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The significance of changes between IEC 60079-11, Edition 7 (2023) and IEC 60079-11,
Edition 6 (2011 + Corrigendum 1 (2012)) are as listed below:

Type

Explanation of the significance of changes

Clause

Minor and
editorial
changes

Extension

Major
technical
changes

A significant number of editorial changes including re-
structuring of sections. These are too numerous to list in
this table.

All

X

Protection of catalytic elements for Group IIC or Group IIB
+ H, excluded from the scope of the standard.

7.14.2

C2

Extensipn, with requirements, of ambient pressure down to
60 kPa.

6.5.6.1

B1

Modificgtion to Table 1 showing Clause 14 of IEC 60079-0
as 'Applies’. This does not affect the technical
requirerpents.

Definitigns removed as they are now in IEC 60079-0.
(Referepces are from Ed.6)

3.2 coafling

3.3 conformal coating

3.7.1 cquntable fault

3.7.3 ngn-countable fault

3.18 requrring peak voltage

3.20 eng¢apsulation

3.21 cagting

3.23 galvanic isolation

Definitigns removed as they are no longer considered
necessqry.

(Referepces are from Ed.6)
3.7.2 faplt
3.12 Infallible separation

Diode spfety barriers no longer refers to’'devices that
provide [galvanic isolation.

3.1.37
7.7.5

Intrinsic) safety parameters and U can have brief

transients above the stated values, and these do not need
to be taken into account:

3.1.9
7.7.3

New definition — spark-test apparatus.

3.1.14

New definition —‘etectrochemical capacitor.

3.1.15

New definition.+ transient rating.

3.1.16.1

New delinition — transient energy (previously let-through

31162

energy).

New definition — non-hazardous area accessory.

3.1.17

Clarification that it is not a requirement of this standard
that conformance to industrial standards be verified.

5.1

Clarification of conditions for the assessment added.

5.2.1

Clarification relating to the application of service
temperatures.

5.2.1g)

C1

Statements that Level of Protection "ia" and "ib"
requirements are always sufficient for Level of Protection
i

5.2.3
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Type
Explanation of the significance of changes Clause Minor and | Extension Major
editorial technical
changes changes

For Level of Protection "ic", faults are only considered for 5.2.4 C3
spark ignition assessment and the determination of U, I, 6.5.43
L,, C;and L/R,. A short circuit fault, and subsequent T
component faults arising, are now termed non-countable 6.5.4.4
faults. 6.5.4.5
For Level of Protection "ic", the types of components on 5.2.4 X
which intrinsic safety depends are limited.
Clarificgtiormrof-tire |Uqui|c|||c||ta formorm=strockthazard 525 A4
equipmgnt or systems (for example SELV / PELV) for
declaration of U . 12.1¢)
Clarificdtion of where spark ignition assessment should 5.3.1 X
and should not be applied.
Clarificdtion that spark ignition assessment may be 5.3.1 X
performed on a representative circuit. 9.1.1
Spark ignition assessment at normal ambient is suitable for 5.3.1 X
service femperatures between -60 °C and 100 °C.
Spark ignition testing of mains apparatus is at U, rather 5.3.4.2d) X
than 119 % of the mains nominal voltage.
Annex G added as option for spark ignition assessment. 5.341 X

5.3.4.2

9.2.6 ¢)

Annex G
Clarificdtion of the requirements for circuits with controlled 5.3.6 C4
semicorjductor limitation, including need to consider both
steady gtate and transient spark ignition compliance for Annex D
circuits with controlled semiconductor limitation.
The exdlusion of the IEC 60079-0 10 % safety margin on 5.4.1 X
voltage ffor thermal ignition assessment extended to
Groups |l and II.
The 1,3|W limit for T4 for trackson a printed circuit board 5.4.1 C5
now only applies to 40 °C ambient.
The 5K pnd 10K margin required for temperature tests 5.4.2 C6
from IEC 60079-0 now apply for Level of Protection "ic".
Correctgd the formula-for thermal assessment of wires. 5.4.3 Cc7
Clarifieq that only circuit board tracks exposed to the 5.4.4 X
explosije atmosphere require temperature classification.
Added g noteridentifying examples of available data for 5.4.4 X
determikirgtemperatire—rise—rRGB-trasks{FremtRGC
2221 and IPC-2152).
Clarified which dimensions can be reduced by 5.4.4 X
manufacturer's tolerance (track width, board thickness, and
conductor thickness).
Clarified the use of Table 4 by introducing reduction 5.4.4 X
factors for board thickness, number of layers, copper
thickness, track under component, and ambient
temperature.
Added allowance for linear interpolation of allowed current, 5.4.4 X
track width, track thickness, ambient temperature, and
board thickness.
Extrapolation of Table 4 is prohibited. 5.4.4 C1
Reduced the default board thickness for application of 5.4.4 X

Table 4 from 1,6 mm to 1,55 mm to reflect industry
standard.
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Type

Explanation of the significance of changes

Clause

Minor and
editorial
changes

Extension

Major
technical
changes

Clarified that the track under component reduction factor
only applies if the portion of the track underneath the
component is greater than 10 mm.

5.4.4

Use of the 1,3 W limit for thermal ignition compliance for
Group Il extended to include Group |.

5.4.5

Board thickness, copper thickness and ambient
temperature factors extended in use of Table 4.

5.4.4

8.2.1

Enclosuge rnqllirnmnnf for ('-‘.r'nlllr_\c IHA and B nlignnr{ with
Group Ifand Group II.

Clarificdtion that the IEC 60079-0 enclosure requirements
apply fof Group IlIC equipment with separations according
to Tablg 7 (Ed 6 Table 5) that are reliant on an enclosure

providinjg IP5X.

6.2.4 a)1)

C1

Requirement for a Specific Condition of Use added when
use of reduced separations is reliant on an enclosure
providinlg IP54.

6.2.5.1

C8

Plugs apd sockets can comply with reduced separation
requirerpents.

6.3.3

Use of gn enclosure to protect battery charging
connectjons from spark ignition (Ed.6 clause 7.4.9)
extendeld to include all non-hazardous area connection
facilitieq.

6.3.5.2

It is no longer necessary to define U, for the connection
from nop-hazardous area connection facilities to
accessdries listed in the certificate provided the accessory.
is suitaljly marked and listed in the instructions.

6.3.5.3
11.1.5
12.1)

It is no fonger necessary to assess a non-hazardous-area
accessdry in accordance with this standard.

6.3.5.3

Clarificdtion that charging of cells and batterieés)in the non-
hazarddus area has to be within the limits_specified by
their mgnufacturer, and IEC 60079-0.

6.3.5.3

Conductors, connectors and PCB tracks have to be
suitably|rated for their failure to be a countable fault.

6.4.1

C9

It is now a stated requirement'that circuits remain
intrinsicplly safe after disconnection of a connector.

6.4.1

C1

It is now a requirement that infallible connections remain
capable|of carryinghe current following considered fault
disconngctions.

6.4.2.2
6.4.2.3

c10

Infallibl¢ PCB~cennection achieved with two 1 mm wide
tracks njow/have copper thickness requirements.

6.4.2.4

C11

The optlons for infallible PCB connections have bheen

0.4.2.4

B2

extended.

Clarification that connections complying with IEC 60079-7
Level of Protection "eb" can be considered infallible.

6.4.2.5

Clarification that insulation of component packaging cannot
be relied upon for separation of conductive parts unless it
is specified by the component manufacturer, except for
shorts to its solder pads where they are similar to the
recommendations of the component manufacturer.

6.5.1

Alternate spacing requirements from the previous edition
Annex F have been transferred to the main body of this
document.

A2

Specific Condition of Use only required for Overvoltage
Category (OVC) /Il when using Table 8 — Reduced
separations.

6.5.3.2

Dielectric strength requirements have been clarified in
Table 8 — Reduced separations.

6.5.3.2

C12
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Type
Explanation of the significance of changes Clause Minor and | Extension Major
editorial technical
changes changes

Specific Condition of Use required when OVC I/l is 6.5.3.3 C13
required for mains apparatus when using Table 9 —
Reduced separations for Level of Protection "ic".
Table 8 — Reduced separations is derived from Ed.6 Table 6.5.3.2 X
F.1 but with additional requirements.
Routine tests when using Table 9 — Reduced separations 6.5.3.3 X
for Level of Protection "ic" no longer have to be performed b)6.5.3.2
at the most onerous ambient condition.
Table 9}- Reduced separations for Level of Protection "ic" 6.5.3.3 X
is derivgd from Ed.6 Table F.2 but with additional
requirerpents.
Additionjal options for infallible separations when exposing 6.5.4.2 X
connectjon facilities.
Separatjons tables clarify that the voltages do not need to Table 7 X
include hon-repetitive transients.

Table 8

Table 9
Determipation of type and routine testing required when Table 8 C14
using reduced separations tables. 6.5.6.2

6.5.6.3

6.56.5

Q.7

Additiorjal separation distance options. Fable 8 X

Table 9
Dielectr|c strength test is no longer required for all 6.5.6.2 X
separatjons through casting compound and solid 6.5.6.3
insulatign.
When Comparative Tracking Index (CTIl) Is unknown, a CTI 6.5.6.4 X
of 100 may be assumed, and some materials\are identified
as non-fracking.
Extenddd and clarified requirements(forassessing 6.5.6.4 X
creepage distances.
Two codts of conformal coatingino longer required when 6.5.6.5 X
spraying.
Considgration of composite separations extended to 6.5.7 X
reduced distances tables.
Metal pgrts used for)separation no longer have to be 6.5.9 X
earthed
Where metal parts connected to the frame or earth are 6.5.9.1 C15
used to [sepdarate two circuits, a Specific Condition of Use
is now required.
Clarification that separation by metal parts requires 6.5.9.1 C1
infallible connection.
Relaxation of requirements for non-metallic insulating 6.5.10 X
partitions for Level of Protection "ic".
Added requirements for insulation between internal wiring 6.5.11.3 X
of separate intrinsically safe circuits.
Encapsulation requirements have been separated and 6.6 X
extended according to the purpose of the encapsulation.
Routine verification of encapsulation added. 6.6.1 Cc16

10.4

The specified COT for encapsulation shall not be exceeded 6.6.1 a) c17

in normal operation. Tighter requirements for damage to
compound for temperature greater than COT.
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Explanation of the significance of changes Clause Minor and | Extension Major
editorial technical
changes changes
Free space within encapsulation other than within 6.6.1 X
components is now permitted. 6.6.7
Requirements for specification of coating, encapsulation 6.7 Cc18
and moulding materials.
Components used to protect against polarity reversal have 6.8 C1
to be rated to 7.1.
It is now stated that there are circumstances where 2/3™ 7.1 X
rating fdr all three of voltage, current and power are not
applicaljle for Levels of Protection "ia" and "ib".
Power rpting for Level of Protection "ic" does not require a 71 X
1,5 safgty factor following the application of faults.
Comporjents for Level of Protection "ic" are considered to 71 C19
fail if they are not within their manufacturer's rating
following the application of faults.
Clarificdtion of the application of manufacturing variations 7.3 X
added.
Resistofs of types not listed (film, wire wound and printed) 7.4.2 C20
cannot mow be considered to fail as a countable fault, nor
to limit fheir own temperature.
Clarifieq that the voltage rating to which the safety factor is 7.42 X
applied |s that of the resistor series, and not that based on
the resigtance.
Clarificdtion of the power rating of resistors in series with 7.4.2 X
supercapacitors.
Cold registance of a fuse, filament of a bulb or infra-red 7.4.2 C21
source is assessed at the service temperature ratherthan
the amblient temperature.
The filament of an infra-red sensor can be uséd as a 7.4.2 X
resistor[for limitation.
Clarificdtion that self-heating of capacitors need not be 7.5.1 X
considefed.
An arrapgement of two series blocking capacitors need 7.5.3 X
have onfy half of the infallible~separation across each when
using Table 7 and Table 9-(this was already permitted for
Table 8].
Clarificdtion of the failuré modes for inductors and 7.6.1 X
transformers.
7.7
7.8.1
Referencesto 1EC 60317 updated. 7.6.3 X
Added requirements and tests for common mode ChoKes 7.6.5 X
which provides allowances to consider only the leakage 9.15
inductance of common mode chokes, or the inductance of
only one coil.
Clarification that assessment of semiconductors cannot be 7.7.1 C1
based on failure rates.
An enhanced voltage generated by an integrated circuit 7.7.1¢c) X
does not need to be considered as being present on other
connected pins.
Added an allowance for low complexity semiconductors to 7.7.1.d)2) X
avoid being considered to fail so as to dissipate maximum
power.
Transient rating of semiconductors only applied to 7.7.3 X

transients caused by current limitation.
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Type
Explanation of the significance of changes Clause Minor and | Extension Major
editorial technical
changes changes
Clarification that a safety factor of 1,0 is required when 7.7.3 X
assessing the transient power rating of a semiconductor on
which intrinsic safety depends.
For Level of Protection "ic", transient rating of 7.7.3 X
semiconductors is only necessary for diode safety barriers.
Where two diodes are used in a safety shunt for Level of 7.7.6 X
Protection "ia", the failure of only a single diode has been
extended to the failure of a single shunt path. This means
that therackimgfromrthediodetoTeference vottagestfor
examplg, ground) no longer have to be infallible.
Controlled semiconductor current limitation is permitted for 7.7.7 X
Level off Protection "ia".
Clarificdtion of the requirements for programmable 7.7.8 C1
compongnts.
Statemgnt that transformers need not be considered to 7.8.1 X
increas¢ the voltage or current beyond that defined by their
turns rajio.
Table 17 extended with a 10 A column. 7.8.3 X
Foil / sgreen thickness for 10 A added. 7.8.3 X
Clarificdtion that the requirement for mains transformers 7.8.4.1 C1
includeq any transformer that is not galvanically isolated
from thd mains.
Reducefl requirements for transformers that are 7.8.4.2 X
galvanigally isolated from the mains.
Clarificdtion of requirements for transformers for Level 6f 7.8.5 X
Protectipn "ic". 9.17.4
Requirements for transformers for Level of Protegtion "ic" 7.8.5 C22
added.
Clarificdtion of the rating requirements forrelays. 7.9.2 X
Countaljle fault separation between the coil and contacts 7.9.2 a) C23
of a relgy is no longer permitted.
Addition] of option for relays depending on reduced 7.9.2 X
separatijon distances internally)to comply with
IEC 61810-1.
Relays In Level of Protection "ic" need only comply with 7.9.2 X
the releyant industrial“standards.
Clarified that IEC\60079-28 does not apply to self- 7.10.1 X
containgd optical isolators.
Additior] of ‘eptions for non-optical signal isolators. 7.10.2 X
Clarified that a single fuse is sufficient. 7.1 X
Clarification that the cold resistance of a fuse cannot be 7.1 C1
used to limit the breaking current.
A fuse in Level of Protection "ic" shall be considered an 7.11 C24
ignition risk if its opening is an expected occurrence.
Clarification that the breaking capacity of fuses connected 7.11 C25
to U, may be less than 1 500 A provided that the 12.1j)
maximum prospective current is stated in the instructions.
Cells which may explode no longer require a statement 7.12.1 X
from the manufacturer of the cell that they are safe for use
in any particular apparatus.
Clarification that temperature rise and electrolyte leakage 7.12.1 C1

