commercial ratings specified by thé manufacturer of the component.

7.1DV.1 DR Modification of Clause 7.1, second paragraph to replace with the fqllowing
and the addition of 7.1DV.1.2:

7.1DV.1.1 Galvanically isolating components, such as transformers, relays, and
opto-couplers that successfully withstand the appropriate tests in Clause 8 do npt need to
be rated for the fault voltage, current or power in the circuit, but instead shall be rated for
at(least the normal operating voltage current and power in the circuit.

7.1DV.1.2 Thermal-trips, fuses and switches shall be rated based on the normal|operating
vqgltage and current of the circuit.

For Levels of Protection “ia”, “ib” and “ic” transformers, fuses, thermal trips, relays, optocobplers and
switches gre allowed to operate at their normal ratings in order to function correctly.

The effectsofmounting—conditions,ambienttemperatore—andother—envirommentat-influences, and the
service temperature requirements of IEC 60079-0 shall be taken into account when determining
component rating. For example, in a semiconductor the power dissipation shall not exceed two-thirds of
the power which is required to reach the maximum allowed junction temperature under the particular
mounting conditions.

The rating of components shall be as above when connected to any other apparatus used in the
non-hazardous area, e.g. during charging, routine maintenance, data downloading operations, including
the application of required faults in the intrinsically safe apparatus.
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In-circuit programming connectors that are not accessible by the user, and which are only used at
manufacture, during repair or overhaul, are exempt from the requirements of this clause.

Where a resistor and capacitor are connected in series to protect the discharge from the capacitor, the
resistor may be considered to dissipate power in watts numerically equal to CUP, where C is capacitance
in farads, U is voltage in volts.

Detailed testing or analysis of components and assemblies of components to determine the parameters,
for example voltage and current, to which the safety factors are applied shall not be performed since the
factors of safety of 5.2 and 5.3 obviate the need for detailed testing or analysis. For example, a Zener
diode stated by its manufacturer to be 10 V + 10 % shall be taken to be 11 V maximum without the need
to take intp account eftects such as voltage elevation due to rise in temperature.

7.2 Connegctors for internal connections, plug-in cards and components

These cornectors shall be designed in such a manner that an incorrect connectionor interchaingeability
with other ponnectors in the same electrical apparatus is not possible unless it does'not result infan unsafe
condition ¢r the connectors are identified in such a manner that incorrect connection is obvious.

Where the type of protection depends on a connection, the failure to open,circuit of a connectipn shall be
a countable fault in accordance with Clause 5.

If a conneftor carries earthed circuits and the type of protection{depends on the earth connegtion, then
the connegtor shall be constructed in accordance with 6.5.

7.3 Fuses

Where fusps are used to protect other components,“1,7 I, shall be assumed to flow continuously. The cold
resistance| of the fuse at the minimum specified ambient temperature may be taken as ah infallible
resistance| complying with 8.5 for current limiting purposes. (In the absence of available information, this
may be taken as the minimum resistance_atythe minimum specified ambient temperature when|measured
on 10 sanpples as required in 10.4.) The fuse time-current characteristics shall ensure that thg transient
ratings of [protected components are\.not exceeded. Where the fuse time-current characteristic is not
available from the manufacturer’s data, a type test shall be carried out in accordance with 10.4 on at least
10 samplgs. This test shows the eapability of the sample to withstand 1,5 times any transient|which can
occur when U, is applied throtigh a fuse.

Fuses for| Levels of_Rtotection “ia” and “ib”, which may carry current when located in|explosive
atmosphetes, shall be encapsulated in accordance with 6.6.

The ruptune of fuses for Level of Protection ”ic”, is not considered for thermal ignition purposes.
Where fulwmmdrﬁmmmmwmmmmﬂt shall be

satisfied by testing samples in accordance with 10.6.2 or by a declaration from the fuse manufacturer
confirming acceptability of the fuse for encapsulation. Alternatively, the fuse shall be sealed prior to
encapsulation.

Ur

Fuses used to protect components shall be replaceable only by opening the apparatus enclosure. For
replaceable fuses the type designation and the fuse rating /,, or the characteristics important to intrinsic
safety shall be marked adjacent to the fuses.
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Fuses shall have a rated voltage of at least U,,, (or U; in intrinsically safe apparatus and circuits) although
they do not have to conform to Table 5. General industrial standards for the construction of fuses and
fuseholders shall be applied and their method of mounting including the connecting wiring shall not reduce
the clearances, creepage distances and separations afforded by the fuse and its holder. Where required
for intrinsic safety, the distances to other parts of the circuit shall comply with 6.3.

NOTE 1 Microfuses conforming to IEC 60127 series are acceptable.

7.3DV.1 DR Modification of Clause 7.3, sixth paragraph and Note 1 to replace with the
following:

7.8DV.1.1 Fuses shall have a rated voltage of at least U, (or U; In Intrinsi
apparatus and circuits) and the external creepage distances and clearances sha
to| Table 5 or Annex F (but see 8.9). General industrial standards for the-const
fuses and fuseholders shall be applied and their method of mounting incl

C(Q
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crg

A fuse shg

normally b
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NOTE 2 Higlher prospective currents may be present in some installations, for example at higher voltages.

7

7.
cy

a.
A

If a curren
breaking ¢
values sha

.BDV.2 DR Modification of Clause 7.3, seventh paragraph to replace with the f

nnecting wiring shall not reduce the clearances, creepage distances and se
her parts of the circuit shall comply with 6.3.

TE 1 Microfuses conforming to IEC 60127 series are acceptable provided they also conform to
tepage distances and clearances of Table 5 or Annex F.

e considered to be 1 500 A a.c. The breaking ¢apacity of the fuse is determined ac
series or ANSI/UL 248-1 and shall be statedby the manufacturer of the fuses.

fally safe

| conform
ruction of
iding the
parations

orded by the fuse and its holder. Where required for intrinsic.safety, the digtances to

the external

Il have a breaking capacity not less than the maximumprospective current of the circtiit in which
it is installed. For mains electricity supply systems not exceeding 250 V a.c., the prospective cy

rrent shall
cording to

pbllowing:

BDV.2.1 A fuse shall have.a breaking capacity not less than the maximum p

. The breaking capacity of the fuse is determined according to IEC 60127 se
SI/UL 248 series-and shall be stated by the manufacturer of the fuses.

-limiting device.is necessary to limit the prospective current to a value not greater tha
apacity of the fuse, this device shall be infallible in accordance with Clause 8 ang
Il be at{least:

— current rlating 1,5 x 1,7 X Iy;

ospective

rrent of the circuit in which it is installed. For mains electricity supply systems not
e)E:eeding 250 V a.c., the_prospective current shall normally be considered to be 1 500 A

ies or the

n the rated
the rated

— voltage rating U, or U;

— power rating 1,5 x (1,7 x I,)? x maximum resistance of limiting device.

Creepage and clearance distances across the current limiting resistor and its connecting tracks shall be
calculated using the voltage of 1,7 x |, x maximum resistance of the current limiting resistor. The transient
voltage shall not be considered. The separation distances between the resistor and other parts of the
circuit shall comply with 6.3.
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7.3DV.3 DR Modification of Clause 7.3, ninth paragraph to replace with the following:

7.3DV.3.1 Creepage and clearance distances across the current limiting resistor and its
connecting tracks shall comply with 6.3.

7.4 Primary and secondary cells and batteries
7.41 General

Contrary to the batteries requirements of IEC 60079-0, cells and batteries are permitted to be connected
in parallel in intrinsically safe apparatus provided that intrinsic safety is not impaired.

NOTE 1 The|parallel battery requirement of batteries of IEC 60079-0 does not apply to cells and batteries in associatpd apparatus
unless they 4re protected by one of the types of protection listed in IEC 60079-0.

7.4.1DV.1 DR Modification of Clause 7.4.1, first paragraph to replace with the fallowing
aryd the deletion of NOTE 1:

7.4.1DV.1.1 Contrary to the batteries requirements of UL 600790, cells and balteries are
permitted to be connected in parallel in intrinsically safe apparatus and associated
apparatus provided that intrinsic safety is not impaired. Cells and batteries in {isociated
apparatus that are protected by one of the other types of protection listed in UL 60079-0
shall comply with the parallel battery prohibition of UL 60079-0.

Some typés of cells and batteries, for example some lithium types, may explode if short-dircuited or
subjected fo reverse charging. Where such an explosiof’could adversely affect intrinsic safety,|the use of
such cells|and batteries shall be confirmed by their manufacturer as being safe for use in any particular
intrinsically safe or associated apparatus. The documentation and, if practicable, the marking for the
apparatus|shall draw attention to the safety precautions to be observed.

NOTE 2 Cellg that comply with the requirements of U642 or IEC 62133 or other relevant safety standards are considered to meet
this requirement.

Where bafteries are intended to be réplaced by the user, the apparatus shall be marked with{a warning
label as specified in item a) of12:3.

NOTE 3 Attention is drawn to thie fact that the cell or battery manufacturer often specifies precautions for the safety of personnel.

If the cell$ or battefies have to be recharged in hazardous areas, the charging circuits shall be fully
specified ps part of the apparatus. The charging system shall be such that, even whenp faults in
accordance with;5.2, 5.3 or 5.4 are applied to the charging system, the charger voltage and |current do
not exceed thevimits specified by the manufacturer.

NOTE 4 If the charger itself is used in the hazardous area it should also utilise types of protection suitable for the area of use.
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7.4.2 Battery construction

The spark ignition capability and surface temperature of cells and batteries used in intrinsically safe
apparatus shall be tested or assessed in accordance with 10.5.3. The cell or battery construction shall be

one of the

following types:

a) sealed (gas-tight) cells or batteries;

b) sealed (valve-regulated) cells or batteries;

c) cells or batteries which are intended to be sealed in a similar manner to items a) and b) apart from a

pressure rglief device.

Su

sealed metallic or plastic enclosure conforming to the following:

1)

ch cells or batteries shall not require addition of electrolyte during their life and-sha

| have a

without seams or joints, for example solid-drawn, spun or moulded/joined by fusion, eutectic

methods, welding or adhesives sealed with elastomeric or plastics sealing devices retained by

the structure of the enclosure and held permanently in compressién,-for example was

”,

0
2)
co
b4

3)
th

d) cells or
suitable o

A declarat

Conformance to c) or d) shall be determined by physical examination of the cell or battery

necessary

NOTE It is 1]
verified.

” rings;
swaged, crimped, shrunk on or folded construction of pants of the enclosure which
sed materials, shall not be considered to be sealed;

seals around terminals shall be either constfucted as above or be poured seals of
brmosetting or thermoplastic compound;

batteries encapsulated in a compound-specified by the manufacturer of the compoun
r use with the electrolyte concerned and conforming to 6.6.

on of conformance to a) or.h) shall be obtained from the manufacturer of the cell
its constructional drawings.

ot a requirement of this\standard that the conformity of the cell or battery manufacturer’s specification

hers and

do not

nform with the above or parts using materials which-are permeable to gas, for exanjple paper

d as being

or battery.
and where

needs to be
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7.4.3 Electrolyte leakage and ventilation

Cells and batteries shall either be of a type from which there can be no spillage of electrolyte or they shall
be enclosed to prevent damage by the electrolyte to the component upon which safety depends. Cells and
batteries shall be tested in accordance with 10.5.2, or written confirmation shall be obtained from the
cell/battery manufacturer that the product conforms to 10.5.2. If cells and batteries which leak electrolyte
are encapsulated in accordance with 6.6, they shall be tested in accordance with 10.5.2 after
encapsulation.

Where the apparatus contains cells or batteries that are charged within them, the battery manufacturer
shall demonstrate that the concentration of hydrogen in the free volume of the battery container cannot
exceed 2 Po by volume, or the degassing apertures of all cells shall be so arranged that th¢ escaping
gases are|not vented into any enclosure of the apparatus containing electrical or electronie egmponents
or connecfions. Alternatively, where the apparatus meets the requirements for level of-protection “ia” or
“ib” and Equipment Group IIC, the requirement of degassing apertures or limitation of|hydrogen
concentrafion does not apply.

NOTE 1 It is|not a requirement of this standard that the conformity of the battery manufacturers.specification of the goncentration
of hydrogen peeds to be verified.

For rechangeable or non-rechargeables cells the pressure above atmospheric inside the battery container
shall not gxceed 30 kPa (0,3 bar). Battery containers that are sealed shall be tested in accorflance with
10.5.4.

NOTE 2 Thid may be achieved by a vent.

NOTE 3 In “sealed” cells, a higher pressure is permissible, but_eaeh cell should then be provided with a pressure refief device or
means to limjt the pressure to a value that can be contained by'the cell, as specified by the manufacturer.

7.4.4 Cell|voltages

For the purpose of evaluation and test,the cell voltage shall be that specified in the primary cel| table and
secondary] cells table of IEC 60079-0."'When a cell is not listed in these tables, it shall beg tested in
accordance with 10.4 to determine_the maximum open circuit voltage, and the nominal voltage shall be
that specified by the cell manufacturer.
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7.4.5 Internal resistance of cell or battery

Where required, the internal resistance of a cell or battery shall be determined in accordance with 10.5.3.

7.4.6 Batteries in equipment protected by other types of protection

NOTE 1 This clause refers to equipment that is protected by flameproof (or other technique), but contains a battery and associated
circuits that require intrinsic safety protection when the mains supply is removed and the enclosure is opened in the explosive

atmosphere.

The battery housing or means of attachment to equipment shall be constructed so that the battery can be

installed a|

Where a g
to be rateq
at the ma
use of as

NOTE 2 Wh

current-limitipg device to be an integral part of the battery.
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If the cell or battery, requiring current-limiting devices to ensure the safety of the battery
itself, is not intended to be replaced in the explosive atmosphere, it shall either be
protected in accordance with 7.4.7 or alternatively it may be housed in a compartment
capable of being opened or removed only with the aid of a tool. It shall also conform to the

fo

llowing:

a) the cell or battery housing or means of attachment shall be arranged so that the cell or battery can be

installed a

nd replaced without reducing the intrinsic safety of the apparatus;


https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

68 ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11 FEBRUARY 15, 2013

b) handheld apparatus or apparatus carried on the person, ready for use, such as radio receivers and
transceivers shall be subjected to the drop test of IEC 60079-0 except that the prior impact test shall be
omitted. The construction of the apparatus shall be considered adequate if the test does not result in the
ejection or separation of the battery or cells from the apparatus in such a way as to invalidate the intrinsic
safety of the apparatus or battery;

c) the apparatus shall be marked with a warning label as specified in item b) or d) of 12.3.

7.4.9 External contacts for charging batteries

Cell or battery assemblies with external charging contacts shall be provided with means to prevent
short-circuiting or to prevent the cells and batteries from delivering ignition-capable energy to-tHe contacts

when any|pair of the contacts is accidentally short-circuited. This shall be accomplished:in’pne of the
following ways:

a) limiting [the output in accordance with this standard, or;

b) for Gropip Il intrinsically safe apparatus, a degree of protection by enclosure of at least IP30 shall be
provided fpr the suitably protected charging circuit and shall be marked with;a warning label ag specified
in item c)|of 12.3 (or item b) of the text of warning markings table .of JIEC 60079-0). The [separation
distances petween the charging contacts shall comply with 6.3 considering the open-circuit voljage of the
battery.

7.5 Semi¢onductors
7.5.1 Transient effects

In associgted apparatus, semiconductor devices shall be capable of withstanding the peak pf the a.c.
voltage and the maximum d.c. voltage divided by any infallible series resistance.

In an intripsically safe apparatus, any transient effects generated within the apparatus and| its power
sources shall be ignored.

7.5.2 Shupt voltage limiters

Semicondyictors may be used'as shunt voltage limiting devices provided that they conform to the following
requiremepts and provided; that relevant transient conditions are taken into account. For example, the
inclusion ¢f a single fuse.and Zener diode rated in accordance with 7.1 is considered as arn| adequate
means of [imiting transients for circuits connected at the Zener diode.

Semiconductorsishall be capable of carrying, without open-circuiting, the current which would flow at their
place of irfstallation if they failed in the short-circuit mode, multiplied by the appropriate safety factor. In
the followi TJ CasStEsS, this—stratt-beconfirmed-fronrtheir manufactorer'sdata luy.

a) diodes, diode connected transistors, thyristors and equivalent semiconductor devices having a forward

current rating of at least 1,5 times the maximum possible short-circuit current for Level of Protection “ia
or “ib”, and 1,0 times the maximum possible short-circuit current for Level of Protection “ic”;

b) Zener diodes being rated:

1) in the Zener direction at 1,5 times the power that would be dissipated in the Zener mode,
and
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2) in the forward direction at 1,5 times the maximum current that would flow if they were short-
circuited for Level of Protection “ia” or “ib”, and 1,0 times the maximum current that would flow if
they were short-circuited for Level of Protection “ic”.

For Level of Protection “ia”, the application of controllable semiconductor components as shunt voltage
limiting devices, for example transistors, thyristors, voltage/current regulators, etc., may be permitted if
both the input and output circuits are intrinsically safe circuits or where it can be shown that they cannot
be subjected to transients from the power supply network. In circuits complying with the above, two
devices are considered to be an infallible assembly.

For Level of Protection “ia”, three independent active voltage limitation semiconductor circuits may be
used in agsociated apparatus provided the transient conditions of 7.5.1 are met. These circuitg shall also
be tested [n accordance with 10.1.5.3.

7.5.3 Serips current limiters

The use of three series blocking diodes in circuits of Level of Protection “ia” is/permitted, howgver, other
semiconductors and controllable semiconductor devices shall be used as series current-limiting devices
only in Leyel of Protection “ib” or “ic” apparatus.

However, for power limitation purposes, Level of Protection “ia” apparatds may use series curr¢nt limiters
consisting|of controllable and non-controllable semiconductor devices.

NOTE The upe of semiconductors and controllable semiconductor devices¢as ‘etrrent-limiting devices for spark ignitioh limitation is
not permitted for Level of Protection “ia” apparatus because of their possible use in areas in which a continuous or frequent presence
of an explosive atmosphere may coincide with the possibility of a brief\transient which could cause ignition. The max{mum current
that may be pelivered may have a brief transient but will not be_taken as I,, because the compliance with the spark ignition test of
10.1 would have established the successful limitation of the energy in this transient.

7.5.3DV.1 DR Modification of Clause 7.5.3 to replace with the following:
7.5.3.1DV.1 Blocking Devices
The use of three series blocking diodes in circuits of Level of Protection “ia” is permitted.

ries current-limiting circuits in level of protection “ia” when the following conditions are

Samiconductors and.controllable semiconductor circuits and devices shall be pgrmitted in
tisfied:

a) three independent semiconductors or controllable semiconductor deyices are
connected in series;

byt tecti ot I ottt " ; t: and

c) one of the following is met:

i) the input and output circuits shall be intrinsically safe; or

ii) it can be shown that the use of the semiconductors or controllable
semiconductor devices cannot be subjected to transients from the power
supply network.
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7.6 Failurle of components, connections and separations

NOTE Circuits with non-linear outputs require testing as the curves and tables in Annex A only apply to resistive
circuits. However, circuits with rectangular outputs that comply with the parameters stated in Table G.1 need not
be subjected to ignition testing.

