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Foreword

This Standard is mandatory national standard.

This Standard is a revision of National Standard 3886.4-1983 according to the international
standard IEC 60079-11: 199ectrical Apparatus for Explosive Gas Atmospherdstrinsic
Safety "i" It is equivalent to IEC 60079-11 in the geneeaaltdrs, technical factors, supplementary
factors and other technical content, so as to ntieetrequirements of international trade,
technology and economic exchange. The differentedsn this standard and 60079-11 is that
note is added in Clause 6.6 and supplementary giomd are provided for Group | electrical
apparatuses for which ground wire is not allowebeaaised as return circuit.

This standard is divided into the following parteder the general title - Electrical Apparatus for
Explosive Gas Atmospheresitrinsic Safety "i":

GB 3836.1-2000 Electrical Apparatus for ExplosiveasGAtmospheres -Part 1: General
Requirements (eqv IEC 60079-0:1998)

GB 3836.2-2000 Electrical Apparatus for ExplosivasG\tmospheres -Part 2: Flameproof Type
"d" (eqv IEC 60079-1:1990)

GB 3836.4-2000 Electrical Apparatus for Explosives@\tmospheres -Part 4: Intrinsic Safe Type
"i" (eqv IEC 60079-7:1990)

GB 3836.4-2000 Electrical Apparatus for Explosives@\tmospheres -Part 4: Intrinsic Safe Type
"i"(eqv IEC 60079-11:1999)

Compared with National Standard GB 38361983, this standard has been changed a lot.
The main differences include: 22 necessary dafiméj including countable fault and
non-countable fault, have been added in the difinitin structure requirements, specific
provisions have been added for the temperatureireSvand small components; a lot of contents
have been added for connecting device for extarinalit and space between conductive parts;
more detailed provisions have been provided fdrazed batteries in the provisions of components
related to intrinsic safety; provisions and anaysethod about countable fault and non-countable
fault have been added for component and connefditbume; provisions about connection method
of wires and photoelectric coupler have been addethie chapter of reliable components and
reliable connection; some test requirements of elisdfety barriers have been changed in the
chapter of Diode Safety Barriers; in the chaptefygfe Verifications and Type Tests provisions of
calibration circuit of electrode made with matesialther than non cadmium dish have been
cancelled, the test method of increasing safetypfagith oxygen enriched test gas has been added,
and detailed provisions have been added for terpergest, ignition test of small components,
cell and batteries test, piezoelectric device testhanical test, etc. In addition, this stand#sd a
adds appendix for 3 standards. In Appendix A Asgess of Intrinsically Safe Circuits, ignition
curves without cadmium, zinc or magnesium have likdeted and corresponding ignition value
table has been listed; Appendix B Spark Test Appardor Intrinsically Safe Circuits; In
Appendix D Encapsulation provisions of encapsutativethod and encapsulation components
have been provided.

This Standard supersedes National Standard GB 8833983 as from the date when this
Standard is enforced.
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Appendix A, B and D to this Standard are the noiveatnes.

Appendix C is the informative one.

This Standard is proposed by the State Bureau chitécal Industry.

This Standard is steered by the National Techn@ainmittee for Explosion-proof Electrical
Apparatus Standardization.

This Standard is drafted by Nanyang Explosion-pilettrical Research Institute of the Ministry
of Mechanical Industry, Fushun institute and Chamgdnstitute under Coal Science Research
Institution, etc.

The main drafting persons of this Standard are sgxiang, Zhang Lianghai, Xing Zizhong, He
Chongzhi, Zheng Qi and Zhang Pingyi.

This Standard was issued initially on August 293.88d was revised for the first time in October,
2000.

National Technical Committee for Explosion-proofeé&tical Apparatus Standardization is
entrusted to be responsible for making explanationthis Standard.
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Foreword of IEC

1). International Electrotechnic Commission (IEG) an international standardization
organization. It is composed of all the IEC Natio@mmittees. The purpose of IEC is to
promote the international cooperation in all proide related to standardization in the
electro-technical field. For this purpose, IEC giadblishes international standards in addition to
the other activities. Formulation of standardsrifrested to each technical committee. Any IEC
National Committee interested in the subject m&g faart in the preparations. In formulation of
standards, any international organization, govemnog non-government organization and any
other organization related to IEC may also takd pathis work. According to the conditions
agreed between the two organizations through ctaimns, IEC cooperates closely with the
International Standardization Organization (ISO).

2). All the formal resolutions or agreements B€Iregarding technical problems reflect as
possible as they can the internationally unifornmimms, because all IEC National Committees
that have special interest in the subject have tepresentatives in the technical committee.

3). They have forms of recommendation which areegally used internationally, and are
published in a form of a standard, a form of a mécdl report or a guideline and are accepted by
all IEC National Committee in this sense.

4). With view to promoting international uniforsaition, All IEC National Committees
agree to use IEC International Standards to the mdgnt in their national standards and regional
standards. In case there is any difference betwEé€h standards and the relevant national
standards or regional standards, it shall be eledgbcribed in the test of the relevant national
standard respectively.

5). There is no provision for the approval pragedmade by IEC. Therefore, when it is
stated that some equipment meets some standahé aiternational standard, IEC shall not bear
any responsibility.

6). It is worth noting that some part of thiseimational standard may cover patent rights,
and IEC will not bear any responsibility for sontggivalence or the equivalence as a whole.
International Standard IEC 60079-11 is formulategd ®C31G Sub Technical Committee
"Intrinsically Safe Apparatus" of IEC TC 31 Techali€ommittee.

This fourth edition will cancel and supersede thiedtedition of IEC 60079-11 published in 1991,
and the technical revisions have been made.

Appendix B includes provisions of Spark Test Appasaand replaces IEC 60079-3:1990.

This international standard should be read togettiter IEC 60079-0:1998 Electrical Apparatus
for Explosive Gas Atmospheres -Part 0: General Reapents.

This Standard is based on the following documents:

FDIS Report on Voting

31G/65 FDIS 31G/68/RVD

The complete conditions for approval of this Staddhay voting can be examined with the
reference made to the Report on Voting indicatetiénabove table.

Appendix A, Appendix B and Appendix D constituteiategral part of this Standard.

Appendix C is only provided as information.
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National Standard of the People's Republic of China
GB 3836.4-2000
eqv IEC 60079-11 1999
Superseding GB 383%5.41983

Electrical apparatus for explosive gas atmospheres—

Part 4 Intrinsic Safety "I"

1. Scope

1.1 This standard specifies the construction astihig of intrinsically safe apparatus, intended for
use in potentially explosive atmospheres and fa@o@ated apparatus, which is intended for
connection to intrinsically safe circuits which @nsuch atmospheres.

1.2 This standard supplements GB 3836.1-2000 HkdattrApparatus for Explosive Gas
Atmospheres -Part 1: General Requirements, thareggents of which apply to intrinsically safe
apparatus and to associated apparatus exceptieat@utin the following list.

If associated apparatus is protected by a typerategtion listed in GB 3836.1-2000 then the
requirements of that method of protection togethign the relevant parts of GB 3836.1-2000 also
apply to the associated apparatus. The list ofusi@hs which follows is directly applicable to

associated apparatus intended for use in situatwmsre there is no potentially explosive
atmosphere and in other circumstances should lking®mbination with the requirements of the
other methods of protection.

Clause or subclause excluded
Clause of GB 3836.1-2000 Intrinsically safe| Associated
3.1 Electrical apparatus Yes Yes
4.2.2 Marking of maximum surface temperature No Yes
5.1 Maximum surface temperature No Yes
5.3 Surface temperature and ignition temperature No Yes
6.2 Enclosure opening delay Yes Yes
7.1.1 Definition of plastics material No Yes
7.1.2 Requirement of plastics material Yes Yes
7.1.3 Verification of plastics material compliance No Yes
7.2 Thermal endurance Yes Yes
7.3 Electrostatic charges on plastics enclosures No Yes
7.3.1 Electrical apparatus of Group | Yes Yes
7.3.2 Electrical apparatus of Group Il Yes Yes
7.5 Threaded holes in plastics Yes Yes
8.1 Light metal enclosure materials No Yes
8.2 Threaded holes in light metals Yes Yes
Approved by CSBTS on Oct 17, 2000 Implemented on June 1, 2001
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Clause of GB 3836.1-2000 Clause or subclause excluded
Intrinsically safe Associated
apparatus apparatus

9 Fasteners Yes Yes

10 Interlocking devices Yes Yes

11 Bushings Yes Yes

12 Materials used for cementing Yes Yes

14 Connection facilities and terminal compartments Yes Yes

15 Connection facilities for earthing or bondingndactors | Yes Yes

16 Cable and conduit entries Yes Yes

17 to 22 Supplementary requirements for certaictetal | Yes Yes

apparatus

23.4.3.1 Test for resistance to impact Yes Yes

23.4.3.2 Drop test (no prior impact test necessary) No Yes

23.4.3.3 Required results No Yes

23.4.5 Torque test for bushings Yes Yes

23.4.6.1 Temperature measurement No Yes

23.4.6.2 Thermal shock test Yes Yes
23.4.7.1 t0 23.4.7.7 Tests on non-metallic encksur Yes Yes
23.4.7.8 Insulation resistance test of parts olcmouces off No Yes
plastics materials

27.7 Examples of marking Yes Yes

Appendix B Ex cable entries Yes Yes

1.3 This standard is applicable to electrical appar in which the electrical circuits themselves
are incapable of causing an explosion in the sadmg explosive atmospheres.

1.4 This standard is also applicable to electréqggdaratus or parts of electrical apparatus located
outside the potentially explosive atmosphere otquted by another type of protection listed in
GB 3836.1, where the intrinsic safety of the eleatr circuits in the potentially explosive
atmosphere may depend upon the design and constraétsuch electrical apparatus or parts of
such electrical apparatus. The electrical circeitgosed to the potentially explosive atmosphere
are evaluated for use in such an atmosphere byiaghis standard.

2 Normative References

The following normative documents contain provisiowhich, through reference in this text,
constitute provisions of this standard. At the tiofigoublication, the editions indicated were valid.
All normative documents are subject to revisiorg parties to agreements based on this standard

are encouraged to investigate the possibility @iyapg the most recent editions of the normative
7
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documents indicated below.

GB 9364.1-1997 Miniature fuses-Part 1. Definitidos miniature fuses and general requirement
for miniature fuse-links (idt IEC 60127-1:1988)

GB 9364.2-1997 Miniature fuses-Part 2: Cartridgeefiinks (idt IEC 60127-2:1989)
GB 9364.3-1997 Miniature fuses-Part 3: Sub-minafuse-links (idt IEC 60127-3:1988)

GB 3836.1-2000 Electrical apparatus for explosiae gtmospheres--Part 1:General requirements
(eqv IEC 60079-0:1988)

GB 3836.3-2000 Electrical apparatus for explosias gtmospheres--Part 3: Increased safety "e"
(idt IEC 60079-7:1990)

GB 4208-1993 Degrees of protection provided by@swile(IP code) (eqv IEC 60529:1989)

GB 4207-1984 Method for determining the comparatwe the proof tracking indices of solid
insulating materials under moist conditions (eq€ I&0112:1979)

GBI/T 11021-1989 Heat resistance assessment arsificlation of electrical insulation (eqv IEC
60085:1984)

3 Definitions
For the purpose of this standard, the followingrdgbns apply:
3.1 Intrinsically safe circuit
Circuit in which any spark or any thermal effecbguced in the conditions specified in this
standard, which include normal operation and sjgetiiault conditions, is not capable of causing
ignition of a given explosive gas atmosphere
3.2 Electrical apparatus
Assembly of electrical components, electrical diwor parts of electrical circuits normally
contained in a single enclosure.
NOTE 1 — The term "normally" has been introducedntticate that an apparatus may occasionally bmdne
than one enclosure, for example, a telephone adia transceiver with a hand microphone.
NOTE 2 — This definition is more precise than thattained in GB 3836.1-2000.
3.3 Intrinsically safe apparatus
Electrical apparatus in which all the circuits enteinsically safe circuits.
3.4 Associated apparatus
Electrical apparatus which contains both intrinkycaafe circuits and non-intrinsically safe
circuits and is constructed so that the non-inically safe circuits cannot adversely affect the
intrinsically safe circuits.
NOTE — Associated apparatus may be either
a) electrical apparatus which has another typeateption listed in GB 3836.1 for use in the appiaterexplosive
gas atmosphere, or
b) electrical apparatus not so protected and whingrefore, shall not be used within an explosias atmosphere,
for example a recorder which is not itself in arplegsive gas atmosphere, but is connected to a teuaple
situated within an explosive atmosphere where tidyrecorder input circuit is intrinsically safe.
3.5 Normal operation
Operation of intrinsically safe apparatus or asgted apparatus such that it conforms electrically
and mechanically with the design specification piat! by its manufacturer.

8
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3.6 Fault

Any defect of any component, separation, insulattonconnection between components, not
defined as infallible by this standard, upon whieé intrinsic safety of a circuit depends.

3.7 Countable fault

Fault which occurs in parts of electrical apparatosforming to the constructional requirements
of this standard

3.8 Non-countable fault

Fault which occurs in parts of electrical apparatust conforming to the constructional
requirements of this standard

3.9 Infallible component or infallible assembly ocomponents

Component or assembly of components that is coresides not subject to certain fault modes as
specified in this standard.

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

3.10 Infallible separation or insulation

Separation or insulation between electrically cantie parts that is considered as not subject to
short circuits.

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

3.11 Simple apparatus

Electrical component or combination of componertssimple construction with well-defined
electrical parameters which is compatible withititensic safety of the circuit in which it is used
3.12 Internal wiring

Wiring and electrical connections that are madaiwithe apparatus by its manufacturer.

3.13 Minimum igniting current (MIC)

Minimum current in resistive or inductive circuitisat causes the ignition of the explosive test
mixture in the spark-test apparatus according tpefyplix B.

3.14 Minimum igniting voltage

minimum voltage of capacitive circuits that caugesignition of the explosive test mixture in the
spark test apparatus described in Appendix B.

3.15 Maximum r.m.s. a.c. or d.c. voltage (Um)

Maximum voltage that can be applied to the noririeically safe connection facilities of
associated apparatus without invalidating intrirssifety,

NOTE - The value of Um may be different at diffdreats of connection facilities, and may be
different for a.c. and d.c. voltages.

3.16 Maximum input voltage (Ui)

Maximum voltage (peak a.c. or d.c.) that can belieghpto the connection facilities for
intrinsically safe circuits without invalidatingtimsic safety.

3.17 Maximum output voltage (Uo)

Maximum output voltage (peak a.c. or d.c.) in amirigically safe circuit that can appear under
open circuit conditions at the connection faciit@f the apparatus at any applied voltage up to the
maximum voltage, including Um and Ui.

NOTE — Where there is more than one applied vojtige maximum output voltage is that occurring uritie
most onerous combination of applied voltages.
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3.18 Maximum input current (li)

Maximum current (peak a.c. or d.c.) that can bdieghpo the connection facilities for intrinsically
safe circuits without invalidating intrinsic safety

3.19 Maximum output current (lo)

Maximum current (peak a.c. or d.c.) in an intriaflic safe circuit that can be taken from the
connection facilities of the apparatus.

3.20 Maximum input power (Pi)

Maximum input power in an intrinsically safe circtilat can be dissipated within an apparatus
when it is connected to an external source witlhoealidating intrinsic safety.

3.21 Maximum output power (Po)

Maximum electrical power in an intrinsically safiecait that can be taken from the apparatus,
3.22 Maximum external capacitance (Co)

Maximum capacitance in an intrinsically safe citciliat can be connected to the connection
facilities of the apparatus without invalidatindrinsic safety.

3.23 Maximum internal capacitance (Ci)

Total equivalent internal capacitance of the agparahich is considered as appearing across the
connection facilities of the apparatus.

3.24 Maximum external inductance (Lo)

Maximum value of inductance in an intrinsically esafircuit that can be connected to the
connection facilities of the apparatus without iideing intrinsic safety.

3.25 Maximum internal inductance (Li)

Total equivalent internal inductance of the apperawhich is considered as appearing at the
connection facilities of the apparatus.

3.26 Maximum external inductance to resistance rabi (Lo/Ro)

Maximum value of ratio of inductance (Lo) to rearste (Ro) of any external circuit that can be
connected to the connection facilities of the eleal apparatus without invalidating intrinsic
safety.

3.27 Maximum internal inductance to resistance rab (Li/Ri)

Maximum value of ratio of inductance (Li) to resiste (Ri) which is considered as appearing at
the external connection facilities of the electraaparatus.

3.28 Clearance

Shortest distance in air between two conductivéespar

NOTE — This distance applies only to parts thateaeosed to the atmosphere and not to parts
which are insulated parts or covered with castmmmound.

3.29 Distance through casting compound

Shortest distance through a casting compound battwaeconductive parts.

3.30 Distance through solid insulation

Shortest distance through solid insulation betwee&nconductive parts.

3.31 Creepage distance in air

Shortest distance along the surface of an insglatiedium in contact with air between two
conductive parts.

3.32 Creepage distance under coating

Shortest distance between conductive parts aloagstinface of an insulating medium covered
with insulating coating.

10
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3.33 Fuse rating (In)

Current rating of a fuse according to GB9346-198fbdts manufacturer's specification.

3.34 Sealed gas tight cell or battery

Cell or battery which remains closed and does sl#ase either gas or liquid when operated
within the limits of charge or temperature spedifiiy the manufacturer.