should be considered for cells.
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Type
Explanation of the significance of changes Clause Minor and | Extension Major
editorial technical
changes changes
Clarification that short circuit of a single cell is considered 7.12.1 C1
a non-countable fault.
Demonstration of the concentration of hydrogen can come 7.12.4 X
from the manufacturer, rather than the manufacturer of the
battery.
Containers for sealed cells and batteries no longer need 7.12.4 X
the pressure test of 9.14.4.
Clarification-cf-conditions-for dnfnrmining cell \lnlfngne 7125 X
Clarified that the requirements only apply to replaceable 7.12.8 X
batteries.
Crystal pscillators are excluded from the requirements for 7.13 X
piezoelgctric devices, and there are extended requirements
for Levdl of Protection "ic".
Clarified that thermal assessment of catalytic sensors shall 7.14.2 C1
take int¢ account heating due to the catalytic reaction.
Clarificdtion that supercapacitors shall be treated as 7.15 C26
batteriep with a limited capacity but without the ability to
limit thejr own voltage. 9.14
Requirements and tests for thermal devices added, 7.16 cz7
including PTCs. 9.12
Clarificdtion that mechanical switches do not require a7 X
thermallignition assessment.
Clarificdtion that the protective diodes in diode safety 8.1.1 X
barriers|shall be protected by a fuse or resistor(s) and not
controll¢d semiconductor limitation.
Additiorjal options for earth facilities for diode safety 8.1.2.2 X
barriers
Requirement for 110 % of the mains supply Woltage when 9.1.1 X
applying the spark test apparatus removed-as the
conditiops for test are specified in 5.2:
Clarifieq that all circuits (not just capacitive) need to have 9.1.2 X
time to fecover where applicabléxduring spark testing.
Added dllowance for slowing, the spark test apparatus 9.1.2 X
down when removing wires is not sufficient to allow rest of
the circyit under test.
Clarified that the effeCt-of temperature on an inductor's 9.1.2 C1
resistance shall be taken into account during spark testing.
Clarifieq that(the sensitivity of the spark test apparatus 9.1.2 X
may be [chéekéd if there is an unexpected failure.
Minimunignition current Tor calibration of the spark test g3 X
apparatus added.
Added formula option for reducing effective capacitance 9.2.3.3 X
with a resistor.
Clarification that consideration of the combination of 9.2.6 X
inductance and capacitance is required internal to
equipment and not just at connection facilities.
An assessment that demonstrates that the safety factor is 9.2.6 b) X
maintained with a combination of both inductance and
capacitance is allowed.
Where parameters are specified for combined lumped 9.2.6 X
inductance and capacitance, that shall be stated in the
certificate or documentation.
30 N test for casting compound and partitions are not 9.4.1 X

applicable for Level of Protection "ic".

9.4.3
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Type

Explanation of the significance of changes

Clause

Minor and
editorial
changes

Extension

Major
technical
changes

Test temperature for immersion in water for encapsulated
fuses has been lowered by 2 °C for compatibility with other
testing.

9.4.2

X

Parameters for loosely specified components shall be
determined taking into account the service temperature,
not just the ambient temperature.

Clarification and modification of the tests for optical
isolators.

Clarified that tests on piezoelectric devices need be
performed on only a single sample, unless that sample is
damageld during the testing.

Clarified that primary cells shall be unused and limiting
devices|shall be removed for the electrolyte leakage test.

9.14.1

Clarifieq that the current shall be continuous when
discharging during the tests.

9.14.1

C1

Cells that have essential features that limit their current
may be [used for Level of Protection "ia".

9.14.1

Cells that explode or catch fire during short circuit test
shall nof be used for Levels of Protection "ia" and "ib".

9.14.1

Electrolyte leakage and surface temperature test
requirements for cells and batteries modified to cover the
number|of samples tested, the test temperature, and
testing With dust layers.

9.141

Cc28

Added gption to conduct short circuit until discharge
testing for Level of Protection "ic" to establish complianee
with the|electrolyte leakage requirement.

9.14.2 a)

Added glternative assessment of damage to encapSulation
from legked electrolyte.

9.14.2

Spark ignition of batteries may be carried out following
current |imitation where separation is maintained.

9.14.3.2

Requirement added to consider the gpark ignition risk of
single lifhium cells of less than 4,5, V*with high short circuit
current.

9.14.3.2

C29

For sindle cells, it is sufficient to measure the temperature
in the mliddle of the cell rather than having to locate the
highest ffemperature point.

9.14.3.3

For therqmal ignition*assessment of cells and batteries with
Level of] Protection "ib", added an alternative test for
lithium-ion rechargeable cells where it is not possible to
obtain qamples with current limiting devices disabled.

There i andassumption that these cells will leak electrolyte
so 7.1213 applies

9.14.3.3 b)
9.14.2

Where limiting devices are removed from a cell for testing,
it is no longer necessary to also test with 10 samples with
the limiting devices still in place.

9.14.3.3

Only a single sample need be tested for thermal ignition
compliance testing of cells or batteries for Level of
Protection "ic".

9.14.3.3 ¢)

Transient test for diode safety barriers and safety shunts
has been extended to include controlled semiconductor
current limitation.

Clarify that transformer dielectric strength test is a test at
room temperature.

9.17.1

Reduced testing requirements for transformers that are
galvanically isolated from the mains.

9.17.2
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Type
Explanation of the significance of changes Clause Minor and | Extension Major
editorial technical
changes changes
Transformer windings requiring galvanic separation 10.3.1 C30
between different intrinsically safe circuits are to be tested
for a dielectric strength of 2U if that is greater than 500 V.
Transformers for Level of Protection "ic" shall be routine 10.2.2 C31
tested where there is no applicable industrial standard, or
the applicable industrial standard does not specify a
routine test.
Marking of IP rating no longer required as this is now a 11 X
Specifig€ormditiomofUse:
Flowchdrt for testing of enclosures added. Annex | X
List of vpoltage limiting techniques has been deleted. former 8.7.3 A3
Requirements for handlights and caplights removed as former 9.3 X
these afe covered elsewhere (including in other
standardls).

NOTE The technical changes referred to include the significance of technical ghanges in the revised IEC Standard,
but they do not form an exhaustive list of all modifications from the previous wetsion.

Explanjations:
A) Deffinitions

Minor|and editorial changes clarification

decrease of technical requirements
minor technical change

editorial corrections

These pre changes which modify:requirements in an editorial or a minor technical way. They
includelchanges of the wording-to clarify technical requirements without any technical ghange,
or a redluction in level of existing requirement.

Extenjsion addition of technical options

These hre changes which add new or modify existing technical requirements in a way that new

conformity with the preceding edition.

Major technical changes addition of technical requirements
increase of technical requirements

These are changes to technical requirements (addition, increase of the level or removal) made
in a way that a product in conformity with the preceding edition will not always be able to fulfil
the requirements given in the later edition. These changes have to be considered for products
in conformity with the preceding edition. For these changes additional information is provided
in clause B) below.

NOTE These changes represent current technological knowledge. However, these changes should not normally
have an influence on equipment already placed on the market.
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B)
A1
A2

A3

B1

B2
C1
C2

C3

C4

C5
C6

C7
C8

C9

C10
C11
C12
C13

C14

C15

C16
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Information about the background of Changes

U, is to be applied across galvanic isolations.

The Annex for 'Alternative separation distances for assembled printed circuit boards and
separation of components' in the previous edition is now incorporated in the main text
and the alternate spacing tables are now Table 8 and Table 9.

Except for c) batteries for which there is no longer a suggestion that they can be used
as voltage limiting shunt devices. Nonetheless, there is no intent to change their use as
such.

Apparatus may be used at lower atmospheric pressure than the default 80 kPa specified
in IEC 60079-0 with additional requirements such as an increase in clearance for

associated apparatus operated at less than 80 kPa.

The values used were based on those in IPC-6012B and tolerances have~been taken
into account.

It is recognized that the clarified requirements were, in many cases; \already applied.
The change is to ensure that they are uniformly and consistently applied.

Catalytic sensors have been demonstrated to auto-ignite hydregen without electrical
stimulus so are not suitable for protection by intrinsic safety.
Failure of separations and subsequent failure of components are considergd non-
countable faults for "ic". This is expected to be a change in terminology only but is
highlighted here as it could change the assessment methodology in some instar|ces.

The steady state maximum voltage and current presents a different spark ignitlon risk
than a transient. A transient is where either of\thése (voltage or current) is exgeeded.
Therefore, steady states and transients need:to be considered separately. Thel Annex
on transients has been revised.

Modified to align with assessment for wires.

Since thermal assessment for Level*of Protection "ic" is substantively under [normal
operation, the margin is considered-a required safety factor.

The formula used for calculating the temperature rise of wiring has been corrected.

Where reduced separation: distances rely on an enclosure providing an |ngress
protection of IP54, and cable glands, thread adapters and blanking elemepts are
necessary to complete the enclosure to maintain the Ingress Protection (IP) rating these
also need to comply\with IEC 60079-0.

Conductors, connectors and PCB tracks have to be suitably rated for their failune to be
a countable fault.

It is now_adsequirement that infallible connections remain capable of carrying the [current
following.considered fault disconnections.

Infallible PCB connection achieved with two 1 mm wide tracks now have [copper
thiCkness requirements.

The safety of reduced separations relies on a suitable dielectric strength for the
insulating materials, and these have been added to Table 8.

A Specific Condition of Use is required when Over Voltage Category Il/I is required for
mains apparatus when using Table 9 — Reduced separations for Level of Protection "ic".

The previous edition made references to the tests in IEC 60664-1 and IEC 60664-3,
however, it did not state which tests applied. This edition clarifies which tests apply by
including them in the text.

This is to be compatible with the Specific Condition of Use already required where
insulation between an intrinsically safe circuit and the frame or earth does not meet the
dielectric strength requirements.

A routine inspection requirement was added for encapsulated parts to ensure that the
application of the encapsulant is acceptable during manufacture.
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C17

C18

C19

C20
C21

The Continuous Operating Temperature requirements are a modification of those
specified in IEC 60079-0. When temperatures higher than the COT are possible, there
must be no damage internally or externally, whereas for Ed.6 the requirement was no
visible damage.

The specifications required for coating, encapsulation and moulding are a modification
of those detailed in IEC 60079-0.

Ed.6 did not state how to consider failure of components where the application of failure
of separation resulted in them being operated outside of their manufacturer's
specification. This is considered necessary, but for spark ignition only.

This is a consequence of the re-organisation of the requirements for components.

The cold resistance was Inrpvinucly pprmi’rfpd to be measured at the minimum ambient

C22

C23

C24

C25

C26
c27
C28

C29

C30

C31
The tex

temperature.

It was recognised that when the requirements for Ex nL were transférréd into
IEC 60079-11 as Ex ic not all components were addressed. This meant that ap Ex ia
transformer construction was required for Ex ic equipment.

Countable fault separation between the coil and contacts of .4 relay is no|longer
permitted.

A fuse in Level of Protection "ic" shall be considered an ignition risk if its opening is an
expected occurrence.

Fuses connected to the mains supply are permitted to‘have a breaking capacity|of less
than 1 500 A. However, it is necessary that users and“installers are made awarg when
this is the case and therefore it is a requirement~{o include the maximum prospective
current in the instructions.

Requirements for supercapacitors added.
Requirements for the use of thermal devices (PTCs etc.) have been added.

Electrolyte leakage, surface temperature test and test under dust requirements fgr cells,
batteries and supercapacitors modified, increasing the number of samples tested and
defining the temperature at which\the tests are conducted.

Spark ignition has been demonstrated during short circuit of some lithium cells.

Routine tests for transformers with primary and secondary windings in an intripsically
safe circuit changed.

Addition of a specific.routine test for transformers used in Ex ic circuits.

t of this International Standard is based on the following documents:
Draft Report on voting
31G/352/FDIS 31G/359/RVD

Full inf

rmation on the voting for its approval can be found in the report on voting indigated in

the above table.

This document supplements and modifies the general requirements of IEC 60079-0, except as
indicated in Table 1.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are

describ

ed in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts of the IEC 60079 series, under the general title: Explosive atmospheres, can
be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” logo on the cover page of this document ind(cates
that it contains colours which are considered to be useful for the correct understarding
of its contents. Users should therefore print this document using a colour'printer.
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EXPLOSIVE ATMOSPHERES -

Part 11: Equipment protection by intrinsic safety "i"

1 Scope

This part of IEC 60079 specifies the construction and testing of intrinsically safe apparatus
intended for use in explosive atmospheres, and for associated apparatus which is intended for

conne

This Type of Protection is applicable to electrical equipment in which the electrical

thems

includep electrical equipment which contains circuits that are intrinsically safe-only under
conditigns, for example under battery supply with mains supply removed:

This document is also applicable to electrical equipment or parts of,electrical equipment
outside] the explosive atmosphere or protected by another /Type of Protection li

IEC 60

may dgpend upon the design and construction of such electhical equipment or parts
electridal equipment. The electrical circuits exposed to the\éxplosive atmosphere are as

for use

This ddcument applies to sensors connected to intrinsically safe circuits but does not 4

the pro

This dgcument does not apply to Ex Equipment cable glands.
The requirements for intrinsically safe-systems are provided in IEC 60079-25.