For power limitation purposes, Level of Protection “ia” apparatus may use series current
limiters consisting of controllable and non-controllable semiconductor devices.

7.5.3.2DV.1 Circuits for level of protection “ib” or “ic”

Semiconductors and controllable semiconductor devices shall be permitted in series
current limiting circuits in level of protection “ib” or “ic” apparatus.

For Leveld of Protection “ia” and “ib”, where a component is rated in accordance withn7.1, its failure shall
be a counfable fault. For Level of Protection “ic”’, where a component is rated in_aceordance with 7.1, it

shall not be considered to fail.

The appligation of 5.2 and 5.3 shall include the following:

a) where g component is not rated in accordance with 7.1, its failure shall be a non-countable fqult. Where

a componegnt is rated in accordance with 7.1, its failure shall be a ¢ountable fault;

b) where g fault can lead to a subsequent fault or faults, then the primary and subsequent faults shall be

considered to be a single fault;

c) the faildre of resistors to any value of resistance bétween open circuit and short circuit shajl be taken
into account (but see 8.5)

For thermII assessment, film or wirewound resistors operated up to 100 % of their rated powegr shall not

be consid

red to fail;

d) semicopductor devices shall be cehsidered to fail to short circuit or to open circuit and to the state to

which they can be driven by failure_of other components;

— [for surface temperature classification, failure of any semiconductor device to a condition
where it dissipates maximum power shall be taken into account. However, diodes (incjuding
LBD’s and Zener.diodes) operated within the requirements of 7.1 shall only be considgred for
thé power thiey shall dissipate in the forward conducting mode, or Zener mode, if appl|cable;

— lintegrated circuits can fail so that any combination of short and open circuits can exist
bdtween their external connections. Although any combination can be assumed, once|that fault
hasteen appiicu', itcanmotbe bildllged, for exampie 'uy appiiudiiun ofa—second-fautt—Under
this fault situation any capacitance and inductance connected to the device shall be considered
in their most onerous connection as a result of the applied fault;

— when considering the voltage available on the external pins of an integrated circuit that
includes voltage converters (for example for voltage increase or voltage inversion in
EEPROMS), the internal voltages need not be considered, provided that in normal operation the
enhanced voltage is not present at any external pin and no external components like capacitors
or inductors are used for the conversion. If the enhanced voltage is available at any external
pin, then the enhanced voltage shall be assumed to be present on all external pins of the
integrated circuit;
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NOTE lt is not a requirement of this standard that the manufacturer’s specification for the integrated circuit needs to be
verified.

e) connections shall be considered to fail to open-circuit and, if free to move, may connect to any part of
the circuit within the range of movement. The initial break is one countable fault and the reconnection is
a second countable fault (but see 8.8);

f) clearances, creepage and separation distances shall be taken into account in accordance with 6.3;

g) failure of capacitors to open-circuit, short-circuit and any value less than the maximum specified value
shall be taken into account (but see 8.6);

h) failure gf inductors to open-circuit and any value between nominal resistance and ShOI‘t-CirCIIJit but only
to inductance to resistance ratios lower than that derived from the inductor specificationis\shall be taken
into account (but see 8.4.2);

i) open-cirguit failure of any wire or printed circuit track, including its connections,’shall be considered as
a single cuntable fault (but see 8.8).

Insertion ¢f the spark test apparatus to effect an interruption, short-circuit or earth fault shall not be
considered as a countable fault but as a test in normal operation.

Infallible gonnections in accordance with 8.8 and separationS in accordance with 6.3 shall not be
considered as producing a fault and the spark test apparatus_shall not be inserted in series| with such
connections or across such separations.

Where infpllible connections are not protected by ap enclosure with a rating of at least IP20 when
exposing ¢onnection facilities, the spark test apparatus may be inserted in series with such cgnnections.

Where infallible separations are not encapsulated or covered by a coating in accordance with Clause 6.3
or are not protected by an enclosure with a.rating of at least IP20 when exposing connection fagilities, the
spark test|apparatus may be inserted acress such separations.

7.7 Piezotelectric devices

Piezo-eledtric devices shall be-tested in accordance with 10.7.
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7.8 Electrochemical cells for the detection of gases

Electrochemical cells used for detection of gases shall be considered for their addition to voltages and
currents which may affect spark ignition assessment and testing. However, they need not be considered
for their addition to the power for thermal ignition assessment of the apparatus.

8 Infallible components, infallible assemblies of components and infallible connections on
which intrinsic safety depends

8.1 Level of Protection “ic”

The requi]ements of 8.2 to 8.9 do not apply to Level of Protection “ic .
8.2 Maing transformers
8.2.1 General

Infallible mains transformers shall be considered as not being capable of failing)to a short-circyit between
any windirjg supplying an intrinsically safe circuit and any other winding. Shott=circuits within windings and
open circuits of windings shall be considered to occur. The combinationof faults which would fesult in an
increased [output voltage or current shall not be considered.

8.2.2 Protective measures

The input [circuit of infallible mains transformers intended-for* supplying intrinsically safe circuits shall be
protected gither by a fuse conforming to 7.3 or by a suitably rated circuit-breaker.

If the inpuf and output windings are separated by an earthed metal screen (see type 2b) construction in
8.2.3), eagh non-earthed input line shall be protected by a fuse or circuit-breaker.

Where, inladdition to the fuse or circuit-breaker, an embedded thermal fuse or other therma| device is
used for protection against overheating of the transformer, a single device shall be sufficient.

Fuses, fugeholders, circuit-breakers ‘and thermal devices shall conform to an appropriate fecognized
standard.

NOTE It is npt a requirement of this"standard that the manufacturer’s specification for the fuses, fuseholders, circuit-preakers and
thermal deviges needs to be ‘Verified.
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8.2.3 Transformer construction

All windings for supplying intrinsically safe circuits shall be separated from all other windings by one of
the following types of construction.

For type 1 construction, the windings shall be placed either
a) on one leg of the core, side by side, or

b) on different legs of the core.

The windings shall be separated in accordance with Table 5.
For type 2| construction, the windings shall be wound one over another with either
¢ solid insylation in accordance with Table 5 between the windings, or

* an earthed screen (made of copper foil) between the windings or an eduivalent wire wirlding (wire
screen). The thickness of the copper foil or the wire screen, shall be in aceordance with Tablel 6.

NOTE This ¢nsures that, in the event of a short-circuit between any winding and the\screen, the screen will withsfand, without
breakdown, the current which flows until the fuse or circuit-breaker functions.

Manufactdrer’s tolerances shall not reduce the values givem)in‘Table 6 by more than 10 % ¢r 0,1 mm,
whicheverlis the smaller.

Table |6 — Minimum foil thickness or minimumvire diameter of the screen in relation to the
rated current of the fuse

Rating of the fuse A 0,1 0,5 1 2 3 5
Minimum thjckness of the foil screen mm 0,05 0,05 0,075 0,15 0,25 0,3
Minimum dipmeter of the wire of the mm 0,2 0,45 0,63 0,9 1,12 14
screen

The foil sqreen shall be provided with two mechanically separate leads to the earth connectidn, each of
which is rgted to carry the maximum continuous current which could flow before the fuse or circpit-breaker
operates, for example 1,7"/;-for a fuse.

A wire scr¢en shall consist of at least two electrically independent layers of wire, each of which is provided
with an eajrth connection rated to carry the maximum continuous current which could flow befofe the fuse
or circuit-reaker-operates. The only requirement of the insulation between the layers is that|it shall be
capable of withstanding a 500 V test in accordance with 10.3.

The cores of all mains supply transformers shall be provided with an earth connection, except where
earthing is not required for the type of protection, for example when transformers with insulated cores are
used. For transformers using ferrite cores, there is no requirement for grounding the core, but the ferrite
shall be considered as conductive for segregation purposes, unless adequate information is available to
prove that the core material is insulating.

Windings supplying separate intrinsically safe circuits shall be separated from each other and all other
windings in accordance to Table 5.

The transformer windings shall be consolidated, for example by impregnation or encapsulation.
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NOTE Use of impregnation to consolidate the windings may not meet the requirements for separation.
8.2.4 Transformer type tests

The transformer together with its associated devices, for example fuses, circuit breakers, thermal devices
and resistors connected to the winding terminations, shall maintain a safe electrical isolation between the
power supply and the intrinsically safe circuit even if any one of the output windings is short-circuited and
all other output windings are subjected to their maximum rated electrical load.

Where a series resistor is either incorporated within the transformer, or encapsulated with the transformer
so that there is no bare live part between the transformer and the resistor, or mounted so as to provide
creepage fistances and clearances conforming to Table 5, and if the resistor remains in cigcdit after the
application} of Clause 5, then the output winding shall not be considered as subject to shori-Cirguit except
through the resistor.

Transformgrs shall be tested in accordance with 10.10.

8.2.5 Routine test of mains transformers

Each mairs transformer shall be tested in accordance with 11.2.

8.3 Transformers other than mains transformers

The infallibility and failure modes of these transformers shall"cenform to 8.2.

NOTE Thesdq transformers can be coupling transformers such as those used in signal circuits or transformers for other purposes, for
example thoge used for inverter supply units.

The constfuction and testing of these transformers'shall conform to 8.2 except that they shall be tested at
the load that gives maximum power dissipation:in the transformer without open circuiting the wlindings, to
ensure thgt the insulation is rated correctly: Where it is not practicable to operate the transforimer under
alternating current conditions, each winding shall be subjected to a direct current of 1,7 I, in the type test
of 8.2.4. However, the routine test.in" accordance with Each mains transformer shall be| tested in
accordance with 11.2 shall use a reduced voltage between the input and output windings of 2|U + 1 000
V r.m.s. o 1 500 V, whicheveriis the greater, U being the highest rated voltage of any winding punder test.

If such trahsformers are connected on both sides to intrinsically safe circuits, then a reduced|voltage of
500 V between the primary winding and the secondary winding shall be applied for a routine test, as given
in 11.2

When such trarisformers are connected to non-intrinsically safe circuits derived from mains voltages, then
either protective measures in accordance with 8.2.2 or a fuse and Zener diode shall be included at the
supply co forT i ift i i i ibility of the
transformer creepage distances and clearances. The rated input voltage of 8.2.4 shall be that of the Zener
diode.

When such transformers are connected to intrinsically safe circuits and a fuse is not present, then each
winding shall be subjected to the maximum current that can flow under the faults specified in Clause 5.
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8.4 Infallible windings

8.4.1 Damping windings

Damping windings used as short-circuited turns to minimize the effects of inductance shall be considered
not to be subject to open-circuit faults if they are of reliable mechanical construction, for example
seamless metal tubes or windings of bare wire continuously shortcircuited by soldering.

8.4.2 Indu

ctors made by insulated conductors

Inductors made from insulated conductors shall not be considered to fail to a lower resistance or higher

inductancs
— the nom
— the cong
of thickneg
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a)

TH
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e with:
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TE It is not a requirement of this standard that'the conformity of the manufacturer’s specification of the i
hde 1 or Grade 2 needs to be verified.

after having been fastened-or wrapped shall be dried to remove moisture before im
Able substance by dipping,\rickling or vacuum impregnation. Coating by painting or
ized as impregnation;

bgnation shall be\carried out in compliance with the specific instructions of the mand
nt type of impreghating substance and in such a way that the spaces between the
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8.5 Current-limiting resistors

Current-limiting resistors shall be one of the following types:

a) film type;

b) wire wound type with protection to prevent unwinding of the wire in the event of breakage;

c) printed resistors as used in hybrid and similar circuits covered by a coating conforming to 6.3.9 or
encapsulated in accordance with 6.6.

An infallible current-limiting resistor shall be considered as failing only to an open-circuit condjtion which
shall be considered as one countable fault.

A current-limiting resistor shall be rated in accordance with the requirements of 7.1, to withstapd at least
1,5 times the maximum voltage and to dissipate at least 1,5 times the maximum_power that can arise in
normal opgration and under the fault conditions defined in Clause 5. Faults between turns qf correctly
rated wire]l wound resistors with coated windings shall not be taken into account. The coafing of the
winding shall be assumed to comply with the required CTI value in aceordance with Tabje 5 at its
manufacturer’s voltage rating.

Cold residtance (at the minimum ambient temperature) of fusesCand filaments of the bulgs may be
considered as infallible current limiting resistors where they-dre used within their normall operating
conditions| The filament of the bulb is only permitted to besassessed as current limiting component for
hand lights and cap lights. In the absence of available information, this may be taken as the minimum
resistance|at the minimum ambient temperature when measured as required in 10.4.
NOTE The bllb needs to be protected by a type of protection other than intrinsic safety.

8.6 Capagitors

8.6.1 Blogking capacitors

Either of the two series capacitorsiin an infallible arrangement of blocking capacitors shall be ¢onsidered
as being capable of failing to short or open circuit. The capacitance of the assembly shall be taken as the
most onerpus value of either,capacitor and a safety factor of 1,5 shall be used in all applications of the
assembly.

Blocking dapacitors¢ghall be of a high reliability solid dielectric type. Electrolytic or tantalum |capacitors
shall not be used( The external connections of each capacitor and of the assembly shall comgly with 6.3
but these fepafation requirements shall not be applied to the interior of the blocking capacitors.

The insul 3713 applied
between its electrodes and also between each electrode and external conducting parts. Where blocking
capacitors are used between intrinsically safe circuits and non-intrinsically safe circuits, the blocking
capacitors shall be assessed as a capacitive coupling between these circuits. The energy transmitted shall
be calculated using U,, and the most onerous value of either capacitor and shall be in accordance with
the permissible ignition energy of 10.7. All possible transients shall be taken into account, and the effect
of the highest nominal operating frequency (as that supplied by the manufacturer) in that part of the circuit
shall be considered.

Where such an assembly also conforms to 8.9, it shall be considered as providing infallible galvanic
isolation for direct current.
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8.6.2 Filter capacitors

Capacitors connected between the frame of the apparatus and an intrinsically safe circuit shall conform to
6.3.13. Where their failure by-passes a component on which the intrinsic safety of the circuit depends,
they shall also maintain infallible separation or conform to the requirements for blocking capacitors in
8.6.1. A capacitor meeting the infallible separation requirements of 6.3, both externally and internally shall
be considered to provide infallible separation and only one is required.

NOTE The normal purpose of capacitors connected between the frame and the circuit is the rejection of high frequencies for
example feed through capacitors.

8.7 Shunt safety assemblies
8.7.1 Gerneral

An assembly of components shall be considered as a shunt safety assembly when jt'ensures the intrinsic
safety of g circuit by the utilization of shunt components.

Where diodes or Zener diodes are used as the shunt components in an infallible shunt safetyassembly,
they shall form at least two parallel paths of diodes. In Level of Protection “ia” shunt safety assemblies,
only the fgilure of one diode shall be taken into account in the application of Clause 5. Diodés shall be
rated to carry the current which would flow at their place of installation if they failed in the short-circuit
mode.

NOTE 1 To prevent spark ignition when a connection breaks, encapsulation in accordance with 6.3.5 may be required.
NOTE 2 The|shunt components used in these assemblies may conduct in normal operation.

Where shunt safety assemblies are subjected-io power faults specified only by a value ¢f U, the
components of which they are formed shall bérated in accordance with 7.1. Where the comppnents are
protected py a fuse, the fuse shall be in_accordance with 7.3 and the components shall be assumed to
carry a continuous current of 1,7 I, of the fuse. The ability of the shunt components to withstand transients
shall eithef be tested in accordance Wwith 10.8 or be determined by comparison of the fuse-clirrent time
characterigtic of the fuse and the performance characteristics of the device.

Where a shunt safety assembly*is manufactured as an individual apparatus rather than as part|of a larger
apparatus] then the construction of the assembly shall be in accordance with 9.1.2.

When congidering the utilization of a shunt safety assembly as an infallible assembly, the follgwing shall
be considéred:

a) the shupt safety assembly shall not be considered to fail to an open-circuit condition;

b) the voltage of the assembly shall be that of the highest voltage shunt path;
c) the failure of either shunt path to short-circuit shall be considered as one fault;

d) circuits using shunt thyristors shall be tested in accordance with 10.1.5.3.
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8.7.2 Safety shunts

A shunt safety assembly shall be considered as a safety shunt when it ensures that the electrical
parameters of a specified component or part of an intrinsically safe circuit are controlled to values which
do not invalidate intrinsic safety.

Safety shunts shall be subjected to the required analysis of transients when they are connected to power
supplies defined only by Uy, in accordance with 8.7.1, except when used as follows:

a) for the limitation of the discharge from energy storing devices, for example inductors or piezo-electric
devices;

b) for the limitation of voltage to energy storing devices, for example capacitors.
An assemply of suitably rated bridge-connected diodes shall be considered as an infallible safety shunt.
8.7.3 Shupt voltage limiters

A shunt safety assembly shall be considered as a shunt voltage limiter when it ensures thaf a defined
voltage level is applied to an intrinsically safe circuit.

Shunt voltage limiters shall be subjected to the required analysis ahtransients when they are [connected
to power supplies defined only by U,,, in accordance with 8.7.1,-€Xcept when the assembly is fef from one
of the follqwing:

a) an infallible transformer in accordance with 8.2;

b) a diode|safety barrier in accordance with Clausé.9;

C) a battery in accordance with 7.4;

d) an infallible shunt safety assembly in accordance with 8.7.

8.8 Wiring, printed circuit board tracks, and connections

Wiring, pripted circuit board-tracks, including its connections which forms part of the apparatus, shall be
considered as infallible against open circuit failure in the following cases:

172

a) for wire

1)] where“two wires are in parallel, or

2)whereasingtewirehas adiameterof atteast 0,5 mmandhasanmunsupportederigth of
less than 50 mm or is mechanically secured adjacent to its point of connection, or

3) where a single wire is of stranded or flexible ribbon type construction has a cross-sectional
area of at least 0,125 mm? (0,4 mm diameter), is not flexed in service and is either less than 50
mm long or is secured adjacent to its point of connection;

b) for printed circuit board tracks:

1) where two tracks of at least 1 mm width are in parallel, or
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2) where a single track is at least 2 mm wide or has a width of 1 % of its length, whichever is
greater.

In both the above cases, the printed circuit board track shall comply with either of the following:

— each track is formed from copper cladding having a nominal thickness of not less

than 33 pym; or

— the current carrying capacity of a single track or a combination of tracks is tested in

accordance with 10.12;

3)[ where tracks on different layers are connected by either a single via of at least 2.

ci
ed

TH

c) for conr

5)
of

eléments connectegd-in-parallel (see Figure 5). Where the connector may be removed

an

NG

m

umference or two parallel vias of at least 1 mm circumference, and these vias lare'fjoined to

ch other in accordance with 8.8b) 1) or 8.8b) 2).
e vias shall comply with either of the following:

— not less than 33 pm plating thickness; or

ections (excluding external plugs, sockets and terminals):

where there are two connections in parallel; or

where there is a single soldered joint in whiéh.the wire passes through the board (
where there is a soldered joint of a surface mount component mounted in accorda
b component manufacturer’'s recommendations; or

where there is a single connection which conforms to IEC 60079-7; or

where there is an internal connector within the enclosure, and the connection is co
at least three independent connecting elements for “ia” and at least two for “ib”, wit

gle, one connection element shall be present at, or near to, each end of the conned

TE When th@ connector is completely disconnected, the circuits should remain intrinsically safe.