NOTE - Such cells and batteries may be equippel wisafety device to prevent dangerously high rater
pressure. The cell or battery does not requiretiaddio the electrolyte and is designed to opedating its life in

its original sealed state.

3.35 Sealed valve-regulated cell or battery

Cell or battery which is closed under normal cdondié but which has an arrangement which
allows the escape of gas if the internal pressxceeadls a predetermined value. The cell or battery
cannot normally receive an addition to the elegteol

3.36 Diode safety barrier

Assemblies incorporating shunt diodes or diodershéincluding Zener diodes) protected by fuses
or resistors or a combination of these, manufadtasean individual apparatus rather than as part
of a larger apparatus.

4 Grouping and Classification of Intrinsically SafeApparatus and Associated Apparatus
Intrinsically safe apparatus and associated appasdtall be grouped and classified in accordance
with Clauses 4 and 5 of GB 3836.1-2000.

5 Categories of Electrical Apparatus

5.1 General

Intrinsically safe apparatus and intrinsically spéats of associated apparatus shall be placed in
category "ia" or "ib".

The requirements of this standard shall apply tth lmategories unless otherwise stated. In the
determination of category "ia" or "ib", failure cbmponents and connections shall be considered
in accordance with 7.6.

NOTE — Apparatus may be specified as both "ia""éioiy and may have different parameters for
each category.

5.2 Category "ia"

With Um and Ui applied, the intrinsically safe diits in electrical apparatus of category "ia" shall
not be capable of causing ignition in each of tikWing circumstances:

a) In normal operation and with the applicatiorthaise non-countable faults which give the most
onerous condition;

b)In normal operation and with the application oeccountable fault plus those non-countable
faults which give the most onerous condition;

¢) In normal operation and with the applicationtwb countable faults plus those noncountable
faults which give the most onerous condition.

The non-countable faults applied may differ in eatthe above circumstances.

In testing or assessing the circuits for sparktignj the following safety factors shall be applied
in accordance with 10.4.2:

— for both a) and b) 1.5; and

—forc) 1.0.

The safety factor applied to voltage or current figtermination of surface temperature
classification shall be 1.0 in all cases.

11
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If only one countable fault can occur, the requigais of b) are considered to give a category of
"ia" if the test requirements for "ia" can then $mgisfied. If no countable faults can occur the
requirements of a) are considered to give a cayegbtia” if the test requirements for "ia" can
then be satisfied.

5.3 Category "ib"

With Um and Ui applied, the intrinsically safe ciits in electrical apparatus of category "ib" shall
not be capable of causing ignition in each of tikWing circumstances:

a) In normal operation and with the applicatiorthaise non-countable faults which give the most
onerous condition;

b) In normal operation and with the applicatioron& countable fault plus the application of those
non-countable faults which give the most onerousliimn.

The non-countable faults applied may differ in eatthe above circumstances.

In testing or assessing the circuits for sparktignj a safety factor of 1,5 shall be applied in
accordance with 10.4.2. The safety factor applietthé¢ voltage or current for the determination

of surface temperature classification shall beid all cases. If no countable fault can occur the
requirements of a) are considered to give a cayegfolib” if the test requirements for "ib" can be
satisfied.

NOTE - Guidance on the assessment of intrinsicafe circuits for spark ignition is contained inpEmdix A.
Details of the spark test apparatus are given ipefsplix B.

5.4 Simple apparatus

The following apparatus shall be considered toilnple apparatus:

a) Passive components, for example switches, pmdtoxes, resistors and simple semiconductor
devices;

b) Sources of stored energy with well-defined paaimms, for example capacitors or inductors,
whose values shall be considered when determihimgyerall safety of the system;

¢) Sources of generated energy, for example thesopes and photocells, which do not generate
more than 1,5 V, 100 mA and 25 mW. Any inductanceapacitance present in these sources of
energy shall be considered as in b).

Simple apparatus shall conform to all relevant imexpents of this standard but need not be
certified and need not comply with Clause 12. Irtipalar, the following aspects shall always be
considered:

1) Simple apparatus shall not achieve safety byinbkision of voltage and/or currentlimiting
and/or suppression devices;

2) Simple apparatus shall not contain any meaimscoéasing the available voltage or current, for
example circuits for the generation of ancillaryyeo supplies;

3) Where it is necessary that the simple appanaaisitains the integrity of the isolation from
earth of the intrinsically-safe circuit, it shak loapable of withstanding the test voltage to darth
accordance with 6.4.12. Its terminals shall conftoré.3.1;

4) Non-metallic enclosures and enclosures contgilight metals when located in the hazardous
area shall conform to 7.3 and 8.1 of GB 3836.1;

5) When simple apparatus is located in the hazardoaa, it shall be temperature classified.
When used in an intrinsically safe circuit withimetr normal rating and at a maximum ambient
temperature of 40 °C, switches, plugs, sockets tenginals are allocated a T6 temperature
classification for Group Il applications and comsied as having a maximum surface temperature

12
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of 85 °C for Group | applications. Other types mfigle apparatus shall be temperature classified
in accordance with Clauses 4 and 6 of this standard

Where simple apparatus forms part of an apparamtining other electrical circuits, the whole
shall be certified.

NOTE - Sensors which utilize catalytic reactionotiner electro-chemical mechanisms are not nornsathple
apparatus. Specialist advice on their applicatrmukl be sought.

6 Apparatus Construction

NOTE - The requirements given in this clause apphless otherwise stated in the relevant subclausdg to
those features of intrinsically safe apparatus asgbciated apparatus which contribute to this tfpjerotection
and they are additional to the general requiremein@B 3836.1 except for those excluded in 1.2.

For example, the requirements for encapsulationh wiasting compound apply only if
encapsulating is required to satisfy 6.4.4 or 6.7.

6.1 Enclosures

In principle, intrinsically safe apparatus and atsted apparatus do not require an enclosure as
the method of protection is embodied within thewits themselves. However, where intrinsic
safety can be impaired by access to conducting p@art example if the circuits contain infallible
creepage distances in air, an enclosure of at 18&& in accordance with GB 4208 shall be
provided as part of the apparatus under test.

The degree of protection required will vary accogdio the intended use; for example, a degree of
protection of IP54 will in general be required @iroup | apparatus.

The "enclosure" may not be physically the samepfotection against contact with live parts and
the ingress of solid foreign bodies and liquids.

The designation of the surfaces which form the banes of the enclosure shall be the
responsibility of the manufacturer and shall beorded in the definitive documentation (see
Clause 13).

6.2 Wiring and small component temperatures

6.2.1 Dust layers on Group | equipment

For the purposes of this clause where referenocade to T4 and Group |, the Group | equipment
shall be equipment in which coal dust cannot fortayar in the location of or on the component
being considered.

6.2.2 Wiring within apparatus

The maximum permissible current corresponding te mhaximum wire temperature due to
selfheating shall either be taken from Table 1 dopper wires or can be calculated from the
following equation for metals in general:

t(1 4+ aT )2
! _“[’P(l —{—rxﬂl

where

a is the temperature coefficient of resistancénefwire material (0,004265 K-1 for copper);
| is the maximum permissible current r.m.s., in ameg;

Is is the current at which the wire melts in an ambtemperature of 40 °C, in amperes;

T is the melting temperature of the wire matemadlégrees Celsius (1 083 °C for copper);

t is the wire temperature due to self-heating anlient temperature, in degrees Celsius.

13
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Table 1 — Temperature classification of copper wing
(in a maximum ambient temperature of 40 °C)

Diameter Cross-sectional area | Maximum permissible current for
(see Note 4) (see Note 4) temperature classification
mm mm?
Tl to T4|T5 T6
and A A
Group |
A
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
0.35 0.096 2 6.4 5.6 5.0
0.5 0.196 7.7 6.9 6.7

NOTE 1 — The value given for maximum permissiblerent, in amperes, is the r.m.s. a.c. or ¢.c.
value.
NOTE 2 — For stranded conductors, the cross-settemea is taken as the total area of all strands
of the conductor.
NOTE 3 — The table also applies to flexible flahdactors, such as in ribbon cable, but not to
printed circuit conductors for which see 6.2.3.
NOTE 4 — Diameter and cross-sectional area arendin@nal dimensions specified by the wire
manufacturer.

NOTE 5 — Where the maximum input power Pi doeseoeed 1.3 W the wiring can be
awarded a temperature classification of T4 andcgjgtable for Group I.

The maximum current in insulated wiring shall notceed the rating specified by the
manufacturer of the wire.

6.2.3 Printed circuit wiring

On printed circuit boards of at least 0.5 mm th&ss) having a conducting track of at least 86
thickness on one or both sides, a temperatureifatasi®n T4 or Group | shall be given to the
printed tracks if they have a minimum width of @8n and the continuous current in the tracks
does not exceed 0.518 A. Similarly, for minimunckavidths of 0.5 mm, 1.0 mm and 2.0 mm,
T4 shall be given for corresponding maximum cuseaf 0.814 A, 1.388 A and 2.222 A
respectively. Track lengths of 10 mm or less shelldisregarded for temperature classification
purposes.

For other applications, the temperature classificabf copper wiring of printed boards shall be
determined from Table 2.

Manufacturing tolerances shall not reduce the wkiated in this clause by more than 10 % or 1
mm, whichever is the smaller.

Where the maximum input power Pi does not exce8dA,. the printed wiring shall be given a
temperature classification of T4 or Group |.

Table 2 — Temperature classification of printed boed wiring

(in a maximum ambient temperature of 40 °C)
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Minimum track width Maximum permissible current for temperature
mm classification

Tl to T4 and| T5 T6

Group | A A

A
0.15 1.2 1.0 0.9
0.2 1.8 1.45 1.3
0.3 2.8 2.25 1.95
0.4 3.6 2.9 25
0.5 4.4 3.5 3.0
0.7 5.7 4.6 4.1
1.0 7.5 6.05 5.4
15 9.8 8.1 6.9
2.0 12.0 9.7 8.4
25 135 11.5 9.6
3.0 16.1 131 11.5
4.0 19.5 16.1 14.3
5.0 22.7 18.9 16.6
6.0 25.8 21.8 18.9
Minimum track width Maximum permissible current for temperature
mm classification

Tl to T4 and|T5 T6

Group | A A

A

NOTE 1 — The value given for maximum permissiblerent, in amperes is the r.m.s. a.c. or

value.

NOTE 2 — This table applies to printed boards 1r6 ar thicker with a single layer of copper

35 m thickness.

NOTE 3 — For boards with a thickness between 0.5amcth1.6 mm, divide the maximum currd

specified by 1.2.

NOTE 4 — For boards with conducting tracks on tsites, divide the maximum current specif

by 1.5.

NOTE 5 — For multilayer boards, for the track layerder consideration, divide the maximy
current specified by 2.

NOTE 6 — For 18m copper thickness, divide the maximum current sy 1

NOTE 7 — For 70m copper thickness, multiply the maximum currentLt8

NOTE 8 — For tracks passing under components @issgn 0.25 W or more either normally
under fault conditions, divide the maximum currgpeécified by 1.5.

NOTE 9 — At terminations of components dissipatthg5 W or more either normally or und
fault conditions, and for 1.00 mm along the conduyceither multiply the track width by 3 ¢
divide the maximum current specified by 2. If theck goes under the component apply the fa

m

specified in Note 8 in addition.
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6.2.4 Small components

Small components, for example transistors or rsstvhose temperature exceeds that permitted
for the temperature classification, shall be acdapt providing that they conform to one of the
following:

a) When tested in accordance with 10.7, small corapts shall not cause ignition of the
flammable mixture and any deformation or deteriorataused by the higher temperature shall
not impair the type of protection;

b) For T4 and Group | classification, small compaseshall conform to Table 3;

c) For T5 classification, the surface temperatdra oomponent with a surface area smaller than
10 cm? (excluding lead wires) shall not exceed A5G0

Table 3 — Assessment for T4 classification accordinto component size and ambient
temperature

Total surface area excluding lead wires Requirement for T4 and Group |
classification
<20 mmg? Surface temperature275 °C
20 mma2 Power dissipationl.3 W*
20mm? <10 cm? Surface temperature200 °C
* Reduced to 1.2 W with 60 °C ambient temperatur&.0 W with 80 °C ambient temperature.

For potentiometers, the surface to be consideralil Ist that of the resistance element and not the
external surface of the component. The mountingngement, and heatsinking and cooling effect
of the overall potentiometer construction shall ta&en into consideration during the test.
Temperature shall be measured on the track withctiveent which flows under conditions of "ib"
or "ia", as appropriate. If this results in a remise value of less than 10 % of the track resistan
value, the measurement shall be carried out at d@i¥e track resistance value.

6.3 Facilities for connection of external circuits

6.3.1 Terminals

In addition to satisfying the requirements of Tadjderminals for intrinsically safe circuits shall
be separated from terminals for non-intrinsicadljescircuits by one or more of the methods given
in a) or b).

These methods of separation shall also be appliegravintrinsic safety can be impaired by
external wiring which, if disconnected from thent@mal, can come into contact with conductors
or components.

NOTE - Terminals for connection of external cirsuib intrinsically safe apparatus and associatqzhrapus
should be so arranged that components will notamadjed when making the connections.

a) When separation is accomplished by distance ttierclearance between terminals shall be at
least 50 mm. Care shall be exercised in the lagbtérminals and in the wiring method used so
that contact between circuits is unlikely if a wirecomes dislodged.

b) When separation is accomplished by locating itealm for intrinsically safe and
nonintrinsically safe circuits in separate enclesusr by use of either an insulating partition or a
earthed metal partition between terminals withmmmn cover, the following applies:

1) Partitions used to separate terminals shallnelxte within 1.5 mm of the enclosure walls, or
alternatively shall provide a minimum distance 6frBm between the terminals when measured in
any direction around the partition;
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2) Metal partitions shall be earthed and shall hewfficient strength and rigidity to ensure that
they are not likely to be damaged during field mgri Such partitions shall be at least 0.45 mm
thick or shall conform to 10.10.2 if of lesser #iess. In addition, metal partitions shall have
sufficient current-carrying capacity to preventitinrough or loss of earth connection under fault
conditions;

3) Non-metallic insulating partitions shall havdfwient thickness and shall be so supported that
they cannot readily be deformed in a manner thatldvdefeat their purpose. Such partitions shall
be at least 0.9 mm thick, or shall conform to 1®1bof lesser thickness.

The clearances between bare conducting parts mirtels of separate intrinsically safe circuits
shall be equal to or exceed the values given inleTdb In addition, the clearances between
terminals shall be such that the clearances bettteeare conducting parts of connected external
conductors are at least 6 mm when measured incdexooe with Figure 1.

Any possible movement of metallic parts which asengidly fixed shall be taken into account.
The minimum clearance between the bare conductimty pf external conductors connected to
terminals and earthed metal or other conductingspahall be 3 mm, unless the possible
interconnection has been taken into account irsdifiety analysis.

6.3.2 Plugs and sockets

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

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

Where a plug or a socket is not prefabricated itgthvires, the connecting facilities shall conform
to 6.3.1. If, however, the connections require uke of a special tool, for example by crimping,
such that there is no possibility of a strand afeWdecoming free, then the connection facilities
need only conform to Table 4.

Where a connector carries earthed circuits andtgpe of protection depends on the earth
connection, then the connector shall be construntadcordance with 6.6.

Table 4 — Clearances, creepage distances and sejimnas

1 Voltage (peak
value) V

1C

30

60

60

19C

37E

55C

75C

1 00(

1 30(

1 57¢

3.3 k

4.7 k

9.5 k

15.€ k

2 Clearance mm

1.5

2.0

3.0

4.0

5.0

6.0

7.0

8.0

10.0

14.0

16.0

3 Separation
distance through
casting compoun
mm

0.5

0.7

1.0

1.3

1.3

2.0

2.4

2.7

3.3

4.6

5.3

12.0

20.0

33.0

4 Separation
distance througk
solid insulation
mm

0.5

0.5

0.7

0.8

1.0

1.2

1.4

1.7

2.3

2.7

4.5

6.0

10.0

16.5

5 Creepagel.5

2.0

3.0

4.0

8.0

100

15.0

18.0

25.0

36.0

49.0
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distance in air
mm

6 Creepage5 07 (10 (13 6 B3 [0 0 83 [120 (133
distance undey
coating
mm

7 la 100 (10C [10C (178 {7 [27c R7E 278 278 [27%

Comparative| I, 10C [10C [10C [17¢8 [178 [178 @78 [17E [17E [7E
tracking
index (CTI)

NOTE 1 — Except for separation distances, no vdiregoltages higher than 1 575 V are proposededent.
NOTE 2 — At voltages up to 10 V, the CTI of insilgtmaterials is not required to be specified.

- Conductive cover; T-Clearance and creepage distann accordance with Table 4; d-
Clearance and creepage distances in accordancé ®ifh
NOTE — The dimensions shown are the creepage aagacice distances around the insulation as indicdteve,
not the thickness of the insulation.
Figure 1 — Clearance and creepage distance requirents for terminals carrying separate
intrinsically safe circuits
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a) Example of three independent connecting elements b) Example of three connecting
lements which are not
ndependent

Figure 2 — Examples of independent and non-indepeerdt connecting elements

6.3.3 Determination of maximum external inductanceo resistance ratio (Lo/Ro) for
resistance limited power source
The maximum external inductance to resistance r@twRo) which may be connected to a
resistance limited power source shall be calculatgidg the following formula. This formula
takes account of a 1.5 factor of safety on cureertt shall not be used where Ci for the output
terminals of the apparatus exceeds 1 % of Co.