This dgcument supplements ahd modifies the general requirements of IEC 60079-0, ex
indicated in Table 1. Where "a requirement of this document conflicts with a requirer

IEC 60

Unless

safe apparatus and-associated apparatus, and the generic term "apparatus” is used thrd

the sta

As thig document applies only to electrical equipment, the term "equipment" used

standa

ion to intrinsically safe circuits which enter such atmospheres.

Ives are incapable of causing ignition of a surrounding explosive atmospher,

D79-0, where the intrinsic safety of the electrical circuitsin the explosive atma

in such atmospheres by applying this document;

ection of catalytic elements for Group I1CZor Group IIB + H..

D79-0, the requirement of this document takes precedence.

otherwise stated, the requirements in this document are applicable to both intri

ndard.

circuits
e. This
certain

ocated
sted in
sphere
bf such
sessed

pply to

cept as
nent of

nsically
ughout

in the

d nl\nlnye means "electrical nqnipmnnf"

This document applies to apparatus for use under the atmospheric conditions of IEC 60079-0
with additional requirements for use at extended atmospheric pressures in the range from

60 kPa

(0,6 bar), up to 110 kPa (1,1 bar).
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Table 1 — Applicability of specific clauses of IEC 60079-0

IEC 60079-11:2023 © |IEC 2023

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

Intrinsically safe apparatus

Associated

apparatus
Ed.6 Ed.7 Clause / Subclause
(2011) (2017) title Group | and Group Il
Group I

(informative) | (informative) (normative)

3 3 Terms and definitions Applies Applies Applies

4 4 Equipment grouping Applies Applies Applies

5 < Femperattres

5.1 5.1 Environmental influences |Applies Applies Applies

5.2 5.2 Service temperature Applies Applies Applies

5.3 5.3 Maximum surface Applies Applies Excludefl

temperature

6 6 Requirements for all

electrical apparatus

6.1 6.1 General Applies Applies Applies

6.2 6.2 Mechanical strength Excluded except EXcluded except |Excludefl
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1ip

applied

6.3 6.3 Opening times Excluded Excluded Excludefl

6.4 6.4 Circulating currents in Excluded Excluded Excludefl

enclosures (e.g. of large
electric machines)

6.5 6.5 Gasket retention Excluded except Excluded except [Excludef
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1ip

applied

6.6 6.6 Electromagnetic and

ultrasonic-énergy
radiating equipment

- 6.6.1 General Applies Applies Excludefl

6.6.1 6.6.2 Radio frequency sources |Applies Applies Excludefl

6.6.3 6.6.3 Ultrasonic sources Applies Applies Excludefl

6.6.2 6.6.4 Lasers, luminaires and Modified Modified Excludefl

other non-divergent
continuous wave optical
sources

7 7 Non-metallic enclosures

and non-metattic parts of
enclosures

71 71 General Excluded except Excluded except [Excluded
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is

applied

7.2 7.2 Thermal endurance Excluded except Excluded except [Excluded
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is

applied

7.3 7.3 Resistance to ultraviolet |Excluded except Excluded except [Excluded

light when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied

7.4 7.4 Electrostatic charges on | Applies Applies Excluded

external non-metallic
materials
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IEC 60079-0 clause application to IEC 60079-11
Clause or subclause of IEC 60079-0 Associated
Intrinsically safe apparatus
apparatus
Ed.6 Ed.7 Clause / Subclause
(2011) (2017) title Group | and Group Il
Group Il
(informative) | (informative) (normative)
7.5 7.5 Attached external Applies Applies Excluded
conductive parts
8 8 Metallic enclosures and Applies Applies Excluded
metallic parts of
enclosures
9 9 Fasteners Excluded Excluded Excludefl
10 10 Interlocking devices Applies Applies Exeludef
11 11 Bushings Excluded Excluded Excludefl
12 - Materials used for Excluded except Excluded except* | Excludefl
cementing when 6.2.5.1 is when 6.2.5.1are |except when
applied applied 6.2.5.1is
applied
- 12 (Reserved for future use) |- - -
13 13 Ex Components Applies Applies Applies
14 14 Connection facilities
14.1 14.1 General Applies Applies Applies
14.2 - Termination compartment | Applies Applies Applies
14.3 14.2 Type of Protection Applies Applies Modified
14.4 14.3 Creepage and clearance «JApplies Applies Applies
15 15 Connection facilities fon Excluded Excluded Excludefl
earthing or bonding
conductors
16 16 Entries into enclosures
16.1 16.1 General Excluded except Excluded except |Excludefl
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1ip
applied
16.2 16.2 Identification of entries Excluded except Excluded except [Excludef
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied
16.3 16.3 Cable Glands Excluded except Excluded except [Excludef
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.11i
applied r
16.4 16.4 Blanking elements Excluded except Excluded except [Excluded
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied
16.5 16.5 Thread adapters Excluded except Excluded except [Excluded
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied
16.6 16.6 Temperature at branching | Excluded except Excluded except [Excluded
point and entry point when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1 is
applied
16.7 16.7 Electrostatic charges of Applies Applies Applies

cable sheaths
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IEC 60079-0 clause application to IEC 60079-11
Clause or subclause of IEC 60079-0 Associated
Intrinsically safe apparatus
apparatus
Ed.6 Ed.7 Clause / Subclause
(2011) (2017) title Group | and Group Il
Group Il
(informative) | (informative) (normative)
17 17 Supplementary Excluded Excluded Excluded
requirements for electric
machines
18 18 Supplementary Excluded Excluded Excluded
requirements for
switchaoar
...... goat
19 - Supplementary Excluded Excluded Excludefl
requirements for fuses
- 19 Reserved for future use - - -
20 20 Supplementary Excluded Excluded Excludefl
requirements for external
plugs, socket outlets and
connectors for field wiring
connection
21 21 Supplementary Excluded Excluded Excludefl
requirements for
luminaires
22 22 Supplementary
requirements for caplights
and handlights
22.1 22.1 Group | caplights Applies Excluded Excludefl
22.2 22.2 Group Il and Group Il Excluded Excluded Excludefl
caplights and handlights
23 23 Equipment incorporating
cells and batteries
23.1 23.1 General Applies Applies Applies
23.2 23.2 Interconnegtion of cells to | Excluded Excluded Excludefl
form batteries
23.3 23.3 Cell types Modified Modified Modified
23.4 23.4 Cells in a battery Applies Applies Applies
23.5 23.5 Ratings of batteries Applies Applies Applies
23.6 23.6 Interchangeability Applies Applies Applies
23.7 23.7 Charging of primary Applies Applies Applies
batteries
23.8 23.8 Leakage Applies Applies Applies
23.9 23.9 Connections Applies Applies Applies
23.10 23.10 Orientation Applies Applies Applies
23.11 23.11 Replacement of cells or Applies Applies Applies
batteries
23.12 23.12 Replaceable battery pack |Applies Applies Applies
24 24 Documentation Applies Applies Applies
25 25 Compliance of prototype |Applies Applies Applies
or sample with documents
26 26 Type tests
26.1 26.1 General Applies Applies Applies
26.2 26.2 Test configuration Applies Applies Applies
26.3 26.3 Tests in explosive test Applies Applies Applies
mixtures
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IEC 60079-0 clause application to IEC 60079-11
Clause or subclause of IEC 60079-0 o Associated
Intrinsically safe apparatus
apparatus
Ed.6 Ed.7 Clause / Subclause
(2011) (2017) title Group | and Group Il
Group Il
(informative) | (informative) (normative)
26.4 26.4 Tests of enclosures
26.4.1 26.4.1 Order of tests Excluded except Excluded except |Excluded
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied
26.4.2 26.4.2 Resistance to impact Excluded except Excluded except [Excludef
see 2 see? exceptSee 2
26.4.3 26.4.3 Drop test Applies Applies Applies
26.4.4 26.4.4 Acceptance criteria Applies Applies Applies
26.4.5 26.4.5 Degree of protection (IP) |Applies Applies Applies
by enclosures
26.5 26.5 Thermal tests
26.5.1 26.5.1 Temperature
measurement
26.5.1.1 26.5.1.1 General Applies Applies Excludefl
26.5.1.2 26.5.1.2 Service temperature Applies Applies Applies
26.5.1.3 26.5.1.3 Maximum surface Modified Modified Excludefl
temperature
26.5.2 26.5.2 Thermal shock test Excluded except Excluded except [Excludef
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied
26.5.3 26.5.3 Small component ighition |Applies Excluded Excludefl
test (Group | and_Group
1)
26.6 26.6 Torque test for bushings |Excluded Excluded Excludefl
26.7 26.7 Non-metallic enclosures Excluded except Excluded except |Excludefl
or.nen-metallic parts of when 6.2.5.1 is when 6.2.5.1 is except when
enclosures applied applied 6.2.5.1is
applied
26.8 26.8 Thermal endurance to Excluded except Excluded except |Excludefl
heat when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1ip
applied
26.9 26.9 Thermal endurance to Excluded except Excluded except [Excludef
cold when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.25.1T1s
applied
26.10 26.10 Resistance to UV light Excluded except Excluded except |Excluded
when 6.2.5.1 is when 6.2.5.1 is except when
applied applied 6.2.5.1is
applied
26.11 26.11 Resistance to chemical Excluded except Excluded Excluded
agents for Group | when 6.2.5.1 is
equipment applied
26.12 26.12 Earth continuity Excluded Excluded Excluded
26.13 26.13 Surface resistance test of [Applies Applies Excluded
parts of enclosures of
non-metallic materials
26.14 26.14 Measurement of Applies Applies Excluded

capacitance



https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

- 28—

IEC 60079-11:2023 © |IEC 2023

Clause or subclause of IEC 60079-0

IEC 60079-0 clause application to IEC 60079-11

Intrinsically safe apparatus

Associated

apparatus
Ed.6 Ed.7 Clause / Subclause
(2011) (2017) title Group | and Group Il
Group Il
(informative) | (informative) (normative)
26.15 26.15 Verification of ratings of [Excluded Excluded Excluded
ventilating fans
26.16 26.16 Alternative qualification of | Excluded except Excluded except [Excluded
elastomeric sealing O- when 6.2.5.1 is when 6.2.5.1 is except when
rings applied applied 6.2.5.1is
applinr!
. T
NR 26.17 Transferred charge test Applies Excluded E’>_<\ 513:1
27 27 Routine tests Applies Applies Applies
28 28 Manufacturer's Applies P Applies ° ?\'\ Applies
responsibility ’
/‘C)\J
29 29 Marking (\\
29.1 29.1 Applicability Applies Applies Applies
29.2 29.2 Location Applies Applies Applies
29.3 29.3 General Applies Applies Applies
29.4 29.4 Ex marking for explosive |Applies Excluded Applies
gas atmospheres
29.5 29.5 Ex marking for explosive |Excluded Applies Applies
dust atmospheres
29.6 29.6 Combined types (or Applies Applies Applies
levels) of protection
29.7 29.7 Multiple types of Applies Applies Applies
protection
29.8 29.8 Ga equipment using two | Applies Excluded Excludefl
independent Gb\types (or
levels) of protection
NR 29.9 Boundaryywall Applies Applies Excludefl
29.9 29.10 Ext€omponents Applies Applies Applies
29.10 29.11 Small Ex Equipment and |Applies Applies Applies
small Ex Components
29.11 29.12 Extremely small Applies Applies Applies
equipment and extremely
small Ex Components
29.12 29.13 Warning markings Applies Applies Applies
29.13 - Alternate marking of Applies Applies Applies
Equipment Protection
Levels (EPLSs)
29.131 - Alternate marking of Type | Applies Excluded Applies
of Protection for explosive
gas atmospheres
29.13.2 - Alternate marking of Type | Excluded Applies Applies
of Protection for explosive
dust atmospheres
29.14 29.14 Cells and batteries Applies Applies Applies
29.15 29.15 Electrical machines Excluded Excluded Excluded
operated with a converter
29.16 29.16 Examples of marking Examples only Examples only Examples only
30 30 Instructions
30.1 30.1 General Applies Applies Applies
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IEC 60079-0 clause application to IEC 60079-11
Clause or subclause of IEC 60079-0 o Associated
Intrinsically safe apparatus
apparatus
Ed.6 Ed.7 Clause / Subclause
(2011) (2017) title Group | and Group Il
Group Il
(informative) | (informative) (normative)
30.2 30.2 Cells and batteries Applies Applies Applies
30.3 30.3 Electric machines Excluded Excluded Excluded
30.4 30.4 Ventilating fans Excluded Excluded Excluded
- 30.5 Cable Glands Excluded except Excluded except [Excluded
when 6.2.5.1 Is when 6.2.5.1Is excepti when
applied applied 6.28.1Di
applied
Annex A Annex A Supplementary Excluded except Excluded except) |Excludef
requirements for cable when 6.2.5.1 is when 6.2.5.1 is except when
glands applied applied 6.2.5.1ip
applied
Annex B Annex B Requirements for Ex Applies Applies Applies
Components
Annex ( Annex C Example of rig for Informative Annex JInfermative Annex |Informafive
resistance to impact test Annex
Annex [ Annex D Electric machines Informative Apnex’ |Informative Annex | Informafive
connected to converters Annex
Annex H Annex E Temperature evaluation Informative Annex [Informative Annex |Informative
of electric machines Annex
Annex H Annex F Guideline flowchart for Informative Annex |Informative Annex | Informafive
tests of non-metallic Annex
enclosures
or non-metallic parts of
enclosures (26.4)
- Annex G Guidance flowchart for Informative Annex [Informative Annex | Informative
tests of cable glands Annex
- Annex H Shaft voltages resulting in | Informative Annex |Informative Annex |Informatjive
motor bearing or shaft Annex
brush sparking. Discharge
enérgy calculation
Applies |- This Clause / Subclause of IEC 60079-0 is applied without change.
Excludef — This Clauset/ Subclause of IEC 60079-0 does not apply.
Modified — This Cladse./ Subclause of IEC 60079-0 is modified as detailed in this document.
NOTE 1| The applicable Clauses / Subclauses of IEC 60079-0 are identified by the Clause / Subclause title which
is normgtive.(This document was written against the specific requirements of IEC 60079-0:2017 (Ed.7). The Clause
/ Subclduséniimbers for the 7" and previous edition are shown for information only. This is to enable the|general
requiremenis of IEC 60079-0:2011 (Ed.6) to be used where necessary with this part of IEC 60079. Whefe there

were no requirements in the 6! edition but there are for the 7" edition (indicated by NR against the 6" edition
only), or where there is a conflict between requirements, the later edition requirements take precedence.