— the current carrying capacity of a single via is tested.in accordance with 10.{12;

ncluding

ough-plated holes) and is soldered or has. & crimped connection or is brazed or welded; or

hce with

mprised
n these
at an
tor.
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8.9 Galvanically separating components
8.9.1 General

An infallible isolating component conforming to the following shall be considered as not being
failing to a short-circuit across the infallible separation.

8.9.2 Isolating components between intrinsically safe and non-intrinsically safe circuits

Isolating components shall comply with the following.

capable of

a) The requirements of Table 5 shall also apply to the isolating element except that for |ns
devices, e}g. opto-couplers, column 5, 6 and 7 shall not apply. If Table F.1 is applied, column

-intrinsically safe circuit connections shall be provided with protection to ensure that
of the devices in accordance with 7.1 are not exceeded. For example, the inclusion.of a single s
diode protected by a suitably rated fuse according to 7.3, or a thermal device, shall be con
sufficient grotection. For this purpose Table 5 shall not be applied to the fuserand Zener diode.

de sealed
P shall not

the ratings
hunt Zener
sidered as
The Zener

diode power rating shall be at least 1,7 /, times the diode maximum.Zener voltage. General industrial

standards|for the construction of fuses and fuseholders shall be applied and their method o

mounting

including the connecting wiring shall not reduce the clearances, (Creepage distances and sgparations

afforded
require the application of similar protective techniques tocaveid exceeding the rating of th
component. Alternatively optical isolators shall comply with.the test requirements of 10.11.

NOTE 1 The]test in 10.11 is only intended to apply to devices thatldre close-coupled single packaged devices.

c) The components shall comply with the dielectric strength requirements in accordance v
between the non-intrinsically safe circuit terminals and the intrinsically safe terminals. The man
insulation fest voltage for the infallible separation of the component shall be not less than the t
required by 6.3.13.

Galvanically separating relays shall_conform to 6.3.14 and any winding shall be capable of diss
maximum [power to which it is connected.

NOTE 2 Derting of the relay winding in accordance with 7.1 is not required.

the fuse and its holder. In some applications the-intrinsically safe circuit connegtions may

e isolating

vith 6.3.13
ufacturer’s
pst voltage

ipating the
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8.9.3 Isolating components between separate intrinsically safe circuits

Isolating components shall be considered to provide infallible separation of separate intrinsically safe
circuits if the following conditions are satisfied:

a) the rating of the device shall be according to 7.1 (with the exceptions given in that clause still being
applicable) unless it can be shown that the circuits connected to these terminals cannot invalidate the
infallible separation of the devices. Protective techniques (such as those indicated in 8.9.2) may be
necessary to avoid exceeding the rating of the isolating component;

b) the device shall comply with the dielectric strength requirements in accordance with 6.3.13. The
manufactdrer’s insulation test voltage for the infallible separation of the component under test ghall be not
less than {he test voltage required by 6.3.13.

9 Supplementary requirements for specific apparatus
9.1 Diodqg safety barriers
9.1.1 General

The diodes within a diode safety barrier limit the voltage applied ¢o~an intrinsically safe cirguit and a
following |nfallible current-limiting resistor limits the current which can flow into the circpit. These
assembliep are intended for use as interfaces between intrinsically safe circuits and non-intringically safe
circuits, and shall be subject to the routine test of 11.1.

The ability| of the safety barrier to withstand transient faufts shall be tested in accordance with{10.8.

Safety barriers containing only two diodes or diodé.chains and used for Level of Protection “ia” shall be
acceptablg as infallible assemblies in accordanee*with 8.7, provided the diodes have been subjected to
the routing tests specified in 11.1.2. In this case; the failure of only one diode shall be taken into account
in the application of Clause 5.

In Level of Protection “ic” safety barrieks, the minimum requirement is a single diode and a currgnt limiting
resistor if pperated within the requirements of 7.1.
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9.1.2 Construction
9.1.2.1 Mounting

The construction shall be such that, when groups of barriers are mounted together, any incorrect mounting
is obvious, for example by being asymmetrical in shape or colour in relation to the mounting.

9.1.2.2 Facilities for connection to earth
In addition to any circuit connection facility which may be at earth potential, the barrier shall have at least

one more connection facility or shall be fitted with an insulated wire having a cross-sectional area of at
least 4 mm=< for the additional earth connection.

9.1.2.3 Prptection of components
The assembly shall be protected against access, in order to prevent repair_or ‘replacemént of any
components on which safety depends either by encapsulation in accordance with26.6 or by an| enclosure
which forms a non-recoverable unit. The entire assembly shall form a single-entity.
9.2 FISCQ apparatus

Apparatus| that has been constructed in accordance with Annex G and is intended to be usgd within a
FISCO system, shall be additionally marked as ‘FISCO’ followed 0y an indication of its function/i.e. power
supply, fie]d device or terminator. (See Clause 12).

9.3 Handlights and caplights

Caplights for Group | shall comply with IEC 60079-35-1.

Handlightd and caplights for Groups Il and Ill\shall comply with the requirements of this standard.

10 Type yerifications and type tests

10.1 Spark ignition test

bf causing
aratus.

to account
each point
; ; : it may be
exempted from a type test with the spark-test apparatus if its structure and its electrical parameters are
sufficiently well defined for its safety to be deduced from the reference curves, Figures A.1 to A.6 or
Tables A.1 and A.2, by the methods described in Annex A.

Where voltages and currents are specified without specific tolerances, a tolerance of +1 % is to be used.

NOTE A circuit assessed using the reference curves and tables may cause ignition when tested using the spark test apparatus. The
sensitivity of the spark test apparatus varies, and the curves and tables are derived from a large number of such tests.
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10.1.2 Spark test apparatus

The spark test apparatus shall be that described in Annex B except where Annex B indicates that it may
not be suitable. In these circumstances, an alternative test apparatus of equivalent sensitivity shall be
used and justification for its use shall be included in the definitive test and assessment documentation.

For Level of Protection “ia” and “ib”, the use of the spark test apparatus to produce short circuits,
interruptions and earth faults shall be a test of normal operation and is a non-countable fault

— at connection facilities,

— at intern
compound

The spark

— across ipfallible separations, or in series with infallible connections,

— across
solid insul

— within as
— between
For Level
— at conng
— across S
—in place

—in place

al connections or across Internal creepage distances, clearances, distances throu
and distances through solid insulation not conforming to 6.1.2.2 or 6.1.2.3.

test apparatus shall not be used

reepage distances, clearances, distances through casting compound and distancs
htion conforming to Table 5 or Annex F,

sociated apparatus other than at its intrinsically safe circuit terminals,

terminals of separate circuits conforming to 6.2.1¢apart from the exceptions describ
Df Protection “ic”, the spark test apparatus shallbe considered for the following situa
ction facilities,

eparations less than the values speeified in Table 5 or Annex F;

of normally sparking contacts stich as plugs/sockets, switches, pushbuttons, potent

of components that are'not suitably rated under normal operating conditions.

gh casting

bs through

bd in 7.6i).

ations:

ometers;



https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

84

ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11 FEBRUARY 15, 2013

10.1.3 Test gas mixtures and spark test apparatus calibration current

10.1.3.1 Explosive test mixtures suitable for tests with a safety factor of 1,0 and calibration current of
the spark test apparatus

The explosive test mixtures as given in Table 7 shall be used, according to the stated Equipment Group
which is being tested. The explosive mixtures specified in this clause do not contain a safety factor. If a
safety factor of 1,5 is required, the electrical values of the circuit shall be increased according to 10.1.4.2

a).

The sensitivity of the spark test apparatus shall be checked before each test series is carried out in

accordance with 10.1.5. For this purpose, the test apparatus shall be operated in a 24 N H.c. circuit
containingla 95 (£ 5) mH air-cored coil. The current in this circuit shall be set at the value/givgn in Table
7 for the @ppropriate group. The sensitivity shall be considered to be satisfactory if @n-ignition of the
explosive fest mixture occurs within 440 revolutions of the wire holder with the wire_holder jat positive
polarity.
Table 7 — Compositions of explosive test mixtures adequate for 1,0 safety factpr
Group Compositions of explosive test Current in the calibration gircuit
mixtures
Vol. % in air mA
| (8,3 + 0,3) % methane 110 to 111

1A (5,25 £ 0,25) % propane 100 to 101

11=] (7,8 £ 0,5) % ethylene 65 to 66

IIC (21 £ 2) % hydtogen 30 to 30,5
In special [cases, apparatus which is to be tested and marked for use in a particular gas or vapour shall
be tested [n the most easily ignited concentrationtof that gas or vapour in air.
NOTE The pprity of commercially available gases andyapours is normally adequate for these tests, but those of purity| less than 95
% should nof be used. The effect of normal variations’in laboratory temperature and air pressure and of the humidity of| the air in the

explosive teg
calibration of

t mixture is also likely to be small~Any significant effects of these variations will become apparent durir]
the spark test apparatus.

g the routine
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10.1.3.2 Explosive test mixtures suitable for tests with a safety factor of 1,5 and calibration current of
the spark test apparatus

The preferred test mixtures are those specified in 10.1.3.1 with a safety factor applied by an increase of
voltage or current as applicable. Where this is not practical and a more severe test mixture is used to
achieve a factor of safety, a safety factor of 1,5 is considered as having been applied for the purpose of
this standard when the composition shall be as given in Table 8.

Table 8 — Compositions of explosive test mixtures adequate for 1,5 safety factor

Compositions of explosive test mixtures Current in the
Volume % galibration
Group Ox — - circuit
ygen-hydrogen-air mixture Oxygen-hydrogen mixture
Hydrogen Air Oxygen Hydrogen Oxygen mA
| 52+0,5 48 + 0,5 - 85+ 0,5 15 £0,5 73 to 74
A 48 + 0,5 52+0,5 - 81+0,5 19+ 0,5 66 to 67
1B 38+0,5 62+ 0,5 - 75+0,5 257+ 0,5 43 to 44
Ic 30+0,5 53+0,5 17 £0,5 60+ 0,5 40 £0,5 20 to 21
10.1.4 Tepts with the spark test apparatus
10.1.4.1 Qircuit test
The circuit to be tested shall be based on the most ineéndive circuit that can arise, tolg¢ranced in
accordance with Clause 7 and taking into account between.0 and 110 % of the mains supply yoltage.
The spark|test apparatus shall be inserted in the cirétit under test at each point where it is ¢onsidered
that an intgrruption or interconnection may occur. Tests shall be made with the circuit in normal{operation,
and also with one or two faults, as appropriatefo the level of protection of apparatus in accorflance with
Clause 5, and with the maximum values-@f the external capacitance (C,) and inductanpe (L,) or
inductancg to resistance ratio (L,/R,) forwhich the apparatus is designed.
Each circdit shall be tested for the fallowing number of revolutions, with a tolerance of ”00 % pf the wire
holder in the spark test apparatus:
a) for d.c. [circuits, 400 revolutions (5 min), 200 revolutions at each polarity;
b) for a.c. [circuits, 1 QQ0.revolutions (12,5 min);
c) for capacitive circuits, 400 revolutions (5 min), 200 revolutions at each polarity. Care shall he taken to
ensure thgt the ‘eapacitor has sufficient time to recharge (at least three time constants). The nprmal time

for rechar

e.is about 20 ms and where this is inadequate it shall be increased by removing on

e Oor more

of the wireSoF Dy Slowing the Speed of rotation of the Spark 1est apparatus. Wnen wires are removed, the

number of

revolutions shall be increased to maintain the same number of sparks.

After each test in accordance with a), b) or c), calibration of the spark test apparatus shall be repeated.
If the calibration does not conform to 10.1.3, the ignition test on the circuit under investigation shall be
considered invalid.

NOTE Bent and frayed tungsten wires of the spark test apparatus can change its sensitivity. This may cause invalid test results.
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10.1.4.2 Safety factors

NOTE The purpose of the application of a safety factor is to ensure either that a type test or assessment is carried out with a circuit
which is demonstrably more likely to cause ignition than the original, or that the original circuit is tested in a more readily ignited gas
mixture. In general, it is not possible to obtain exact equivalence between different methods of achieving a specified factor of safety,
but the following methods provide acceptable alternatives.

Where a safety factor of 1,5 is required it shall be obtained by one of the following methods:
a) increase the mains (electrical supply system) voltage to 110 % of the nominal value to allow for mains

variations, or set other voltages, for example batteries, power supplies and voltage limiting devices at the
maximum [value in accordance with Clause 7, then:

1)| for inductive and resistive circuits, increase the current to 1,5 times the faultcurrent by
ddcreasing the values of limiting resistance, if the 1,5 factor cannot be obtained; further
in¢rease the voltage;

2)| for capacitive circuits, increase the voltage to obtain 1,5 times the\fault voltage. Alternatively
when an infallible current-limiting resistor is used with a capacitorf{econsider the capacitor as a
bdttery and the circuit as resistive.

When using the curves in Figures A.1 to A.6 or Tables A.1Cahd A.2 for assessment, this same
method shall be used.

b) use the|more easily ignited explosive test mixtures in accordance with Table 8.

Where a safety factor of 1,0 is required the test mixture specified in Table 7 shall be used.
10.1.5 Tepting considerations

10.1.5.1 Gieneral

Spark ignifion tests shall be carried out-with the circuit arranged to give the most incendive condlitions. For
simple cirquits of the types for whichjthe curves in Figures A.1 to A.6 apply, a short-circuit test is the most
onerous. fror more complex circuits, the conditions vary and a short-circuit test may not bg the most
onerous, for example, for genstant voltage current-limited power supplies, the most oneroug condition
usually oc¢urs when a registor is placed in series with the output of the power supply and limits the current

to the maxyimum which ‘ean flow without any reduction in voltage.

Non-linear] power(supplies require special consideration. See Annex H for information on an |alternative
method fof the ignition testing of semiconductor limiting power supply circuits.
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10.1.5.2 Circuits with both inductance and capacitance

Where a circuit contains energy stored in both capacitance and inductance, it may be difficult to assess
such a circuit from the curves in Figures A.1 to A.6, for example, where the capacitive stored energy may
reinforce the power source feeding an inductor. Where the total inductance, or capacitance assessed
against the requirements of Clause 5, is less than 1 % of the value allowable by using the ignition curves
or tables given in Annex A, then the maximum allowable capacitance, or inductance, respectively, may be
taken as that allowed by the curves or tables.

The circuit shall be assessed for compliance with either of the following methods:

a) tested With the combination of capacitance and inductance, or
b) where I[near (resistive current limiting) circuits are being considered

1)| the values of L, and C, determined by the ignition curves and table given in Annex A are
allowed for;

— distributed inductance and capacitance e.g. as in a cable-of,
— if the total L; of the external circuit (excluding the cable) is < 1 % of the L, vplue or,
— if the total G of the external circuit (excluding.the cable) is < 1 % of the C, yalue.

2)| the values of L, and C, determined by the ignition curves and table given in Annex A shall
bg reduced to 50 % if both of the following conditions are met;

— the total L; of the external circuit*{excluding the cable) > 1 % of the L, valueland
— the total G, of the external_gircuit (excluding the cable) > 1 % of the C, valug.

THe reduced capacitance of the external circuit (including cable) shall not be greater than 1 pF
for Groups I, 1lA, and IIB and. 600 nF for Group IIC.

The value$ of L, and C, determined by this method shall not be exceeded by the sum of all ofthe L, plus
cable inductances in the cireuit*and the sum of all of G; plus cable capacitances respectively.
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10.1.5.3 Circuits using shunt short-circuit (crowbar) protection

After the output voltage has stabilized, the circuit shall be incapable of causing ignition for the appropriate
level of protection of apparatus in the conditions of Clause 5. Additionally, where the type of protection
relies on operation of the crowbar caused by other circuit faults, the let-through energy of the crowbar
during operation shall not exceed the following value for the appropriate group:

— Group IIC apparatus 20 pd
— Group 1IB and Group Il apparatus 80 pd
— Group IlA apparatus 160 pd
— Group | apparatus 260 pud

As ignition) tests with the spark test apparatus are not appropriate for testing the crowbat|et-through
energy, thls let-through energy shall be assessed, for example from oscilloscope measutemerts.

NOTE A method of performing this test is available in Annex E.

10.1.5.4 Results of spark tests

No ignitior} shall occur in any test series at any of the chosen test points.
10.2 Temperature tests

All temperature data shall be referred to a reference ambjent) temperature of 40 °C or the| maximum
ambient tgmperature marked on the apparatus. Tests to be‘based on a reference ambient tgmperature
shall be cpnducted at any ambient temperature between*20 °C and the reference ambient temperature.
The differgnce between the ambient temperature at-which the test was conducted and the| reference
ambient tgmperature shall then be added to the temiperature measured unless the thermal chatacteristics

of the component are non-linear, for example batteries.

Temperatpres shall be measured by any“convenient means. The measuring element| shall not
substantially lower the measured temperature.

An acceptpble method of determining the rise in temperature of a winding is as follows:
— measurg the winding resistance with the winding at a recorded ambient temperature;

— apply the test current.or-currents and measure the maximum resistance of the winding, and|record the
ambient tgmperature-atithe time of measurement;

— calculate the «is€’in temperature from the following equation:
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where

t =

Sy

(k +t) - (k + )

tis the temperature rise, in kelvins;

ris the registance of the winding at the ambient temperature t;, in ohms;
R is the maximum resistance of the winding under the test current conditions, in ohms;
t; is the ambient temperature, in degrees Celsius, when ris measured;

I is the ambient temperature, in degrees Celsius, when R is measured;

k is the in

10.3 Diel¢ctric strength tests

Dielectric

Where thgre is no such standard, the following test'method shall be used. The test shall be
either with an alternating voltage of substantially,sinusoidal waveform at a power frequency b

strength tests shall be in accordance with the appropriate IEC standard.

verse of the temperature coefficient of resistance of the winding at 0 °C and has the value of
234,5 K fgr copper.

performed
etween 48

Hz and 62 Hz or with a d.c. voltage having no more than 3 % peak-to-peak ripple at a level 1,4 times the

specified 4.c. voltage.

The suppl

leakage cdirrent which may occur.

The voltage shall be increased steadily to the specified value in a period of not less than 10
maintained for at least 60_s.

shall have sufficient volt-ampere capacity to maintain the test voltage, taking into a

ccount any

5 and then

The appligd voltage shall remain constant during the test. The current flowing during the tegt shall not

exceed 5

MA r.m s.;at’any time.
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10.4 Determination of parameters of loosely specified components

Ten unused samples of the component shall be obtained from any source or sources of supply and their
relevant parameters shall be measured. Tests shall normally be carried out at, or referred to, the specified
maximum ambient temperature, for example 40 °C, but where necessary, temperature-sensitive
components, shall be tested at lower temperatures to obtain their most onerous conditions.

The most onerous values for the parameters, not necessarily taken from the same sample, obtained from
the tests on the 10 samples shall be taken as representative of the component.