_ 8eR, + (B4e*R}F — 720 D)¥

L’m"fRn - 4. EUQZ HfQ

Where:

e is the minimum spark-test apparatus ignition gyer joules, and is for

— Group | apparatus: 525

— Group lIA apparatus: 320

— Group IIB apparatus: 160

— Group IIC apparatus: 40

Ri is the minimum output resistance of the powerse, in ohms;

Uo is the maximum open circuit voltage, in volts;

Li is the maximum inductance present at the powarce terminals, in henries.

If Li =0, then
L/R, — 2%

Where a safety factor of 1 is required, this vdtrd_o/Ro shall be multiplied by 2.25.

NOTE - The normal application of the Lo/Ro ratidfas distributed parameters, for example cablesusts for

H/Q

lumped values for inductance and resistance regjapecial consideration.

6.3.4 Permanently connected cable

Apparatus constructed with a permanently connezaibte shall conform to 10.13.
6.4 Separation distances

6.4.1 Separation of conductive parts

19



GB 3836. 4—2000

Separation of conductive parts between

a) Intrinsically safe and non-intrinsically safecciits;

b) Different intrinsically safe circuits; or

c) A circuit and earthed or isolated metal partgllsconform to the following if the type of
protection depends on the separation.

Separation distances shall be measured or asseg#aglinto account any possible movement of
the conductors or conductive parts. Manufacturisigrances shall not reduce the distances by
more than 10 % or 1 mm, whichever is the smaller.

If the separation conforms to Table 4, it shalldoasidered as not subject to failure to a lower
insulation resistance.

Smaller separation distances, which exceed oné-tiithe values specified in Table 4, shall be
considered as subject to countable short-circuitda

If separation distances are less than one-thirthefvalues specified in Table 4, they shall be
considered as subject to non-countable short-tifaulits if this impairs intrinsic safety.

Separation requirements shall not apply where edrthetal, for example printed wiring or a
partition, separates an intrinsically safe cirduitm other circuits, provided that breakdown to
earth does not adversely affect the type of primtie@nd that the earthed conductive part can carry
the maximum current that would flow under fault ditions.

NOTE 1 — For example, the type of protection dagsethd on the separation to earthed or isolatedlingtarts if

a current-limiting resistor can be bypassed bytstiotuits between the circuit and the earthedsolated metallic
part.

An earthed metal partition shall have strength ’égidity so that it is unlikely to be damaged and
shall be of sufficient thickness and of sufficientrent-carrying capacity to prevent burnthrough
or loss of earth under fault conditions. A partitieither shall be at least 0.45 mm thick and
attached to a rigid, earthed metal portion of tegiack, or shall conform to 10.10.2 if of lesser
thickness.

Where a non-metallic insulating partition having appropriate CTI is placed between the
conductive parts, the clearances, creepage distamukother separation distances either shall be
measured around the partition provided that théitjper has a thickness of at least 0,9 mm, or
shall conform to 10.10.2 if of lesser thickness.

NOTE 2 — Methods of assessment are given in Appe@di

6.4.2 Voltage between conductive parts
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1-Chassis; 2-Load; 3-Non-intrinsically safe ciraléfined by Um;

4-Part of intrinsically safe circuit not in itsefitrinsically safe; 5-Intrinsically safe circuit;
6-<——>Dimensions to which Table 4 is applicable

Figure 3 — Separation of conducting parts

The voltage which is taken into account when udiagle 4 shall be the voltage between any two
conductive parts for which the separation has &cebn the type of protection of the circuit
under consideration, that is for example (see Ei@)rthe voltage between an intrinsically safe
circuit and

a) Part of the same circuit which is not intrinflicaafe;

b) Non-intrinsically safe circuits; or

¢)Other intrinsically safe circuits.

The value of voltage to be considered shall beseittithe following, as applicable.

a) For circuits which are galvanically separated witttie apparatus, the value of voltage to be
considered between the circuits, shall be the lsighaltage that can appear across the separation
when the two circuits are connected together ataeypoint, derived from —

The rated voltages of the circuits;

The maximum voltages specified by the manufactwiéch may safely be supplied tothe circuits;
or

Any voltages generated within the same apparatus.

Where one of the voltages is less than 20 % obther, it shall be ignored. Mains supply voltages
shall be taken without the addition of standardn®mablerances. For such sinusoidal voltages,
peak voltage shall be considered to be the follgwin

VX r.m.s. value of the rated voltage.

b) Between parts of a circuit: the maximum peakigaif the voltage that can occur in either part
of that circuit. This may be the sum of the voltagé different sources connected to that circuit.
One of the voltages may be ignored if it is lesstB0 % of the other.

In all cases voltages which arise during the fealtditions of Clause 5 shall, where applicable, be
used to derive the maximum.
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Any external voltage shall be assumed to have #heevUm or Ui declared for the connection
facilities through which it enters. Transient vgita such as might exist before a protective device,
for example a fuse, opens the circuit shall notcbasidered when evaluating the creepage
distance, but shall be considered when evaluateayances.

6.4.3 Clearance

In measuring or assessing clearances between domdparts, insulating partitions of less than
0.9 mm thickness, or which do not conform to 1®18hall be ignored. Other insulating parts
shall conform to Line 4 of Table 4. For voltageghdr than 1 575 V peak, an interposing
insulating partition or earthed metal partition Iklee used. In either case, the partition shall
conform to 6.4.

6.4.4 Separation distances through and requirementsf casting compound

The casting compound shall conform to the following

a) Have a temperature rating, specified by the fi@ga@twrer of the casting compound or apparatus,
which is at least equal to the maximum temperatachieved by any component under
encapsulated conditions;

Alternatively higher temperatures than the ratestiog compound temperature shall be accepted
provided that they do not cause any damage toakteng compound that would adversely affect
the type of protection.

b) Have at its free surface a CTI value of at I¢laat specified in Table 4 if any bare conductive
parts protrude from the casting compound;

Only hard material, for example epoxy resin, shalle its free surface exposed and unprotected,
thus forming part of the enclosure (see Figure DtBhall conform to 10.10.1.

c) Be adherent to all conductive parts, componantssubstrates except when they are

totally enclosed by the casting compound;

d) Be specified by its generic name and type design given by the manufacturer of the casting
compound;

For intrinsically safe apparatus, all circuits ceated to the encapsulated conductive parts and/or
components and/or bare parts protruding from trstinga compound shall be intrinsically safe.
Fault conditions within the casting compound shalbssessed but the possibility of spark ignition
shall not be considered.

If circuits connected to the encapsulated condactiarts and/or components and/or bare parts
protruding from the casting compound are not istdally safe, they shall be protected by another
type of protection listed in GB 3836.1.

The minimum separation distance between encapdutateductive parts and components, and
the free surface of the casting compound shalt beaat half the values shown in Line 3 of Table
4, with a minimum separation distance of 1 mm. Wtiencasting compound is in direct contact
with an enclosure of insulating material conformiogLine 4 of Table 4, no other separation is
required (see Figure D.1).

The insulation of the encapsulated circuit shatifoom to 6.4.12.

The failure of a component which is encapsulatedhermetically sealed, for example a
semiconductor, which is used in accordance with ahtl in which internal clearances and
distances through encapsulant are not defined,bie tonsidered as a single countable fault.
Further requirements are given in Appendix D.

6.4.5 Separation distances through solid insulation
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Solid insulation is insulation which is extruded mioulded but not poured. It shall have an
electrical strength which conforms to 6.4.12 whiea $eparation distance is in accordance with
Table 4.

NOTES

1 — If the insulator is fabricated from two or mquieces of electrical insulating material which aodidly bonded
together, then the composite may be consideredlials s

2 — For the purpose of this standard, solid infafats considered to be prefabricated, for exangtieet or
sleeving or elastomeric insulation on wiring.

3 — Varnish and similar coatings are not considéwdzt solid insulation.

6.4.6 Composite separations

Where separations are composite, for example thr@augombination of air and insulation, the
total separation shall be calculated on the bésieferring all separations to one line of Table 4.
For example at 60 V:

Clearance (Line 2) = 6xseparation through solidlaton (Line 4);

Clearance (Line 2) = 3xseparation through castomgpound (Line 3);

Equivalent clearance = actual clearance + (3xamjtiadal separation through encapsulant) +
(6xany additional separation through solid insolai

To be infallible, the above result shall be nosl#sn the clearance value specified in Table 4.
Any clearance or separation which is below onedtlif the relevant value specified in Table 4
shall be ignored for the purpose of calculation.

6.4.7 Creepage distance in air

For the creepage distances in air specified in 5nef Table 4, the insulating material shall
conform to Line 7 of Table 4 which specifies thenmmum comparative tracking index (CTI)
measured in accordance with GB 4207. The methocheHsuring or assessing these distances
shall be in accordance with Figure 4.

Where a joint is cemented, the cement shall haselation properties equivalent to those of the
adjacent material.

Where the creepage distance is made up from théaddf shorter distances, for example where
a conductive part is interposed, distances of fleas one-third the relevant value in Line 5 of
Table 4 shall not be taken into account. For va@$abigher than 1 575 V peak, an interposing
insulating partition or earthed metallic partitishall be used. In either case, the partition shall
conformto 6.4.1.
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1
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| — 1 — I::I
Fed, d, d | € | - 5

f-Creepage distance ; -Cemented joint;

M-Metal;  -The central metal is not electrically connected

I-Insulating material; -Uncemented joint. Exposed height of partition > D

Figure 4 — Determination of creepage distances (ir)

6.4.8 Creepage distance under coating

A conformal coating shall seal the creepage pativden the conductors in question against the
ingress of moisture and pollution, and shall gimesffective lasting unbroken seal. It shall adhere
to the conductive parts and to the insulating niltelf the coating is applied by spraying, two
separate coats shall be applied. Other methodppdication require only one coat, for example
dip coating, brushing, vacuum impregnating. A solaask alone can be accepted as one of the
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two coats, provided the solder mask is not damalgeidig soldering.

The method used for coating the board shall beifsgein the certification documentation.

Where the coating is considered adequate to prewemtuctive parts, for example soldered joints
and component leads, from protruding through thating, this shall be stated in the
documentation and confirmed by examination.

Where bare conductors or conductive parts ememya the coating the comparative tracking
index (CTI) in Line 7 of Table 4 shall apply to hatisulation and coating.

NOTE — The concept of creepage distance undermgpaiis developed for flat surfaces, for example-ftexble
printed circuit boards. Radical differences fronstlirmat require special consideration.

6.4.9 Requirements for assembled printed circuit bards

Where creepage and clearance distances affechttiesic safety of the apparatus, the printed
circuit shall conform to the following (see Figuk

a) When a printed circuit is covered by a conforo@dting according to 6.4.8, the requirements
of 6.4.3 and 6.4.7 shall apply only to any condugcparts which lie outside the coating, including,
for example

1) Tracks which emerge from the coating,

2) The free surface of a printed circuit whichéated on one side only,

3) Bare parts of components able to protrude tHrdhg coating;

b) The requirements of 6.4.8 shall apply to ciwit parts of circuits and their fixed components
when the coating covers the connecting pins, sojdiets and the conductive parts of any

components.
6.4.3
| ﬁ. -'1. B | E. -'1.. T
I I
/ 1
a) Partially coated board
6.4.3
S. 4.7
p43
(rzzz7zz 7 A2 |
6.4.3 6.4.3
6. 4. 7| 6.4.7 |
| I

Resistor leads not sealed within coating, therefo4e3 and 6.4.7 apply to all marked
Dimensions.
b) Board with soldered leads protruding
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>
b
-2

6.4.8

77
6. 4.|8 6.4.8

¢) Board with soldered leads folded or cropped
NOTE The thickness of the coating is not drawn to scale
Figure 5 Creepage distances and clearances on printed ciittoards
6.4.10 Separation by earth screens
Where separation between circuits or parts of #8ds provided by a metallic screen, the screen,
as well as any connection to it, shall be capalbleaorying the maximum possible current to
which it could be continuously subjected in accarmdawith Clause 5.
Where the connection is made through a connechar, connector shall be constructed in
accordance with 6.6.
6.4.11 Internal wiring
Insulation, except for varnish and similar coatingssering the conductors of internal wiring shall
be considered as solid insulation (see 6.4.5).
The separation of conductors shall be determineddding together the radial thicknesses of
extruded insulation on wires which are lying sidedide either as separate wires or in a cable
form or in a cable.
The distance between the conductors of any comndhtrinsically safe circuit and that of any
core of a non-intrinsically safe circuit shall meaccordance with Line 4 of Table 4, taking into
account the requirements of 6.4.6 except when btreedollowing apply:
— the cores of either the intrinsically safe or tlwm-intrinsically safe circuit are enclosed in an
earth screen, or
— in category "ib" electrical apparatus, the inSafaof the intrinsically safe cores is capable of
withstanding an r.m.s. a.c. test voltage of 2 000 V
NOTES
1 One method of achieving insulation capable ohstdanding this test voltage is to add an
insulating sleeve over the core.
2 Intrinsically safe wires and non-intrinsicallyfsavires shall be arranged separafely
6.4.12 Electric strength tests
The insulation between an intrinsically safe cirand the frame of the electrical apparatus or
parts which may be earthed shall normally be capabWithstanding an r.m.s. a.c. test voltage of
twice the voltage of the intrinsically safe circait500 V, whichever is the greater.
Either the current flowing during the test shalt mzrease above that which is expected from the
design of the circuit and shall not exceed 5 mAs.mat any time, or where the circuit does not
satisfy this requirement the apparatus shall b&eabawith the symbol X.
The insulation between an intrinsically safe cita@md a non-intrinsically safe circuit shall be
capable of withstanding an r.m.s. a.c. test voltag2 U + 1 000 V, with a minimum of 1 500 V
r.m.s., where U is the sum of the r.m.s. valuethefvoltages of the intrinsically safe circuit and
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the non-intrinsically safe circuit.

Where breakdown between separate intrinsically siafelits could produce an unsafe condition,
the insulation between these circuits shall be lol@paf withstanding an r.m.s. test voltage of 2U,
with a minimum of 500 V, where U is the sum of ttra.s. values of the voltages of the circuits
under consideration.

The test method used in the above tests shall Gecordance with 10.6.

6.4.13 Relays

Where the coil of a relay is connected to an istdally safe circuit, the contacts in normal
operation shall not exceed their manufactureriegatnd shall not switch more than 5 A r.m.s.

or 250 V r.m.s. or 100 VA. When the values switchgdhe contacts exceed these values but do
not exceed 10 A or 500 VA, the values for creepdigiance and clearance from Table 4 for the
relevant voltage shall be doubled.

For higher values, intrinsically safe circuits amsh-intrinsically safe circuits shall be connected
to the same relay only if they are separated bgathed metal barrier or an insulating barrier
conforming to 6.4.1. The dimensions of such an latswg barrier shall take into account the
ionization arising from operation of the relay whiaould generally require creepage distances
and clearances greater than those given in Table 4.

Where a relay has contacts in intrinsically safeuiis and other contacts in non-intrinsically safe
circuits, the intrinsically safe and non-intrindlgasafe contacts shall be separated by an insiglati
or earthed metal barrier conforming to 6.4.1 initiold to Table 4. The relay shall be designed
such that broken or damaged contact arrangementsocédecome dislodged and impair the
integrity of the separation between intrinsicaliyesand non-intrinsically safe circuits.

6.5 Protection against polarity reversal

Protection shall be provided within intrinsicallgfe apparatus to prevent invalidation of the type
of protection as a result of reversal of the pojaof supplies to that apparatus or at connections
between cells of a battery where this could oc&ar. this purpose, a single diode shall be
acceptable.

6.6 Earth conductors, connections and terminals

Where earthing, for example of enclosures, condsctmetal screens, printed wiring board
conductors, segregation contacts of plug-in commecand diode safety barriers, is required to
maintain the type of protection, the cross-secticar®a of any conductors, connectors and
terminals used for this purpose shall be suchttiey are rated to carry the maximum possible
current to which they could be continuously sulgdainder the conditions specified in Clause 5.
Components shall also conform to Clause 7.

Notes used:

1] In IEC 60079-11 this note doesn't exist.

NOTE: Intrinsically safe circuit of Group | appanatis generally not allowed to be used as retucuitj except
those requiring ground protectioh.

Where a connector carrier's earthed circuits amdtyipe of protection depends on the earthed
circuit, the connector shall comprise at least éhiedependent connecting elements for “ia"
circuits and at least two for "ib" circuits (seeglie 2). These elements shall be connected in
parallel. Where the connector can be removed angle, one connection shall be present at, or
near to, each end of the connector.

Terminals shall be fixed in their mountings withquassibility of self-loosening and shall be
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constructed so that the conductors cannot slipfromt their intended location. Proper contact
shall be assured without deterioration of the cetwhs, even if multi-stranded cores are used in
terminals which are intended for direct clampingtlod cores. The contact made by a terminal
shall not be appreciably impaired by temperatungles in normal service. Terminals which are
intended for clamping stranded cores shall inclueglient intermediate part. Terminals for
conductors of cross-sections up to 4 mmz2 shall hissuitable for the effective connection of
conductors having a smaller cross-section. Termindlich comply with the requirements of GB
3836.3 are considered to conform to these requinesne

The following shall not be used:

a) Terminals with sharp edges which could damagedmductors;

b) Terminals which may turn, be twisted or permdlyasheformed by normal tightening;

¢) Insulating materials which transmit contact ptes in terminals.