NOTE 2 A shaded row in the above table indicates that this is a Clause heading. In cases where the applicability
is the same for all the subclauses the 'Applies’ or 'Excluded' is listed in the heading row and the subclauses are not
expanded. Where the application of the individual sub-clauses may be different, these are expanded in the above
table and the applicability for each is listed.

a8 Excluded except when 6.2.5.1 is applied, or as required by 9.4.1 or 9.11.

b

Excluded for simple apparatus. See 3.1.5 and 5.5.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

IEC 60079-7, Explosive atmospheres — Part 7: Equipment protection by increased safety "e"

IEC 60079-25, Explosive atmospheres — Part 25: Intrinsically safe electrical systems
IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 601112, Method for the determination of the proof and the comparativeytracking indices of
solid infsulating materials

IEC 60127 (all parts), Miniature fuses

IEC 60817-0-1, Specifications for particular types of winding wires — Part 0-1: General
requirements — Enamelled round copper wire

IEC 60929, Degrees of protection provided by enclosures (IP Code)

IEC 60664-1, Insulation coordination for equipment within low-voltage supply systems —|Part 1:
Principles, requirements and tests

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

IEC 60691, Thermal-links — Requiréments and application guide
IEC 60Y47-5-5, Semiconductor devices — Part 5-5: Optoelectronic devices — Photocouplers

IEC 60Y47-17, Semiconductor devices — Part 17: Magnetic and capacitive coupler for basic and
reinforged insulation

IEC 60851-5+Winding wires — Test methods — Part 5: Electrical properties

IEC 61071041, Safety requirements for electrical equipment for measurement, contrpl, and
laboratory use — Part 1: General requirements

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

IEC 61810-1, Electromechanical elementary relays — Part 1: General and safety requirements

IEC 62133-2, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Safety requirements for portable sealed secondary cells, and for batteries made from them, for
use in portable applications — Part 2: Lithium systems

ANSI/UL 248 series, Low-Voltage Fuses
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ANSI/UL 746E, Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized
Fibre, and Materials Used In Printed Wiring Boards

UL 810A, Standard for Electrochemical Capacitors

DIN VDE V 0884-11, Semiconductor devices — Part 11: Magnetic and capacitive coupler for
basic and reinforced isolation

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For thd purposes of this document, the terms and definitions given in IEC 60079-0"and the
followirjg apply.

ISO ang IEC maintain terminological databases for use in standardization at the fdllowing
addresses:

o |EC|Electropedia: available at http://www.electropedia.org/

e |SQ Online browsing platform: available at http://www.iso.ord/obp

3.11
intrins|c safety "i"
Type df Protection based on the restriction of electsical energy within equipment [and of
intercopnecting wiring exposed to the explosive atmosphere to a level below that which can
cause ignition by either sparking or heating effects

3.1.2
intrins|cally safe apparatus
electrical equipment in which all the circuits“are intrinsically safe circuits whilst in the hazardous
area

3.1.3
associpted apparatus
electrical apparatus which e¢ontains both intrinsically safe and non-intrinsically safe circyits and
is consfructed so that thesnon-intrinsically safe circuits cannot adversely affect the intripsically
safe cifcuits

Note 1 tq entry: Associated apparatus is either:
a) additfonally protected by a Type of Protection suitable for use in the appropriate explosive atmosphere,|or

b) not pfotectedby a Type of Protection suitable for use in the appropriate explosive atmosphere and thgrefore is
not tg be/used within an explosive atmosphere

[SOURCE: IEC 60050-426:2020, 426-11-03]

3.1.4

intrinsically safe circuit

circuit, in which any spark or any thermal effect produced under the conditions specified in
IEC 60079-11, which include normal operation and specified fault conditions, is not capable of
causing ignition of a given explosive atmosphere

3.1.5

simple apparatus

electrical component or combination of components of simple construction with well-defined
electrical parameters that is compatible with the intrinsic safety of the circuit in which it is used
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3.1.6

control drawing

document that is prepared by the manufacturer for the intrinsically safe or associated apparatus,
detailing the electrical parameters to allow for interconnections to other circuits or apparatus

3.1.7

diode safety barrier

associated apparatus, which does not provide galvanic isolation, incorporating shunt diodes or
diode chains (including Zener diodes) protected by fuses or resistors or a combination of these,
manufactured as an individual apparatus rather than as part of a larger apparatus

3.1.8
fuse rdting
1

n
nominall current rating of a fuse

3.1.9

FISCO
Fieldbuis Intrinsically Safe Concept
intrinsi¢ally safe system architecture which is bus-powered and designed in accordange with
specifi¢ requirements

Note 1 t¢ entry: The requirements are specified in IEC 61158-2, Industrial communication networks — |Fieldbus
specificafions — Part 2: Physical layer specification and service definitioq.

3.1.9.1
infallible connection
connections, including joints and interconnecting wiring and printed circuit board tracks, that
are not|considered as becoming open-circuited(in’service or storage

Note 1 tq entry: The specific conditions to be considered are specified in [IEC 60079-11, Explosive atmospheres —
Part 11: Equipment protection by intrinsic safety~i{.

3.1.10
interndl wiring
wiring and electrical connections that are made within the apparatus by its manufacture

—

3.1.11
live mgintenance
maintenance activities-carried out while the associated apparatus, intrinsically safe apparatus
and cir¢uits are energized

3.1.12
intrins|c<afety parameters

Note 1 to eniry: Voltage, current and power at connection facliliiies may have brief iransients above the specified
parameter value, as permitted by IEC 60079-11.

Note 2 to entry:  Apparatus can have multiple sets of intrinsic safety parameters.

3.1.12.1
Ui
maximum input voltage

maximum (peak) voltage that can be applied to the intrinsically safe connection facilities of the

apparatus without invalidating intrinsic safety
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3.1.12.2
I
maximum input current

maximum (peak) current for the intrinsically safe connection facilities of the apparatus, that can
be taken from external circuits connected to the connection facilities without invalidating

intrinsic safety

3.1.12.3
P;
maximum input power

maximum power for the intrinsically safe connection facilities of the apparatus, that can be taken
from external circuits cannected ta the cannection facilities without in\/nlidnﬁng intrinsic safety

3.1.12.4
G
maximym internal capacitance
maximym equivalent internal capacitance of the apparatus, which is considéred as appearing

at the iptrinsically safe connection facilities of the apparatus

3.1.12.6
L;
maximym internal inductance
maximym equivalent internal inductance of the apparatusdvhich is considered as appearing at

the intr|nsically safe connection facilities of the apparatus

3.1.12.6
Li/R;
maximym internal inductance to resistance ratio
maximym value of the ratio of inductance toresistance which is considered as appearing at the
intrinsi¢ally safe connection facilities of the’apparatus

3.1.12.7
U,

o
maximym output voltage
maximym (peak) voltage that-can appear at the intrinsically safe connection facilitieg of the
apparafus

3.1.12.8
IO
maximym output-current
maximym (peak) current that can be taken from the intrinsically safe connection facilitieg of the
apparajus

3.1.12.9

PO

maximum output power

maximum electrical power that can be taken from the intrinsically safe connection facilities of
the apparatus

3.1.12.10
C

o

maximum external capacitance

maximum capacitance that can be connected to the intrinsically safe connection facilities of the
apparatus without invalidating intrinsic safety
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3.1.12.11

LO

maximum external inductance

maximum inductance that can be connected to the intrinsically safe connection facilities of the
apparatus without invalidating intrinsic safety

3.1.12.12

L,/R,

maximum external inductance to resistance ratio

maximum value of the ratio of inductance to resistance which can be connected to the
intrinsically safe connection facilities of the apparatus without invalidating intrinsic safety

3.1.12.13
Um
maximym RMS AC or DC voltage
maximym voltage that can be applied to the non-intrinsically safe connection faciljties of
associgted apparatus, or to the connection facilities of intrinsically safe apparatus for use only
in the rjon-hazardous area, without invalidating intrinsic safety

EXAMPLE Examples of connection facilities of intrinsically safe apparatus restficted to use in the non-h@izardous
area are|battery charging contacts and data interfaces.

Note 1 tq entry: The value of U_ can be different at different sets of conpection facilities, and can be different for
AC and IDC voltages.

Note 2 tq entry: There may be transients above the specified parameter.

3.1.13
moulding
proces$ of placing an object in a tool with a‘shaping cavity and introducing plastic material
around|the inserted component under pressure to either partially or totally encapsulpte the
insertefd component

Note 1 tq entry: This process is also referredto as injection moulding, over-moulding or insert moulding.

3.1.14
spark fest apparatus
apparajus used to verify experimentally that the electrical sparks of a circuit are incagable of
igniting| a specified explosive gas atmosphere

3.1.15
superdapacitor

electrothemical capacitor

device that'stores electrical energy using a double layer in an electrochemical cell

Note 1 to entry: The electrochemical capacitor is not to be confused with electrolytic capacitor.

[SOURCE: IEC 60050-114:2014, 114-03-03]

3.1.16
transients

3.1.16.1
transient rating
rating of a component related to transient effects

EXAMPLE An example is /%¢ value or peak non-repetitive surge current.

3.1.16.2
transient energy
energy delivered by a circuit above the steady state condition


https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

IEC 60079-11:2023 © |IEC 2023

3.1.17

non-hazardous area accessory
<intrinsic safety>

electrical equipment to which intrinsically safe apparatus is temporarily connected by the end
user, only while the intrinsically safe apparatus is in a non-hazardous area

EXAMPLE Examples are battery chargers and data readers.

3.1.18

controlled semiconductor
semiconductor component with an output that can be switched or adjusted using a separate
electrical input

EXAMPL

Note 1 td

E Transistor, thyristor, voltage or current regulator.

entry:

The inputs and outputs referred to above may form part of an integrated circuit.

3.2 Abbreviated terms

Alist o

abbreviated terms is given in Table 2.

Table 2 — List of abbreviated terms used

Abbreyiation Full expression Additional information

CoT continuous operating temperature

CTI comparative tracking index Measured in accordance with IEC 60112

DUT device under test

ES1 Electrical energy source class 1 As defined in IEC 62368-1

FISCO fieldbus intrinsically safe concept See 3.1.9

ovC overvoltage category Defined in IEC 60664-1

PCB printed circuit board

PCBA printed circuit board assembly

PELV protective extra-low yoltage For example, compliance with IEC 60364}-4-41
PDV partial discharge voltage

PPTC polymerije positive temperature coefficient

PTC positivie temperature coefficient Includes PPTC

SELV saféety extra-low voltage For example, compliance with IEC 60364-4-41
4 EQWWMMSW i ifi i i us

Intrinsically safe apparatus and intrinsically safe circuits of associated apparatus shall be
grouped in accordance with the equipment grouping requirements of IEC 60079-0.

Intrinsically safe apparatus shall have a maximum surface temperature or temperature class
assigned in accordance with the requirements of IEC 60079-0. Temperature classification does
not apply to associated apparatus.

NOTE Equipment containing associated apparatus protected by another Type of Protection will be assigned
temperature class and equipment group according to the requirements of that Type of Protection. The equipment
group for this equipment can be different to the group for intrinsic safety, for example equipment marked Ex db [ia
IIC Ga] IIB T4 Gb.
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Intrinsically safe apparatus and intrinsically safe circuits of associated apparatus shall be
assigned one or more of the following Levels of Protection:

- Lev
- Lev
— Lev

el of Protection "ia" (for EPL Ma, Ga, Da);
el of Protection "ib" (for EPL Mb, Gb, Db); or
el of Protection "ic" (for EPL Gc, Dc).

The requirements of this document apply to all Levels of Protection unless otherwise stated.

Apparatus may be specified with more than one Level of Protection, equipment group, or
temperature class, and may have different intrinsic safety parameters for these varied cases.

5 g

51
Compli

1) intr
2) intr
These

Protect
temper

Fulfiiment of these requirements is achieved by following this document, including consid

of:

- sep

— external connection facilities in accordance with 6.3 and internal connections in accd

with

— rati

Intrinsi
appara

NOTE |
with a U,

Where
effects

ition compliance requirements

General
Ance with this document requires two basic criteria:

nsically safe circuits shall meet the spark ignition requirements)of 5.3; and
nsically safe apparatus shall meet the thermal ignition requirements of 5.4.
shall be assessed under the conditions specified in)5.2 for the applicable L

on, equipment group and, for intrinsically safefapparatus only, maximum
hture.

aration between conductive parts in.accordance with 6.5;
6.4; and
ng of components in accordance with Clause 7.

c safety parameters, Uy and, if required by 5.2.5, the maximum rated volt
us, may be assigned-for each of the connection facilities.

FC 60079-14 specifies the types of circuits or power supplies which are suitable for associated 3l
of less than 250WV.

instructions for live maintenance procedures are specified by the manufactu
of thisNive maintenance shall not invalidate intrinsic safety. (See 12.1 d) ).

evel of
surface

eration

rdance

hge for

pparatus

er, the

Except

for—9-6—a), where it s —stated—that—mdustria—standards—are—sufficientto—meet the

requirements of this document, it is not a requirement of this document that compliance with
those industrial standards be verified.