10.5 Tests for cells and batteries

10.5.1 Gdneral
Rechargeable cells or batteries shall be fully charged and then discharged at least twice"beforg¢ any tests
are carrieq out. On the second discharge, or the subsequent one as necessary, the, capacity of{the cell or
battery shpll be confirmed as being within its manufacturer’'s specification to/ensure that tegts can be
carried out on a fully charged cell or battery which is within its manufacturers.specification.
When a ghort-circuit is required for test purposes the resistance of\the short-circuit link,| excluding
connections to it, either shall not exceed 3 mQ or have a voltage drep across it not exceeding P00 mV or
15 % of the cell e.m.f. The short-circuit shall be applied as closé ‘to the cell or battery tefminals as
practicablg.
10.5.2 Elgctrolyte leakage test for cells and batteries

Ten test samples shall be subjected to the most onerous of the following:
a) short cifcuit until discharged (not applicable for'Level of Protection ‘ic’);

b) applicafion of input or charging currents-within the manufacturer's recommendations;

¢) charging a battery within the manufacturer’'s recommendations with one cell fully discharged or suffering
from polarjty reversal.

The condifions above shall include any reverse charging due to conditions arising from the application of
5.2 and 5{3. They shall got-include the use of an external charging circuit which exceeds the charging
rates reconmended bytthe manufacturer of the cell or battery.

The test samples(shall be placed with any case discontinuities, for example seals, facing downward or in
the orientgtion Specified by the manufacturer of the device, over a piece of blotting paper for & period of
at least 13 h after the application of the above tests. There shall be no visible sign of electrolyte on the
blotting p ; i applied to
achieve conformance to 7.4.2, examination of the cell at the end of the test shall show no damage which
would invalidate conformance with 7.4.2.
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10.5.3 Spark ignition and surface temperature of cells and batteries

If a battery comprises a number of discrete cells or smaller batteries combined in a well-defined
construction conforming to the segregation and other requirements of this standard, then each discrete
element shall be considered as an individual component for the purpose of testing. Except for specially
constructed batteries where it can be shown that short-circuits between cells cannot occur, the failure of
each element shall be considered as a single fault. In less well-defined circumstances, the battery shall
be considered to have a short-circuit failure between its external terminals.

Cells and batteries shall be tested or assessed as follows.

where a cprrent-limiting device is included and the circuit between this device and the cell ‘of battery is

a) Spark iTJmtlon assessment or testing shall be carried out at the cell or battery external termingls, except
ed according to 6.6. The test or assessment shall then include the current-limiting device.

encapsula

Where thg apparatus contains cells that shall not be changed in the explosive_atmosphere | the spark
ignition digcharge at the terminals of a single cell does not require to be tested, provided that| the single
cell delivefs a peak open-circuit voltage of less than 4,5 V.

When the jinternal resistance of a cell or battery is to be included in the;assessment of intrinsiq safety, its
minimum fesistance value shall be specified. Alternatively, if the cellfbattery manufacturer is| unable to
confirm the minimum value of internal resistance, the most onerous)value of short-circuit current from a
test of 10 pamples of the cell/battery together with the peak open-circuit voltage in accordancel with 7.4.4
of the cellfbattery shall be used to determine the internal resistance.

NOTE 1 Sorhe cell types, for example nickel cadmium, may exhibit<awmaximum short-circuit current at temperaturgs lower than
normal ambig¢nt.

b) Cells shall be tested at any temperature between laboratory ambient and the specified| maximum
ambient that gives the most onerous conditions and the values obtained shall be used dirdctly in the
temperatufe class assessment. The cells_shall be arranged in a way as to simulate the thermd| effects of
their intended position in the completeapparatus. The temperature shall be determined on the hottest
surface ofthe cell that may be exposedto the explosive atmosphere and the maximum figure taken. If an
external sheath is fitted then the temperature shall be measured at the interface of the sheath and the
metal surface of the cell or battery.

The maximum surface tempetrature shall be determined as follows:

For ‘ia’ andl ‘ib’ all cutrent-limiting devices external to the cell or battery shall be short-circuited fpr the test.
The test ghall be( carried out both with internal current-limiting devices in circuit and with the devices
short-circuited Gsing 10 cells in each case. The 10 samples having the internal current-limiting devices
short-circuited,shall be obtained from the cell/battery manufacturer together with any special instructions
or precautionsnecessary forsafeuseand-testingof the—samptes—{fthe-internatcuorrenttimiting devices
protect against internal shorts then these devices need not be removed. However, such devices shall only
be considered for Level of Protection ‘ib’.

NOTE 2 If leakage of electrolyte occurs during this test, then the requirements of 7.4.3 should also be considered.

NOTE 3 While determining the maximum surface temperature of a battery comprising more than one cell in series connection,
provided that the cells are adequately segregated from each other, only one cell should be shorted at one time to determine this
maximum surface temperature. (This is based on the extreme unlikelihood of more than one cell shorting at one time.)
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¢) For ‘ic’ the maximum surface temperature shall be determined by testing in normal operating conditions
with all protection devices in place.

10.5.4 Battery container pressure tests

Five samples of the battery container shall be subjected to a pressure test to determine the venting
pressure. Pressure shall be applied to the inside of the container. The pressure is to be gradually
increased until venting occurs. The maximum venting pressure shall be recorded and shall not exceed 30
kPa.

The maximum recorded venting pressure shall be applied to a sample of the battery container for a period
of at least |60 s. After testing the sample shall be subjected to a visual inspection. There shall.be no visible
damage of permanent deformation.

If separatipn distances within the battery container are based on Table 5, then the pressure tegt need not
be carried| out on a sample that has been submitted to the thermal endurance tests of IEC $0079-0. If
separation distance on an assembled printed circuit board within the battery container is based on Annex
F then th¢ pressure test shall be carried out on a sample that has been submitted to the thermal
endurancq tests and additionally, if portable apparatus, the drop test of IEC60079-0.

10.6 Mechanical tests
10.6.1 Casting compound

A force of |30 N shall be applied perpendicular to the expesed surface of casting compound with a 6 mm
diameter flat ended metal rod for 10 s. No damage to éf\permanent deformation of the encappulation or
movemen{ greater than 1 mm shall occur.

Where a filee surface of casting compound occurs‘and forms part of the enclosure, in order to gnsure that
the compqund is rigid but not brittle, the impact tests shall be carried out on the surface of the casting
compound in accordance with IEC 60079-0~using the drop height hin row a) of the tests for registance to
impact table of IEC 60079-0.

10.6.2 Determination of the acceptability of fuses requiring encapsulation
Where fuses are required te-be encapsulated, and the encapsulation could enter the interior of the fuse

and affect|safety, the followjng test is to be performed on five samples of each fuse before endapsulation
is applied.

With the t¢st samples at an initial temperature of (25 £ 2) °C, they shall be immersed suddenly in water
at a tempé¢ratufe-of (50 = 2) °C to a depth of not less than 25 mm for at least 1 min. The devices are
considered {o\be satisfactory if no bubbles emerge from the sample during this test.

Alternatively, a test can be applied where five samples of the fuse are examined after the encapsulation
to ensure that the compound has not entered the interior.
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10.6.3 Partitions

Partitions shall withstand a minimum force of 30 N applied by a (6 = 0.2) mm diameter solid test rod. The
force shall be applied to the approximate centre of the partition for at least 10 s. There shall be no
deformation of the partition that would make it unsuitable for its purpose.

10.7 Tests for intrinsically safe apparatus containing piezoelectric devices

Measure both the capacitance of the device and also the voltage appearing across it when any part of the
intrinsically safe apparatus which is accessible in service is impact tested in accordance with the “high”
column of Tests for resistance to impact table in IEC 60079-0 carried out at (20 + 10) °C using the test
apparatus|in [EC 60079-0. For the value of voltage, the higher figure of the two tests on the safe sample
shall be uged.

When thelintrinsically safe apparatus containing the piezoelectric device includes arguard to| prevent a
direct phypical impact, the impact test shall be carried out on the guard with both the guatd and the
intrinsically safe apparatus mounted as intended by the manufacturer.

The maximum energy stored by the capacitance of the crystal at the makitnum measured vdltage shall
not exceed the following:

— for Group | apparatus: 1 500 pJ
— for Group IIA apparatus: 950 pd
— for Group IIB apparatus: 250 pd
— for Group 1IC apparatus: 50 wd

Where the|electrical output of the piezoelectric device js limited by protective components or guards, these
components or guards shall not be damaged by the:impact in such a way as to allow the type of| protection
to be invalidated.

Where it i$ necessary to protect the intrinsically safe apparatus from external physical impact |in order to
prevent the impact energy exceeding the“specified values, details of the requirements shall b¢ specified
as special|conditions for safe use and the certificate number shall include the “X” suffix in accorflance with
the Marking requirements of IEC 60079-0 and the specific conditions of use listed on the certificate shall
detail the installation requirements.

10.7DV.1 DR Modification of Clause 10.7, fifth paragraph to replace with the foljowing:

10.7DV.1.1 \Where it is necessary to protect the intrinsically safe apparatus from external
physical impact in order to prevent the impact energy exceeding the specifigd values,
details.of the requirements shall be specified in the documentation and the documentation
shalldetail the requirements.
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10.8 Type tests for diode safety barriers and safety shunts

The following tests are used to demonstrate that the safety barrier or safety shunt can withstand the
effects of transients.

Infallibly rated resistors shall be considered to be capable of withstanding any transient to be expected
from the specified supply.

The diodes shall be shown to be capable of withstanding the peak U, divided by the value (at the
minimum ambient temperature) of the fuse resistance and any infallible resistance in series with the fuse,
either by the diode manufacturer’s specification or by the following test.

Subject eqch type of diode in the direction of utilization (for Zener diodes, the Zener ditectipn) to five
rectanguldr current pulses each of 50 ps duration repeated at 20 ms intervals, with a pulse amplitude of
the peak df the U, divided by the “cold” resistance value of the fuse at the minimum ambient tgmperature
(plus any ipfallible series resistance which is in circuit). Where the manufacturer’s data shows a|pre-arcing
time greatgr than 50 ps at this current, the pulse width shall be changed to represent the actual|pre-arcing
time. Whete the pre-arcing time cannot be obtained from the available manufacturer’s data, 10 fuses shall
be subjected to the calculated current, and their pre-arcing time measured~Fhis value, if greafer than 50
us, shall used.

The diode|voltage shall be measured at the same current before and ‘after this test. The test current shall
be typically that specified by the component manufacturer. The.méasured voltages shall not differ by more
than 5 %|(the 5 % includes the uncertainties of the test apparatus). The highest voltagq elevation

observed fluring the test shall be used as the peak valuelef a series of pulses to be applied in a similar
manner ag above to any semiconductor current-limiting<devices. After testing, these devices ghall again

representdtive sample of a particular voltage to-demonstrate the acceptability of the generic rgnge.
pull test
The cable|pull test shall be carried out as follows:

— apply a tensile force of minimum value 30 N on the cable in the direction of the cable entrange into the
apparatus|for the duratiorrof-at least 1 h;

— althougH| the cable’sheath may be displaced, no visible displacement of the cable terminations shall be
observed;

— this test [shalMot be applied to individual conductors which are permanently connected and do not form
part of a cabte:
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10.10 Transformer tests

The requirement for safe electrical isolation is satisfied if the transformer passes the routine test, the type
test described below and subsequently withstands a test voltage (see 10.3) of 2 U+ 1 000 V or 1 500 V,
whichever is the greater, between any winding(s) used to supply intrinsically safe circuits and all other
windings, U being the highest rated voltage of any winding under test.

The input voltage is set to the rated voltage of the transformer. The input current shall be adjusted up to
1,7 I, %109, Of the fuse or to the maximum continuous current which the circuit-breaker will carry without
operating by increasing the load on the secondary windings. Where the increase of load is limited by
reaching a short circuit on all secondary windings, the test shall proceed using the rated input voltage and
the maximum input current reached under these conditions.

The test phall continue for at least 6 h or until the non-resetting thermal trip operates. When a
self-resetting thermal trip is used, the test period shall be extended to at least 12 h.

For type [I and type 2a) transformers, the transformer winding temperatureJshall not exceed the
permissible value for the class of insulation given in IEC 60085. The winding temperaturg shall be
measured|in accordance with 10.2.
For type 2b) transformers where insulation from earth of the windings*used in the intrinsically $afe circuit
is required, then the requirement shall be as above. However, if insalation from earth is not required, then
the transfqrmer shall be accepted providing that it does not burstinto flames.
10.11 Optical isolators tests

10.11.1 General

The follow|ng tests shall be performed if optical isolators are used to provide isolation between intrinsically
safe circults and non-intrinsically safe circuits“and are not adequately protected against oyerload by
external pfotection components (see 8.9.2):

The samples shall successfully complywith both the tests specified in 10.11.2 and 10.11.3.
10.11.2 Thermal conditioning,«dielectric and carbonisation test

The maximum temperature reasured at the receiver side and at the transmitter side shall be determined

by overlogding the devieesS. These shall then be subjected to thermal conditioning and dielectrjic strength
tests. A cqrbonisatign.test shall then be conducted to check for formation of internal creepage|paths.
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10.11.2.1

Overload test at the receiver side

This test shall be conducted on five samples.

The transmitter side of the optical isolator shall be operated with the rated load values (e.g. k = I\).

The receiver side shall be operated with a specific power (e.g. between collector and emitter), which shall
not damage the components. This value shall be determined either by preliminary tests or taken from the
data sheet.

After thermal equilibrium has been reached, the power shall be increased. After thermal equilibrium has

been reac
until the

dissipation].

The maxir
recorded f

10.11.2.2
This test s

The receiy
Io).

ned again, the power shall be increased further in steps, until thermal equilibrium,
eceiver semiconductor is damaged. This will terminate or drastically reduce

hum surface temperature of the receiver side just before the damage of the receiv
br each sample together with the ambient temperature.

Overload test at the transmitter side
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10.11.2.3 Thermal conditioning and dielectric strength test

All 10 samples used in 10.11.2.1 and 10.11.2.2 shall be placed in an oven for 6 °,4, h at the maximum
surface temperature recorded from 10.11.2.1 or 10.11.2.2 increased by at least 10 K but at most 15 K.

After the optical isolators have cooled down to (25 + 2) °C they shall be subjected to dielectric strength
test with a voltage of 1,5 kV (a.c. 48 Hz to 62 Hz) applied between intrinsically safe and non-intrinsically
safe terminals and within 10 s increased to 3 ©,5, kV. This voltage shall be applied for (65 + 5) s.

During this test, there shall be no breakdown of the insulation between the receiver and the transmitter
and the leakage current shall not exceed 5 mA.

10.11.2.4 |Carbonisation test
10.11.2.4.] Receiver side
Using the [five samples of 10.11.2.1, a d.c. voltage of 375 ©,44¢, V shall be applied for 30 ©, fin across
the terminpls (e.g. collector and emitter) of the failed receiver semiconductor;. to test the formation of an
internal creepage path caused by the heated plastic material (carbonisation):
During thg last 5 min of this test, the current shall not exceed 5 mA;
10.11.2.4.2 Transmitter side

Using the [five samples of 10.11.2.2, a d.c. voltage of 3752, 74+, V shall be applied for 30 9, min across
the terminals of the failed transmitter (e.g. diode), to‘test the formation of an internal creepage path
caused by the heated plastic material (carbonisation)/

During thg last 5 min of this test the current shalllnot exceed 5 mA.
10.11.3 Djelectric and short-circuit test

10.11.3.1 |General

Optical isdlators shall be subjected to a dielectric strength test, followed by a short-circuit currept test and

if applicaljle to the current-limited short-circuit current test described below, followed by g dielectric
strength tgst.
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10.11.3.2 Pre-test dielectric

Three new samples shall be used for this test, with an additional three samples if 10.11.3.4 applies.

Prior to the short-circuit current tests, the samples of the optical isolator shall be capable of wi

thstanding

without breakdown a dielectric strength test of 4 0,5, kV rms applied between the intrinsically safe side

and the non-intrinsically safe side of the optical isolator.
10.11.3.3 Short-circuit current test

Three samples of the optical isolator shall be subjected to a short-circuit current test. The o

pen circuit

voltage of fthe test circuit shall be U,,. The available instantaneous short-circuit current capacity|
circuit shall be at least 200 A. The test circuit shall be connected to the optical isolator_se_th
current flgws through the non-intrinsically safe side of the optical isolator. Protective \comy
assembliep that form part of the circuit are permitted to remain connected for the test.

10.11.3.4 |Current limited short-circuit current test

Where oplical isolators have protective series fuses or current-limiting resistors, three addition
of the optital isolator shall be subjected to 1,7 times the nominal currentating of the fuse or 1,4
calculated| short-circuit current through the resistor under fault conditions, until temperatu
equilibriu

10.11.3.5 |Dielectric strength test
Each sample shall withstand without breakdown a dieleétric strength test of 2 U+ 1 000 V or 1
whicheverlis greater, applied between the intrinsicallyzsafe side and the non-intrinsically safe

optical isolator for (65 + 5) s.

During these tests the optical isolators shall_ net’explode or catch fire throughout the short-cirg
tests, and|the current shall not exceed 1, mA during the dielectric strength tests.

10.12 Cuirent carrying capacity of.infallible printed circuit board connections

The current carrying capacity of the connection shall be tested for at least 1 h with a current o
the maximum continuous curtent which can flow in the connection under normal and fault con
application] of this test current should not cause the connection to fail to open-circuit or to be
from its sybstrate at any. point.

11 Routine verifications and tests

of the test
at the test
onents or

bl samples
b times the
res reach

500 V rms,

side of the

uit current

f 1,5 times

dition. The
separated

11.1 Routine\tests for diode safety barriers

11.1.1 Completed barriers

A routine test shall be carried out on each completed barrier to check correct operation of each barrier
component and the resistance of any fuse. The use of removable links to allow this test shall be

acceptable provided that intrinsic safety is maintained with the links removed.
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11.1.2 Diodes for 2-diode “ia” barriers

The voltage across the diodes shall be measured as specified by their manufacturer at ambient
temperature before and after the following tests:

a) subject each diode to a temperature of 150 °C for 2 h;

b) subject each diode to the pulse current test in accordance with 10.8.

11.2 Routine tests for infallible transformers

For routing tests, the voltages applied to Infallible transtormers shall conform to the values givén in Table

10, where|U is the highest rated voltage of any winding under test. The test voltage shalltbe

a period of at least 60 s.

applied for

Alternativgly, the test may be carried out at 1,2 times the test voltage, but with reduced duration| of at least

1s.

The appligd voltage shall remain constant during the test. The current flowing during the tegt shall not
increase gbove that which is expected from the design of the circuit and _shall not exceed 5 mjA r.m.s. at

any time.

During thgse tests, there shall be no breakdown of the insulation between windings or befween any
winding and the core or the screen.

Table 10 — Routine test voltages for infallible transformers

RMS test voltage
Non-mains transformer Transformers with both
Where applied Mains transformer .prifnary_and sleccfnd-a v
windings in an intrinsically
safe circult
Between ihput and output 4 U or 2 500(V,; whicheveris |2 U+ 1000V or1500V, 500 V
windings the greater, whichever is the greater
Between 4ll the windings and |2 U or1 000 V, whichever is |2 U or 500 V, whichever is 500 V
the core gr screen the_greater the greater
Between g¢ach winding which_|2 U+ 1 000 V or 1 500 V, 2 U or 500 V, whichever is 500 V
supplies gn intrinsically safe{_|whichever is the greater the greater
circuit and any other output
winding
Between ¢ach intrinsically 2 U or 500 V, whichever is 2 U or 500 V, whichever is 500 V
safe circuft winding the greater the greater

12 Markillg

12.1 General

Intrinsically safe apparatus and associated apparatus shall carry at least the minimum marking specified
in IEC 60079-0. The text of the warning markings, when applicable, shall be derived from the text of
warning marking table of IEC 60079-0.