6.7 Encapsulation used for the exclusion of a potgally explosive atmosphere

Where a casting compound is used to exclude a tmtgnexplosive atmosphere from
components and intrinsically safe circuits, for rapde fuses, piezo-electric devices with their
suppression components and energy storage devitesheir suppression components, it shall
conform to 6.4.4.

In addition, where a casting compound is useddaae the ignition capability of hot components,
for example diodes and resistors, the volume aio#trtess of the casting compound shall reduce
the maximum surface temperature of the casting oomgb to the desired value.

7 Components on which Intrinsic Safety Depends

7.1 Rating of components

In both normal operation and after application loé fault conditions given in Clause 5, any
remaining components on which the type of protectiepends, except such devices as
transformers, fuses, thermal trips, relays andchsi, shall not operate at more than two-thirds of
their maximum current, voltage and power relatedht® rating of the device, the mounting
conditions and the temperature range specifiedsdneaximum rated values shall be the normal
commercial ratings specified by the manufacturahefcomponent.

NOTE - Transformers, fuses, thermal trips, relayd switches are allowed to operate at their noma@hgs in
order to function correctly.

Detailed testing or analysis of components and rasbes of components to determine the
parameters, for example voltage and current, techvttie safety factors are applied shall not be
performed, since the factors of safety of 5.2 arfll dbviate the need for detailed testing or
analysis. For example a Zener diode stated byatsufiacturer to be 10 (1+ 10 %) V at 40 °C shall
be taken to be 11 V maximum without the need te tako account effects such as voltage
elevation due to rise in temperature.

Account shall also be taken of the effects of trmunting conditions and ambient temperature
range specified by the manufacturer of the appsiatd by 5.2 of GB 3836.1-2000. For example,
in the case of a semiconductor the power dissipadi@ll not exceed two-thirds of that which will
cause the maximum junction temperature to be reaghder the particular mounting conditions.
7.2 Connectors for internal connections, plug-in aals and components

These connectors shall be designed in such a mathar an incorrect connection or
interchangeability with other connectors in the gaatectrical apparatus is not possible unless it
does not result in an unsafe condition or the cotume are identified in such a manner that
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incorrect connection is obvious.

Where the type of protection depends on a conmectie failure to a high resistance or open
circuit of a connection shall be a countable fauliccordance with Clause 5.

If a connector carries earthed circuits and the typprotection depends on the earth connection,
then the connector shall be constructed in acceslaiith 6.6.

7.3 Fuses

Where fuses are used to protect other componeiitk, dhall be assumed to flow continuously.
The fuse time-current characteristics shall enstivat the transient ratings of protected
components are not exceeded. Where the fuse timenticharacteristic is not available from the
manufacturer's data, a type test shall be carrigdiro accordance with 10.12 on at least 10
samples.

Notes used:

1] In IEC 60079-11 this note doesn't exist.

This test shows the capability of the sample tdstand 1.5 times any transient which can occur
when Um is applied through a fuse. Fuses locatébddarexplosive atmospheres shall be protected
in accordance with 6.7.

Where fuses are encapsulated, the casting compshballl not enter the fuse interior. This
requirement shall be satisfied by testing sampidsyoa declaration from the fuse manufacturer
confirming acceptability of the fuse for encapsiolat

Alternatively, the fuse shall be sealed prior toagsulation.

Fuses used to protect components shall be replacealy by opening the apparatus enclosure.
The type designation and the fuse ralipgr the characteristics important to intrinsicesgafshall

be marked adjacent to the fuses.

Fuses shall have a rated voltage of at least Uni{dm intrinsically safe apparatus and circuits)
although they do not have to conform to Table 4nésal industrial standards for the construction
of fuses and fuseholders shall be applied and tmeithod of mounting shall not reduce the
clearances, creepage distances and separatiorceaffoy the fuse and its holder.

NOTE 1 — Microfuses conforming to GB 9346 are acallet

A fuse shall be capable of interrupting the maxinpnospective current of the circuit in which it
is installed. For mains electricity supply systems exceeding 250 V a.c., the prospective current
shall normally be considered to be 1 500 A a.c. bieaking capacity of the fuse is determined
according to GB 9346 or an equivalent standard.

NOTE 2 — Higher prospective currents may be preisestme installations, for example at higher \gds

If a current-limiting device is necessary to lithie prospective current to a value not greater than
the rated breaking capacity of the fuse, this desttall be infallible in accordance with Clause 7
and the rated values shall be at least:

— Current rating: 1.5x1.7xIn;

— Voltage rating: Um or Ui;

— Power rating: 1.5 x(1.7xIMresistance of limiting device.

7.4 Cell(primary and secondary cells) and batteries

7.4.1 General

Some types of cells and batteries, for example dahiam types, may explode if shortcircuited
or subjected to reverse charging. Where such aloggp could adversely affect intrinsic safety,
the use of such cells and batteries must be coafifoy their manufacturer as being safe for use in
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any particular intrinsically safe or associatedappis when 5.2 or 5.3, as appropriate, is applied.
The documentation and, if practicable, the marKorgthe apparatus shall draw attention to the
safety precautions to be observed.

NOTE - Attention is drawn to the fact that the amilbattery manufacturer often specifies precastifor the
safety of personnel.

7.4.2 Electrolyte leakage

Either cells and batteries shall be of a type faghich there can be no spillage of electrolyte or
they shall be enclosed to prevent damage by tladrelgte to the component upon which safety
depends. Cells and batteries declared as sealsdtifi) or sealed (valve regulated) by their
manufacturer (see 7.4.9) shall be deemed to sdisfyequirement. Other cells and batteries shall
be tested in accordance with 10.9.2, or writterfiomation shall be obtained from the cell/battery
manufacturer that the product conforms to 10.9.2ells and batteries which leak electrolyte are
encapsulated in accordance with 6.7, they shalltdsted in accordance with 10.9.2 after
encapsulation. Compartments containing cells debas which are charged within them shall be
ventilated directly to the outside of the equipment

7.4.3 Cell and battery voltages

For the purpose of evaluation and test, the cél¥ba voltage shall be considered to be the
maximum open circuit voltage attainable from eithemew primary cell/battery or a secondary
cell/battery just after a full charge as specifiedable 5. When the cell or battery is not covered
by Table 5, it shall be tested in accordance wilP o determine the maximum open circuit
voltage, and the nominal voltage shall be thatifipddy the cell or battery manufacturer.

Table 5 — Cell voltages

IEC type Cell type Peak open-circuit voltagel Nominal voltage for
for spark ignition hazard | component surface
\% temperature
assessment
\Y
K Nickel-cadmium 15 13
Lead-acid (dry) 2.35 2.2
Lead-acid (wet) 2.67 2.2
L Alkaline-manganese 1.65 15
M Mercury-zinc 1.37 1.35
N Mercury-manganese 1.6 14
dioxide-zinc 1.63 1.55
Silver-zinc
S Zinc-air 1.55 14
A Lith ium-manganese dioxide 3.7 3.0
C Zinc-manganese dioxide 1.725 15
(zinc-carbon Leclanché) 1.6 1.3
Nickel-hydride

7.4.4 Internal resistance of cell and batteries
The internal resistance of a battery or cell shaldetermined in accordance with 10.9.3.
7.4.5 Current-limiting devices for batteries in assciated apparatus
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The battery housing or means of attachment of &socapparatus shall be constructed so that
the battery can be installed and replaced witholweesely affecting the intrinsic safety of the
apparatus.

NOTE — Where a current-limiting device is necessaryensure the safety of the battery output, therao
requirement for the current-limiting device to beiategral part of the battery.

7.4.6 Current-limiting devices for batteries to beused and replaced in explosive atmospheres
Where a battery requires current-limiting deviceshsure the safety of the battery itself and is
intended to be used and to be replaced in a hazsrdmosphere, it shall form a completely
replaceable unit with its current-limiting devic&he unit shall be encapsulated or enclosed so
that only the intrinsically safe output terminafedasuitably protected intrinsically safe terminals
for charging purposes (if provided) are exposed.

7.4.7 Current-limiting devices for batteries to beused but not replaced in explosive
atmospheres

If the cell or battery requiring current-limitingedices to ensure the safety of the battery itself i
not intended to be replaced in the hazardous #rehall either be protected in accordance with
7.4.6 or alternatively it may be housed in a cormpant with special fasteners, for example those
specified by GB 3836.1. It shall also conform te tallowing:

a) The cell or battery housing or means of attactirakall be arranged so that the cell or battery
can be installed and replaced without reducingrttransic safety of the apparatus;

b) Handheld electrical apparatus or electrical egpa carried on the person, ready for use, such
as radio receivers and transceivers shall be sigbje¢o the drop test in accordance with 23.4.3.2
of GB 3836.1-2000 except that the prior impact s#sdll be omitted. The construction of the
apparatus shall be considered adequate if thel@estnot result in the ejection or separation ef th
cells from the apparatus in such a way as to ida#di the intrinsic safety of the apparatus or
battery;

c) The apparatus shall have a warning label agaihahging the battery in the potentially
explosive atmosphere, for example "DO NOT REMOVEIBERY IN A POTENTIALLY
EXPLOSIVE ATMOSPHERE".

7.4.8 External contacts for charging batteries

Cell or battery assemblies with external chargiogtacts shall be provided with means to prevent
short-circuiting or to prevent the cells and bagtefrom delivering ignition-capable energy to the
contacts when any pair of the contacts is accidlgrghort-circuited. This shall be accomplished
in one of the following ways:

a) Blocking diodes or an infallible series resisstiall be placed in the charging circuits. For
category "ib" two diodes and for category "ia" #hrdiodes shall be used. Either the battery
charger shall be associated apparatus or the diodesesistor shall be protected by an
appropriately rated fuse. The fuse shall eitheefeapsulated or shall not carry any current when
situated in a potentially explosive atmospherethactircuit is assessed as required by Clause 5;
b) for Group Il electrical apparatus, a degree rotgrtion by enclosure of at least IP20 for the
suitably protected charging circuit and a label nirmg against charging in the potentially
explosive atmosphere shall be provided.

The maximum input voltage Um which can be appliediitese connection facilities without
invalidating the intrinsic safety of the apparatisshall be marked on the apparatus and stated in
the certification documentation.
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7.4.9 Battery construction

The spark ignition capability and surface tempematof cells and batteries shall be tested or
assessed in accordance with 10.9.3. The cell terpatonstruction 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 beeskal a similar manner to items a) and b) apart
from a pressure relief device. Such cells or biatteshall not require addition of electrolyte dgrin
their life and shall have a sealed metallic orfasnclosure conforming to the following:

1) without seams or joints, for example solid-draspun or moulded, joined by fusion, eutectic
methods, welding or adhesives sealed with elasioreplastics sealing devices retained by the
structure of the enclosure and held permanentlgoimpression, for example washers and "0"
rings,

2) Swaged, crimped, shrunk on or folded constractb parts of the enclosure which do not
conform with the above or parts using materialscivtare permeable to gas, for example paper
based materials, shall not be considered to bedeal

3) Seals around terminals shall be either constduats above or be poured seals of thermosetting
or thermoplastic compound;

d) cells or batteries encapsulated in a castingpooimd specified by the manufacturer of the
casting compound as being suitable for use withetbetrolyte concerned and conforming to 6.7.
A declaration of conformance to a) or b) shall iamed from the manufacturer of the cell or
battery and this shall not be checked by the tgsttation. Conformance to c) or d) shall be
determined by physical examination of the cell attdry and where necessary its constructional
drawings.

7.5 Semiconductors

7.5.1 Transient effects

In associated apparatus, semiconductor devicet Ishaapable of withstanding the peak of the
a.c. voltage and the maximum d.c. voltage dividgdry infallible series resistance.

In an intrinsically safe apparatus, any transiéieicés generated within that apparatus and from its
power sources shall be ignored.

7.5.2 Shunt voltage limiters

Semiconductors may be used as shunt voltage lgnitevices provided that they conform to the
following requirements and provided that relevaabsient conditions are taken into account.
Semiconductors shall be capable of carrying, witlapen-circuiting, 1.5 times the current which
would flow at their place of installation if thegifed in the short-circuit mode. In the following
cases, this shall be confirmed from their manufacts data by:

a) diodes, diode connected transistors, thyristo equivalent semiconductor devices having a
forward current rating of at least 1.5 times theimaim possible short-circuit current;

b) Zener diodes being rated:

1) In the Zener direction at 1.5 times the powat thould be dissipated in the Zener mode, and

2) In the forward direction at 1.5 times the maximeurrent that would flow if they were
short-circuited.

For category "ia", the application of controllaldemiconductor components as shunt voltage
limiting devices, for example transistors, thyristovoltage/current regulators, etc., is permitted
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if both the input and output circuits are intriradlg safe circuits or where it can be shown that
they cannot be subjected to transients from theepewpply network. In circuits complying with
the above, two devices are considered to be afiilitdaassembly. For category "ia", three
thyristors may be used in associated apparatusdeahe transient conditions of 7.5.1 are met.
Circuits using shunt thyristors shall also be ##teaccordance with 10.4.3.3.

7.5.3 Series current limiters

The use of three series blocking diodes in circoftsategory "ia" is permitted, however, other
semiconductors and controllable semiconductor @ésvahall be used as series current-limiting
devices only in category "ib" apparatus.

NOTE — The use of semiconductors and controllabliconductor devices as current-limiting devicenas

frequent presence of an explosive atmosphere miagide with the possibility of a brief transient ish could
cause ignition.

7.6 Failure of components and connections

The application of 5.2 and 5.3 shall include thiofeing:

a) Where a component is not rated in accordande?dt, its failure shall be a non-countable fault.
Where a component is rated in accordance withitg.fgilure shall be a countable fault;

b) Where a fault can lead to a subsequent fauladts, then the primary and subsequent faults
shall be considered to be a single fault;

c) the failure of resistors to any value of resiseabetween open circuit and short circuit shall be
taken into account (but see 8.4);

d) Semiconductor devices shall be considered tddahort circuit or to open circuit and to the
state to which they can be driven by failure ofeottomponents. For surface temperature
classification, failure of any semiconductor devioea condition where it dissipates maximum
power shall be taken into account. Integrated @saan fail so that any combination of short and
open circuits can exist between their external eotions. Although any combination can be
assumed, once that fault has been applied it casenehanged, for example by application of a
second fault. Under this fault situation any caf@eie and inductance connected to the device
shall be considered in their most onerous conneetioa result of the applied fault;

e) connections shall be considered to fail to ogeruit and, if free to move, may connect to any
part of the circuit within the range of movemenieTinitial break is one countable fault and the
reconnection is a second countable fault (but sée 8

f) clearances, creepage and separation distanalt$sltaken into account in accordance

with 6.4;

g) failure of capacitors to open-circuit, shortcait and any value less than the maximum
specified value shall be taken into account (bat&8);

h) failure of inductors to open-circuit and anyuebetween nominal resistance and short circuit
but only to inductance to resistance ratios lowantthat derived from the inductor specifications
shall be taken into account;

i) open-circuit failure of any wire or printed aiit track, including its connections, shall be
considered as a single countable fault.

Insertion of the spark test apparatus to effeéhtarruption, short circuit or earth fault shallt o
considered as a countable fault but as a test imalooperation. Infallible connections and
separations in accordance with Clause 8 shall @ablnsidered as producing a fault and the spark
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test apparatus shall not be inserted in series sutth connections or across such separations.
However, where infallible connections and sepanstiare not encapsulated or covered by a
coating in accordance with Clause 6 or do not raainan enclosure integrity of at least IP20
when exposing connection facilities, the spark sggtaratus shall be inserted in series with such
connections or across such separations.

7.7 Piezo-electric devices

Piezo-electric devices shall be tested in accomlarth 10.11.

8 Infallible Components, Infallible Assemblies of @mponents and Infallible Connections

8.1 Mains transformers

8.1.1 Winding faults

Infallible mains transformers shall be considersdhat being capable of failing to a short circuit
between any winding supplying an intrinsically safieuit and any other winding. Short circuits
within windings and open circuits of windings shiadl considered to occur. The combination of
faults which would result in an increased outputage shall not be considered.

8.1.2 Protective measures

The input circuit of mains transformers intended dapplying intrinsically safe circuits shall be
protected either by a fuse conforming to 7.3 oalspitably rated circuit-breaker.

If the input and output windings are separated hyearthed metal screen (see type 2b)
construction in 8.1.3), each non-earthed input $inall be protected by a fuse or circuit breaker.
Where, in addition to the fuse or circuit-breakan, embedded thermal fuse or other thermal
device is used for protection against overheatihghe transformer, a single device shall be
sufficient.

Fuses, fuseholders, circuit-breakers and thermaiceg shall conform to an appropriate
recognized standard. Conformance with the recodn&tandard shall not be verified by the
certification body.

8.1.3 Transformer construction

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

For type 1 construction, the windings shall be gtheither

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 Teitile 4.

For type 2 construction, the windings shall be wbane over another with either

a) Solid insulation in accordance with Table 4 lestwthe windings, or

b) an earthed screen (made of copper foil) betwikerwindings or an equivalent wire winding
(wire screen). The thickness of the copper foilth@ wire screen, shall be in accordance with
Table 6.

NOTE - This ensures that, in the event of a shiocuit between any winding and the screen, theescraill
withstand, without breakdown, the current whichwiountil the fuse or circuit-breaker functions.