5.2 Conditions for assessment

5.2.1

General

Intrinsically safe circuits shall not be capable of causing ignition under the most onerous
conditions, except where permitted elsewhere in this document. This shall include, but is not

limited

to, the following:

a) under the circumstances specified in 5.2.2, 5.2.3 or 5.2.4 as applicable for the Level of
Protection;

b) with any voltage up to U,, applied to non-intrinsically safe connection facilities, except as
modified by 5.2.5;
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c)

d)

e)

g)

and

h)

with any voltage up to U;, current up to /; or power up to P;, as applicable, applied to
intrinsically safe connection facilities;

with any value up to the maximum capacitance as defined by C,, as applicable, connected
to the intrinsically safe connection facilities;

with any value up to either the maximum inductance, as defined by L,, or inductance to
resistance ratio, as defined by L /R,, as applicable, connected to the intrinsically safe
connection facilities;

with the connection of the most onerous load to any intrinsically safe connection facilities of
the apparatus, including opening, shorting and earthing;

at the most onerous temperature within the specified service temperature range for the
applicable parts of the apparatus. For rating of components according to Clausg|7, and
thegmal ignition compliance for Levels of Protection "ia" and "ib", the effects_of, ,mpunting
congditions of the component and the service temperature local to the component ghall be
takgn into account. Heating from other components from related faults might neefl to be
conpidered.

EXAMPLES:

Heating from closely located series or parallel components that carry orshare the same fault| current,
rlormally need to be considered.
I.
1

eating above service temperature from independent faults in other pafts of the apparatus do not|normally
eed to be considered.

NOT[E Rating of a component is assessed without faults applied to4he component, whereas its thermgl ignition
compliance is assessed with the most onerous faults according.to Clause 7 applied to the component;

with the most onerous values of any relevant‘parameters applied within the manufgcturing
tolerances of the apparatus (see 7.3).

Where [a fault can lead to a subsequent fault or faults, then the primary and subsequent faults
shall b¢ considered to be a single fault. Within a single fault scenario, all countable aJd non-

countable faults shall be considered static. For example, once a short circuit compon
is applied, this failure mode shall be maintained throughout the entire fault scenario.

nt fault

For dejermination of the maximum surface temperature, a safety factor of 1,0 shall be ppplied

to volt

5.2.2 Level of Protection "ia"

ge and power.

Intrinsi¢ally safe circuits in Level of Protection "ia" shall be assessed in each of the fgllowing

circumsgtances:

a)
b)
c)

d)

under.thie most onerous condition with no faults applied,

with the application of those non-countable faults which result in the most onerous condition;

with the application of one countable fault plus those non-countable faults which result in
the most onerous condition; and

with the application of two countable faults plus those non-countable faults which result in
the most onerous condition.

The faults applied can differ in each of the above circumstances.

In assessing the circuits for spark ignition, the following safety factors shall be applied in
accordance with 5.3.4:

for a), b),andc) 1,5
ford) 1,0
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If only one countable fault can occur, the requirements of d) need not be considered.
If no countable fault can occur, the requirements of c) and d) need not be considered.

Designs which conform to the requirements for Level of Protection "ia" are also suitable for
Levels of Protection "ib" and "ic".

5.2.3 Level of Protection "ib"

Intrinsically safe circuits in Level of Protection "ib" shall be assessed in each of the following
circumstances:

a) under the most onerous condition with no faults applied;

b) with the application of those non-countable faults which result in the most onerqus‘Copdition;
and

c) with the application of one countable fault plus the application of those non*countablg faults
which result in the most onerous condition.

The faylts applied can differ in each of the above circumstances.

In asselssing the circuits for spark ignition, a safety factor of 1,5.shall be applied in accqrdance
with 5.3.4.

If no cquntable fault can occur, the requirements of ¢) need not be considered.

Designg which conform to the requirements for Levelof Protection "ib" are suitable for Level of
Protectjon "ic".

5.2.4 Level of Protection "ic"

Intrinsig¢ally safe circuits in Level of Protection "ic" shall be assessed in each of the fgllowing
circumgtances:

a) under the most onerous condition with no faults applied; and
b) for ppark ignition compliance in accordance with 5.3 and in the determination of U, /,, L;,
C; dnd L;/R; as applicable: with the application of those non-countable faults which result in
the [most onerous ecohdition.

NOTE !Lo faults are applied for thermal ignition compliance in accordance with 5.4.

Countaple faults are not applied.

Only camponents which:

— define voltage or current for the purposes of spark ignition compliance, including
components used to protect other components on which intrinsic safety depends,

— define U, or I, or

— provide protection against polarity reversal in accordance with 6.8.

are required to conform to 7.1.

If applicable, P, and P; shall be determined under the most onerous normal operating
conditions.

In assessing the circuits for spark ignition, a safety factor of 1,0 shall be applied in accordance
with 5.3.4.
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5.2.5 Non-shock hazard equipment or systems

Equipment or systems that are limited to extra low voltage and are designed according to other
standards or regulations to prevent the risk of electric shock that might be hazardous to human
health may be considered non-shock hazard equipment or systems.

EXAMPLE 1 Such other standards include SELV, PELV, ES1.

Where this document requires the application of U,, between connection facilities that are not

galvanically isolated from each other, it is permitted to only consider application of the
manufacturer's maximum rated voltage, providing the following requirements are met:

NOTE 1| The manufacturer's rated voltage is typically referred to as differential mode.
a) thelconnection facilities shall only be connected to non-shock hazard equipment.or,systems.

b) Where this document requires the application of U, between connection facilities for circuits

thaf employ galvanic isolation between the non-intrinsically safe circuit and other ¢ircuits,
the [applied voltage shall be the higher of:

- U

ms Or

— p voltage derived from the rated voltage or U,,, for example where the circuit has
components that enhance the voltage to greater than U, \dnder normal operation).

NOTIE 2 In this case the voltage across the galvanic isolation is typically referred to as common modg¢.

NOTE 3 Requirements for non-hazardous area accessories are‘detailed in 6.3.5.

c) Thg certificate number shall include the "X"\suffix in accordance with the marking
reqliirements of IEC 60079-0 and the Specific\€onditions of Use listed on the certificate
shall:

— [detail the requirements which apply.to equipment or systems to be connected to the
connection facilities, for example, they shall be SELV, PELV, ES1, or equivalent} and

— Pptate the permitted maximum veltage that may be applied between the non-intripsically
safe connection facilities that ferm a circuit within the apparatus.

NOTE 4 It is not a requirement.of this document that a type or model for the supply be specified.

EXAMPLE 2 A serial data port is\declared to have a U of 250 V ACg,,s, but with a maximum voltage between any

two pins fof the data port of 6 ¥~\Fhe circuit is assessed with 6 V differential mode applied between any two fata port
pins, but/with 250 V ACg, s common mode applied between the data port and galvanically isolated circuits|(such as

earth or [the intrinsicallytsafe circuits). The Specific Conditions of Use would state that the voltage appli¢d to the
serial daja port connections is a maximum of 6 V and that only equipment complying with IEC 62368-1 may |be used.
Any galvpnic isolation{between the circuit of the data port and the intrinsically safe circuit would require separations
for U, (sp in thissexample, 250 V ACg\5)-

5.3 park’ignition compliance

5.3.1 General

Intrinsically safe circuits shall be assessed to ensure that at each point where an interruption
or interconnection exposed to the explosive atmosphere is considered to occur, the available
spark energy is incapable of causing ignition of the explosive atmosphere for the specified
equipment group under the conditions and safety factors specified in 5.2 for the Level of
Protection of the circuit.

NOTE The term "spark" is used throughout this document to refer to a make or break of the circuit under test. It is
not necessary for such a make or break to produce a visible spark.

Spark ignition shall be assessed, except where stated otherwise in this document, as follows:

a) across normally opening and closing contacts; and

EXAMPLE 1 Examples of normally opening and closing contacts are plugs and sockets, switches, pushbuttons and
potentiometers that are user accessible without the use of a tool and are manually operated.
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b) atthe connection facilities of intrinsically safe circuits, including connection of the applicable
Co, L, and L,/R, specified for the connection facility. Unless stated otherwise in the

instructions, C, and L, are applied separately when assessing the connection facility.

Spark ignition does not need to be considered:

1) across infallible separations complying with 6.5.4.2;
2) in series with infallible connections complying with 6.4.2;

3) within encapsulation meeting the requirements for protection against spark ignition specified
in 6.6.1 and 6.6.2.1;

4) within associated apparatus other than at its intrinsically safe circuit connection facilities; or

5) betyveen terminals of separate circuits conforming to 6.3.1.

For Gragup Il circuits, the energy limits of Group [IB shall be applied.

Spark ignition assessment may use representative circuits that are at least @s’onerous fdr spark
ignition| as the actual circuit under assessment.

EXAMPLE 2

— sparH ignition from a capacitor limited by a resistor complying with 7.4.2 can’be considered as a resistiye circuit
with & fixed voltage;

— all the capacitors in a part of a circuit can be represented by arsingle capacitor equivalent to thg sum of
capagitance.

Spark [gnition testing conducted according to 9.1 at normal ambient temperatures, and the
ignition[ data in Annex A and Annex G may be usedy where the service temperature is between
-60 °Cland 100 °C. No additional safety factors or consideration of heating due to faults within
the apparatus are required. Equipment designed for use in service temperatures outs|de this
range ghall be subject to special investigation.

5.3.2 Levels of Protection "ia" and "ib"

For Lepels of Protection "ia" and; "ib", spark ignition assessment shall be applied|to the
following, except where stated/othierwise in this document:

a) at 3ny interruption or.interconnection (including failure of separation) of a circuit| that is
conkidered a countable*or non-countable fault; and

b) at any earth fault.that is considered a countable or non-countable fault.

Spark ignition assessment (for example, application of the spark test apparatus) shall be|carried

out aftgr the application of faults as specified in 5.2.2 and 5.2.3 and shall not add further to the
fault cqunt.

5.3.3 Level of Protection "ic"

For Level of Protection "ic", spark ignition assessment shall be applied to the following, except
where stated otherwise in this document:

a) across any separation of conductive parts whose failure is considered a non-countable fault
according to 6.5.4; and

b) in place of all or any part of components that are operated in excess of their manufacturer's
specification under normal operating conditions.

Transients resulting from the application of U, which do not occur in normal operation (for

example, as a result of a failure in the power supply), shall not be considered for the purposes
of spark ignition compliance.
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5.3.4 Application of safety factors
5.3.4.1 Safety factor 1,0

Where a safety factor of 1,0 is required by 5.2 for spark ignition assessment, it shall be obtained
by one of the following methods:

a) using the columns for safety factor of 1,0 in the tables in Annex A;

b) using the curves in Annex A;

c) using Annex G without removing the 1,5 safety factor; or

d) testing according to 9.1 using test mixtures according to 9.1.3.1.

5.3.4.2 Safety factor 1,5

Where g safety factor of 1,5 is required by 5.2 for spark ignition assessment, it shall’be optained
by one [of the following methods:
a) using the columns for safety factor of 1,5 in the tables in Annex A.

b) usinpg the curves in Annex A or the columns for safety factor 1,0 in‘the tables in Annex A
whare, prior to the application of the curves or tables:

1) for inductive circuits the current is increased by a factor of 175;
2) for capacitive circuits the voltage is increased by a factor of 1,5; or

3) for resistive circuits, the current is increased by afactor of 1,5, or, as a consgrvative
blternative, the voltage may instead be increased by a factor of 1,5.

c) using Annex G (the limit curves of which already.include a safety factor of 1,5);
d) tesfing according to 9.1 applying one of the following:

1) Pptarting with the current and voltage .under the conditions specified in 5.2 and|testing
sing the test mixtures specified in 9:1.3.1:

- for inductive and resistive circuits, so far as practical the current is increased to 1,5
times the assessed current\by decreasing the values of limiting resistance; Where it
is not practical to obtajnithe 1,5 safety factor in this way, the voltage is ingreased
until the required current is obtained; or

- for capacitive circuits, the voltage is increased by a factor of 1,5.

2) where 5.3.4.2 d)M)Nis not practical, the use of more ignitable test mixtures accofding to
D.1.3.2;

e) using Annex F (which applies the safety factor to the gas mixture).

NOTE The purpose of the application of a safety factor is to ensure either that a type test or theoretical asgessment
is carried out with=a circuit which is demonstrably more likely to cause ignition than the original, or that th¢ original
circuit is fested ih a more readily ignited gas mixture. In general, it is not possible to obtain exact equivalence|between
different Imetheds of achieving a specified safety factor, but the methods stated in this document provide adceptable
alternatives

5.3.5 Circuits without controlled semiconductor limitation

Circuits for which intrinsic safety does not depend on controlled semiconductor limitation shall
be assessed using one of the following:
a) with the spark ignition test specified in 9.1;

b) at the connection facilities of FISCO equipment: complying with the intrinsic safety
parameter limits specified in Annex E;

c) by assessment as specified in 9.2;

EXAMPLE For a trapezoidal output characteristic consisting of a voltage source followed by a resistor followed by
a Zener diode, 9.2 can be used by assessing with the Zener diode removed from the circuit leaving a linear
characteristic.

d) for linear output characteristic, using Annex G for linear sources of power; or
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e) for trapezoidal output characteristic, using Annex G for rectangular sources of power.

NOTE A circuit assessed using the reference curves and tables of Annex A might cause ignition when tested using
the spark test apparatus. Nevertheless, the tables can still be used for assessment because the sensitivity of the
spark test apparatus varies, and the curves and tables are derived from a large number of such tests.

5.3.6 Circuits with controlled semiconductor limitation

Circuits for which intrinsic safety depends on the operation of controlled semiconductor
limitation shall be assessed to ensure spark ignition compliance both in the steady state
condition where limitation is not activated and for the transient response when the limitation is
activated.

In both[of these cases the assessment shall consider the worst-case Toad that the application
is expefcted to encounter under the conditions specified in 5.2 both for the limitingreirquit and
the loadl. This load might be a resistance, a fixed voltage load (such as a Zener)-00a cpnstant
current|source load, in combination with the inductance and capacitance thatymay be present
under these conditions.

Where [the transient response of the limitation is tested using the spark test apparatus|(either
using 9.1 or Annex F), the circuit shall be arranged to ensure that it fully resets during the test
betweep each main break and following make of the spark test(apparatus. Make and break
caused|by bouncing of the tungsten wire on the cadmium disk ne€d not be considered. The test
may bef carried out on a representative circuit where the reset’time has been reduced from that
of a pr@duction circuit.