Apparatus meeting the requirements of 5.4 shall be marked with the symbol “ic”. Where it is necessary to
include marking from one of the other methods of protection listed in IEC 60079-0, the symbol “ic” shall

occur first.
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For associated apparatus the symbol Ex ia, Ex ib or Ex ic (or ia or ib or ic, if Ex is already marked) shall
be enclosed in square brackets.

NOTE 1 All relevant parameters should be marked, for example U,,, L;, C, Lo, C,, Wherever practicable.
NOTE 2 Standard symbols for marking and documentation are given in Clause 3 of this standard and in IEC 60079-0.

Practical considerations may restrict or preclude the use of italic characters or of subscripts, and a
simplified presentation may be used, for example Uo rather than U,.

In the case of apparatus meeting the requirements of 6.1.2.3 a), the IP rating shall be marked.

In the casg of apparatus meeting the requirements of 6.1.2.3 c), the certificate number shallFinclude the
“X” suffix ih accordance with the marking requirements of IEC 60079-0 and the specific-conditipns of use
listed on tihe certificate shall detail the requirements.

12.1DV.1 DR Modification of Clause 12.1, sixth paragraph to replace with the fallowing:

13.1DV.1.1 In the case of apparatus meeting the requirements of 6.1.23 c), the
dgcumentation shall detail the requirements.

In the cas¢ of apparatus not meeting the requirements of 6.3.13, the certificate number shall include the
“X” suffix ih accordance with the marking requirements of IEC 60079-0 and the specific conditipns of use
listed on tihe certificate shall detail the requirements.

12.1DV.2 DR Modification of Clause 12.1, seventh paragraph to replace with thé
foflowing:

14.1DV.2.1 In the case of apparatus not meeting the requirements of 6/3.13, the
dgcumentation shall detail the installation requirements.

Where it i necessary to protect the apparatus from external physical impact in order to prevent the impact
energy of [10.7 exceeding the specified values, details of the requirements shall be specified |as special
conditions| for safe use and the ¢eftificate number shall include the “X” suffix in accordance with the
marking rdquirements of IEC 6Q079-0 and the specific conditions of use listed on the certificate shall detail
the requirgment.

12.1DV.3 DR ‘Wodification of Clause 12.1, eighth paragraph to replace with the following:

12.1DV.3(1 )Where it is necessary to protect the apparatus from external physicallimpact in
order to prevent the impact energy of 10.7 exceeding the specified values, details of the
reﬂuirements shall be specified and the documentation shall detail the requiremT;nts.

For apparatus complying with the requirements of Annex G, each piece of apparatus shall additionally be
marked with the word “FISCO” followed by an indication of its function, i.e. power supply, field device or
terminator.

Where apparatus is dual marked so that it can be used in both a FISCO system and a conventional
intrinsically safe system, care shall be taken to differentiate between the FISCO marking and the marking
for the conventional intrinsically safe system.

In the case of FISCO power supplies, output parameters U,, I,, C,, L,, P, and Ly/R, and FISCO field
devices or terminators, input and internal parameters U, f, G, L;, P, and L/R; need not be marked.
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12.2 Marking of connection facilities

Connection facilities, terminal boxes, plugs and sockets of intrinsically safe apparatus and associated
apparatus shall be clearly marked and shall be clearly identifiable. Where a colour is used for this purpose,
it shall be light blue for the intrinsically safe connections.

Where parts of an apparatus or different pieces of apparatus are interconnected using plugs and sockets,
these plugs and sockets shall be identified as containing only intrinsically safe circuits. Where a colour is
used for this purpose, it shall be light blue.

In addition, sufficient and adequate marking shall be provided to ensure correct connection for the
continued [intrinsic safety of the whole.

NOTE It may be necessary to include additional labels, for example on or adjacent to plugs and sockets, to achieve [this. If clarity
of intention i$ maintained, the apparatus label may suffice.

12.3 Warning markings
Where any of the following warning markings are required on the apparatus the text as describg¢d in Table
11, following the word “WARNING,” may be replaced by technically equivalent text. Multiple wafnings may

be combined into one equivalent warning.

Table 11 — Text of warning, markings

ltem Reference WARNING Marking
a) 7.41 WARNING — USE ONLY YYYYY BATTERIES (where Y is the cell manufacturers hame
and the type number of the cellOr battery).
b) 7.4.8 WARNING — DO NOT REPLACE BATTERY WHEN AN EXPLOSIVE ATMOSPHHRE IS
PRESENT
c) 7.4.9 WARNING — DO NOT"\EHARGE THE BATTERY IN HAZARDOUS LOCATION
d) 748 WARNING — DOMNOT OPEN WHEN AN EXPLOSIVE ATMOSPHERE IS PRESENT

12.4 Examples of marking
The followjng are examples of marking.

a) Self-comtained intrinsically-safe apparatus
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b) Intrinsically safe apparatus designed to be connected to other apparatus

C TOME LTD

PAGING RECEIVER TYPE 3
Ex ia lIC T4

—-25°C <Ta<+50 °C

IECEx ExCB 04.****

Serial No. XXXX

c) Associgted apparatus

M HULOT

TRANSDUCTEUR TYPE 12

Exib IIB T4

ACB No: Ex05****

L 10 pH Ci: 1 200 pF
U:28V l: 250 mA
P:1,3W

J SCHMIDT A.G.
STROMVERSORGUNG TYP 4
[Ex ib] |

ACB No: Ex05***

Un: 250 V
Ip: 150 mA
L,: 20 mH

Py: 0,9 W
Uy: 24V
Cy: 4,6 pF

d) Associdted apparatus protected.by a flameproof enclosure
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PIZZA ELECT. SpA
Ex d [ia] IB T6
ACB No: Ex05****
Un: 250 V

U, 36 V

Co: 0,31 pF

Serial No. XXXX

Po: 0,9 W
Ir: 100 mA
Ly: 15 mH

e) Intrinsically safe apparatus Level of Protection “ic”

M HULOT

Exic 1IB T4
ACB No: Ex05****
U: 28V

TRANSDUCTEUR TYPE 12A

Ci=0

f) Intrinsically safe apparatus Level of Protection ‘ib’ with ‘ia’ outputs

PRAHA ELECT

Ex ib [ia IIC] IIB T6
ACB No: ExQ9****
U:30V

: 93 mA

L;: 0.01 mH

Ci: 0.031 pF

Serial No. XXXX

Uo =56V
P,: 0.014 W
lo: 10 mA
Ly 0.15 mH
Cy: 35 uF

where ACB represents the initials ‘ofithe certifying body, as applicable.

13 Documentation

The documentation shall include the instructions required by the instructions requiremer

60079-0, 4nd shall include the following information as applicable:

a) electrical parameters for the entity concept:

permissible Ly/R, ratio;

2) power receivers: input data such as U, |, P, C, L; and the Ly/R; ratio;

. e S i) LI L =) ('l 4 - ll P L LL 4l
1) POUWCT SUUTCCTS. DULIPUL Udld SUlTT dS Ug, 1, I dllU, 1T dPpPlildlIC, Ug, Lo AlTU70T 1T

b) any special requirements for installation, live maintenance and use;

ts of IEC

NOTE A control drawing is a recommended form of consolidating connection information and special requirements for installation

and use.
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c) the maximum value of U, which may be applied to terminals of non-intrinsically safe circuits or
associated apparatus;

d) any special conditions which are assumed in determining the type of protection, for example that the
voltage is to be supplied from a protective transformer or through a diode safety barrier;

e) conformance or non-conformance with 6.3.13;

f) the designation of the surfaces of any enclosure only in circumstances where this is relevant to intrinsic
safety;

g) the envjronmental conditions for which the apparatus is suitable;

h) If Anngx F has been applied, the documentation shall state the ambient pollution degree and
overvoltage category.
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Annex A
(normative)
Assessment of intrinsically safe circuits

A.1 Basic criteria

An intrinsically safe circuit shall satisfy three basic criteria:

a) no spark ignition shall result when the circuit is tested, or assessed as required by Clause 10 for the

specified |

b) the tem
and the tg
surfaces.

c) the circ

NOTE 1 Cri
capacitance
to spark ignit

NOTE 2 Crif]
thermal behd

NOTE 3 Cri
components

bvel of protection (see Clause 5) and grouping (see Clause 4) of electrical apparatuf;

perature classification of intrinsically safe apparatus shall be carried out in agcordan
mperatures requirements of IEC 60079-0 so as to ensure that ignition is\not caus

Temperature classification shall not apply to associated apparatus;

Lit shall be adequately separated from other circuits.

erion a) may be satisfied by assessment. Information relating to voltage,\current and circuit paramej
hnd inductance at the boundary for ignition is necessary. The circuit can then-be assessed as intrinsically 4
on.

brion b) may be satisfied by estimating the maximum surface temperatures of components from knowl
viour and the maximum power to which they may be subjected under the appropriate fault conditions.

erion c) may be satisfied by the provision of adeduate creepage distances and clearances, and b
conforming to Clause 8, for example transformers ‘and current-limiting resistors.

A.2 Assessment using reference curves and tables

Where the
curve is d
conditions
taken into

Generally,

— determi
variations,

— then apy

circuit to be assessed for ignition capability approximates to the simple circuit from

brived, Figures A.1 to A.6.0r Tables A.1 and A.2 shall be used in the assessment
in accordance with Clause 5 and the safety factors in accordance with 10.1.4.2 sh
account.

the following procedure shall be applied:

ne the worst practical situation taking account of component tolerances, supp
insulation faults and component faults;

ly the appropriate safety factors, which depend on the type of circuit (see 10.1.4.2)

llJ

’

e with 5.6
sed by hot

fers such as

afe in regard

edge of their

the use of

which the

The fault

all also be

ly voltage

as well as

on the le
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subjected to assessment;

cuit to be

— then check that the parameters of the resultant circuit are acceptable according to the reference curves

in Figures

A.1 to A.6 or according to Tables A.1 and A.2.

The circuit derived for assessment purposes may be tested using the spark-test apparatus if testing is
preferred to assessment.
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NOTE The information provided in Figures A.1 to A.6 and Tables A.1 and A.2 relates only to simple circuits and it may be difficult
in some cases to apply the information to the design of practical circuits. For example, many power supplies have non-linear output
characteristics and are not assessable from the reference curves because Figure A.1 can only be used when the circuit can be
represented by a cell or battery and a series current-limiting resistor. Because of this, non-linear circuits, for example constant
current circuits, will give ignition at lower values of current than would be predicted from Figure A.1 on the basis of open-circuit
voltage and short-circuit current. In some types of non-linear circuit, the maximum permitted current may be only one-fifth of that
predicted from reference curves. Great care is therefore needed to ensure that assessments are made only when the circuit under
consideration can, for practical purposes, be represented by one of the simple circuits for which information is provided. The
information available is limited and cannot cover all the detailed problems that arise in the design of intrinsically safe circuits.

A.3 Examples of simple circuits

a) Simple jnductive circuit

Tq illustrate the procedure in more detail, consider a circuit for Group 1IC consisting of a power
supply comprising a 20 V battery with a suitably mounted infallible 300 Q currentlimiting resistor
fegding into a 1 100 Q, 100 mH inductor as shown in Figure A.7.

ThHe 300 Q and 1 100 Q values are minimum values and 100 mH(s;a maximum valug. Two
sejparate assessments are made: one to ensure that the power\supply itself is intrinsigally safe
arld the other to take account of the effect of the connected.load as follows.

1)| Power supply
The steps in the assessment are the following.

i) The value of the current-limiting resistor is quoted as 300 Q minimum and this
represents the worst situation as faras the resistor is concerned. If this resistor does
not conform to the requirements-for infallibility (see 8.5), application of a singl¢ fault
(see Clause 5) would produce~a modified circuit in which the resistor would bg assumed
to be short-circuited. With(such a fault, the power supply would not be intrinsigally safe.

It is also necessary.to.determine a maximum value for the battery voltage in
accordance with 7414. Assume the maximum battery voltage derived is 22 V.

i) The maximum short-circuit current is 22/300 = 73,3 mA.
Since_the. circuit is resistive, application of the requirements of Clause 5 and 10.1.4.2

giverise to a modified circuit in which the short-circuit current is increased to [I,5 x 73,3
=(110 mA.

iii) From Table A.1, it can be seen that, for Group IIC, the minimum igniting current for
aresistivecircuitat22-Vis- 337 mA—The powersupply carmtherefore beassessed as
intrinsically safe in regard to spark ignition.

2) Connection of load
The steps in the assessment are as follows.

i) The maximum battery voltage is 22 V. Since 300 Q and 1 100 Q are minimum
values, the maximum possible current in the load is 22/(300 + 1 100) = 15,7 mA. No
faults need to be applied since the 300 Q resistor is infallible and short-circuit failure of
the inductor leads to the circuit considered above.


https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

FEBRUARY 15, 2013 ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11

107

ii) Application of the requirements of Clause 5 and 10.1.4.2 requires that, for a safety

factor of 1,5, the current in the circuit be increased to 1,5 x 15,7 = 23,6 mA.

iii) Reference to Figure A.4 for Group IIC shows that, for a 100 mH inductor, the
minimum igniting current for a source of 24 V is 28 mA. The circuit can therefore be

assessed as intrinsically safe in regard to spark ignition for Group IIC applicat

NOTE 1 For open-circuit voltages significantly below 24 V, Figure A.6 should be used.

ions.

NOTE 2 The above assessment assumes that the inductor is air-cored. If the inductor is not air-cored, such assessments can be
regarded as only approximate and it is necessary to test the circuit with the spark-test apparatus (Annex B) in order to establish

whether or npt it is intrinsically safe. In practice, if the assessment is based on a measured inductance value, the ac
igniting current is usually, although not always, greater than the assessed value.

b) Simple capacitive circuit

Cq
30

registor. For the purpose of this example, the values of 30 V and 48-pF are taken as
values, and 10 kQ as a minimum value.

1)|Power supply

2)|Capacitor

T
sgée and the other to take account of the presence of th€ capacitor.

nsider now the circuit of Figure A.8 which is intended for Group | application. It con
V battery connected to a 10 puF capacitor through a suitably mounted infallible 10

ual minimum

sists of a
Q
aximum

0 separate assessments are made: one to ensure that the power supply itself is infrinsically

Since the procedure is almost exactlyithat described in a) 1), no detail need b given.
The power supply circuit alone cant\be readily assessed as being intrinsically gafe in
regard to spark ignition with a safety factor exceeding 100.

The steps in the assessment are as follows.

i) The maximum battery voltage is 30 V, and 10 pF is the maximum capacitamce value.

No faults are.applied since the 10 kQ resistor is infallible and either short-circ
open-circtit-failure of the capacitor gives rise to the circuit considered in b) 1)

it or

ii) Application of the requirements of Clause 5 and 10.1.4.2 requires that, for & safety
fdctor of 1,5, the voltage be increased to 1,5 x 30 V = 45 V.

iii) Reference to Figure A.2 for Group | shows that at 45 V the minimum valug of

capacitancetogiveignitiomisonty-3pfFand—=at-36-V-onty 7,2 —sothatthe—ircuit
cannot be assessed as intrinsically safe.

NOTE 3 To modify the circuit so that it may be assessed as being intrinsically safe, there are several possibilities. The circuit voltage
or capacitance values could be reduced, or an infallible resistor could be inserted in series with the 10 pF capacitor. Reference to
Figure A.2 shows that the minimum igniting voltage for 10 pF is 26 V, so that the battery voltage would have to be reduced to 26/1,5
=17,3 V if the value of 10 pF were to be maintained. Alternatively, the capacitance value could be reduced to 3 pF, or, since 10 pF
+ 5,6 Q gives a minimum igniting voltage of 48 V, insertion of an infallible resistor having a minimum value of 5,6 Q in series with
the capacitor would also produce a circuit which could be assessed as intrinsically safe as regards spark ignition for Group |.
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NOTE 4 One problem ignored in the above discussion is that, strictly speaking, the minimum igniting voltage curves for capacitive
circuits in Figures A.2 and A.3 relate to a charged capacitor not directly connected to a power supply. In practice, provided the power
supply considered by itself has a large safety factor, as in the above example, the reference curves can be applied. If, however, the
power supply alone has only a minimum safety factor, interconnecting it with a capacitor can lead to a situation where the circuit is
not intrinsically safe even though intrinsic safety may be inferred from Figures A.2 and A.3. In general, such circuits cannot be
reliably assessed in the manner described above and should be tested with the spark test apparatus (see Annex B).
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Figure A.1 — Resistive circuits
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NOTE The curves correspond to values of current-limiting resistance as indicated.

Figure A.2 — Group | capacitive circuits
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Figure A.3 — Group Il capacitive circuits
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NOTE 1 The circuit test voltage is 24 V.

NOTE 2 The energy levels indicated refer to the constant energy portion of the curve.