Table 6 — Minimum foil thickness or minimum wire diameter of the screenin relation to the
rated current of the fuse

Rating of the fuse A 0.1 0.5 1 2 3 5

Minimum thickness of the foil screen mm| 0.05 | 0.05 |0.075|0.15 | 0.25 | 0.3

Minimum diameter of the wire of the scre( 0.2 0.45 | 0.63 | 0.9 1.12 |14
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mm I I I R I

Manufacturer's tolerances shall not reduce theegagliven in Table 6 by more than 10 % or 0,1
mm, whichever is the smaller.

The foil screen shall be provided with two mechalhcseparate leads to the earth connection,
each of which is rated to carry the maximum comusicurrent which could flow before the fuse
or circuit-breaker operates, for example 1.fot a fuse.

A wire screen shall consist of at least two eleatly independent layers of wire, each of which is
provided with an earth connection rated to carg tfaximum continuous current which could
flow before the fuse or circuit-breaker operatese Bnly requirement of the insulation between
the layers is that it shall be capable of withstagé 500 V test in accordance with 10.6.

The cores of all mains supply transformers shalpb®vided with an earth connection, except
where earthing is not required for the type of @ctibn, for example when transformers with
insulated cores are used.

The transformer windings shall be consolidatedgf@mple by impregnation or encapsulation.
8.1.4 Transformer type tests

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

Where a series resistor is either incorporatedimvithe transformer, or encapsulated with the
transformer so that there is no bare live part betwthe transformer and the resistor, or mounted
so as to provide creepage distances and clearaoodésrming to Table 4, and if the resistor
remains in circuit after the application of Clais¢hen the output winding shall not be considered
as subject to short circuit except through thestesi

The requirement for safe electrical isolation itis§ied if the transformer passes the type test
described below and subsequently withstands avddtsige (see 10.6) of 2 Un + 1 000 V or 1 500
V, whichever is the greater, between any winding&d to supply intrinsically safe circuits and
all other windings, Un being the highest ratedagdt of any winding under test.

The input current shall be adjusted to 1,71 to the maximum continuous current which the
circuit-breaker will carry without operating. Dugrthe test this current shall be maintained within
+10 % of this value. The current shall be adjudigdsarying the input voltage up to the rated
voltage of the transformer. Where this limit isaleed, the test shall proceed using the rated input
voltage.

The test shall continue for at least 6 h or uiitéd hon-resetting thermal trip operates. When a
self-resetting thermal trip is used, the test gksball be extended to at least 12 h.

For type 1 and type 2a) transformers, the transgominding temperature shall not exceed the
permissible value for the class of insulation giweiGB/T 11021. The winding temperature shall
be measured in accordance with 10.5.

For type 2b) transformers where insulation frontreaf the windings used in the intrinsically safe
circuit is required, then the requirement shalbbeabove. However, if insulation from earth is not
required, then the transformer shall be acceptedding that it does not burst into flames.

8.1.5 Routine test of mains transformers

Each mains transformer shall be tested in accoedaith 11.2.
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8.2 Transformers other than mains transformers

The infallibility and failure modes of these tramshers shall conform to 8.1.

NOTE — These transformers can be coupling trangmeuch as those used in signal circuits or
transformers for other purposes, for example thiesel for inverter supply units.

The construction and testing of these transforrakedl conform to 8.1 except that they shall be
tested at their maximum load.

Where it is not practicable to operate the tramsérunder alternating current conditions, each
winding shall be subjected to a direct current af h in the type test of 8.1.4. However, the
routine test in accordance with 11.2 shall useduced voltage between the input and output
windings of 2 Un + 1 000 V r.m.s. or 1 500 V, whesler is the greater.

When such transformers are connected to non-iitelg safe circuits derived from mains
voltages, then either protective measures in aecmel with 8.1.2 or a fuse and Zener diode shall
be included at the supply connection in accordavitte 8.8 so that unspecified power shall not
impair the infallibility of the transformer creepmaglistances and clearances. The rated input
voltage of 8.1.4 shall be that of the Zener diode.

8.3 Damping windings

Damping windings used as short-circuited turns toimize the effects of inductance shall be
considered not to be subject to open-circuit faifilthey are of reliable mechanical construction,
for example seamless metal tubes or windings o€ h@ire continuously short-circuited by
soldering.

8.4 Current-limiting resistors

Current-limiting resistors shall be one of thedaling types:

a) film type;

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

c) printed resistors as used in hybrid and sinuiaruits covered by a coating conforming to 6.4.8
or encapsulated in accordance with 6.4.4.

An infallible current-limiting resistor shall be wsidered as failing only to an open-circuit
condition which shall be considered as one couattllt.

A current-limiting resistor shall be rated in aatamce with the requirements of 7.1, to withstand
at least 1.5 times the maximum voltage and topkdsiat least 1.5 times the maximum power that
can arise in normal operation and under the faiditions defined in Clause 5. Faults between
turns of correctly rated wire wound resistors vatiated windings shall not be taken into account.
The coating of the winding shall be assumed to dpmiih the required CTI value in accordance
with Table 4 at its manufacturer's voltage rating.

8.5 Blocking capacitors

Either of the two series capacitors in an infadlidrrangement of blocking capacitors shall be
considered as being capable of failing to shorbmen circuit. The capacitance of the assembly
shall be taken as the most onerous value of ettdyaacitor and a safety factor of 1.5 shall be used
in all applications of the assembly.

Blocking capacitors shall be of a high reliabilgplid dielectric type. Electrolytic or tantalum
capacitors shall not be used. The external cororeciof the assembly shall comply with 6.4 but
these separation requirements shall not be apgitt interior of the blocking capacitors.

The insulation of each capacitor shall conformhe electrical strength test of 6.4.12. Where
blocking capacitors are used between intrinsicsdife circuits and non-intrinsically safe circuits,
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all possible transients shall be taken into account

Where such an assembly also conforms to 8.8, il bleaconsidered as providing infallible
galvanic separation for direct current.

Capacitors connected between the frame of the apggaeand an intrinsically safe circuit shall
conform to 6.4.12. Where their failure by-passesmponent on which the intrinsic safety of the
circuit depends, they shall also conform to thasiresnents for blocking capacitors.

NOTE - The normal purpose of these capacitorseisdfection of high frequencies.

8.6 Shunt safety assemblies

8.6.1 General

An assembly of components shall be considered sigiat safety assembly when it ensures the
intrinsic safety of a circuit by the utilization shunt components.

Where diodes or Zener diodes are used as the souomponents in an infallible shunt safety
assembly, they shall form at least two parallehpaif diodes. Diodes shall be rated to carry the
current which would flow at their place of instaike if they failed in the short-circuit mode.

The connections of the shunt components shallrelithén accordance with 8.7 or be arranged so
that, if either of the shunt paths becomes discctiedle the circuit or component being protected
becomes disconnected at the same time.

NOTE 1 — To prevent spark ignition when a connectioeaks, encapsulation in accordance with 6.4y lnea
required.

NOTE 2 — The shunt components used in these asissmiy conduct in normal operation.

Where shunt safety assemblies are subjected tordaukés specified only by a value of Um, the
components of which they are formed shall be ratedaccordance with 7.1. Where the
components are protected by a fuse, the fuse Iskall accordance with 7.3 and the components
shall be assumed to carry a continuous current.©flrl of the fuse. The ability of the shunt
components to withstand transients shall eithertdsted in accordance with 10.12 or be
determined by comparison of the fuse-current titmaracteristic of the fuse and the performance
characteristics of the device.

Where a shunt safety assembly is manufactured aslasidual apparatus rather than as part of a
larger apparatus, then the construction of thenalslyeshall be in accordance with 9.2.

When considering the utilization of a shunt safegsembly and an infallible assembly, the
following shall be considered:

a) either of the two shunt paths in the assembédyl &fe considered as failing to an open circuit
condition;

b) the voltage of the assembly shall be that ohigbest voltage shunt path;

c) the failure of either shunt path to short citahiall be considered as one fault;

d) a safety factor of 1.5 shall be used in theiagfibn of all the fault counts of 5.2 and 5.3;

e) circuits using shunt thyristors shall be tegtealccordance with 10.4.3.3.

8.6.2 Safety shunts

A shunt safety assembly shall be considered a$etysshunt when it ensures that the electrical
parameters of a specified component or part ofntninsically safe apparatus are controlled to
values which do not invalidate intrinsic safety.

Safety shunts shall be subjected to the requiralysis of transients when they are connected

to power supplies defined only by Um in accordanitk 8.6.1, except when used as follows:

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

b) for the limitation of voltage to energy storidgvices, for example capacitors.

An assembly of suitably rated bridge-connected eoshall be considered as an infallible safety
shunt.

8.6.3 Shunt voltage limiters

A shunt safety assembly shall be considered asuat sloltage limiter when it ensures that a
defined voltage level is applied to an intrinsigalafe circuit.

Shunt voltage limiters shall be subjected to tlgiired analysis of transients required when they
are connected to power supplies defined only byitmccordance with 8.6.1, except when the
assembly is fed from one of the following:

a) An infallible transformer in accordance with;8.1

b) A diode safety barrier in accordance with Cla@ise

) A battery in accordance with 7.4;

d) An infallible shunt safety assembly in accordandgth 8.6.

8.7 Wiring and connections

Wiring, including its connections which forms pat the apparatus, shall be considered as
infallible against open circuit failure in the folling cases:

a) for wires:

1) Where two wires are in parallel, or

2) Where a single wire has a diameter of at ledsinim and has an unsupported length of less
than 50 mm or is mechanically secured adjacerns tpadint of connection, or

3) Where a single wire is of stranded or flexiklgbon type construction, has a cross-sectional
area of at least 0.125 mm2 (0.4 mm diameter), isflaged in service and is either less than 50
mm long or is secured adjacent to its point of @mtion;

b) For printed board tracks:

1) Where two tracks of minimum width 1 mm are imgbe!, or

2) where a single track is at least 2 mm wide & &avidth of 1 % of its length, whichever is
greater, and

3) Where each track is formed from copper claddiaging a nominal thickness of not less than
35 m;

¢) For connections (excluding plugs, sockets arditels):

1) Where there are two connections in parallel, or

2) Where there is a single soldered joint in whith wire passes through the board (including
through-plated holes) and is either bent over leefasldering or, if not bent over, machine
soldered or has a crimped connection or is brazektued, or

3) Where there is a single connection which isvseteor bolted and conforms to 6.6.

8.8 Galvanically separating components

An infallible isolating component conforming to tifi@lowing shall be considered as not being
capable of failing to a short circuit across thaliible separation.

Isolating components other than transformers atayse for example optocouplers, shall be
considered to provide infallible separation of safaintrinsically safe circuits if the following
conditions are satisfied:

a) the rating of the component shall be according 1;

b) before application of Um and Ui the componerdlistvithstand an electric strength test as
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described in 6.4.12.

The manufacturer's rated isolation voltage foritifiallible separation of the component under test
shall be not less than the test voltage require@.4y 2.

Where separation is between intrinsically safe rmomtintrinsically safe circuits, the requirements
of Table 4 shall also apply to the isolating comgunexcept that, inside sealed devices, for
example optocouplers, Lines 5, 6 and 7 shall nplyafhe non-intrinsically safe circuit terminals
shall be provided with protection to ensure that thtings of the components in accordance with
7.1 Are not exceeded unless it can be shown tleatitbuits connected to these terminals cannot
invalidate intrinsic safety of the components. Tgllly the inclusion of a single shunt Zener diode
protected by a suitably rated fuse capable of riafing the prospective peak current of the
supply shall be considered as sufficient protectienr this purpose, Table 4 shall not be applied
to the fuse and Zener diode. The Zener diode poatirg shall be at least 1.7 In times the diode
maximum Zener voltage. General industrial standaefd®nstruction shall be considered adequate
for fuses and the method of mounting, for exampla fuse holder, shall not reduce the clearances
and creepage distances afforded by the fuse itself.

Where the external protective devices of the optpta comply with Clauses 5, 6 and 7 of this
standard, there is no requirement for the intedistiance between the conductive parts of the
emitter and receiver of the optocoupler, provideat the internal components of the optocoupler,
when operating normally or with faults applied tbet intrinsically safe circuits and
non-intrinsically safe circuits, do not operateratre than two-thirds of the maximum permissible
power specified by the manufacturer.

Galvanically separating relays shall conform to.B4and any winding shall be capable of
dissipating the maximum power to which it is cortedc

NOTE - Derating of the relay winding in accordamgéth 7.1 is not required.

9 Diode Safety Barriers

9.1 General

The diodes within a diode safety barrier limit throdtage applied to an intrinsically safe circuitdan

a following infallible current-limiting resistor rhits the current which can flow into the circuit.
These assemblies are intended for use as interfae®geen intrinsically safe circuits and
non-intrinsically safe circuits, and shall be sgbje the routine test of 11.1.

The ability of the safety barrier to withstand s&mt faults shall be tested in accordance with
10.12.

Safety barriers containing only two diodes or diathains and used for category "ia" shall be
acceptable as infallible assemblies in accordanih ®.6, provided the diodes have been
subjected to the routine tests specified in 11.1.2.

In category "ia" two-diode barriers, only the fadwf one diode shall be taken into account in the
application of Clause 5.

9.2 Construction

9.2.1 Mounting

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

9.2.2 Facilities for connection to earth

In addition to any circuit connection facility wihienay be at earth potential, the barrier shall have
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at least one more connection facility or shall liged with an insulated wire having a
cross-sectional area of at least 4 Tfion the additional earth connection.

9.2.3 Protection of components

The assembly shall be protected against accessder to prevent repair or replacement of any
components on which safety depends either by entajm in accordance with 6.4.4 or by an
enclosure which forms a non-recoverable unit. Titeeeassembly shall form a single entity.

10 Type Verifications and Type Tests

10.1 Spark ignition test

10.1.1 General

All circuits requiring spark ignition testing shdle tested to show that they are incapable of
causing ignition under the conditions specified Glause 5 for the appropriate category of
apparatus.

Normal and fault conditions shall be simulated ngrihe tests. Safety factors shall be taken into
account as described in Appendix A.

The spark test apparatus shall be inserted in itoeitcunder test at each point where it is
considered that an interruption, short circuit,earth fault may occur. The spark test apparatus
shall be operated in a chamber filled with the meadily ignited mixture of the test gas with air,
within the limits specified in 10.2, as determir®dcalibration in accordance with 10.3.

A circuit may be exempted from a type test with spark-test apparatus if its structure and its
electrical parameters are sufficiently well defirfed its safety to be deduced from the reference
curves, Figures A.1 to A.6 or Tables A.1 and Aythe methods described in Appendix A.

Where voltages and currents are specified withpeitific tolerances, a tolerance of £1 % is to

be used.

NOTE — A circuit assessed using the reference suavel tables may cause ignition when tested ubiegpark
test apparatus. The sensitivity of the spark tppaieatus varies, and the curves and tables areedefriom a large
number of such tests. The assessment using thescand tables is more consistent and takes precederr the
experimental results.

10.1.2 Spark test apparatus

The spark test apparatus shall be that describagpendix B except where Appendix B indicates
that it is not suitable. In these circumstanceslgernative test apparatus of equivalent sensitivi
shall be used and justification for its use shallixluded in the definitive documentation.

The use of the spark test apparatus to producé chauits, interruptions and earth faults shall be
a test of normal operation and is a non-countahlé:f

a) At connection facilities,

b) At internal connections or across internal cegepdistances, clearances, distances through
casting compound and distances through solid itisnlaot conforming to Table 4.

The spark test apparatus shall not be used:

a) Across infallible separations, or in series viitfallible connections,

b) Across creepage distances, clearances, distdhomsgh casting compound and distances
through solid insulation conforming to table 4,

¢) Within associated apparatus other than attitsgically safe circuit terminals,

d) Between terminals of separate circuits confogiin6.3.1, apart from the exceptions described
in 7.6i).

10.2 Explosive test mixtures
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The following explosive test mixtures shall be ugsedording to the stated apparatus group which
is being tested:

Group |1 8.0 % to 8.6 % methane in air

Group 1A 5.0 % to 5.5 % propane in air

Group 1IB 7.3 % to 8.3 % ethylene in air

Group IIC 19 % to 23 % hydrogen in air

In special cases, apparatus which is to be testéddrearked for use in a particular gas or vapour
shall be tested in the most easily ignited conegiotm of that gas or vapour in air.

Where a more severe test mixture is used to aclidaetor of safety, its composition shall be as
given in 10.4.2.

NOTE — The purity of commercially available gasad aapours is normally adequate for these testshiose of
purity less than 95 % should not be used. The effeocormal variations in laboratory temperature air pressure
and of the humidity of the air in the explosivettasxture is also likely to be small. Any signifitheffects of
these variations will become apparent during thetime calibration of the spark test apparatus.

10.3 Calibration of the spark test apparatus

The sensitivity of the spark test apparatus shaltiecked before each test series carried out in
accordance with 10.4. For this purpose, the tgsai@us shall be operated in a 24 V d.c. circuit
containing a 0.09 H to 0.1 H air-cored coil. Therent in this circuit shall be set at the value
given in table 7 for the appropriate group, orhis tvalue divided by the factor of safety when a
more easily ignited test gas is used.

Table 7 — Current in the calibration circuit

Apparatus group Current
mA

[ 110 -111

A 100 - 101

1153 65 — 66

lc 30-30,5

The spark test apparatus shall be run at not hess400 and not more than 440 revolutions of the
contact holder with the wire holder at positivegril. The sensitivity shall be considered to

be satisfactory if at least one ignition of the legpre test mixture occurs.