Where |connection facility parameters are limited by ¢circuits with controllable semicopductor
limitatign, U, and I, shall be calculated from the isteady state limits, and not the peak of the

transiept response.

Assessment may involve one or more of the following, as applicable, to demonstrate|steady
state apd transient response compliancey

a) conjpliance with the spark ignition\test specified in 9.1;

b) at the connection facilitiessof FISCO equipment: complying with the intrinsic| safety
parameter limits specified inJAnnex E;

c) whdre it is not practical'to apply the safety factor to the voltage or current, compliance with
Annex F;

d) for linear output characteristic assessed as specified in 9.2;

e) steidy state compliance may be demonstrated where the steady state output charagteristic
is flully contained within a linear characteristic that meets Table A.1; transient state
conpliancé” may also be demonstrated where transient state characteristics afe fully
contained within a linear characteristic that meets Table A.1.

f) wh directly
connected to the circuit, steady state compliance may be demonstrated using Annex G for
non-linear sources of power; and

g) transient compliance may be assessed according to Annex D.

Different methods may be used for steady state and transient response. Switching controlled
semiconductor limitation shall not trigger or trip during any test used to demonstrate steady
state compliance.
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5.4 Thermal ignition compliance
5.4.1 General

All surfaces of intrinsically safe apparatus that come into contact with explosive atmospheres
shall be assessed to ensure that, under the conditions specified in 5.2, the apparatus complies
with the maximum surface temperature requirements of IEC 60079-0 as modified by:

a) 5.4.2,5.4.3,5.4.4 for Groups | and Il; and
b) 5.4.5 for Group I, and for Group IlI.

The assessment shall be made withou
h
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Tempefature classification may be assessed using thermal models based on Knowlgdge of
compoments' thermal behaviour or with reference to comparable apparatus: Tests| when
required, shall be in accordance with 9.3.

Where the maximum power dissipation in tracks or wiring does not exceed'1,3 W, they ghall be
considgred acceptable for a temperature classification of T4, or foryGroup | at a maximum
ambienit temperature of 40 °C. Where dust is excluded and the maximum power dissipation in
the trag¢k or wiring does not exceed 3,3 W, they shall be considered suitable for Group | at a
maximdm ambient temperature of 40 °C. When using this asséssment at ambient tempefratures
greater| than 40 °C, these power limits shall be derated ‘as specified in IEC 6007P-0 for
assessment of temperature classification for componentSurface area = 20 mm?2.

5.4.2 Temperature of small components for Group | and Group Il

Requir¢gments for small component temperature~for Group | or Group Il electrical equipment of
IEC 60079-0 apply, and the test requirements are provided in the small component ignitjon test
of IEC p0079-0.

The 5 K and 10 K margin required by }EC 60079-0 in the type tests for determining maximum
surfacg temperature applies to surface temperature requirements for 7.16.2.4b) and fgr Level
of Prot¢ction "ic".

The 5 K and 10 K margin-required by IEC 60079-0 does not apply for surface tempierature
requirements for Levels'of Protection "ia" or "ib" when the table for assessment of tempjerature
classification according’ to component size for small components in IEC 60079-0 is used,
otherwise, the margin®applies.

5.4.3 Wiring within intrinsically safe apparatus for Group | and Group Il

The mgximum permissible current corresponding to the maximum wire temperature duelto self-
heating—shatt—either be taken from Tabte 3 for copper wires or can be catcutatedfrom the
following equation for metals in general.

[:[fJEt—Ta)(1+a(T—Ta))

T-T,)(1+a(t-1,))

where

a is the temperature coefficient of resistance of the wire material at 7, in K-1;

I is the maximum permissible current RMS, in amperes;

I; is the current, in amperes, at which the wire melts in an ambient temperature 7;

T is the melting temperature of the wire material in degrees Celsius (1 083 °C for copper,
1 064 °C for gold);
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T, is the maximum ambient temperature in °C; and

t is the threshold temperature, in °C, for thermal ignition compliance. This is also the resultant
wire temperature due to self-heating and ambient temperature.

Where the temperature coefficient of resistance of the material is specified at an ambient other

than 7,, a, at T, can be determined as follows:
1
a, :1—
—+(T, -T,
((Xr ( ¢ r)j
T, is the known reference ambient temperature in °C (for example, 20 °C).

is [the coefficient of resistance at 7, in K=1 (for example, 0,004 27 K=1/for topper,
0,004 201 K- for gold at 20 °C)".

Where [the melting current of the wire is available at a different ambienttemperature tq T, (for

example, where the manufacturer of the wire specifies the meltingGeutrent in the wirg in an
ambienjt of 20 °C),

T-T,
g )
(T-1,)
where:
I, is the current, in amperes, at which the wire~melts in an ambient temperature 7,

then Iy may be determined as follows:

EXAMPLE fine copper wire with a surface area less than 20 mm? (Temperature class = T4)

a = 0,004 27 K

If = [,6 A (determined experimentally or specified by the wire manufacturer)
T=1]083°C

T =40 °C

t for|T4 (Small component, t < 275 °C)

Applying|the equation:

I =11,3,A (This is the maximum normal or fault current which may be allowed to flow to prevent|the wire
temperature from exceeding 275 °C.)

1 Temperature coefficient of resistance of copper” by D.H Dellinger, Bulletin of the Bureau of Standards Vol 7 No 1

page 89, November 1910.
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Table 3 — Temperature classification of copper wiring
for ambient temperature < 40 °C

Diameter 2 Cross-sectional Maximum permissible current for temperature
area 2 classification
mm mm? A
T1 to T4 and T5 T6
Group |
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
a8 Diafneter and cross-sectional area are the nominal dimensions specified by the wire marufacturer.
The valpe given for maximum permissible current, in amperes, is the RMS AC or DC~alue.
For strgnded conductors, the cross-sectional area is taken as the total area of alt strands of the conductof.
The tablle also applies to flexible circuit boards and flexible flat conductors, such as a ribbon cable, but nof|to rigid
circuit gonductors.

5.4.4 PCB tracks for Group | and Group I

The temperature classification of PCB tracks exposed to the explosive atmosphere ghall be

determ|ned using available analytical techniques and data or by testing. In all cas
maximym continuous current shall be used\to determine the temperature classificati
track. Tracks with lengths of 10 mm or less’shall be disregarded for temperature classi

es, the
bn of a
fication

purposes. Manufacturing tolerances shall not reduce the track width, board thickness or

conducfor thickness values determinied in accordance with these requirements by mo
10 % of 1 mm, whichever is the smaller.

NOTE [IPC-2221 and IPC-2152 are examples of available data.

Where fthe tracks are made of copper, the temperature classification may be determine
Table 4. The values ‘found in the table shall be adjusted depending on the actua
thickneps, number.of track layers, copper conductor thickness, ambient temperatu
whether the track passes under components dissipating more than 0,25 W. When a
Table 4 and the.associated adjustment factors, linear interpolation between current, trac
track thickness, ambient temperature, and board thickness values is allowed. No extraf
of any|values or adjustment factors is allowed. The maximum permissible curren

re than

d using

board
e, and
pplying

width,
olation
t Ip is

a haas balaowas:
Calculatcu ao OIIUVVn VTITUVV.

Ip =1 x Mg x A X2 x 2o X Ap

where
I is the maximum permissible current for temperature classification found in Table 4;
g is the board thickness factor;

A_ is the number of layers factor;
A1 is the copper thickness factor;
Ac is the under component factor;

Aa is the ambient temperature factor.
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EXAMPLE

To find the maximum permissible current for a T5 (T, = 60 °C) rating of a 1 mm wide track that is greater than 10
mm in length on a two-layer circuit board with board thickness of 1,55 mm and copper conductor thickness of 18 ym
that does not pass under power dissipating components.

Table 4 maximum permissible current for T5 (T, =40 °C) of a 1 mm wide track /= 4,8 A
‘g = 1,00; 2 =0,67; ., = 0,67; A5 = 1,00; 2, = 0,83

I, =4,8Ax1,00x0,67 0,67 x1,00x0,83=179A
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Table 4 — Temperature classification of tracks on PCBs

Minimum track width Maximum permis§ible curre_nt for temperature clasosification
(for a maximum ambient temperature of 40 °C)
T1 to T4 and Group | T5 T6
mm A A A
0,075 0,8 0,6 0,5
0,1 1,0 0,8 0,7
0,125 1,2 1,0 0,8
0,15 1,4 1,1 1,0
0,2 1,8 1,4 1,2
0,3 2,4 1,9 w7
0,4 3,0 2,4 2,1
0,5 3,5 2,8 2,5
0,7 4,6 3,5 3,2
1,0 5,9 4,8 4,1
1,5 8,0 6,4 5,6
2,0 9,9 7,9 6,9
2,5 11,6 9,3 8,1
3,0 13,3 10,7 9,3
4,0 16,4 13,2 11,4
5,0 19,3 15,5 13,5
6,0 22,0 17,7 15,4

The valpe given for maximum permissible current, intamperes, is the RMS AC or DC value.

This talple applies to PCBs 1,55 mm or thicker with a single layer of copper of 33 ym thickness. The valugjs found
in the table shall be adjusted by multiplying,thé maximum permissible current found above by each of the|factors
below.

Bdard thickness (mm) Factor (1g) Under component 2 Factor (i)
1,55 1,00 No 1,00
1,00 0,91 Yes 0,67
0,75 0,87
0,50 0,83
Number of‘track layers Factor (1) Ambient temperature Factor (1,)
1 1,00 (°C) T4 T5 6
2 0 /7 40 100 100 1,00
>2 0,50 60 0,83 0,83 0,83
80 0,77 0,64 0,40
Cu thickness (um) Factor (1) 100 0,66 - -
70 1,30
51 1,20
33 1,00
18 0,67

a8 Applies to tracks passing under components dissipating 0,25 W or more, either normally or under fault
conditions, where the section of track passing under the component exceeds a length of 10 mm.
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5.4.5 Intrinsically safe apparatus and component temperature for dusts

The temperature considered for thermal ignition compliance shall be that of the surface of the
intrinsically safe apparatus that is in contact with the dust.

EXAMPLE 1 For intrinsically safe apparatus protected by an enclosure providing a degree of protection of at least
IP5X, the surface temperature of the enclosure is measured regardless of whether the enclosure requirements of
IEC 60079-0 identified in Table 1 have been applied.

EXAMPLE 2 For EPL Da, or EPL Db with a specified layer of dust, with an enclosure that does not meet 6.2.4 a),
the test of 9.14.3.3 is performed with the enclosure filled with dust and the balance of the 200 mm external to the
enclosure. The temperature is measured on the surface of the cell.

As an
complignce for Groups | or lll, intrinsically safe apparatus shall be considered suitable-for total
immerslion, or an uncontrolled dust layer thickness, if the maximum power dissipation| in any
compoment under the conditions specified in 5.2 is in accordance with Table5, gnd the
continuous short circuit current is less than 250 mA. In this case, for Group I|I;*the intripsically
safe apparatus shall be marked for a maximum surface temperature. of* 135 °C [for an
uncontfolled dust layer thickness.

NOTE The 250 mA level is to address the risk of thermal ignition from wires or tracks.

Table|5 — Maximum permitted power dissipation within a component immersed in dust

Maximum ambient temperature °C 40 70 140

Permitted power mW 750 650 580

Linear interpolation between these values is permitted.

5.5 $imple apparatus
The following may be considered to be simple apparatus:

a) paspive components, for example, switches, junction boxes, resistors and |simple
semiconductor devices;

b) soufces of stored energy consisting of single components in simple circuits with well-gefined
parameters, for example, capacitors or inductors, whose values shall be considered when
determining the overall'safety of the system; and

c) soufces of generated energy, for example, thermocouples and photocells, which{do not
generate morethan 1,5V, 100 mA and 25 mW.

Simplelapparatus shall conform to all relevant requirements of this document with the exgeption
of Clapse (14 and the manufacturer's responsibility requirement of IEC 60079-p. The
manufdctlrer or intrinsically safe system designer shall demonstrate compliance, including
materi — j

The following aspects shall always be considered:

1) Simple apparatus shall not achieve safety by the inclusion of:
— voltage limiting
— current-limiting, or
— suppression devices.

2) Simple apparatus shall not contain any means of increasing the available voltage or current,
for example DC/DC converters.

3) Where it is necessary that the simple apparatus maintains the integrity of the isolation from
earth of the intrinsically safe circuit, it shall be capable of withstanding the test voltage to
earth in accordance with 6.9. Its terminals shall conform to 6.3.1.
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4) Non-metallic enclosures shall conform to the requirements for electrostatic charges on
external non-metallic materials specified in IEC 60079-0.

5) Metallic enclosures and metallic parts of enclosures shall conform to the applicable
requirements of IEC 60079-0.

6) When used in an intrinsically safe circuit within their normal rating, switches, plugs, sockets
and terminals may be assumed to have a temperature rise of less than 40 K. For other types
of simple apparatus, the maximum temperature shall be assessed in accordance with 5.4.

Where simple apparatus forms part of an apparatus containing other electrical circuits, the
whole shall be assessed according to the requirements of this document, including apparatus
that complies with 5.5 c).

NOTE 1| Sensors which utilize catalytic reaction or other electro-chemical mechanisms are not normally simple
apparatups.

NOTE 2| It is not a requirement of this document that the simple apparatus manufacturer's specifications| such as
electrical and thermal rating, be verified.

6 Apparatus construction

6.1 General

The requirements given in this clause apply, unless otherwise stated in the relevant subcjauses,
only tojthose features of apparatus on which intrinsic safety depends.

EXAMPLE The requirements for encapsulation with casting compaound apply only if it is required to satisfly 6.5.6.2
or 6.6.

6.2 Enclosures
6.2.1 General

Where |intrinsic safety can be invalidated by ingress of moisture or dust or by ac¢ess to
conductive parts, for example where\parts of apparatus rely on separation requiremelnts, an
enclosyre suitable for the intended use and environmental conditions shall be used.