Figure A.4 - Inductive circuits of Group Il
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Figure A.5 — Group | inductive circuits
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Figure A.6 — Group lIC inductive circuits
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Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment

Group

Permitted short-circuit current

mA
Voltage V |for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

12

12,1 5 000 3 330

12,2 4 720 3 150

12,3 4 460 2 970

12,4 4210 2 810

12,5 3 980 2 650

12,6 3770 2510

12,7 3 560 2 370

12,8 3 370 2 250

12,9 3190 2130

13 3 020 2 020

13,1 2 870 1910

13,2 2720 1810

13,3 2 580 1720

13,4 2 450 1630

13,5 2 320 1 550 5 000 3 330

13,6 2210 1470 4 860 3 240

13,7 2 090 1400 4720 3 140

13,8 1990 1 330 4 580 3.050

13,9 1890 1260 4 450 2 970

14 1800 1200 4 330 2 880
14,1 1750 1160 4 210 2 800
14,2 1700 1130 4,090 2 730
14,3 1650 1100 3-980 2 650
14,4 1 600 1070 3 870 2 580
14,5 1 550 1 040 3 760 2 510
14,6 1510 1,010 3 660 2 440
14,7 1470 980 3 560 2 380
14,8 1430 950 3 470 2 310 5 000 3330
14,9 1390 930 3 380 2 250 4 860 3240

15 1 350 900 3290 2 190 4 730 3 150
15,1 1810 875 3 200 2 140 4 600 3070
15,2 1280 851 3 120 2 080 4 480 2 990
15,3 1240 828 3 040 2 030 4 360 2910
15,4 1210 806 2 960 1980 4 250 2 830
15,5 1180 784 2 890 1920 4 140 2 760
15,6 1150 769 2810 1880 4 030 2 690
15,7 1120 744 2 740 1 830 3 920 2 620
15,8 1090 724 2 680 1780 3 820 2 550
15,9 1 060 705 2610 1740 3720 2 480

16 1030 687 2 550 1700 3 630 2 420 5 000 3 330
16,1 1000 669 2 480 1660 3 540 2 360 4 830 3 220
16,2 980 652 2 420 1610 3 450 2 300 4 660 3110
16,3 950 636 2 360 1570 3 360 2 240 4 490 2990

Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment Group
Continued on Next Page
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Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment
Group Continued

Permitted short-circuit current

mA
Voltage V |for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of

x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

16,4 930 620 2 310 1 540 3 280 2190 4 320 2 880
16,5 910 604 2 250 1500 3 200 2 130 4 240 2 830
16,6 880 589 2 200 1470 3120 2 080 4 160 2770
16,7 860 575 2 150 1430 3 040 2 030 4 080 2720
16,8 840 560 2 100 1400 2 970 1980 4-000 2 670
16,9 820 547 2 050 1370 2 900 1930 8,740 2 490
17 800 533 2 000 1340 2 830 1890 3 480 2 320
17,1 780 523 1 960 1310 2 760 1840 3 450 2 300
17,2 770 513 1930 1280 2 700 1,800 3 420 2 280
17,3 750 503 1890 1260 2 630 760 3 390 2 260
17,4 740 493 1 850 1240 2 570 1720 3 360 2 240
17,5 730 484 1820 1210 2510 1 680 3 320 2210
17,6 710 475 1790 1190 2 450, 1640 3 300 2 200
17,7 700 466 1750 1170 2 400 1 600 3 260 2170
17,8 690 457 1720 1150 2340 1560 3230 2150
17,9 670 448 1690 1130 2290 1530 3200 2130
18 660 440 1660 1110 2240 1490 3170 2110
18,1 648 432 1630 1087 2188 1459 3083 2055
18,2 636 424 1601 1068 2139 1426 3000 2000
18,3 625 417 1573 1049 2091 1394 2935 1956
18,4 613 409 1545 1030 2045 1363 2871 1914
18,5 602 402 1518 1012 2000 1333 2807 1871
18,6 592 394 1491 995 1967 1311 2743 1828
18,7 581 387 1466 977 1935 1290 2679 1786
18,8 571 380 1441 960 1903 1269 2615 1743
18,9 561 374 1416 944 1872 1248 2551 1700
19 551 367 1392 928 1842 1228 2487 1658
19,1 541 361 1368 912 1812 1208 2465 1643
19,2 532 355 1345 897 1784 1189 2444 1629
19,3 523 348 1323 882 1755 1170 2423 1615
19,4 514 342 1301 867 1727 1152 2401 1600
19,5 505 337 1279 853 1700 1134 2380 1586
19,6 496 331 1258 839 1673 1116 2359 1572
19,7 484 325 1237 825 1648 1098 2337 1558
19,8 480 320 1217 811 1622 1081 2316 1544
19,9 472 314 1197 798 1597 1065 2295 1530
20 464 309 1177 785 1572 1048 2274 1516
20,1 456 304 1158 772 1549 1032 2219 1479
20,2 448 299 1140 760 1525 1016 2164 1443
20,3 441 294 1122 748 1502 1001 2109 1406
20,4 434 289 1104 736 1479 986 2054 1369
20,5 427 285 1087 724 1457 971 2000 1333
20,6 420 280 1069 713 1435 957 1924 1283
20,7 413 275 1053 702 1414 943 1849 1233

Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment Group
Continued on Next Page
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Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment
Group Continued

Permitted short-circuit current

mA
Voltage V |for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
20,8 406 271 1036 691 1393 929 1773 1182
20,9 400 267 1020 680 1373 915 1698 1132
21 394 262 1004 670 1353 902 1623 1082
21,1 387 258 989 659 1333 889 1608 1069
21,2 381 254 974 649 1314 876 1683 1055
21,3 375 250 959 639 1295 863 1564 1043
21,4 369 246 945 630 1276 851 1544 1029
21,5 364 243 930 620 1258 839 1525 1017
21,6 358 239 916 611 1240 827 1505 1003
21,7 353 235 903 602 1222 815 1485 990
21,8 347 231 889 593 1205 804 1466 977,3
21,9 342 228 876 584 1189 792 1446 964
22 337 224 863 575 1172 781 1427 951,3
22,1 332 221 851 567 1156 770 1394 929,3
22,2 327 218 838 559 M40 760 1361 907,3
22,3 322 215 826 551 1124 749 1328 885,3
22,4 317 211 814 543 1109 739 1296 864
22,5 312 208 802 535 1093 729 1281 854
22,6 308 205 791 527 1078 719 1267 844,7
22,7 303 202 779 520 1064 709 1253 835,3
22,8 299 199 768 512 1050 700 1239 826
22,9 294 196 757 505 1036 690 1225 816,7
23 290 193 7AT 498 1022 681 1211 807,3
23,1 287 191 736 491 1008 672 1185 790
23,2 284 189 726 484 995 663 1160 773,3
23,3 281 187 716 477 982 655 1135 756,7
23,4 278 185 706 471 969 646 1110 740
23,5 275 183 696 464 956 638 1085 723,3
23,6 272 182 687 458 944 629 1079 719,3
23,7 270 180 677 452 932 621 1073 715,3
23,8 267 178 668 445 920 613 1 068 712
23,9 264 176 659 439 908 605 1062 708
24 261 174 650 433 896 597 1057 704,7
24,1 259 173 644 429 885 590 1048 698,7
24,2 256 171 637 425 873 582 1 040 693,3
24,3 253 169 631 421 862 575 1032 688
24,4 251 167 625 416 852 568 1024 682,7
24,5 248 166 618 412 841 561 1016 677,3
24,6 246 164 612 408 830 554 1008 672
24,7 244 163 606 404 820 547 1000 666,7
24,8 241 161 601 400 810 540 991 660,7
24,9 239 159 595 396 800 533 983 655,3
25 237 158 589 393 790 527 975 650
25,1 234 156 583 389 780 520 964 642,7

Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment Group
Continued on Next Page
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Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment
Group Continued

Permitted short-circuit current

mA
Voltage V |for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
25,2 232 155 578 385 771 514 953 635,3
25,3 230 153 572 381 762 508 942 628
25,4 228 152 567 378 752 502 931 620,7
25,5 226 150 561 374 743 496 920 613,3
25,6 223 149 556 371 734 490 916 610,7
25,7 221 148 551 367 726 484 912 608
25,8 219 146 546 364 717 478 908 605,3
25,9 217 145 541 360 708 472 904 602,7
26 215 143 536 357 700 467 900 600
26,1 213 142 531 354 694 463 890 593,3
26,2 211 141 526 350 688 459 881 587,3
26,3 209 139 521 347 683 455 871 580,7
26,4 207 138 516 344 677 451 862 574,7
26,5 205 137 512 341 671 447 853 568,7
26,6 203 136 507 338 666 444 847 564,7
26,7 202 134 502 335 660 440 841 560,7
26,8 200 133 498 332 655 437 835 556,7
26,9 198 132 493 329 649 433 829 552,7
27 196 131 489 326 644 429 824 549,3
27,1 194 130 485 323 639 426 818 545,3
27,2 193 128 480 320 634 422 813 542
27,3 191 127 476 317 629 419 808 538,7
27,4 189 126 472 315 624 416 803 535,3
27,5 188 125 468 312 619 412 798 532
27,6 186 124 464 309 614 409 793 528,7
27,7 184 123 460 306 609 406 788 525,3
27,8 183 122 456 304 604 403 783 522
27,9 181 121 452 301 599 399 778 518,7
28 180 120 448 299 594 396 773 515,3
28,1 178 119 444 296 590 393 768 512
28,2 176 118 440 293 585 390 764 509,3
28,3 175 117 436 291 581 387 760 506,7
28,4 173 116 433 288 576 384 756 504
28,5 172 115 429 286 572 381 752 501,3
28,6 170 114 425 284 567 378 747 498
28,7 169 113 422 281 563 375 743 495,3
28,8 168 112 418 279 559 372 739 4927
28,9 166 111 415 277 554 370 735 490
29 165 110 411 274 550 367 731 487,3
29,1 163 109 408 272 546 364 728 485,3
29,2 162 108 405 270 542 361 726 484
29,3 161 107 401 268 538 358 724 482,7
29,4 159 106 398 265 534 356 722 481,3
29,5 158 105 395 263 530 353 720 480

Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment Group
Continued on Next Page
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Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment
Group Continued

Permitted short-circuit current

mA
Voltage V |for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
29,6 157 105 392 261 526 351 718 478,7
29,7 155 104 388 259 522 348 716 477,3
29,8 154 103 385 257 518 345 714 476
29,9 153 102 382 255 514 343 712 4747
30 152 101 379 253 510 340 710 473,3
30,2 149 99,5 373 249 503 335 690 460
30,4 147 97,9 367 245 496 330 671 447,3
30,6 145 96,3 362 241 489 326 652 434,7
30,8 142 94,8 356 237 482 321 636 424
31 140 93,3 350 233 475 317 621 414
31,2 138 92,2 345 230 468 312 614 409,3
31,4 137 91 339 226 462 308 607 404,7
31,6 135 89,9 334 223 455 303 600 400
31,8 133 88,8 329 219 449 299 592 394,7
32 132 87,8 324 216 442 295 584 389,3
32,2 130 86,7 319 213 436 291 572 381,3
32,4 129 85,7 315 210 431 287 560 373,3
32,6 127 84,7 310 207 425 283 548 365,3
32,8 126 83,7 305 204 419 279 536 357,3
33 124 82,7 301 201 414 276 525 350
33,2 123 81,7 297 198 408 272 520 346,7
33,4 121 80,8 292 195 403 268 515 343,3
33,6 120 79,8 288 192 398 265 510 340
33,8 118 78,9 284 189 393 262 505 336,7
34 117 78 280 187 389 259 500 333,3
34,2 116 77,2 277 185 384 256 491 327,3
34,4 114 76,3 274 183 380 253 482 321,3
34,6 113 754 271 181 376 251 473 315,3
34,8 112 74,6 269 179 372 248 464 309,3
35 111 73,8 266 177 368 245 455 303,3
35,2 109 73 263 175 364 242 450 300
35,4 108 72,2 260 174 360 240 446 297,3
35,6 107 71,4 258 172 356 237 442 294,7
35,8 106 70,6 255 170 352 235 438 292
36 105 69,9 253 168 348 232 434 289,3
36,2 104 69,1 250 167 345 230 431 287,3
36,4 103 68,4 248 165 341 227 429 286
36,6 102 67,7 245 164 337 225 426 284
36,8 100 66,9 243 162 334 223 424 282,7
37 99,4 66,2 241 160 330 220 422 281,3
37,2 98,3 65,6 238 159 327 218 419 279,3
37,4 97,3 64,9 236 157 324 216 417 278
37,6 96,3 64,2 234 156 320 214 414 276
37,8 95,3 63,6 231 154 317 211 412 274,7

Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment Group
Continued on Next Page
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Table A.1 — Permitted short-circuit current corresponding to the voltage and the Equipment
Group Continued

Permitted short-circuit current
mA
Voltage V |for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
38 94,4 62,9 229 153 314 209 410 273,3
38,2 93,4 62,3 227 151 311 207 408 272
38,4 92,5 61.6 225 150 308 205 407 271,3
38,6 91,5 61 223 149 304 203 405 270
38,8 90,6 60,4 221 147 301 201 404 269,3
39 89,7 59,8 219 146 298 199 403 268,7
39,2 88,8 59,2 217 145 296 197 399 266
39,4 88 58,6 215 143 293 195 395 263,3
39,6 87,1 58,1 213 142 290 193 391 260,7
39,8 86,3 57,5 211 141 287 194 387 258
40 85,4 57 209 139 284 190 383 255,3
40,5 83,4 55,6 205 136 278 185 362 241,3
41 81,4 54,3 200 133 271 181 342 228
41,5 79,6 53 196 131 265 177 336 224
42 77,7 51,8 192 128 259 173 331 220,7
42,5 76 50,6 188 125 253 169 321 214
43 74,3 49,5 184 122 247 165 312 208
43,5 72,6 48,4 180 120 242 161 307 204,7
44 71 47,4 176 {47 237 158 303 202
44,5 69,5 46,3 173 115 231 154 294 196
45 68 45,3 169 113 227 151 286 190,7
Table| A.2 — Permitted capacitance corresponding to the voltage and the Equipment|Group
Permitted capacitance
uF
Voltage V| for Group IIC apparatus for Group IIB apparatus for Group lIA apparatus for Group | apparatus
with a factor of (safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
5,0 100
5,1 88
5,2 79
5,3 71
5,4 65
5,5 58
5,6 1000 54
5,7 860 50
5,8 750 46
5,9 670 43
6,0 600 40 1 000
6,1 535 37 880
6,2 475 34 790
6,3 420 31 720
6,4 370 28 650

Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group Continued on

Next Page
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Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group

Continued

Permitted capacitance

uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
6,5 325 25 570
6,6 285 22 500
6,7 250 19.6 430
6,8 220 17,9 380
6,9 200 16,8 335
7,0 175 15,7 300
7,1 155 14,6 268
7,2 136 13,5 240
7,3 120 12,7 216
7,4 110 11,9 195
7,5 100 11,1 174
7,6 92 10,4 160
7,7 85 9,8 145
7,8 79 9,3 130
7,9 74 8,8 115
8,0 69 8,4 100
8,1 65 8,0 90
8,2 61 7,6 81
8,3 56 7,2 73
8,4 54 6,8 66
8,5 51 6,5 60
8,6 49 6,2 55
8,7 47 5,9 50 1 000
8,8 45 5,5 46 730
8,9 42 5,2 43 590
9,0 40 4,9 1000 40 500
9,1 38 4,6 920 37 446
9,2 36 4,3 850 34 390
9,3 34 4,1 790 31 345
9,4 32 3,9 750 29 300
9,5 30 3,7 700 27 255 1 000
9,6 28 3,6 650 26 210 500
9,7 26 3,5 600 24 170 320
9,8 24 3,3 550 23 135 268
9,9 22 3,2 500 22 115 190
10,0 20,0 3,0 450 20,0 100 180
10,1 18,7 2,87 410 19,4 93 160
10,2 17,8 2,75 380 18,7 88 140
10,3 17,1 2,63 350 18,0 83 120
10,4 16,4 2,52 325 17,4 79 110
10,5 15,7 2,41 300 16,8 75 95
10,6 15,0 2,32 280 16,2 72 90
10,7 14,2 2,23 260 15,6 69 85
10,8 13,5 2,14 240 15,0 66 80
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Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group

Continued
Permitted capacitance
uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

10,9 13,0 2,05 225 14,4 63 70
11,0 12,5 1,97 210 13,8 60 67,5
11,1 11,9 1.90 195 13,2 57.0 60
11,2 11,4 1,84 180 12,6 54,0 58
11,3 10,9 1,79 170 12,1 51,0 54
11,4 10,4 1,71 160 11,7 48,0 52
11,5 10,0 1,64 150 11,2 46,0 48
11,6 9,6 1,59 140 10,8 43,0 46
11,7 9,3 1,54 130 10,3 41,0 42
11,8 9,0 1,50 120 9,9 39,0 40
11,9 8,7 1,45 110 9,4 37,0 38,6
12,0 8,4 1,41 100 9,0 36,0 38
12,1 8,1 1,37 93 8,7 34,0 36,6
12,2 7,9 1,32 87 8,4 33,0 36
12,3 7,6 1,28 81 8,1 31,0 34,3
12,4 7,2 1,24 75 7,9 30,0 34
12,5 7,0 1,2 70 7,7 28,0 32,3
12,6 6,8 1,15 66 7,4 27,0 32
12,7 6,6 1,10 62 7,1 25,4 30,5
12,8 6,4 1,06 58 6,8 24,2 30
12,9 6,2 1,03 55 6,5 23,2 29
13,0 6,0 1,0 52 6,2 1000 22,5 28,5
13,1 5,7 0,97 49 6,0 850 21,7 27,5
13,2 5,4 0,94 46 5,8 730 21,0 27
13,3 5,3 0,91 44 5,6 630 20,2 26
13,4 5,1 0,88 42 5,5 560 19,5 25,6
13,5 4,9 0,85 40 5,3 500 19,0 24,8
13,6 4,6 0,82 38 5,2 450 18,6 24,4
13,7 4,4 0,79 36 5,0 420 18,1 23,5
13,8 4,2 0,76 34 4,9 390 17,7 23
13,9 4,1 0,74 32 4,7 360 17,3 22
14,0 4,0 0,73 30 4,60 330 17,0 21,5
14,1 3.9 0,71 29 4,49 300 16,7 20,5
14,2 3)8 0,70 28 4,39 270 16,4 1000 20
14,3 3,7 0,68 27 4,28 240 16,1 800 19,64
14,4 3,6 0,67 26 4,18 210 15,8 500 19,48
14,5 3,5 0,65 25 4,07 185 15,5 360 19,16
14,6 3,4 0,64 24 3,97 160 15,2 320 19
14,7 3,3 0,62 23 3,86 135 14,9 268 18,6
14,8 3,2 0,61 22 3,76 120 14,6 220 18,4
14,9 3,1 0,59 21 3,65 110 14,3 190 18
15,0 3,0 0,58 20,2 3,55 100 14,0 180 17,8
15,1 2,9 0,57 19,7 3,46 95 13,7 170 17,48
15,2 2,82 0,55 19,2 3,37 91 13,4 160 17,32

Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group Continued on

Next Page



https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

124

ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11

FEBRUARY 15, 2013

Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group

Continued
Permitted capacitance
uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
15,3 2,76 0,53 18,7 3,28 88 13,1 140 17
15,4 2,68 0,521 18,2 3,19 85 12,8 130 16,8
15,5 _[260 0,508 17.8 3.11 82 12,5 120 16,48
15,6 2,52 0,497 17,4 3,03 79 12,2 110 16,32
15,7 2,45 0,487 17,0 2,95 77 11,9 100 16
15,8 2,38 0,478 16,6 2,88 74 11,6 95 15,8
15,9 2,32 0,469 16,2 2,81 72 11,3 90 15,4
16,0 2,26 0,460 15,8 2,75 70 11,0 87,5 15,2
16,1 2,20 0,451 15,4 2,69 68 10,7 85 14,8
16,2 2,14 0,442 15,0 2,63 66 10,56 80 14,64
16,3 2,08 0,433 14,6 2,57 64 10,2 75 14,32
16,4 2,02 0,424 14,2 2,51 62 10,0 70 14,16
16,5 1,97 0,415 13,8 2,45 60 9,8 67,5 13,8
16,6 1,92 0,406 13,4 2,40 58 9,6 65 13,64
16,7 1,88 0,398 13,0 2,34 56 9,4 60 13,32
16,8 1,84 0,390 12,6 2,29 54 9,3 58 13,16
16,9 1,80 0,382 12,3 2,24 52 9,1 56 12,8
17,0 1,76 0,375 12,0 2,20 50 9,0 54 12,64
17,1 1,71 0,367 11,7 2,15 48 8,8 52 12,32
17,2 1,66 0,360 11,4 2,11 47 8,7 50 12,16
17,3 1,62 0,353 11,1 2,06 45 8,5 48 11,8
17,4 1,59 0,346 10,8 2,02 44 8,4 46 11,6
17,5 1,56 0,339 10,5 1,97 42 8,2 44 11,2
17,6 1,53 0,333 1052 1,93 40 8,1 42 11
17,7 1,50 0,327 9,9 1,88 39 8,0 40 10,64
17,8 1,47 0,321 9,6 1,84 38 7,9 39,2 10,48
17,9 1,44 0,315 9,3 1,80 37 7,7 38,6 10,16
18,0 1,41 0,309 9,0 1,78 36 7,6 38 10
18,1 1,38 0,303 8,8 1,75 35 7,45 37,3 9,86
18,2 1,35 0,297 8,6 1,72 34 7,31 36,6 9,8
18,3 1,32 0,291 8,4 1,70 33 7,15 36 9,68
18,4 1,29 0,285 8,2 1,69 32 7,0 34,6 9,62
18,5 1,27 0,280 8,0 1,67 31 6,85 34,3 9,5
18,6 1,24 0,275 7,9 1,66 30 6,70 34 9,42
18,7 1,21 0,270 7,8 1,64 29 6,59 32,6 9,28
18,8 1,18 0,266 7,6 1,62 28 6,48 32,3 9,21
18,9 1,15 0,262 7,4 1,60 27 6,39 32 9,07
19,0 1,12 0,258 7,2 1,58 26 6,3 31,2 9
19,1 1,09 0,252 7,0 1,56 25,0 6,21 30,5 8,86
19,2 1,06 0,251 6,8 1,55 24,2 6,12 30 8,8
19,3 1,04 0,248 6,6 1,52 23,6 6,03 29,5 8,68
19,4 1,02 0,244 6,4 1,51 23,0 5,95 29 8,62
19,5 1,00 0,240 6,2 1,49 22,5 5,87 28,5 8,5
19,6 0,98 0,235 6,0 1,47 22,0 5,8 28 8,42
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Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group