10.4 Tests with the spark test apparatus

10.4.1 Circuit test

The circuit to be tested shall be based on the maeshdive circuit that can arise, toleranced in
accordance with Clause 7 and taking into accodt % variation in the mains supply voltage.
The spark test apparatus shall be inserted in itoeitcunder test at each point where it is
considered that an interruption or interconnecti@y occur. Tests shall be made with the circuit
in normal operation, and also with one or two faudts appropriate to the category of electrical
apparatus in accordance with Clause 5, and witm@ne@mum values of the external capacitance
(Co) and inductance (Lo) or inductance to resigaratio (Lo/Ro) for which the apparatus is
designed.

Each circuit shall be tested for the following nwenbof revolutions, with a tolerance of
0%~+10 % of the wire holder in the spark test apie:

a) for d.c. circuits, 400 revolutions (5 min), 2@¥olutions at each polarity;

b) for a.c. circuits, 1 000 revolutions (12,5 min);
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c) for capacitive circuits, 400 revolutions (5 mi@PO revolutions at each polarity. Care shall be
taken to ensure that the capacitor has sufficiem@ to recharge (at least three time constants).
The normal time for recharge is about 20 ms andevtiés is inadequate it shall be increased by
removing one or more of the wires (tungsten wireyslowing the speed of rotation of the spark
test apparatus. When wires are removed, the nuailrerolutions shall be increased to maintain
the same number of sparks.

After each test in accordance with a), b) or c)bcation of the spark test apparatus shall be
repeated. If the calibration does not conform to31@he ignition test on the circuit under
investigation shall be considered invalid.

10.4.2 Safety factors

NOTE — The purpose of the application of a safatydr is to ensure either that a type test or assa#t is carried

out with a circuit which is demonstrably more likeb cause ignition than the original, or that tniginal circuit

is tested in a more readily ignited gas mixturegémeral, it is not possible to obtain exact edeivee between
different methods of achieving a specified factdrsafety, but the following methods provide accéfga
alternatives.

The safety factor of 1.5 shall be obtained by drthe following methods:

a) increase the mains (electrical supply systertiage to 110 % of the nominal value to allow for
mains variations, or set other voltages, for exanhgitteries, power supplies and voltage limiting
devices at the maximum value in accordance withisg&’, then:

1) for inductive and resistive circuits, increase tcurrent to 1.5 times the fault current by
decreasing the values of limiting resistance, & 1h5 factor cannot be obtained, further increase
the voltage;

2) for capacitive circuits, increase the voltageltain 1.5 times the fault voltage. Alternatively
when an infallible current-limiting resistor is as&ith a capacitor, consider the capacitor as a
battery and the circuit as resistive.

NOTE-When using the curves in Figures A.1 to A.@ables A.1 and A.2 for assessment, this same methall

be used.

b) Use the more easily ignited explosive test niedun accordance with Table 8. These mixtures
shall be measured to confirm that they are wittiirbiof the quoted values.

Table 8 — Compositions of explosive test mixturegjaivalent to 1.5 safety factor

Gaz group Compositions of explosive test mixtures
Volume %
Oxygen-hydrogen-air mixture Oxygen-hydrogen mixture
Hydrogen Air Oxygen Hydrogen Oxygen

[ 52 48 - 85 15

A 48 52 - 81 19

1153 38 62 - 75 25

Ic 30 17 53 60 40

10.4.3 Testing considerations

10.4.3.1 General

Spark ignition tests shall be carried out with tecuit arranged to give the most incendive
conditions. For simple circuits of the types forigéhthe curves in Figures A.1 to A.6 apply, a
short-circuit test is the most onerous. For morengex circuits, the conditions vary and a
short-circuit test may not be the most onerous.et@ample, for constant voltage current-limited
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power supplies, the most onerous condition uswalburs when a resistor is placed in series with
the output of the power supply and limits the cotrte the maximum which can flow without any
reduction in voltage.

10.4.3.2 Circuits with both inductance and capacitace

Where a circuit contains energy stored in both ciggace and inductance, it may be difficult to
assess such a circuit from the curves in Figurdsté.A.6, for example where the capacitive
stored energy may reinforce the power source fgegiminductor. The circuit shall be tested with
the combination of capacitance and inductance.

10.4.3.3 Circuits using shunt short-circuit (crowba) protection

After the output voltage has stabilized, the ciraliall be incapable of causing ignition for the
appropriate category of apparatus in the conditmin€lause 5. Additionally, where the type of
protection relies on operation of the crowbar cdusgother circuit faults, the let-through energy
of the crowbar during operation shall not exceedftiiowing value for the appropriate group:

— Group IIC apparatus: 20

— Group IIB apparatus: 80

— Group lIA apparatus: 160

— Group | apparatus: 26Q

As ignition tests with the spark test apparatus m@oe appropriate for testing the crowbar
let-through energy, this let-through energy shall dssessed, for example from oscilloscope
measurements.

10.4.4 Results of spark tests

No ignition shall occur in any test series at ahthe chosen test points.

10.5 Temperature tests

All temperature data shall be referred to a refegeambient temperature for 40 °C or the
maximum ambient temperature marked on the apparb#isss to be based on a reference ambient
temperature shall be conducted at any ambient temype between 20 °C and the reference
ambient temperature. The difference between theiearnlbemperature at which the test was
conducted and the reference ambient temperatulietistia be added to the temperature measured
unless the thermal characteristics of the compoasntnon-linear, for example batteries. If the
temperature rise is measured at the reference atnigimperature, that value shall be used in
determining the temperature classification.

Temperatures shall be measured by any convenieahsn&@he measuring element shall not
substantially lower the measured temperature. Are@able method of determining the rise in
temperature of a winding is as follows:

— measure the winding resistance with the windirg r@corded ambient temperature;

— apply the test current or currents and measwgenrtAximum resistance of the winding, and
record the ambient temperature at the time of measent;

— calculate the rise in temperature from the follmpequation:

t=2 %41 — G+

where

t is the temperature rise, in kelvins;

r is the resistance of the winding at the ambiemipterature t1, in ohms;

R is the maximum resistance of the winding undentdst current conditions, in ohms;
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t1 is the ambient temperature, in degrees Celaiisn r is measured;

t2 is the ambient temperature, in degrees Celsinen R is measured;

k is the inverse of the temperature coefficientasistance of the winding at 0 °C and has the
value of 234.5 K for copper.

10.6 Voltage tests

Voltage tests shall be in accordance with the gppate IEC standard. Where there is no such
standard, the following test method shall be uSdte test shall be performed either with an
alternating voltage of substantially sinusoidal efavm at a power frequency between 48 Hz and
62 Hz or with a d.c. voltage having no more tha Peak-topeak ripple at a level 1.4 times the
specified a.c. voltage.

The supply shall have sufficient volt-ampere cafyatth maintain the test voltage, taking into
account any leakage current which may occur.

The voltage shall be increased steadily to theifipéc/alue in a period of not less than 10 s and
then maintained for at least 60 s.

The applied voltage shall remain constant durimgtést and the current shall not exceed an r.m.s.
value of 5 mA.

10.7 Small component ignition test

A small component tested to demonstrate that ill sk@ cause temperature ignition of a
flammable mixture in accordance with 6.2.4a) shaltested as described below. The appearance
of a cool flame shall be considered as an ignitidetection of ignition shall either be visual or by
measurement of temperature, for example by a thasopde.

The component shall be tested under normal operatian the fault conditions in accordance
with Clause 5 which produce the highest value ofese temperature. The test shall be continued
either until thermal equilibrium of the componentiadhe surrounding parts is attained or until the
component temperature drops. Where the componiéunefaauses the temperature to fall, the test
shall be repeated five times using five additiosamples of the component. Where in normal
operation or in the fault conditions in accordangi Clause 5, the temperature of more than one
component exceeds the temperature class of theappathe test shall be carried out with all
such components at their maximum temperature.

The component under test may either be mounteterapparatus as intended and precautions
shall be taken to ensure that the test mixtune ®ntact with the component.

Alternatively, the test shall be carried out on@del which ensures representative results.

Such a simulation shall take into account the éffiéother parts of the apparatus in the vicinity o
the component being tested which affect the tentperaof the mixture and the flow of the
mixture around the component as a result of veiaiizand thermal effects.

The safety factor required in 5.3 of GB 3836.1-2G0@ll be achieved either by raising the
ambient temperature at which the test is carriedoouwhere this is possible, by raising the
temperature of the component under test and otflevant adjacent surfaces by the required
margin.

For T4 temperature classification, the mixture shaleither:

a) a homogeneous mixture of between 22.5 % and%3rbvolume diethyl ether and air, or

b) a mixture of diethyl ether and air obtained bgvaing a small quantity of diethyl ether to
evaporate within a test chamber while the ignitest is being carried out.

For other temperature classifications, the chofceudable test mixtures shall be at the discretion
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of the testing station.

If no ignition occurs during a test, the presentehe flammable mixture shall be verified by
igniting the mixture by some other means.

10.8 Determination of parameters of loosely spea#fl components

Ten unused samples of the component shall be @otéiom any source or sources of supply and
their relevant parameters shall be measured. Basis normally be carried out at or referred to
the specified maximum ambient temperature, for @tam0 °C, but where necessary temperature
sensitive components, for example nickel cadmiuris/batteries, shall be tested at lower
temperatures to obtain their most onerous condition

The most onerous values for the parameters, nessadly taken from the same sample, obtained
from the tests on the 10 samples shall be takeepassentative of the component.

10.9 Tests for cells and batteries

10.9.1 General

Rechargeable cells or batteries shall be fully gbdrand then discharged at least twice before
any tests are carried out. On the second dischargke subsequent one as necessary, the capacity
of the cell or battery shall be confirmed as beiithin its manufacturer's specification to ensure
that tests can be carried out on a fully chargdidocebattery which is within its manufacturer's
specification.

When a short circuit is required for test purpabesresistance of the short-circuit link, excluding
connections to it, either shall not exceed 3,rar have a voltage drop across it not exceedilfly 20
mV or 15 % of the cell e.m.f. The short circuit BHze applied as close to the cell or battery
terminals as practicable.

10.9.2 Electrolyte leakage test for cells and baties

The test samples shall be placed with any caseomtiscities, for example seals, facing
downward or in the orientation specified by the ofanturer of the device, over a piece of
blotting paper. Ten test samples shall be subjdotéte most onerous of the following:

a) Short circuit until discharged;

b) Application of input or charging currents withthne manufacturer's recommendations;

c¢) Charging a battery within the manufacturer'@memendations with one cell fully discharged or
suffering from polarity reversal.

The conditions above shall include any reverse gihgrdue to conditions arising from the
application of 5.2 and 5.3. They shall not inclule use of an external charging circuit which
exceeds the charging rates recommended by the awurdr of the cell or battery.

There shall be no visible sign of electrolyte oa khotting paper or on the external surfaces of the
test samples when they have cooled. Where castingpaund has been applied to achieve
conformance to 7.4.9, examination of the cell atéhd of the test shall show no damage which
would invalidate conformance with 7.4.9.

10.9.3 Spark ignition and surface temperature of dis and batteries

If a battery comprises a number of discrete callsmaller batteries combined in a well-defined
construction conforming to the segregation and rotequirements of this standard, then each
discrete element shall be considered as an indivichhmponent for the purpose of testing.

Except for specially constructed cells where it d@nshown that short circuits between cells
cannot occur, the failure of each element shatldyesidered as a single fault.

In less well-defined circumstances, the battenjl dfeaconsidered to have a short-circuit failure
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between its external terminals. Cells and battewibgch conform to 7.4.9 shall be tested or
assessed as follows.

a) Spark ignition assessment or testing shall béedsout at the cell or battery external terminals
except where a current-limiting device is inclugedl the junction of this device and the cell or
battery conforms to 6.7. The test or assessmelittbba include the current-limiting device.

When the internal resistance of a cell or batteryoi be included in the assessment of intrinsic
safety, its minimum resistance value shall be nza@dable to the testing station.

If the cell/battery manufacturer is unable to confthe minimum value of internal resistance, the
testing station shall use the most onerous valshaift-circuit current from a test of 10 samples of
the cell/battery together with the peak open ciraultage in accordance with 7.4.3 of the
cell/battery to determine the internal resistance.

b) The maximum surface temperature shall be detenas follows. All current-limiting devices
external to the cell or battery shall be shortgdiexd for the test. Any external sheath (of paper o
metal, etc.) not forming part of the actual celclesure shall be removed for the test. The
temperature shall be determined on the outer emdosf each cell or battery and the maximum
figure taken. The test shall be carried out bottn witernal current-limiting devices in circuit and
with the devices short-circuited using 10 cellgath case.

The 10 samples having the internal current-limititeyices short-circuited shall be obtained from
the cell/battery manufacturer together with anycgdanstructions or precautions necessary for
safe use and testing of the samples.

NOTE — When determining the surface temperatunaast batteries, the effect of built-in protectivevites, for
example fuses or PTC resistors, is not taken intowat because this is an assessment of a possibteal fault,

for example failure of a separator.

10.10 Mechanical tests

10.10.1 Casting compound

A force of 30 N shall be applied perpendicularte surface of the casting compound with a 6
mm diameter flat ended metal rod for 10 s. No dantgor permanent deformation of the
encapsulation or movement greater than 1 mm sbailiro

Where a free surface of casting compound occursrder to ensure that the compound is rigid
but not brittle, one of the following impact testsall be carried out on the surface of the casting
compound at (20 £ 10) °C using the test apparatasribed in Appendix G of GB 3836.1-2000:

a) For Group | applications where casting compofamths part of the external enclosure and is
used to exclude a potentially explosive atmosphamminimum impact energy of 20 J shall be
used;

b) for all other applications a minimum impact aneof 2 J shall be used.

The casting compound shall remain intact and nenpeent deformation shall occur. Minor
surface cracks shall be ignored.

10.10.2 Partitions

Partitions shall withstand a minimum force of 3@pplied by a 6 mm diameter solid test rod.

The force shall be applied to the approximate eeottithe partition for at least 10 s. There shall b
no deformation of the partition that would makarisuitable for its purpose.

10.11 Tests for apparatus containing piezoelectridgevices

Measure both the capacitance of the device andlaswoltage appearing across it when any part
of the apparatus which is accessible in servicenjgct tested in accordance with the "high"
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column of Table 4 in GB 3836.1-2000 carried ou{2a + 10) °C using the test apparatus in
Appendix D of GB 3836.1-2000. For the value of agh, the higher figure of the two tests on the
same sample shall be used. When the apparatusiringtshe piezoelectric device includes a
guard to prevent a direct physical impact, the ichpest shall be carried out on the guard with
both the guard and the apparatus mounted as irddndiéhe manufacturer.

The maximum energy stored by the capacitance ofystal at the maximum measured voltage
shall not exceed the following:

— for Group | apparatus: 1 50D

— for Group IIA apparatus: 950

— for Group 1IB apparatus: 250

— for Group IIC apparatus: 50

Where the electrical output of the piezoelectrizvicke is limited by protective components
(including guards), these components shall not d&readjed by the impact in such a way as to
allow the type of protection to be invalidated.

Where it is necessary to protect the apparatus éxternal physical impact in order to prevent the
impact energy exceeding the specified values, Idetdithe requirements shall be specified as
special conditions for safe use and the apparatislse marked with the symbol X.

10.12 Type tests for diode safety barriers and safeshunts

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

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

The diodes shall be shown to be capable of witkétgnthe peak Um divided by the value (at
20 °C) of the fuse resistance and any infalliblgistance in series with the fuse, either by the
diode manufacturer's specification or by the follugvtest.

Subject each type of diode in the direction ofizdiion (for Zener diodes, the Zener direction)
to five rectangular current pulses each ofS@uration repeated at 20 ms intervals. With aepuls
amplitude of the peak of the Um divided by the talesistance value of the fuse at 20 °C (plus
any infallible series resistance which is in cittuMWhere the manufacturer's data shows a
pre-arcing time greater than S0at this current, the pulse width will be changedepresent the
actual pre-arcing time. Where the pre-arcing tinemnot be obtained from the available
manufacturer's data, 10 fuses shall be subjectétetoalculated current, and their pre-arcing time
measured. This value, if greater than §0shall be used.

The diode voltage shall be measured at the componamufacturer's test current before and after
this test. The measured voltages shall not differniore than 5 % (the 5 % includes the
uncertainties of the test apparatus). The highatage elevation observed during the test shall be
used as the peak value of a series of pulses tppked in a similar manner as above to any
semiconductor current-limiting devices. After tagti these devices shall again be checked for
conformity to the component manufacturer's speatifr.

From a generic range manufactured by a particul@anufacture, it is necessary to test only a
representative sample of a particular voltage toatestrate the acceptability of the generic range.
10.13 Cable pull test

Apparatus which is constructed with an integralledbr external connections shall be subjected
to a pull test on the cable if breakage of the teations inside the apparatus could result in
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intrinsic safety being invalidated, for example whehere is more than one intrinsically safe
circuit in the cable and breakage could lead torgsafe interconnection. The test shall be carried
out as follows:

— apply a tensile force of minimum value 30 N oa dable in the direction of the cable entrance
into the apparatus for the duration of at least 1 h

— although the cable sheath may be displaced, siblevidisplacement of the cable terminations
shall be observed;

— this test shall not be applied to individual coctrs which are permanently connected and do
not form part of a cable.