The delgree of protection required will vary according to the intended use; for examfple, an
enclosdre providing a degree of protection of at least IP54 in accordance with IEC 6052P might
be reqyired for Group and Group Ill apparatus.

NOTE It is not a requirement of this document that the suitability for the intended use and environmental cpnditions
be verifigd.

The englosure.for protection against contact with live parts may be physically different from that
for ingress’ protection.

The designation of the surfaces of the enclosure relevant to intrinsic safety shall be recorded
in the documentation according to the documentation requirements of IEC 60079-0 and in the
user instructions (See 12.1 f)).

Any specific requirements for entries into enclosures, for example for IP rating, shall be
provided in the manufacturer's instructions.

Enclosures for intrinsically safe apparatus for Group |, Group II, Group IllIA, and Group IIIB,
which rely on the separation requirements in Table 7 or the reduced separation distances of
Table 8 or Table 9, shall meet the requirements of 6.2.2 or 6.2.3 as applicable. See Annex | for
additional information.

Enclosures for intrinsically safe apparatus for Group IlIC shall meet the requirements of 6.2.4.
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Enclosures for associated apparatus (or parts thereof) for all equipment groups which rely on
the separation requirements in Table 7 or the reduced separation distances of Table 8 or
Table 9 shall meet the requirements of 6.2.2 or 6.2.3 as applicable.

6.2.2 Apparatus complying with Table 7

Parts of apparatus relying on the separation requirements of Table 7 shall be provided with an
enclosure providing a degree of ingress protection of at least IP2X in accordance with
IEC 60529.

The enclosure does not need to be subjected to the tests for enclosures in IEC 60079-0, except
that for portable or personal equipment, the drop test of IEC 60079-0 still applies.

6.2.3 Apparatus complying with Table 8 or Table 9

Parts of apparatus relying on the reduced separation requirements of Table 8'ar-Table|9 shall
be proyided with protection for the separations on which intrinsic safety depends by ong¢ of the
following:

a) Theg enclosure shall provide a degree of ingress protection of at.least IP54 acconding to
IEC| 60529 and meet the requirements of 6.2.5.1.

b) The separations shall be protected according to 6.2.5.2.

c) For|fixed installations, an enclosure providing a degree of protection of at leagt IP2X
accprding to IEC 60529 and restricted to installationyand use in environments providing
pollution degree 2 or 1 according to IEC 60664-42 ‘The enclosure does not need to be
subjected to the tests for enclosures in IEC 60079-0. The certificate number shall [nclude
the 'X" suffix in accordance with the marking réguirements of IEC 60079-0 and the $pecific
Corditions of Use listed on the certificate shall detail the restricted installation condjtions.

EXAMPLE "Equipment shall only be used in centrolled environments which achieve pollution degfee 2 as
defijed in IEC 60664-1." (Only non-conductive pollution occurs except that occasionally a temporary conjductivity
cauged by condensation is to be expected).

6.2.4 Enclosures for Group IlIC intrinsically safe apparatus

Parts of apparatus relying on the‘separation requirements of Table 7, Table 8 or Table P, shall
be proJided with protection for the separations on which intrinsic safety depends by on¢ of the
following:

a) Theg enclosure shallprovide at least the degree of protection given in 1) or 2) belpw and
meg¢t the requirements of 6.2.5.1;

1) Where separation is accomplished by meeting the requirements for cleargnce or
creepage distances of Table 7, at least IP5X according to IEC 60529.

2) Where the separation is accomplished by meeting the requirements for cleargnce or
creepage distances of Table 8 or Table 9 _at least IP54 accarding to IEC 60529

b) The separations shall be protected according to 6.2.5.2.
6.2.5 Protection of separations
6.2.5.1 Protection by enclosure

Separations may be protected to satisfy 6.2.3 b) or 6.2.4 a) by the use of an enclosure providing
the specified IP rating, after the requirements according to IEC 60079-0 as identified in Table 1
have been applied.

Where the enclosure integrity relies on the sealing of openings that can be used for wiring, the
certificate number shall include the "X" suffix in accordance with the marking requirements of
IEC 60079-0 and the Specific Conditions of Use listed on the certificate shall detail that only
cable glands, thread adapters and blanking elements conforming to the requirements of
IEC 60079-0 may be used with the apparatus.
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6.2.5.2 Protection by other means

Separations may be protected to satisfy 6.2.3 a) or 6.2.4 b) by the use of an enclosure providing
a degree of protection of at least IP2X according to IEC 60529, provided that separations are:
a) protected by a coating conforming to 6.5.6.5;

b) protected by encapsulation or casting compound conforming to 6.5.6.2;

c) through solid insulation conforming to 6.5.6.3; or

d) located on the inner layers of a multi-layer PCB.

The enclosure does not need to be subjected to the tests for enclosures in IEC 60079-0, except
;

inl
th tf nartabla and ~nAarcAanAl A~ ANE th A A Aot AF I ONN70Q N ol An
at forppertable-anrd-personrat-eguipment—the-drop-testofHEG-60079-0-stilkapplies-

6.3 Connection facilities for external circuits
6.3.1 Terminals

In addition to satisfying the requirements of 6.5.1, terminals for intrinsically safe circuits shall
be sepgarated from terminals for non-intrinsically safe circuits by one(or“more of the methods
given i a) or b) as follows:

a) Theg clearance between bare conductive parts of intrinsically safe terminals and bare
conductive parts of non-intrinsically safe terminals shall be at least 50 mm.

Carg should be exercised in the layout of terminals and in the wiring method used|so that
contact between circuits is unlikely if a wire becomes\dislodged.

b) When separation is accomplished by locating-terminals for intrinsically safe and non-
intrlnsically safe circuits in separate enclosures\or by use of either an insulating partition or
an ¢arthed metal partition between terminalswith a common cover, the following applies:

1) partitions used to separate terminals) shall extend to within 1,5 mm of the englosure
walls, or alternatively shall provide’a minimum distance of 50 mm between the bare
conductive parts of terminals whén measured in any direction around the partitign;

2) metal partitions shall be earthed and shall have sufficient strength and rigidity to|ensure
that they are not likely to bé_damaged during field wiring. Such partitions shall be pt least
0,45 mm thick or shall conform to 9.4.3 if of lesser thickness. In addition, metal pgrtitions
shall have sufficient current-carrying capacity to prevent burn-through or loss ¢f earth
connection underfault conditions; and

3) pon-metallic insylating partitions shall be so supported that they cannot readily be
Heformed in.asmanner that would defeat their purpose. Such partitions shall be at least
D,9 mm thick*or shall conform to 9.4.3 if of lesser thickness.

between bare conductive parts of connection facilities intended to receive connectipns for
externdl eircuits (see d1 and d2 in Figure 1) shall meet the following:

In addition te-satisfying the requirements of 6.5.1, the clearance and creepage distances
|

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

— atleast 3 mm between intrinsically safe circuits and earthed parts where connection to earth
would invalidate intrinsic safety.

The above methods of separation shall also be applied where intrinsic safety can be invalidated
by external wiring which, if disconnected from the terminal, can come into contact with
conductors or components which are not protected by an enclosure providing a degree of
protection of at least IP2X according to IEC 60529.

Movement of metallic parts that are not rigidly fixed shall be taken into account. Figure 1 shows
the distances to be considered at terminals.
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6.3.2 Earth Terminals
Where earthing is required to maintain intrinsic safety, the following applies:

a) terminals used for this purpose shall be fixed in their mountings without possibility of self-
loosening and shall be constructed in such a way that the conductors are prevented from
slipping out from their intended location;

b) proper contact shall be assured without deterioration of the conductors, even if multi-
stranded cores are used in terminals which are intended for direct clamping of the cores;

c) the contact made by a terminal shall not be appreciably impaired by temperature changes
in normal service;

d) terw—h—m—sﬁ?mm—mm%Wesilient
intefmediate part; and

e) terminals designed for conductors of maximum cross-sections up to 4 mm% shall pe of a
type designed to accommodate conductors having a smaller cross-secttion than their
maximum.

Terminfls which conform to the requirements for electrical connections ‘of IEC 60079-7 are
considgred to comply with these requirements.

The following shall not be used:

— terminals with sharp edges which could cause breakage of the conductors;
— terminals which may turn, be twisted or permanently,deformed by normal tightening} or
— insylating materials which transmit contact pressure in terminals.

6.3.3 Plugs and sockets

Where |apparatus is fitted with more than_ene plug or socket for external connections and
interchange could adversely affect intrinsicisafety, the following requirements apply.

a) Plugs and sockets used for connee¢tion of external intrinsically safe circuits shall be s¢parate
from, and non-interchangeable-with, those for connection of non-intrinsically safe cifcuits.

b) Plugs and sockets used far connection of separate intrinsically safe circuits, or s¢parate
nontintrinsically safe circuits, shall either:

1) pe arranged, for gxample by keying, so that interchange is not possible; or;

2) have mating plugs and sockets that are identified, for example by marking or colour
coding, to make interchanging obvious.

Where |a plug.or a socket is not prefabricated with its wires, the connecting facilitigs shall
conform to(6,3.1. If prefabricated, or the connections require the use of a special tpol, for
example by, crimping, such that there is no possibility of a strand of wire becoming free, then

i it pith 1ditions

Where a connector carries earthed circuits and intrinsic safety depends on the earth connection
then the connector shall be constructed in accordance with 6.4.4.

6.3.4 Permanently connected cable

Apparatus which is constructed with an integral cable for external connections shall be
subjected to the pull test in 9.4.4 on the cable if breakage of the terminations inside the
apparatus could result in intrinsic safety being invalidated, for example where there is more
than one intrinsically safe circuit in the cable and breakage could lead to an unsafe
interconnection.
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6.3.5 Connections and accessories for intrinsically safe apparatus for use in non-

hazardous area

6.3.5.1 General

Intrinsically safe apparatus may be provided with connection facilities that are restricted to
connection to a non-hazardous area accessory, for example data downloading or battery
charging connections. These connections shall conform to 6.3.5.2 and 6.3.5.3.

The requirements of 6.3.5 do not apply to:

NOTE

6.3.5.2 Protection against spark ignition while in the hazardous area

connection facilities used for manufacturing, test, repair or overhaul; or

conl‘xechons that are not accessible by the end user.

epair and overhaul are covered under IEC 60079-19.

These fonnections shall be protected against causing spark ignition whénthe apparatys is in

the hazardous area by either of the following:

6.3.5.3 Protection of components on which,intrinsic safety depends

Theg outputs shall be limited in accordance with this documenty or

for 3roup Il intrinsically safe apparatus, a degree of protection‘by enclosure of at least IP3X
for the connection facilities to be used in the non-hazardous area. The apparatus ghall be
matked with a warning label as specified in 11.2 d) and the separation distances between
the [contacts shall conform to 6.5.1 considering the open circuit voltage of the [nternal
circpitry, for example that of the battery.

For Leyels of Protection "ia" and "ib", connection facilities shall be provided with protegtion to
ensure|the rating of components on whichzintrinsic safety depends within the intrinsically safe
apparajus conform to 7.1 while it is connected in the non-hazardous area, including conpection

implemgnted through galvanic isolation}

EXAMPLE Wireless charging implementing galvanic isolation of the connection.

Dependent on the locationf the protective circuitry and components in either the intripsically

safe apparatus or the non-hazardous area accessory, one of the following applies:

a)

b)

Where the intrinsically safe apparatus connection facilities are not restricted to the yse of a
nonthazardous, area accessory listed in the certificate, the maximum voltage U,,, whiich can
be ppplied (t0‘these connections, shall be stated in the certificate and marked |on the
applaratus;-or
Wheresany part of the protection circuit is located in the non-hazardous area accessory, the

accbssory shall ha licsted inthe certificate The maximum rated-innut voltaae 1/ \uhich can
uuuuu Y-SHe-BeSt8a+HhHe-cartHeatte—Re X dte e HhpUd—erage—o/m—wHl

be applied to the connection facilities of the non-hazardous area accessory that connect to
non-intrinsically safe equipment, shall be stated in the certificate and the marking of the
accessory shall conform to 11.1.5.

NOTE 1 Itis not a requirement of this document to specify parameters for the connection between the accessory
and the intrinsically safe apparatus.

Countable fault analysis of 5.2, separation distances, thermal or spark ignition
considerations are not required for the non-hazardous area accessory, although protection
components shall conform to the requirements of 7.1 after the application of non-countable
faults to components.

EXAMPLE A fuse and a single Zener diode conforming to 7.1 fulfil this requirement.

NOTE 2 |IEC 60079-14 specifies the types of circuits or power supplies which are suitable for associated apparatus
with a U, of less than 250 V.
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Charging of secondary cells and batteries shall only be done within the limits specified by the
cell or battery manufacturer and as defined in the secondary cells table of IEC 60079-0.

6.4 Internal connections and connectors
6.4.1 General

For Levels of Protection "ia" and "ib", if not complying with 6.4.2, failure to open circuit of any
conductor, connector or PCB track, including its connections, shall be considered:

— a countable fault if rated for the maximum current using available data; or;

— a non-countable fault.

NOTE 1| It is not a requirement of this document that the conformity of the equipment manufacturer's-spegification
of the cufrent rating of the conductors, connector or PCB tracks needs to be verified.

NOTE 2 | IPC-2221 and IPC-2152 are examples of available data.

If, after|failure to open circuit, the connection is free to move, a short circuit'fault to any| part of
the cirquit within the range of movement shall be considered a countablé*fault in additiop to the
fault repulting in disconnection.

For Leyel of Protection "ic", the connection shall be suitable for the maximum current under
normalloperating conditions including 5.2.1 f), and shall not b& subjected to open circuif faults.

For all Levels of Protection, where complete disconnection of a connector can occur, the ircuits
shall rgmain intrinsically safe.

6.4.2 Infallible connections
6.4.2.1 General

Connegtions made via connectors, wires;*PCBs or other means complying with 6.4.2.2, 6.4.2.3,
6.4.2.4[and 6.4.2.5 as applicable, and that are protected by an enclosure of at leasft IP2X,
including when exposing connectjon- facilities, shall be considered infallible against fdjilure to
open circuit.