Continued

Permitted capacitance

uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

19,7 0,96 0,231 5,9 1,45 21,5 5,72 27,5 8,28
19,8 0,94 0,227 5,8 1,44 21,0 5,65 27 8,21
19,9 0.92 0,223 57 1.42 20,5 557 26,5 8,07
20,0 0,90 0,220 5,6 1,41 20,0 5,5 26 8
20,1 0,88 0,217 5,5 1,39 19,5 5,42 25,6 7,87
20,2 0,86 0,213 5,4 1,38 19,2 5,35 25,2 7,8
20,3 0,84 0,209 5,3 1,36 18,9 5,27 24,8 7,75
20,4 0,82 0,206 5,2 1,35 18,6 5,2 24,4 7,62
20,5 0,8 0,203 5,1 1,33 18,3 5,12 24 7,5
20,6 0,78 0,200 5,0 1,32 18,0 5,05 23,5 7,42
20,7 0,76 0,197 4,9 1,31 17,7 4,97 23 7,33
20,8 0,75 0,194 4,8 1,30 17,4 49 22,5 7,16
20,9 0,74 0,191 4,7 1,28 17,2 4,84 22 7
21,0 0,73 0,188 4,6 1,27 17,0 4,78 21,5 6,93
21,1 0,72 0,185 4,52 1,25 16,8 4,73 21 6,87
21,2 0,71 0,183 4,45 1,24 16,6 4,68 20,5 6,75
21,3 0,7 0,181 4,39 1,23 16,4 4,62 20 6,62
21,4 0,69 0,179 4,32 1,22 16,2 4,56 19,8 6,56
21,5 0,68 0,176 4,25 1,20 16,0 4,5 19,64 6,5
21,6 0,67 0,174 4,18 1,19 15,8 4,44 19,48 6,37
21,7 0,66 0,172 4,11 1,17 15,6 4,38 19,32 6,25
21,8 0,65 0,169 4,04 1,16 15,4 4,32 19,16 6,18
21,9 0,64 0,167 3,97 1,15 15,2 4,26 19 6,12
22,0 0,63 0,165 3,90 1,14 15,0 4,20 18,8 6
22,1 0,62 0,163 3,83 1,12 14,8 4,14 18,6 5,95
22,2 0,61 0,160 3,76 1,11 14,6 4,08 18,4 5,92
22,3 0,6 0,158 3,69 1,10 14,4 4,03 18,2 5,9
22,4 0,59 0,156 3,62 1,09 14,2 3,98 18 5,85
22,5 0,58 0,154 3,55 1,08 14,0 3,93 17,8 5,8
22,6 0,57 0,152 3,49 1,07 13,8 3,88 17,64 5,77
22,7 0,56 0,149 3,43 1,06 13,6 3,83 17,48 5,75
22,8 0,55 0,147 3,37 1,05 13,4 3,79 17,32 5,7
22,9 0,54 0,145 3,31 1,04 13,2 3,75 17,16 5,65
23,0 0)53 0,143 3,25 1,03 13,0 3,71 17 5,62
23,1 0,521 0,140 3,19 1,02 12,8 3,67 16,8 5,6
23,2 0,513 0,138 3,13 1,01 12,6 3,64 16,54 5,55
23,3 0,505 0,136 3,08 1,0 12,4 3,60 16,48 5,5
23,4 0,497 0,134 3,03 0,99 12,2 3,57 16,32 5,47
23,5 0,49 0,132 2,98 0,98 12,0 3,53 16,16 5,45
23,6 0,484 0,130 2,93 0,97 11,8 3,50 16 5,4
23,7 0,478 0,128 2,88 0,96 11,6 3,46 15,8 5,35
23,8 0,472 0,127 2,83 0,95 11,4 3,42 15,6 5,32
23,9 0,466 0,126 2,78 0,94 11,2 3,38 15,4 5,3
24,0 0,46 0,125 2,75 0,93 11,0 3,35 15,2 5,25
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Permitted capacitance

uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
24,1 0,454 0,124 2,71 0,92 10,8 3,31 15 5,2
24,2 0,448 0,122 2,67 0,91 10,7 3,27 14,8 5,17
24,3 0,442 0,120 2,63 0.90 10,5 3.23 14,64 5,15
24,4 0,436 0,119 2,59 0,89 10,3 3,20 14,48 5,1
24,5 0,43 0,118 2,55 0,88 10,2 3,16 14,32 5,05
24,6 0,424 0,116 2,51 0,87 10,0 3,12 14,16 5,02
24,7 0,418 0,115 2,49 0,87 9,9 3,08 14 5,0
24,8 0,412 0,113 2,44 0,86 9,8 3,05 13,8 4,95
24,9 0,406 0,112 2,4 0,85 9,6 3,01 13,64 4,9
25,0 0,4 0,110 2,36 0,84 9,5 2,97 13,48 4,87
25,1 0,395 0,108 2,32 0,83 9,4 2,93 13,32 4,85
25,2 0,390 0,107 2,29 0,82 9,3 2,90 13,16 4,8
25,3 0,385 0,106 2,26 0,82 9,2 2,86 13 4,75
25,4 0,380 0,105 2,23 0,81 9,1 2,82 12,8 4,72
25,5 0,375 0,104 2,20 0,80 9,0 2,78 12,64 4,7
25,6 0,37 0,103 2,17 0,80 8,9 2,75 12,48 4,65
25,7 0,365 0,102 2,14 0,79 8,8 2,71 12,32 4,6
25,8 0,36 0,101 2,11 0,78 8,7 2,67 12,16 4,57
25,9 0,355 0,100 2,08 0,77 8,6 2,63 12 4,55
26,0 0,35 0,099 2,05 0,77 8,5 2,60 11,8 4,5
26,1 0,345 0,098 2,02 0,76 8,4 2,57 11,6 4,45
26,2 0,341 0,097 1,99 0,75 8,3 2,54 11,4 4,42
26,3 0,337 0,097 1,96 0,74 8,2 2,51 11,2 4,4
26,4 0,333 0,096 1,93 0,74 8,1 2,48 11 4,35
26,5 0,329 0,095 1,90 0,73 8,0 2,45 10,8 4,3
26,6 0,325 0,094 1,87 0,73 8,0 2,42 10,64 4,27
26,7 0,321 0,093 1,84 0,72 7,9 2,39 10,48 4,25
26,8 0,317 0,092 1,82 0,72 7,8 2,37 10,32 4,2
26,9 0,313 0,091 1,80 0,71 7,7 2,35 10,16 4,15
27,0 0,309 0,090 1,78 0,705 7,6 2,33 10 4,12
27,1 0,305 0,089 1,76 0,697 7,5 2,31 9,93 4,1
27,2 0,301 0,089 1,74 0,690 7,42 2,30 9,86 4,05
27,3 0,297 0,088 1,72 0,683 7,31 2,28 9,8 4,0
27,4 0)293 0,087 1,71 0,677 7,21 2,26 9,74 3,97
27,5 0,289 0,086 1,70 0,672 7,10 2,24 9,68 3,95
27,6 0,285 0,086 1,69 0,668 7,00 2,22 9,62 3,9
27,7 0,281 0,085 1,68 0,663 6,90 2,20 9,56 3,85
27,8 0,278 0,084 1,67 0,659 6,80 2,18 9,5 3,82
27,9 0,275 0,084 1,66 0,654 6,70 2,16 9,42 3,8
28,0 0,272 0,083 1,65 0,650 6,60 2,15 9,35 3,76
28,1 0,269 0,082 1,63 0,645 6,54 2,13 9,28 3,72
28,2 0,266 0,081 1,62 0,641 6,48 2,11 9,21 3,70
28,3 0,263 0,08 1,60 0,636 6,42 2,09 9,14 3,68
28,4 0,26 0,079 1,59 0,632 6,36 2,07 9,07 3,64
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Permitted capacitance

uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

28,5 0,257 0,078 1,58 0,627 6,30 2,05 9 3,6

28,6 0,255 0,077 1,57 0,623 6,24 2,03 8,93 3,57
28,7 10,253 0,077 1,56 0,618 6.18 2,01 8.86 3,55
28,8 0,251 0,076 1,55 0,614 6,12 2,00 8,8 3,5

28,9 0,249 0,075 1,54 0,609 6,06 1,98 8,74 45

29,0 0,247 0,074 1,53 0,605 6,00 1,97 8,68 3,42
29,1 0,244 0,074 1,51 0,600 5,95 1,95 8,62 3,4

29,2 0,241 0,073 1,49 0,596 5,90 1,94 8,56 3,35
29,3 0,238 0,072 1,48 0,591 5,85 1,92 8,5 3,3

29,4 0,235 0,071 1,47 0,587 5,80 1,94 8,42 3,27
29,5 0,232 0,071 1,46 0,582 5,75 1,89 8,35 3,25
29,6 0,229 0,070 1,45 0,578 5,70 1,88 8,28 3,2

29,7 0,226 0,069 1,44 0,573 5,65 1,86 8,21 3,15
29,8 0,224 0,068 1,43 0,569 5,60 1,85 8,14 3,12
29,9 0,222 0,067 1,42 0,564 5/55 1,83 8,07 3,1

30,0 0,220 0,066 1,41 0,560 5,50 1,82 8 3,05
30,2 0,215 0,065 1,39 0,551 5,40 1,79 7,87 2,99
30,4 0,210 0,064 1,37 0,542 5,30 1,76 7,75 2,96
30,6 0,206 0,0626 1,35 0,538 5,20 1,73 7,62 2,93
30,8 0,202 0,0616 1,33 0,524 5,10 1,70 7,5 2,90
31,0 0,198 0,0605 1,32 0,515 5,00 1,67 7,33 2,87
31,2 0,194 0,0596 1,30 0,506 4,90 1,65 7,16 2,84
31,4 0,190 0,0587 1,28 0,497 4,82 1,62 7 2,81
31,6 0,186 0,0578 1,26 0,489 4,74 1,60 6,3\87 2,78
31,8 0,183 0,0569 w24 0,482 4,68 1,58 6,75 2,75
32,0 0,180 0,0560 1,23 0,475 4,60 1,56 6,62 2,72
32,2 0,177 0,0551 1,21 0,467 4,52 1,54 6,5 2,69
32,4 0,174 0,0542 1,19 0,460 4,44 1,52 6,37 2,66
32,6 0,171 0,0633 1,17 0,452 4,36 1,50 6,25 2,63
32,8 0,168 0,0524 1,15 0,444 4,28 1,48 6,12 2,6

33,0 0,165 0,0515 1,14 0,437 4,20 1,46 6 2,54
33,2 0,162 0,0506 1,12 0,430 4,12 1,44 5,95 2,49
33,4 0,159 0,0498 1,10 0,424 4,05 1,42 5,9 2,45
33,6 0)156 0,0492 1,09 0,418 3,98 1,41 5,85 2,44
33,8 0,153 0,0486 1,08 0,412 3,91 1,39 5,8 2,42
34,0 0,150 0,048 1,07 0,406 3,85 1,37 5,75 2,4

34,2 0,147 0,0474 1,05 0,401 3,79 1,35 5,7 2,33
34,4 0,144 0,0468 1,04 0,397 3,74 1,33 5,65 2,28
34,6 0,141 0,0462 1,02 0,393 3,69 1,31 5,6 2,26
34,8 0,138 0,0456 1,01 0,390 3,64 1,30 5,55 2,22
35,0 0,135 0,045 1,00 0,387 3,60 1,28 5,5 2,2

35,2 0,133 0,0444 0,99 0,383 3,55 1,26 5,45 2,2

35,4 0,131 0,0438 0,97 0,380 3,50 1,24 5,4 2,2

35,6 0,129 0,0432 0,95 0,376 3,45 1,23 5,35 2,2
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Permitted capacitance

uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

35,8 0,127 0,0426 0,94 0,373 3,40 1,21 5,3 2,17
36,0 0,125 0,042 0,93 0,370 3,35 1,20 5,25 2,15
36,2 0,123 0.0414 0.91 0,366 3.30 1,18 52 2,15
36,4 0,121 0,0408 0,90 0,363 3,25 1,17 5,15 2,1
36,6 0,119 0,0402 0,89 0,359 3,20 1,150 5,1 2
36,8 0,117 0,0396 0,88 0,356 3,15 1,130 5,05 1,99
37,0 0,115 0,039 0,87 0,353 3,10 1,120 5 1,98
37,2 0,113 0,0384 0,86 0,347 3,05 1,100 4,95 1,96
37,4 0,111 0,0379 0,85 0,344 3,00 1,090 4,9 1,95
37,6 0,109 0,0374 0,84 0,340 2,95 1,080 4,85 1,94
37,8 0,107 0,0369 0,83 0,339 2,90 1,070 4,8 1,93
38,0 0,105 0,0364 0,82 0,336 2,85 ¥,060 4,75 1,92
38,2 0,103 0,0359 0,81 0,332 2,80 1,040 4,7 1,91
38,4 0,102 0,0354 0,80 0,329 2,75 1,030 4,65 1,9
38,6 0,101 0,0350 0,79 0,326 279 1,020 4,6 1,87
38,8 0,100 0,0346 0,78 0,323 2,65 1,010 4,55 1,86
39,0 0,099 0,0342 0,77 0,320 2,60 1,000 4,5 1,85
39,2 0,098 0,0338 0,76 0,317 2,56 0,980 4,45 1,83
39,4 0,097 0,0334 0,75 0,314 2,52 0,970 4,4 1,82
39,6 0,096 0,0331 0,75 0,311 2,48 0,960 4,35 1,8
39,8 0,095 0,0328 0,74 0,308 2,44 0,950 4,3 1,79
40,0 0,094 0,0325 0,73 0,305 2,40 0,940 4,25 1,78
40,2 0,092 0,0322 0,72 0,302 2,37 0,930 4,2 1,76
40,4 0,091 0,0319 0,71 0,299 2,35 0,920 4,15 1,75
40,6 0,090 0,0316 0,70 0,296 2,32 0,910 4.1 1,74
40,8 0,089 0,0313 0,69 0,293 2,30 0,900 4,05 1,73
41,0 0,088 0,0310 0,68 0,290 2,27 0,890 4 1,72
41,2 0,087 0,0307 0,674 0,287 2,25 0,882 3,95 1,7
41,4 0,086 0,0804 0,668 0,284 2,22 0,874 3,9 1,68
41,6 0,085 0,0301 0,662 0,281 2,20 0,866 3,85 1,67
41,8 0,084 0,0299 0,656 0,278 2,17 0,858 3,8 1,66
42,0 0,088 0,0297 0,650 0,275 2,15 0,850 3,75 1,65
42,2 0,082 0,0294 0,644 0,272 2,12 0,842 3,72 1,62
42,4 0,081 0,0292 0,638 0,269 2,10 0,834 3,68 1,61
42,6 0,079 0,0289 0,632 0,266 2,07 0,826 3,64 1,6
42,8 0,078 0,0286 0,626 0,264 2,05 0,818 3,6 1,59
43,0 0,077 0,0284 0,620 0,262 2,02 0,810 3,55 1,58
43,2 0,076 0,0281 0,614 0,259 2,00 0,802 3,5 1,56
43,4 0,075 0,0279 0,608 0,257 1,98 0,794 3,45 1,55
43,6 0,074 0,0276 0,602 0,254 1,96 0,786 3,4 1,54
43,8 0,073 0,0273 0,596 0,252 1,94 0,778 3,35 1,53
44,0 0,072 0,0271 0,590 0,25 1,92 0,770 3,3 1,52
442 0,071 0,0268 0,584 0,248 1,90 0,762 3,25 1,5
44,4 0,070 0,0266 0,578 0,246 1,88 0,754 3,2 1,48

Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group Continued on

Next Page
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Table A.2 — Permitted capacitance corresponding to the voltage and the Equipment Group

Continued

Permitted capacitance

uF
Voltage V for Group IIC apparatus for Group IIB apparatus for Group IIA apparatus for Group | apparatus
with a factor of safety of | with a factor of safety of | with a factor of safety of | with a factor of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

44,6 0,069 0,0263 0,572 0,244 1,86 0,746 3,15 1,47
44,8 0,068 0,0261 0,566 0,242 1,84 0,738 3,1 1,46
45,0 0,067 0.0259 0,560 0,240 1,82 0,730 3.05 1,45
45,2 0,066 0,0257 0,554 0,238 1,80 0,722 3 1,42
45,4 0,065 0,0254 0,548 0,236 1,78 0,714 2,98 1,41
45,6 0,064 0,0251 0,542 0,234 1,76 0,706 2,96 1,4
45,8 0,063 0,0249 0,536 0,232 1,74 0,698 2,94 1,39
46,0 0,0623 0,0247 0,530 0,230 1,72 0,690 2,92 1,38
46,2 0,0616 0,0244 0,524 0,228 1,70 0,682 2,9 1,36
46,4 0,0609 0,0242 0,518 0,226 1,68 0,674 2,88 1,35
46,6 0,0602 0,0239 0,512 0,224 1,67 0,666 2,86 1,34
46,8 0,0596 0,0237 0,506 0,222 1,65 0,658 2,84 1,33
47,0 0,0590 0,0235 0,500 0,220 1,63 0,650 2,82 1,32
47,2 0,0584 0,0232 0,495 0,218 1,61 0,644 2,8 1,3
47,4 0,0578 0,0229 0,490 0,216 1460 0,638 2,78 1,28
47,6 0,0572 0,0227 0,485 0,214 1,59 0,632 2,76 1,27
47,8 0,0566 0,0225 0,480 0,212 1,57 0,626 2,74 1,26
48,0 0,0560 0,0223 0,475 0,210 1,56 0,620 2,72 1,25
48,2 0,0554 0,0220 0,470 0,208 1,54 0,614 2,7 1,22
48,4 0,0548 0,0218 0,465 0,206 1,53 0,609 2,68 1,21
48,6 0,0542 0,0215 0,460 0,205 1,52 0,604 2,66 1,2
48,8 0,0536 0,0213 0,455 0,203 1,50 0,599 2,64 1,19
49,0 0,0530 0,0211 0,450 0,201 1,49 0,594 2,62 1,18
49,2 0,0524 0,0208 0,445 0,198 1,48 0,589 2,6 1,16
49,4 0,0518 0,0206 0,440 0,197 1,46 0,584 2,56 1,15
49,6 0,0512 0,0204 0,435 0,196 1,45 0,579 2,52 1,14
49,8 0,0506 0,0202 0,430 0,194 1,44 0,574 2,46 1,13
50,0 0,0500 0,0200 0,425 0,193 1,43 0,570 2,46 1,12
50,5 0,0490 0,0194 0,420 0,190 1,40 0,558 2,43 1,1
51,0 0,0480 0,0190 0,415 0,187 1,37 0,547 2,4 1,08
51,5 0,0470 0,0186 0,407 0,184 1,34 0,535 2,3 1,02
52,0 0,0460 0,0183 0,400 0,181 1,31 0,524 2,25 1
52,5 0,0450 0,0178 0,392 0,178 1,28 0,512 2,2 0,99
53,0 0)0440 0,0174 0,385 0,175 1,25 0,501 2,2 0,97
53,5 0,0430 0,0170 0,380 0,172 1,22 0,490 2,2 0,96
54,0 0,0420 0,0168 0,375 0,170 1,20 0,479 2,15 0,95
54,5 0,0410 0,0166 0,367 0,168 1,18 0,468 2,15 0,94
55,0 0,0400 0,0165 0,360 0,166 1,16 0,457 2 0,94
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A.4 Permitted reduction of effective capacitance when protected by a series resistance

When a resistance is used in series with a capacitance to limit the energy that may discharge from the
combination of both (energy between nodes A and B in the Figure A.9 below), the assessment of the
effective capacitance between these two nodes may be simplified by using Table A.3. Alternatively, if the
table is not applied, the circuit may be tested.