11 Routine Verifications and Tests

11.1 Routine tests for diode safety barriers

11.1.1 Completed barriers

A routine test shall be carried out on each coregldtarrier to check correct operation of each
barrier component and the resistance of any fube.uBe of removable links to allow this test
shall be acceptable provided that intrinsic safetypaintained with the links removed.

11.1.2 Diodes for 2-diode "ia" barriers

The voltage across the diodes shall be measursgkatfied by their manufacturer at ambient
temperature before and after the following tests:

a) subject each diode to a temperature of 150 P@ fg

b) subject each diode to the pulse current test@ordance with 10.12.

11.2 Routine tests for mains transformers

In routine tests, the voltages applied to mainssfia@mers shall conform to the values given in
Table 9, where Un is the highest rated voltagengfwinding under test.

Table 9 — Routine test voltages for mains transforers

Where applied RMS test voltage

Between input and output windings 4 Un or 2 500 V, whichever is the greater

Between all the windings and the core or scre@nUn or 1 000 V, whichever is the greater

Between each winding which supplies |ag Un + 1 000 V or 1 500 V, whichever is the
intrinsically safe circuit and any other outpugreater
winding

During these tests there shall be no breakdowhepirisulation between windings or between any
winding and the core or screen.

12 Marking

12.1 General

Intrinsically safe apparatus and associated apmamgtiall carry at least the minimum marking
specified in GB 3836.1. The marking of the seriamber may be achieved by using a date or
batch number code which is sufficient to ensuresaaility for quality control purposes.

NOTE — The serial number marking may be separata the other marking.

For associated apparatus the symbol Ex ia or Egrile or ib, if Ex is already marked) shall be
enclosed in square brackets.

All relevant parameters should be marked, for exargjn, Li, Ci, Lo, Co wherever practicable.
NOTE- Standard symbols for marking and documentatie given in Clause 3.

Practical considerations may restrict or precludelse of italic characters or of subscripts, and a
simplified presentation may be used, for exampleaédiber than Uo.
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12.2 Marking of connection facilities
Connection facilities, terminal boxes, plugs andkets of intrinsically safe apparatus and
associated apparatus shall be clearly marked aaitl lsh clearly identifiable. Where a colour is
used for this purpose, it shall be light blue.

Where parts of an apparatus or different pieceappfratus are interconnected using plugs and
sockets, these plugs and sockets shall be idehtifiecontaining only intrinsically safe circuits.
Where a colour is used for this purpose, it shallight blue.

In addition, sufficient and adequate marking shallprovided to ensure correct connection forthe
continued intrinsic safety of the whole.

NOTE - It may be necessary to include additionbkls, for example on or adjacent to plugs and decke
achieve this. If clarity of intention is maintaingtle apparatus label may suffice.

The following are examples of marking.

a) Self-contained intrinsically safe apparatus

Name of Manufacturer

TYPE XX PAGING RECEIVER
ExiallC T4

—-25°C Ta +50°C

ACB No. and Explosion-proof
Certificate No.
Serial No.:

b) Intrinsically safe apparatus designed to be eotad to other apparatus
Name of Manufacturer
TYPEXX TRANSDUCTEUR
Exib 1IB T4

ACB No. and Explosion-proof
Certificate No.

Li: 10 H Ci: 1 200 pF
Ui: 28 V li: 250 mA
Pi: 1.3 W

Serial No.:

c) Associated apparatus

Name of Manufacturer
TYPE XX SORGUNG
[Ex ib] I

ACB No. and Explosion-proof
Certificate No.

Um: 250V Po: 0.9 W

lo: 150 mA Uo: 24V

Lo: 20 mH Co: 5.5F

Serial No.:

d) Associated apparatus protected by a flamepmdbsure
Name of Manufacturer

Model and Name of Product

Ex d [ia] IIB T6
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ACB No. and Explosion-proof
Certificate No.

Um: 250V Po: 0.9 W
Uo: 36 V lo: 100 mA
Co:0.31F Lo: 15 mH
Serial No.:

13 Documentation

The descriptive documentation required by 23.2 Bf3836.1-2000 shall include the following
information:

a) electrical parameters for the apparatus:

1) power sources: output data such as Uo, lo, Bpifapplicable, Co, Lo and/or the permissible
Lo/Ro ratio;

2) power receivers: input data such as Ui, li@;j,Li and the Li/Ri ratio;

b) any special requirements for installation anel us

¢) the maximum value of Um which may be appliedetoninals of non-intrinsically safe circuits
or associated apparatus;

d) any special conditions which are assumed inrohéténg the type of protection, for example
that the voltage is to be supplied from a protectransformer or through a diode safety barrier;
e) conformance or non-conformance with 6.4.12;

f) the designation of the surfaces of any enclosunlg in circumstances where this is relevant to
intrinsic safety.

Appendix A

(Normative Appendix)

Assessment of Intrinsically Safe Circuits

A.1 Basic criteria

An intrinsically safe circuit shall satisfy threadic criteria:

a) the circuit shall be adequately separated frilmaraircuits;

b) the temperature classification of intrinsicadlgfe apparatus shall be carried out in accordance
with 6.2 and Clause 5 of GB 3836.1-2000 so as wurnthat ignition is not caused by hot
surfaces. Temperature classification shall notyafiphssociated apparatus;

¢) no spark ignition shall result when the cirdsitested, or assessed as required by Clause 10 for
the specified category (see Clause 5) and groupi®y Clause 4) of electrical apparatus.

NOTE 1 — Criterion a) may be satisfied by the prioviof adequate creepage distances and clearammtdy the
use of components conforming to Clause 8, for exarmphsformers and current-limiting resistors.

NOTE 2 — Criterion b) may be satisfied by estimatihg maximum surface temperatures of components &o
knowledge of their thermal behaviour and the maxmimpower to which they may be subjected under the
appropriate fault conditions.

NOTE 3 — Criterion ¢) may be satisfied by assessmierfibrmation relating to voltage, current and uitc
parameters such as capacitance and inductance hbtimdary for ignition is necessary. The circait ¢hen be
assessed as intrinsically safe in regard to sjgmikion.

A.2 Assessment using reference curves and tables

Where the circuit to be assessed for ignition céipalapproximates to the simple circuit from
which the curve is derived, Figures A.1 to A.6 ables A.1 and A.2 shall be used in the
assessment. The fault conditions in accordance@lahse 5 and the safety factors in accordance
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with 10.4.2 shall also be taken into account.

Generally the following procedure shall be applied:

— determine the worst practical situation takingoamt of component tolerances, supply voltage
variations, insulation faults and component faults;

— then apply the appropriate safety factors, whigbend on the type of circuit (see 10.4.2) as well
as on the category of the electrical apparatus (3aese 5), in order to derive a circuit to be
subjected to assessment;

— then check that the parameters of the resulfenticare acceptable according to the reference
curves in Figures A.1 to A.6 or according to Talfek and A.2.

The circuit derived for assessment purposes magdted using the spark-test apparatus if testing
is preferred to assessment.

NOTE - The information provided in Figures A.1 to6Aand Tables A.1 and A.2 relates only to simpteuiis

and it may be difficult in some cases to apply itifermation to the design of practical circuits.rFexample,
many power supplies have non-linear output charatitess and are not assessable from the referennes
because Figure A.1 can only be used when the tioan be represented by a cell or battery and i@sser
current-limiting resistor. Because of this, non-tinecircuits, for example constant current circuitsll give
ignition at lower values of current than would bedicted from Figure A.1 on the basis of open-éirgoltage

and short-circuit current. In some types of nomdincircuit, the maximum permitted current may bk one-fifth

of that predicted from reference curves. Great tatberefore needed to ensure that assessmentsaaie only
when the circuit under consideration can, for peattpurposes, be represented by one of the sigigaits for
which information is provided. The information deile is limited and cannot cover all the detajedblems that
arise in the design of

intrinsically safe circuits.

A.3 Examples of simple circuits

a) Simple inductive circuit

To illustrate the procedure in more detail, consaeircuit for Group IIC consisting of a power
supply comprising a 20 V battery with a suitablyunted infallible 300 currentlimiting resistor
feeding into a 1 100, 100 mH inductor as shown in Figure A.7.

The 300 and 1 100 values are minimum values and 100 mH is a maxinwaloe. Two
separate assessments are made: one to ensuteetipainter supply itself is intrinsically safe and
the other to take account of the effect of the eated load as follows.

1) Power supply

The steps in the assessment are the following.

i) The value of the current-limiting resistor isajed as 300 minimum and this represents the
worst situation as far as the resistor is concertedhis resistor does not conform to the
requirements for infallibility (see 8.4), appliaati of a single fault (see Clause 5) would produce a
modified circuit in which the resistor would be as®d to be short-circuited. With such a fault,
the power supply would not be intrinsically safe.

It is also necessary to determine a maximum vau¢he battery voltage in accordance with 7.4.3.
Assume the maximum battery voltage derived is 22 V.

i) The maximum short-circuit current is 22/300 33 mA.

Since the circuit is resistive, application of tleguirements of clause 5 and 10.4.2 give rise to a
modified circuit in which the short-circuit curreistincreased to 1.5x73.3 = 110 mA.

iii) From Table A.1, it can be seen that, for Gral@p, the minimum igniting current for a resistive
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circuit at 22 V is 337 mA. The power supply canrdtiere be assessed 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 308nd 1 100 are minimum values, the
maximum possible current in the load is 22/(300300) = 15.7 mA. No faults need to be applied
since the 300 resistor is infallible and short-circuit failuré the inductor leads to the circuit
considered above.

i) Application of the requirements of Clause 5 difid4.2 requires that, for a safety factor of 1,5,
the current in the circuit be increased to 1.5x¥528,6 mA.

iii) Reference to figure A.4 for Group IIC showsathfor a 100 mH inductor, the minimum
igniting current for a source of 24 V is 28 mA. Thecuit can therefore be assessed as
intrinsically safe in regard to spark ignition f8roup 1IC applications.

NOTE 1 — For open-circuit voltages significantlydye 24 V, Figure A.6 should be used.

NOTE 2 — The above assessment assumes that thetands air-cored. If the inductor is not air-coyeslich
assessments can be regarded as only approximateismeécessary to test the circuit with the spast apparatus
(Appendix B) in order to establish whether or nas iintrinsically safe. In practice, if the assessinis based on a
measured inductance value, the actual minimumirgniturrent is usually, although not always, gre#tan the
assessed value.

b) Simple capacitive circuit

Consider now the circuit of Figure A.8 which isented for Group | application. It consists of a
30 V battery connected to a 10 capacitor through a suitably mounted infallibeKL resistor.
For the purpose of this example, the values of 3htf 10F are taken as maximum values, and
10 k as a minimum value. Two separate assessmentsate: mne to ensure that the power
supply itself is intrinsically safe and the othetdke account of the presence of the capacitor.

1) Power supply

Since the procedure is almost exactly that desgtribe) 1), no detail need be given. The power
supply circuit alone can be readily assessed amgbeirinsically safe in regard to spark ignition
with a safety factor exceeding 100.

2) Capacitor

The steps in the assessment are as follows.

i) The maximum battery voltage is 30 V, and EQs the maximum capacitance value.

No faults are applied since the 10 kresistor is infallible and either short-circuit @pen-circuit
failure of the capacitor gives rise to the ciraghsidered in a) 1).

i) Application of the requirements of Clause 5 difid4.2 requires that, for a safety factor of 1,5,
the voltage be increased to 1.5x30V =45 V.

iii) Reference to Figure A.2 for Group | shows tha#5 V the minimum value of capacitance to
give ignition is only 3 F and at 30 V only 8, so that the circuit cannot be assessed as
intrinsically safe.

NOTE — To modify the circuit so that it may be as®# as being intrinsically safe, there are seyasdibilities.
The circuit voltage or capacitance values coulddgeiced, or an infallible resistor could be insgtiiteseries with
the 10 F capacitor. Reference to figure A.2 shows thaintiemum igniting voltage for 10F is 26 V, so that the
battery voltage would have to be reduced to 264.57.3 V if the value of 10 F were to be maintained.
Alternatively, the capacitance value could be reduto 8 F, or, since 10 F + 5.6 gives a minimum igniting

52



GB 3836. 4—2000

voltage of 48 V, insertion of an infallible resistbaving a minimum value of 5.6in series with the capacitor
would also produce a circuit which could be asgbssantrinsically safe as regards spark ignitamGroup |.

One problem ignored in the above discussion is, thtaictly speaking, the minimum igniting
voltage curves for capacitive circuits in Figure Aand A.3 relate to a charged capacitor not
directly connected to a power supply. In practm®yvided the power supply considered by itself
has a large safety factor, as in the above exarttegeference curves can be applied. If, however,
the power supply alone has only a minimum safetyofa interconnecting it with a capacitor can
lead to a situation where the circuit is not inditally safe even though intrinsic safety may be
inferred from Figures A.2 and A.3. In general, swittuits cannot be reliably assessed in the
manner described above and should be tested weithptirk test apparatus (see Appendix B).
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Table A.1
apparatus group

Permitted short-circuit current corresponding to the voltage and the

Permitted short-circuit current
\oltage
vV for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
X1 X1.5 X1 XL5 X1 X1.5
A A A A
12.0
12.1 5. 00 3.33
12.2 4.72 3.15
12.3 4.48 2.97
12. 4 4.21 2.81
12.5 3.98 2.65
12.8 3.77 2.51
127 3.56 2.37
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Table A.1 (continued)

Permitted short-circuit current
Voltage for Group IIC for Group IIB for Group IIA apparatus
\% apparatus apparatus
with a factor of safety with a factor of with a factor of safety
of safety of
of
X1 X156 X1 X1.5 X1 XL5
A A A A A

12.8 8.37 2.25
12.9 3.19 2.13
13.0 3.02 2.02
13.1 2.87 .91
13.2 2.72 1.81
13.3 2.58 L72
13.4 2.45 1.63
13.5 2.32 1.55 5. 00 3.33
13.6 2.21 147 4.88 3.24
13.7 2.08 1.40 1.72 314
13.8 1.99 1.33 4.58 3,05
13.9 1.89 1.26 4. 45 2.97
14.0 1.80 1.20 4.33 2.88
4.1 .75 1.16 4.21 2.80
14.2 1.70 1.13 4.09 2.78
14.8 1.85 110 3.98 2.65
14.4 1.80 107 3. 87 2.58
14.5 1.55 104 3.76 2.51
14.6 1.51 .01 3. 66 2. 44
14.7 1.47 0.98 3.56 2.38
14.8 1.43 0.95 3.47 2.31 5. 00 3.33
14.9 1.39 0.93 3.38 2.25 4.86 3.24
15.0 1.35 0. 900 3.29 2.19 4.73 3.15
15.1 1.31 0. 875 3.20 2.14 4.80 3.07
15.2 1. 28 0. 851 3.12 2.08 4. 48 2. 99
15.3 1.24 0. 828 3.04 2.08 4.38 2.91
15. 4 1.21 0. 806 2. 96 1. 88 4. 25 2. 83
15.5 1.18 0. 784 2. 89 1.92 4.14 2.76
15. 6 1L.15 0. 769 2. Bl 1. BB 4. 03 2. 69
15.7 1.12 0. 744 2.74 1.83 3.92 2.62
15. 8 1. 08 0. 724 2. 68 1..7T8 3. B2 2. 95

61




GB 3836. 4—2000

Table A.1 (continued)

Permitted short-circuit current
\oltage
vV for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
X1 X1.5 X1 XL5 X1 XL5
A A A A A

15. 9 1. 06 0. 705 2. 61 1.74 3.72 2.48
18.0 1.03 0. 687 2.55 .70 3.83 2.42
16. 1 1. 00 0. 669 2.48 1. 66 3.54 2.36
18.2 0.98 0. 652 2. 42 1.81 3.45 2.30
16. 3 0.95 0. 636 2. 36 1.57 3.36 224
18.4 0.93 0. 620 2.31 1.54 3.28 2.18
18.5 0.91 0. 604 2.25 1.50 3.20 2.18
16.6 0.88 0. 589 2.20 147 3.12 2.08
18.7 0.88 0. 575 215 1.43 3.04 2.08
16.8 0.84 0. 560 2.10 140 2.97 1.98
16.9 0.82 0. 547 2. 05 1.87 2.90 1.93
17.0 0.80 0.533 2.00 1.84 2.83 1.89
7.1 0.78 0.523 1.96 1.81 2.76 1.84
7.2 0.77 0.513 1.93 1.28 2.70 1.80
7.8 0.75 0. 503 1.89 1.26 2.83 1.76
17. 4 0.74 0. 493 1.85 124 2.57 L72
17.5 0.73 0. 484 1.82 21 2.51 1-68
17.8 0.71 0. 475 1.79 1.19 2.45 1.64
7.7 0.70 0. 466 1.75 117 2.40 1-60
17.8 0.69 0. 457 .72 1.15 234 1.56
17.9 0.67 0. 448 1.69 1.18 2.29 1.53
18.0 0. 68 0. 440 1.66 L1l 2.24 1. 49

mA mA mA mA mA mA
18.1 648 432 1 630 1 087 2188 1 459
18. 2 636 424 1 601 1 068 2139 1 426
18.3 625 417 1573 1 049 2081 1384
18. 4 613 409 1 545 10 30 2 045 1 363
18.5 602 402 1518 1012 2 000 1333
18. 6 582 384 1481 845 1 967 1311
18.7 581 387 1 468 977 1935 1290
18. 8 571 380 1 441 960 1 903 1 269
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Table A.1 (continued)