The resistor shall be in accordance with 7.1, and the node X shall be segregated from all other conductive

parts according to 6.3.

/'

—
/"

s5589

Figure A.9 — Equivalent capacitance

Ceff =Cxred

[~

|

uction factor

Table A{3 — Permitted reduction of effective capacitance when protected by a series r¢sistance

Resistance R

o

Reduction factor

1,00

0,97

0,94

0,91

0,87

0,85

0,83

0,80

0,79

Olo|N|oja|~|lwINM|=|O

0,77

Table A.3 — Permitted reduction of effective capacitance when protected by a series resistance

Continued on Next Page
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Table A.3 — Permitted reduction of effective capacitance when protected by a series resistance

Continued
Resistance R Reduction factor

Q

10 0,74
12 0,70
14 0,66
16 0,63
18 0,61
20 0,57
25 0,54
30 0,49
40 0,41

NOTE The r¢ductions specified in the above table are conservative and further reductions may be achieved by testing.
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Annex B
(normative)
Spark test apparatus for intrinsically safe circuits

B.1 Test methods for spark ignition

B.1.1 Principle

The circuit to be tested is connected to the contacts of the spark test apparatus, which are in an explosion

chamber t

The paraneters of the circuit are adjusted to achieve the prescribed safety factor andra-test

determine
operationg

Except wh
(tungsten

B.1.2 Apparatus

The appar
250 cm?. |

NOTE 1 An
B.1, B.2 and

One of thg¢ two contact electrodes shall consist-of a rotating cadmium contact disc with two
Figure B.4.

NOTE 2 Cad

The other
clamped g
as in Figu

NOTE 3 It i advantageous to, round off the corners of the electrode holder slightly at the points where the wires ar

avoid prema

The conta

hat Is filled with an explosive test mixture.
whether or not ignition of the explosive test mixture takes place within a.defined
of the contact system.

ere otherwise specified, the tolerance on mechanical dimensions ofithe machined pal
vire length £10 %) and that of voltages and current is £1 %.

htus shall consist of a contact arrangement in an expldsion chamber having a volume
is arranged to produce make-sparks and break-spatks in the prescribed explosive te

bxample of a practical design of the test apparatus is shewn' in Figure B.4. (For the contact arrangement
B.3.)

mium as supplied for electroplatingsmay be used for casting cadmium contact discs.
contact electrode consists of four tungsten contact wires with a diameter of 0,2 4

n a circle of 50 mmqdiameter to an electrode holder (made of brass or other suitab
e B.3).

ure breakagelof the wires at the sharp edge.

the tungstIn contact wires slide over the slotted cadmium disc. The distance between the electr

and the ¢ ;

Ct arfangement shall be mounted as shown in Figure B.1. The electrode holder rota

s made to
number of

Its is £2 %

of at least

st mixture.

see Figures

Slots as in

0,02 mm

e material

P clamped to

es so that
pde holder

wires are

straight and fitted so as to be normal to the surface of the cadmium disc when not in contact with it.

The axes of the shafts driving the cadmium disc and the electrode holder are 31 mm apart and are
electrically insulated from each other and from the baseplate of the apparatus. The current is led in and
out through sliding contacts on the shafts which are geared together by non-conductive gears with a ratio

of 50:12.

The electrode holder shall rotate at 80 r/min by an electric motor, with suitable reduction gearing if

necessary

. The cadmium disc is turned more slowly in the opposite direction.
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NOTE 4 Gas-tight bearing bushes in the baseplate are necessary unless a gas flow system is used.

Either a counting device is provided to record the number of revolutions of the motor-driven shaft of the
electrode holder or a timing device may be used to determine the test duration, from which the number of
revolutions of the shaft of the electrode holder can be calculated.

NOTE 5 It is advantageous to stop the driving motor, or at least the counting device, automatically after an ignition of the explosive
mixture, for example by means of a photocell or a pressure switch.

The explosion chamber shall be capable of withstanding an explosion pressure of at least 1 500 kPa (15
bars) except where provision is made to release the explosion pressure.

At the terminals of the contact arrangement, the self-capacitance of the test apparatus shall-ot exceed
30 pF with the contacts open. The resistance shall not exceed 0,15 Q at a current ofyl.A djc. and the
self-inductance shall not exceed 3 pH with the contacts closed.
B.1.3 Caljbration of spark test apparatus

The sensitivity of the spark test apparatus shall be checked before and-after each series jof tests in
accordance with 10.1.3.

When the| sensitivity is not as specified, the following procedure_shall be followed until the required
sensitivity [is achieved:

a) check the parameters of the calibration circuit;

b) check the composition of the explosive test mixture;
c) clean the tungsten wires;

d) replace|the tungsten wires;

e) connecl the terminals to a 95 mH/24V/100 mA circuit as specified in 10.1.3 and run the test|apparatus
with the contacts in air for a minimum of 20 000 revolutions of the electrode holder;

f) replace the cadmium disc-and calibrate the apparatus in accordance with 10.1.3.
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B.1.4 Preparation and cleaning of tungsten wires

Tungsten is a very brittle material and tungsten wires often tend to split at the ends after a relatively short
period of operation.

To resolve this difficulty, one of the following procedures shall be followed.

a) Fuse the ends of the tungsten wires in a simple device as shown in Figure B.5. This forms a small
sphere on each wire which shall be removed, for example by slight pressure by tweezers.

When prepared in this way, it is found that, on average, one of the four contact wires has to be changed
only after about 50 000 sparks.

b) Cut the [tungsten wires with a shearing action, for example using heavy duty scissors¢mngood condition.

The wires| are then mounted in the electrode holder and manually cleaned by, tubbing the surface,
including the end of the wire, with grade 0 emery cloth or similar.

NOTE 1 It isladvantageous to remove the electrode holder from the test apparatus when cléaning the wires.

NOTE 2 The|specification for grade 0 emery cloth grains determined by sieving is as_follews.

Requirements Sieve aperturésize (um)
All grains to|pass 106

Not more then 24 % to be retained 75

At least 40 o to be retained 53

Not more thpn 10 % to pass 45

Experience has shown that, in order to stabilize the sensitivity during use, it is advantageous tq clean and
straighten|the wires at regular intervals. The_interval chosen depends on the rate at which deposits form
on the wirgs. This rate depends on the cireuit being tested. A wire shall be replaced if the end pf the wire
is split or if the wire cannot be straightened.

B.1.5 Conditioning a new cadmium disc

The followjng procedure is recommended for conditioning a new cadmium disc to stabilize the| sensitivity
of the spafk test apparatus:

a) fit the new disc info the spark test apparatus;

b) connec{ the terminals to a 95 mH/24 V/100 mA circuit as specified in 10.1.3 and run the test|apparatus
with the c?ntacts in air for a minimum of 20 000 revolutions of the electrode holder;

c) fit new tungsten wires prepared and cleaned in accordance with B.1.4 and connect the test apparatus
to a 2 pyF non-electrolytic capacitor charged through a 2 kQ resistor;

d) using the Group IlA (or Group |) explosive test mixture conforming to 10.1.3.1, apply 70 V (or 95 V for
Group 1) to the capacitive circuit and operate the spark test apparatus for a minimum of 400 revolutions
of the electrode holder or until ignition occurs. If no ignition takes place, check the gas mixture, replace
wires, or check the spark test apparatus. When ignition occurs, reduce the voltage in steps of 5 V and
repeat. Repeat until no ignition takes place;
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e) the voltage at which ignition shall be obtained to be 45 V for Group IIA (55 V for Group 1) and the

voltage at

which no ignition takes place shall be 40 V for Group IIA (50 V for Group I).

B.1.6 Limitations of the apparatus

The spark test apparatus is designed for testing intrinsically safe circuits within the following limits:

a) a test current not exceeding 3 A;

b) resistive or capacitive circuits where the operating voltage does not exceed 300 V;

) inductiv|
d) for circy
NOTE 1 The

NOTE 2 If th

the test resulft.

NOTE 3 With
results.

NOTE 4 Cap
spark test ap
to the fact th
The spark
reduce thd
required n
throughou
NOTE 5 For
B.1.7 Mo¢

Test curre

The tungs
free length

NOTE 1 The

B circuits where the inductance does not exceed 1 H;
its up to 1,5 MHz.
apparatus can be successfully applied to circuits exceeding these limits but variations in sensitivity may

b test current exceeds 3 A, the temperature rise of the tungsten wires may lead to additional ignition effect

inductive circuits, care should be exercised that self-inductance and circuit-time constants do not adverg

acitive and inductive circuits with large time constants may be‘tested, for example by reducing the speed
paratus is driven. Capacitive circuits may be tested by remeving two or three of the tungsten wires. Atter]
ht reducing the speed of the spark test apparatus may alter/its sensitivity.

test apparatus might not be suitable for:the testing of circuits, which shut off the
electrical values as a result of making*or breaking contact in the spark apparatus
umber of revolutions. Such circuits~shall under test deliver the worst case output
the test.

the test of such circuits Annex E-and Annex H provide further information.

lifications of test apparatus for use at higher currents

en wires @rereplaced by wires with diameter increased from 0,2 mm to 0,4 + 0,03 nj
reducéd)to 10,5 mm.

hts of 3 A to 10"A-may be tested in the test apparatus when it is modified as followg.

joccur.

5 invalidating

ely affect the

at which the
tion is drawn

current or
during the
conditions

m and the

reduyction in free length reduces the wear on the cadmium disc.

The total resistance of the apparatus including the commutation contact resistance shall be reduced to
less than 100 mQ or the circuit under test shall be modified to compensate for the internal resistance of
the spark test apparatus.

NOTE 2 Brushes of the type used in the automobile industry combined with brass sleeves on the apparatus shafts so as to increase

the contact area have been found to be one practical solution to reduce the contact resistance.

The total inductance of the test apparatus and the inductance of the interconnection to the circuit under
test must be minimized. A maximum value of 1 pH must be achieved.
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The apparatus can be used for higher currents but special care in interpreting the results is necessary.
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su1239

Key
1 Connection for circuit under test

Dimensions in millimetres

Figure B.1 — Spark test apparatus for intrinsically safe circuits
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Figure B.2 — Cadmium.contact disc
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1 Detail X, scale 10:1

Dimensions in millimetres

Figure B.3 — Wire holder
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10 Pressure plate

2 Current connection
3 Insulated bolt

4 Insulated bearing
5 Gas outlet

6 Base plate

7 Contact wire

8 Wire holder

9 Clamping screw

11 Clamp

12 Chamber

13 Cadmium contact disc

14 Rubber seal

15 Gas inlets

16 Gear wheel drive 50:12

17 Insulated coupling

18 Drive motor with reduction gears 80 r/min

Figure B.4 — Example of a practical design of spark test apparatus
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IEC 1405/06
u0539
Key
1 Current fepd 3 Tungsten wire
2 Copper blpck 4 Insulating plate
NOTE Remojve melted droplets with tweezers.

Figure B.5 — Arrangement for fusing tungsten wires
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Annex C
(informative)
Measurement of creepage distances, clearances and separation distances through casting
compound and through solid insulation

C.1 Clearances and separation distances through casting compound and through solid
insulation

The voltage to be used should be determined in accordance with 6.3.3.
The clearance is taken as the shortest distance in air between two conductive parts and, where there is

an insulating part, for example a barrier, between the conductive parts, the distance i1s measpred along
the path which will be taken by a stretched piece of string as can be seen in Figure C.1.

IEC 1407/06
su0540

KEY

1 Conductor
2 Clearance
3 Barrier

Figure C.1 — Measurement of clearance

Where the distance between the conductive paris is parily clearance and parily separation distance
through casting compound and/or solid insulation, the equivalent clearance or separation distance through
casting compound can be calculated in the following manner. The value can then be compared with the
value in the relevant column of Table 5.

In Figure C.2 let A be the clearance, B be the separation distance through casting compound and C be
the separation distance through solid insulation.
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1 Conductor

If Ais leg
clearance

su0541a

Figure C.2 — Measurement of composite distances

/4 %

s than the applicable value of Table 5;0ne of the following tabulations can be
or separation which is below one-third, of the relevant value specified in Table 5

used. Any
should be

ignored fof the purpose of these calculations:
The results of these calculations should be-added and compared with the appropriate value in Table 5.
To use column 2 of Table 5, multipty~the measured values by the following factors:
Voltqge difference U<10V 10V<U<30V Uu>30V
A 1 1 1
B 3 3 3
C 3 4 6
To use column<3:0f Table 5, multiply the measured values by the following factors:



https://ulnorm.com/api/?name=UL 60079-11 2018.pdf

FEBRUARY 15, 2013

ANSI/ISA 60079-11 (12.02.01)-2012 ¢ ANSI/UL 60079-11

143

Voltage difference U<10V 10V<U<30V U>30V
A 0,33 0,33 0,33
B 1 1 1
C 1 1,33 2

To use column 4 of Table 5, multiply the measured values by the following factors:

Voltage difference U<10V 10V<U<30V Uu=30V
A 0,33 0,25 0,17
B 1 0,75 0,5
C h | h | h |

C.2 Creepage distances

The voltage to be used should be determined in accordance with 6.3.3.

Creepage [distances have to be measured along the surface of insulation and, therefore, are mgasured as

shown in the following sketch.

W%@ﬁ%%U

@

su0542
Key
1 Substrate 3 Barrier
2 Groove 4 Cement

Figure C.3 — Measurement of creepage

The following measurements should be made as shown in Figure C.3:

IEC 1409/06

a) the creepage distance should be measured around any intentional groove in the surface, providing that

the groove is at least 3 mm wide;
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b) where an insulating partition or barrier conforming to 6.3.2 is inserted but not cemented in, the creepage
distance should be measured either over or under the partition, whichever gives the smaller value;

c) if the partition described in b) is cemented in, then the creepage distance should always be measured
over the partition.

A
\
A

(2

®\NNL N w'/ @
%

G227 /2

su1237

Key

1 Varnish

2 Conductor
3 Substrate

Figure C.4 — Measurement of composite creepage

When varngish is used to reduce the“required creepage distances, and only part of the creepade distance
is varnishgd as shown in Figure. C.4, the total effective creepage distance is compared to either column
5 or column 6 of Table 5 by the following calculation: to compare to column 5 of Table 5, mult|ply B by 1
and A by [3; to compare \to’ column 6 of Table 5, multiply B by 0,33 and A by 1. Then add the results
together.
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Annex D
(normative)
Encapsulation

D.1 Adherence

A seal shall be maintained where any part of the circuit emerges from the encapsulation and therefore the

compound shall adhere at these interfaces.

The exclysion of components encapsulated with casting compound from the creepagd
requiremepts is based upon the removal of the likelihood of contamination. The measuremen

distance
of CTl is,

in effect, § measurement of the degree of contamination needed to cause breakdown“in a separation

between conductive parts. The following assumptions emerge from this basic consideration:

— if all electrical parts and substrates are totally enclosed, that is if nothing emerges
encapsulation, then there is no risk of contamination and hence breakdown\from contaminat
occur;

— if any part of the circuit, for example a bare or insulated conductor o¥'component or the sub
printed cifcuit board, emerges from the encapsulation, then, unless the compound adhe
interface, gontamination can enter at that interface and cause bréakdown.

D.2 Temperature

The casting compound shall have a temperature ratingsconforming to 6.6.

NOTE 1 All dasting compounds have a maximum temperaturesabove which they may lose or change their specified proj
changes maly cause cracking or decomposition which\could result in surfaces hotter than the outside surface o

compound bging exposed to an explosive atmosphere:

NOTE 2 It should be noted that components \which are encapsulated may be hotter or colder than they would b
depending o the thermal conductivity of the tasting compound.

from the
on cannot

strate of a
res at the

perties. Such
the casting

e in free air,
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Oan/N

Figure D.1a - No Enclosure

L

N
i\\\

S45740 Figure D.1d - Enclosure with cover

1 Free surfag¢e

2 Encapsulapt —= /2 of column 3 of Table 5 with a minimum of 1,00 mm

3 Component — encapsulant need not penetrate

4 Encapsulant — no specified thickness

5 Metal or insulating enclosure

— no specified thickness for metallic enclosure, but see 6.1

— Insulation thickness shall conform to column 4 of Table 5

Figure D.1 — Examples of encapsulated assemblies conforming to 6.3.5 and 6.6
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The minimum thickness to the free surface is at least ' the value given in column 3 of Table'
with a minimum of 1 mm.

Figure D.2a - Mechanical

The minimum thickness-is determined by external surface temperature

Figure D.2b - Temperature

The marked separation distances comply with column 3 of Table 5,
Table F.1 or Table F.2. The minimum thickness to the free surface is at least 1 mm.

Figure D.2c - Separation of circuits
su1236
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The minimum thickness to the free surface is at least 2 the value given in column 3 of Table 5
with a mjinimum of Tmm.

Figure D.2d - Protecttion of fuses in an intrinsically safe circyit

|
)

The minimurm:thickness to the free surface is at least 2 the value given in column 3 of Table 5
with a mjinimum of Tmm.

Figure D.2e - Exclusion of gas

su1235

Figure D.2 — Applications of encapsulation using casting compound without an enclosure
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