Permitted short-circuit current
\oltage
vV for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
mA mA mA mA mA mA
18. 9 561 374 1418 944 1872 1248
18.0 551 387 1392 928 1842 1228
19.1 541 361 1 368 912 1812 1 208
18.2 532 355 1345 897 1784 1189
16. 3 523 348 1323 882 1755 1170
18. 4 514 342 1301 867 1727 1152
18.5 505 337 1279 853 1700 1134
18.6 196 331 1 258 839 1673 1116
18.7 448 325 1237 825 1648 1 098
18.8 480 320 1217 811 1622 1 081
18.9 472 314 1197 798 1507 1 085
20.0 164 308 1177 785 1572 1 048
20. 1 456 304 1158 772 1 549 1 082
20. 2 448 288 1140 760 1525 1 016
20,3 441 284 1122 748 1502 1001
20. 4 434 288 1104 736 1479 986
20.5 427 285 1 087 724 1457 871
20. 6 420 280 1 069 713 1485 957
20.7 413 275 1053 702 1414 043
20.8 406 211 1036 891 1393 929
20. 9 400 267 1020 680 1373 915
2.0 394 262 1 004 870 1358 po2
21.1 387 258 989 659 1333 BEY
21.2 381 254 974 849 1314 876
21. 3 375 250 959 639 1295 BG3
21. 4 369 248 945 830 1278 851
2.5 364 243 830 620 1258 839
21. 8 358 239 916 811 1240 827
2.7 353 235 903 802 1222 B15
21.8 347 231 889 593 1205 804
21. 9 342 228 876 584 1189 792
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Table A.1 (continued)

Permitted short-circuit current
\oltage
vV for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of

mA mA mA mA mA mA
22.0 337 224 863 575 1172 781
22.1 332 221 851 567 1156 770
22.2 327 218 838 559 1140 760
22.3 322 215 826 551 1124 749
22. 4 317 211 814 543 1109 739
22.5 312 208 802 535 1093 729
22.8 308 205 791 527 1078 719
22.7 303 202 779 520 1 064 709
22.8 299 199 768 512 1 050 700
22.9 294 196 757 505 1 036 890
23.0 280 193 747 498 1022 881
23.1 287 191 736 491 1 008 672
23.2 284 189 728 484 995 663
23.3 281 187 716 477 982 655
23. 4 278 185 708 471 969 646
2.5 275 183 696 464 956 838
23.8 272 182 687 458 944 629
2.7 270 180 677 452 932 621
23.8 267 178 668 445 920 613
23.9 264 176 659 439 908 605
24.0 261 174 650 433 896 597
24.1 259 173 644 429 885 590
24.2 256 171 637 425 873 582
24.3 253 169 631 421 862 575
24. 4 251 167 625 416 852 568
24.5 248 166 618 412 841 561
Z24. 6 246 164 612 408 830 554
24.7 244 163 606 404 820 547
24. 8 241 161 601 400 810 540
24.9 239 159 595 396 800 533
25.0 237 158 589 393 790 52T
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Table A.1 (continued)

Permitted short-circuit current
\oltage
vV for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.1 (continued)

\oltage
\Y,

Permitted short-circuit current

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.1 (continued)

\oltage
\Y,

Permitted short-circuit current

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.1(end)

\oltage
\Y,

Permitted short-circuit current

for Group lIC for Group 1IB for Group l1A
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety
of of of
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Table A.2 Permitted capacitance corresponding to the voltagend the apparatus group

Permitted capacitance
Voltage
vV for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of

71




Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of

74




Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group l1A
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety
of of of

Table A.2 (continued)
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\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group l1A
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Table A.2 (continued)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of

80




Table A.2 (end)

\oltage
\Y,

Permitted capacitance

for Group lIC for Group 1IB for Group IIA apparatus
apparatus apparatus
with a factor of safety | with a factor of safety with a factor of safety
of of of
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Appendix B
(Normative Appendix)
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 cosmtatthe spark test apparatus, which are in an
explosion chamber that is filled with an explosigst mixture.
The parameters of the circuit are adjusted to &ehtiee prescribed safety factor and a test is made
to determine whether or not ignition of the explestest mixture takes place within a defined
number of operations of the contact system.
Except where otherwise specified, the tolerancenenhanical dimensions is £0,5 % and that of
voltages and current is 1 %.
B.1.2 Apparatus
The apparatus consists of a contact arrangemean explosion chamber having a volume of at
least 250 crh It is arranged to produce make-sparks and brpakks in the prescribed explosive
test mixture.
NOTE 1 — An example of a practical design of thst tepparatus is shown in figure B.4. (For the cdntac
arrangement, see Figures B.1 and B.3.) One of thectmtact electrodes consists of a rotating cadndantact
disc with two slots.
NOTE 2 — Cadmium as supplied for electroplating fm@ysed for casting cadmium contact discs.
The other contact electrode consists of four tiemgsiontact wires with a diameter of 0.2 mm
clamped on a circle of 50 mm diameter to an eléetrbolder (made of brass or other suitable
material as in Figure B.3).
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NOTE 3 - It is advantageous to round off the cardrthe electrode holder slightly at the pointerehthe wires
are clamped to avoid premature breakage of theswairéhe sharp edge.

1 Connection for circuit under test
Figure B.1 — Spark test apparatus for intrinsicallysafe circuits

The contact arrangement is mounted as shown irré-igUL. The electrode holder rotates so that
the tungsten contact wires slide over the slotithtum disc. The distance between the electrode
holder and the cadmium disc is 10 mm. The freetlenfithe contact wires is 11 mm. The contact

wires are straight and fitted so as to be normahé&surface of the cadmium disc when not in

contact with it. The axes of the shafts driving damium disc and the electrode holder are 31
mm apart and are electrically insulated from eatiemand from the baseplate of the apparatus.
The current is led in and out through sliding cotgaon the shafts which are geared together by
non-conductive gears with a ratio of 50:12.
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The electrode holder is rotated at 80 r/min by lantéc motor, with suitable reduction gearing if
necessary. The cadmium disc is turned more slowlhé opposite direction. Gas-tight bearing
bushes in the baseplate are necessary unlesslawaystem is used. Either a counting device is
provided to record the number of revolutions of ithetor-driven shaft of the electrode holder or a
timing device may be used to determine the testtaur, from which the number of revolutions of
the shaft of the electrode holder can be calculated

NOTE 4 It is advantageous to stop the driving motor, oteast the counting device, automatically after an
ignition of the explosive mixture, for example byams of a photocell or a pressure switch (see &gBr5 and
B.6).

The explosion chamber shall be capable of withstendn explosion pressure of at least 1 500
kPa (15 bars) except where provision is made tmss the explosion pressure.

At the terminals of the contact arrangement, tHecsgacitance of the test apparatus shall not
exceed 30 pF with the contacts open. The resistsima not exceed 0.15 at a current of 1 A
d.c. and the self-inductance should not exceeti3vith the contacts closed.

B.1.3 Calibration of spark test apparatus

The sensitivity of the spark test apparatus shalthiecked before and after each series of tests in
accordance with 10.3.

When the sensitivity is not as specified, the folltg 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 omixt

¢) clean the tungsten wires;

d) replace the tungsten wires;

e) connect the terminals to a 95 mH/24 V/100 mAutras specified in 10.3 and run the test
apparatus with the contacts in air for a minimun2@000 revolutions of the electrode holder;

f) replace the cadmium disc and calibrate the aparin accordance with 10.3.

B.1.4 Preparation and cleaning of tungsten wires

Tungsten is a very brittle material and tungstenesvioften tend to split at the ends after a
relatively short period of operation. To resolvés thifficulty, one of the following procedures
should be followed.

a) Fuse the ends of the tungsten wires in a simgléce as shown in figure B.7. This forms a
small sphere on each wire which should be removedlight pressure by tweezers. When
prepared in this way, it is found that, on averam® of the four contact wires has to be changed
only after about 50 000 sparks.

b) Cut the tungsten wires with a shearing action,eikample using heavy duty scissors in good
condition.

The wires are then mounted in the electrode haddrmanually cleaned by rubbing the surface,
including the end of the wire, with grade 0 emdogtcor similar.

NOTE 1 - It is advantageous to remove the electhmdider from the test apparatus when cleaning fhesw

NOTE 2 — The specification for grade 0 emery clpthins determined by sieving is as follows.
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Requirements Sieve aperture sizm|

All grains to pass 106
Not more than 24 % to be retained 75
At least 40 % to be retained 53
Not more than 10 % to pass 45

Experience has shown that, in order to stabilize gbnsitivity during use, it is advantageous to
clean and straighten the wires at regular intervale interval chosen depends on the rate at
which deposits form on the wires. This rate depeadthe circuit being tested. A wire should be
replaced if the end of the wire is split or if thi#ge cannot be straightened.

B.1.5 Conditioning a new cadmium disc

The following procedure is recommended for conditig a new cadmium disc to stabilize the
sensitivity of the spark test apparatus:

a) fit the new disc into the spark test apparatus;

b) connect the terminals to a 95 mH/24 V/100 mAuiras specified in 10.3 and run the test
apparatus with the contacts in air for a minimun2@f000 revolutions of the electrode holder;

c¢) fit new tungsten wires prepared and cleanedcoomance with B.1.4 and connect the test
apparatus to a & non-electrolytic capacitor charged through a 2r&sistor;

d) using the Group llA (or Group ) explosive tesikture conforming to 10.2 apply 70 V (or 95
V for Group 1) to the capacitive circuit and operttie spark test apparatus for a minimum of 400
revolutions of the electrode holder or until igaitioccurs, reduce the voltage by 5 % and repeat
until no ignition occurs in a minimum of 400 revians;

e) repeat the procedure given in d) but starting0a¥ (80 V for Group I); if no ignition occurs at
50 V (70 V) repeat d);

f) repeat the procedure given in e) but starting@aV (70 V for Group |); if no ignition occurs at
40 V (55 V) repeat d).

B.1.6 Limitations of the apparatus

The spark test apparatus should normally be usetké$ting intrinsically safe circuits within the
following limits:

a) the test current does not exceed 3 A;

b) for resistive or capacitive circuits the opergtvoltage does not exceed 300 V;

¢) for inductive circuits the inductance should exteed 1 H;

The apparatus can be successfully applied to tiraiceeding these limits but variations in
sensitivity may occur.

NOTE 1 - If the test current exceeds 3 A, the teatpee rise of the tungsten wires may lead to aatuit ignition
effects invalidating the test result.

NOTE 2 — With inductive circuits, care should berised that self-inductance and circuit time camnist do not
adversely affect the results.

NOTE 3 — Capacitive and inductive circuits with katjme constants may be tested, for example bycieguhe
speed at which the spark test apparatus is drivapacitive circuits may be tested by removing twthoee of the
tungsten wires. Attention is drawn to the fact theducing the speed of the spark test apparatusatbery its

sensitivity.
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Dimensions in millimetres

Figure B.2 Cadmium contact disc

Dimensions in millimetres

- Detail X, scale 10:1
Figure B.3 — Contact holder
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1-Insulating plate
2-Current connection
3-Insulated bolt
4-Insulated bearing
5-Gas outlet

6-Base plate
7-Contact wire
8-Contact holder
9-Clamping screw

10-Pressure plate

11-Clamp

12-Chamber

13-Cadmium contact disc

14-Rubber seal

15-Gas inlet

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 appartas



Dimensions in millimetres

-Metal piston; -Rubber diaphragm; -Spring contact
Figure B.5 — Example of an explosion pressure switc

1-Main switch 6-Hold-in contact

2-Circuit breaker 7-Relay

3-Resistor 8-Explosion pressure switch
4-Reset button 9-Signal lamp

5-Drive motor
Figure B.6 Example of automatic stopping by means of an expn pressure switch
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NOTE Remove melted droplets with tweezers. (diameténrgsten wire is 0.2mm)
1-Current feed; 2-Copper block; 3-Tungsten wirafuiter 0,2 mm); 4-Insulating plate
Figure B.7 Arrangement for fusing tungsten wires

-Cross-section of core 19 cm2; -Tungsten wire; -Copper block
Figure B.8 Circuit diagram for fusing tungsten wires
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Appendix C

(Informative Appendix)

Measurement of Creepage Distances, Clearances andparation Distances through Casting
Compound and through Solid Insulation

C.1 Clearances and separation distances through d¢agy compound and through solid
insulation

The voltage to be used shall be determined in daome with 6.4.2.

The clearance is taken as the shortest distanedr inetween two conductive parts and, where
there is an insulating part, for example a barfetween the conductive parts, the distance is
measured along the path which will be taken byetatied piece of string as can be seen in Figure
C.1.

1-Conductor; 2-Clearance; 3-Barrier

Figure C.1 — Measurement of clearance

Where the distance between the conductive paparity clearance and partly separation distance
through casting compound and/or solid insulatibe, équivalent clearance or separation distance
through casting compound can be calculated in ¢lewiing manner. The value can then be
compared with the value in the relevant line of [€ah

In Figure C.2 let A be the clearance, B be the sgjma distance through casting compound

and C be the separation distance through soliddtisn.

1 Conductor

Figure C.2 Measurement of composite distances

If A'is less than the applicable value of Tabl®de of the following tabulations can be used. Any
clearance or separation which is below one-thirthefrelevant value specified in Table 4 shall be
ignored for the purpose of these calculations.

The results of these calculations should be addddempared with the appropriate value in
Table 4.

To use Line 2 of Table 4, multiply the measuredigalby the following factors:

Voltage difference u<1iov 10VU 30V Uu 30V
A 1 1 1
B 3 3 3
C 3 4 6
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To use Line 3 of Table 4, multiply the measuredigalby the following factors:

Voltage difference u<l1iov 10VU 30V Uu 30V
A 0.33 0.33 0.33

B 1 1 1

C 1 1.33 2

To use Line 4 of Table 4, multiply the measuredigalby the following factors:
Voltage difference Uu<1iov 10VU 30V Uu 30V
A 0.33 0.33 0.33

B 1 0.75 0.55

C 1 1 1

C.2 Creepage distances

The voltage to be used shall be determined in decme with 6.4.2.

Creepage distances have to be measured alongriaeesaf insulation and, therefore, are
measured as shown in the following sketch.

1-Substrate; 2-Groove; 3-Barrier; 4-Cement

Figure C.3 — Measurement of creepage

The following points shown in Figure C.3 shouldtaken into account:

a) the creepage distance is measured around amtiorial groove in the surface, providing that
the groove is at least 3 mm wide;

b) where an insulating partition or barrier conforgito 6.4.1 is inserted but not cemented in, the
creepage distance is measured either over or uhdepartition, whichever gives the smaller
value;

c) if the partition described in b) is cementedtiren the creepage distance is always measured
over the partition.

1-Varnish; 2-Conductor; 3-Substrate

Figure C.4 — Measurement of composite creepage

When varnish is used to reduce the required creegi@tances, and only part of the creepage
distance is varnished as shown in the sketch,dtad ¢ffective creepage distance is referred to
either Line 5 or Line 6 of table 4 by the followirnglculation: to refer to Line 5 of Table 4,
multiply B by 1 and A by 3; to refer to Line 6 ofble 4, multiply B by 0.33 and A by 1. Then
add the results together.

NOTE - Varnish may or may not cover the conductor.
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Appendix D

(Normative Appendix)

Encapsulation

NOTE - Figure D.1 illustrates some applicationewtapsulation by casting compound. Figure D.2 stsomse
further application of encapsulation where no esuite is used.

D.1 Adherence

NOTE — A seal shall be maintained where any pathefcircuit emerges from the encapsulation anccésting
compound shall adhere at these interfaces.

The exclusion of components encapsulated withr@astbompound from the creepage distance
requirements is based upon the removal of theillikgetl of contamination. The measurement of
CTl is, in effect, a measurement of the degreeootamination needed to cause breakdown in a
separation between conductive parts. The followagsumptions emerge from this basic
consideration:

— if all electrical parts and substrates are tptaliclosed, that is if nothing emerges from the
encapsulation, then there is no risk of contanmimasind hence breakdown from contamination
cannot occur.

— if any part of the circuit, for example a bararmulated conductor or component or the substrate
of a printed wiring board, emerges from the enckgbism, then, unless the casting compound
adheres at the interface, contamination can ehtbatinterface and cause breakdown.

D.2 Temperature

The casting compound shall have a temperaturegratinforming to 6.4.4.

NOTE — All casting compounds have a maximum tentpezaabove which they may lose or
change their specified properties. Such changescanase cracking or decomposition which could
result in surfaces hotter than the outside surfafcthe casting compound being exposed to a
potentially explosive atmosphere.

It should be noted that components which are endatesl may be hotter or colder than they
would be in free air, depending on the thermal cmtigity of the casting compound.

a) No enclosure b) Corepd enclosure

Figure D.1 — Examples of encapsulated assemblieséarming to 6.4.4 and 6.7
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¢) Open enclosure d) Enclosuwith cover
1-Free surface;
2-Encapsulant — %2 of line 3 of table 4 with a miaimof 1,00 mm
3-Component — encapsulant need not penetrate
4-Encapsulant — no specified thickness
5-Metal or insulating enclosure
— no specified thickness for metallic enclosurd,dae 6.4
— Insulation thickness shall conform to Line 4 able 4
Figure D.1

a) Mechanical b) Temperature

c) Separation of circuits d) Protectioof fuses in an intrinsically safe circuit

e) Exclusion of gas
Figure D.2 — Applications of encapsulation withouenclosure
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