6.4.2.2 Connectors

Connegtors shall be considered infallible if the connection comprises at least three indegendent
connecfting elements\for Level of Protection "ia" circuits and at least two for Level of Prgtection
"ib" cirquits (see_kigure 2). These elements shall be connected in parallel. Where the connector
can be|removed.at an angle, one connection shall be present at, or near to, each end of the
connecfor.

Either:

— each connecting element shall be rated to carry the complete current under the conditions
specified in 5.2; or

— if more than one conductor is needed to carry the complete current, then under the
conditions specified in 5.2, the remaining conductors shall be capable of carrying the
complete current.
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Figure 2b) — Example of three connecting,elements which are not independent

Figure 2 — Examples of independent and non-independent connecting elemerts

6.4.2.3 Wiring
Wiring |s considered to make an infallible connection:

a) whgre two wires are in parallel and individually rated to carry the complete current under
the [conditions specifiediin 6.2 using available data, in which case only one of the wir¢s shall
be ¢onsidered to diseennect;

NOTIE Reconnection oftthe disconnected wire is considered in accordance with 6.4.1.

b) whdre a singlé.wire has a conductor diameter of at least 0,5 mm and has an unsupported
length of less)than 50 mm or is mechanically secured adjacent to its point of connegtion; or

c) whgre arsingle wire is of stranded or flexible ribbon type construction, has a conductof cross-
seclional area of at least 0,125 mm?2 (0,4 mm diameter), is not flexed in service and is either

iacant t H

| ditbhan EO oo lana ~r 1o caoniieyead od to ottt ~Af A At
esstHatr—oumm oy U 1S STl UTrocU—auac T Ut S punm T oTr CUTmc T TtroTT

6.4.2.4 Printed circuit boards
The following PCB tracks and vias are considered to make an infallible connection:

a) copper tracks and vias conforming to Table 6;

b) single tracks and vias that have a minimum track width or via circumference of 1 mm and
either:

1) conform to the test requirements of 9.5; or

2) can be shown using available data to be adequately sized to carry the maximum current.
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Table 6 — Requirements for infallible circuit board tracks and vias

Level of Minimum Number Minimum Conductor Minimum Track Width or Via
Protection of Tracks or Vias Thickness (pm) Circumference (mm)
) 30 (outer layers) 5
24 (inner layers)
"ia" 5 30 (outer layers) )
24 (inner layers)
3 Adequately sized Adequately sized
. 30 (outer layers) -
"lo" ' 24 (inner layers) -
2 Adequately sized Adequately (sized
EXAMPLE [PC-2221 and IPC-2152 are examples of available data for demonstrating adequate sizing.
6.4.2.5 Other connections
Other donnections shall be considered infallible where:
a) thefe are two connections in parallel individually rated to.Carry the complete currenft under
the [conditions specified in 5.2;
b) thefe is a single soldered joint in which the wire)'passes through the board (including
thrqugh-plated holes) and:

c) thef
con

NOT
d) thej

6.4.3

These
interch
intrinsi
connec
to be a

s soldered at or adjacent to the hole; or
has a crimped connection; or
s brazed or welded;

e is a soldered joint of a surface mount component mounted in accordance v
ponent manufacturer's recommendations or applicable industrial standard; or

E IEC 61191-2, IPC-A-610 are.examples of applicable industrial standards.

Connectors foriinternal connections, plug-in cards and components

connectors shall be designed in such a manner that an incorrect conned
hngeability)with other connectors within the same apparatus is not possible
safety isnot invalidated, or the connectors are identified in such a manner that in
tion istobvious. For Level of Protection "ic", this is only applicable when the cirg
ccessed as part of normal operation.

e is a single connection-which conforms to IEC 60079-7 Level of Protection "eb.

ith the

tion or
unless
correct
uitry is

For Levels of Protections "ia" and "ib", if the connection provided by a connector is required to

maintai

6.4.4

n intrinsic safety, the requirements of 6.4.2.2 apply.

Earth conductors and connections

Where earthing is required to maintain intrinsic safety, any conductor, connector, and PCB track
used for this purpose shall meet the requirements of 6.4.2 under the conditions specified in 5.2.

NOTE Earthing of enclosures, conductors, metal screens, tracks on a PCB, separation contacts of plug-in
connectors and diode safety barriers might be required to maintain intrinsic safety.
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6.5 Separation of conductive parts

6.5.1
Where

Separations on which intrinsic safety depends

intrinsic safety depends on the separation between conductive parts of:

— intrinsically safe and non-intrinsically safe circuits,

— different intrinsically safe circuits,

— different parts of an intrinsically safe circuit, for example, across current
components, or

— adci

separa

fault analysis of 6.5.4.

For Le

compoments unless stated otherwise in this document.

For Le

compoments unless stated otherwise in this document.

NOTE 1| Separations are additionally required by IEC 60079-0 to meet applicable safety requirements off
industria| standards.

NOTE 2 | Details about the different types of separation are given in'6.5.6.

Separation distances shall be measured or assessed taking into account any p
movemient of the conductors or conductive parts. Manufacturing tolerances shall not red
distances below the minimum requirement by~more than 10 % or 1 mm, whichever
smallen.

NOTE 3 | Methods of assessment are given in Afnex C.

For Levels of Protection "ia" and “ib", where a separation distance to bodies of prefah
electrophic components is requited for intrinsic safety, no allowance shall be taken

compoment insulation to achieve’ separation unless the thickness of this insulation is sy

by the

EXAMPLE 1 Where a component is mounted over or adjacent to tracks on the PCBs, the separation bet

conducti

EXAMPLE 2 Between an insulated resistor and a neighbouring component or a conductive part.

Short ¢

need td be’considered where the solder footprint is of similar design to the recommend

the ma

rcuit and earthed or isolated metal parts,

C 2023

limiting

ion shall be maintained as necessary, in accordance with 6.5.2 and 6.5.3, follow

els of Protection "ia" and "ib", this requirement applies to internal separations

el of Protection "ic", this requirement does not apply to internal separationg

manufacturer of the component.

e part inside the.component and the track.

rcuits,;between any internal conducting parts of a component and its solder pads

ing the

within

within

relevant

ossible
uce the
is the

ricated
of the
ecified

een the

do not
htion of

hufacturer of the ﬁnmpnnanf

6.5.2

Separation distances according to Table 7

Separation distances according to Table 7 represent standard separation distances under the
conditions of 6.2.2 or the applicable requirements of 6.2.4.

NOTE The requirements for separation distances specified in Table 7 are similar to those specified in IEC 60664-1

for pollut

ion degree 3 and OVC IlI.
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6.5.3 Reduced separation distances

6.5.3.1 General

Table 8 or Table 9, under the conditions of 6.2.3 or 6.2.4, provide reduced separation
requirements with respect to Table 7 for:

assembled PCBs;
insulation materials, except where only Table 7 is permitted by this document; and

galvanically isolating components, such as relays and signal isolators with the exception of
transformers.

NOTE Table 8 and Table 9 take advantage of a reduced pollufion degree and defined OVC fo apply]reduced

separatign distances derived from IEC 60664-1.

6.5.3.2 Reduced separation distances according to Table 8

Apparatus meeting the separation requirements of Table 8 shall comply with,the followihg:

For majns powered associated apparatus, the mains supply shall be assumed to be OVLC Ill as
defined in IEC 60664-1 unless restricted by the apparatus manufacturer. Where the PVC is
restricted to OVC | or Il, this shall be included in the dogumentation provided |by the
manufdcturer as a condition of installation. The certificate number/shall include the "X" guffix in
accordance with the marking requirements of IEC 60079-0 and the Specific Conditions|of Use

listed the certificate shall detail the installation requirements.

Circuitdy that are either not connected to the mains® supply or receive reduced trgnsient
overvoltages as specified for OVC | or |l due to suitable protection internal to the apparatus,

shall uge the OVC I or Il columns in Table 8 circudits from the point of limitation.

6.5.3.3 Reduced separation distances-for Level of Protection "ic"

Table 9 may be used for Level of Protestion "ic" up to 250 V ACryg / DC or 375 Vo5 pfovided

that thq following requirements are met:

a)

b)

c)

Cirguits that are either not connected to the mains supply or receive reduced trgnsient
ovefvoltages as specified for OVC | or Il due to suitable protection internal to the apgaratus,
shall be considered totbe OVC | or Il circuit from the point of limitation.

For[mains powered jassociated apparatus without suitable internal protection, thg mains
supply shall be_limited to OVC | or Il as defined in IEC 60664-1. This shall be included in
the | documentation provided by the manufacturer as a condition of installation. The
cerfificate number shall include the "X" suffix in accordance with the marking requirements
of IEC 60079-0 and the Specific Conditions of Use listed on the certificate shall dgtail the

e—tated—voltage—of-the—appara or-the—nominatv of-any—part-ofthe—apparatus
being considered does not exceed 60V ACgrys or 85 V DC, no separation distance
requirements additional to the general industrial standards are required.

6.5.4 Failure of separations

6.5.4.1 General

Failure of separations within an enclosure complying with 6.2 shall be considered according to
6.5.4.2,6.5.4.3,6.5.4.4 or 6.5.4.5.

Separations shall only be considered to fail to a short circuit.
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6.5.4.2 Infallible separations

Separation distances complying with the values of Table 7, Table 8 or Table 9, under the
applicable conditions of 6.2.2, 6.2.3 or 6.2.4 shall not be considered to fail.

Where connection facilities are accessible by the end user, separation distances are only
considered infallible against failure where the separation is:

a) provided by solid insulation, including location of tracks on the inner layers of a multi-layer
PCB;

b) encapsulated;

c COV—\rnnl by o cantina tn AannaprAdanan waith thic Aaniimaant. Ay
CTC OOy CoOatm g CCoOrGa ettt o GOCuT et Ot

d) profected by an enclosure providing a degree of protection of at least IP2X accefiding to
IEC|60529.

6.5.4.3 Distances according to Table 7

For Leyels of Protection "ia" and "ib", separation distances less than the values spedified in
Table 7 but greater than or equal to one-third of that value, shall be subject to countablg faults.

For Level of Protection "ia", where the total distance value of Table”7 consists of two slections
combined in accordance with 6.5.7 a countable fault shall betapplied to either section |but not
both, in the assessment of the overall separation.

For Leyels of Protection "ia" and "ib", separation distances less than one-third of the|values
specifigd in Table 7 shall be subject to a non-countable fault.

For Leyel of Protection "ic", except as permittéd by 6.5.7, separation distances less than the
values gpecified in Table 7 shall be subject to a non-countable fault.

6.5.4.4 Distances according to Table 8

For Leyels of Protection "ia" and-‘ib", except where used to comply with 6.5.7, separation
distances less than the values/specified in Table 8 but greater than or equal to one-half of that
value, g$hall be subject to a countable fault. The dielectric test voltages shall be those specified
in 9.7 gdnd 9.8 as applicable:

For Level of Protection-"ia" where the total distance value of Table 8 consists of two sections
combined in accordance with 6.5.7, a countable fault shall be applied to either section, |but not
both, in the assessment of the overall separation.

For Leyels‘\of Protection "ia" and "ib", separation distances less than one-half of the|values
specifigd\in"Table 8 shall be subject to a non-countable fault.

For Level of Protection "ic", the distances of Table 8 may be applied and separation distances
less than the values specified in Table 8 shall be subject to a non-countable fault.

EXAMPLE: Table 9 cannot be applied to an OVC Ill Level of Protection “ic” circuit, but Table 7 and Table 8 can be.
6.5.4.5 Distances according to Table 9

For Level of Protection "ic", except as permitted by 6.5.7, separation distances less than the
values specified in Table 9 shall be considered as subject to a non-countable fault.
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6.5.5 Voltage between conductive parts

When using Table 7, Table 8, or Table 9, the value of voltage to be considered between any
two conductive parts shall be either of the following, as applicable:

a) for circuits which are galvanically isolated within the apparatus: the highest voltage that can
appear across the separation when the two circuits are connected together at any one point,
derived from:

— the maximum voltage of the circuits; or
— any voltages generated within the same apparatus.

Where one of the voltages is less than 20 % of the other, it shall be ignored. Mains supply
voltages shall be taken without the addition of standard mains tolerances. &Qqr such
sinysoidal voltages, peak voltage shall be considered to be

J2 k RMS value of the rated voltage.

b) betyeen parts of a circuit: the maximum peak value of the voltage that can occur between
the [two conductive parts. This is normally the maximum voltage in that-Circuit but cpuld be
the [sum of the voltages of different sources connected to that circuit. Where it is the|sum of
the [voltages, one of them shall be ignored if it is less than 20 % ofthe other.

In all cases, the conditions specified in 5.2 shall be applied to dérivé the maximum voltage.
Any exfernal voltage shall be assumed to have the value Uy, or the rated voltage when ajpplying

5.2.5, dr U; declared for the connection facilities through-which it enters, or the maximum yoltage
as defiped by the protection components of a specified*\non-hazardous area accessory.

An example of separation of conductive parts is.@iven in Figure 3.

6.5.6 Types of separation
6.5.6.1 Clearance

Clearamce distances are given in(column 2 of Table 7, Table 8 or Table 9 and are applicable
for:

— intrinsically safe apparatus when used at atmospheric pressure between 60 kiPa and
110 kPa; and

— asspciated appatratis when used at atmospheric pressure between 80 kPa and 110|kPa.

For asgociatedrapparatus intended to be used at atmospheric pressure between 60 kPa and
80 kPa| multiplythe clearance found in column 2 by the atmospheric pressure correctiop factor
of 1,34|for the critical separations in non-intrinsically safe circuits and the separations between
intrinsi¢ally/safe circuits and non-intrinsically safe circuits.

NOTE Itis possible to specify different input voltages or overvoltage categories for different pressures. For example,
U,, =250V for use between 80 kPa and 110 kPa and U, = 125 V for use between 60 kPa and 110 kPa.

The marking for associated apparatus designed for use in the ambient pressure range 60 kPa
to 80 kPa shall include either the symbol P, or P, together with both the upper and lower

ambient pressures or, if this is impracticable, the certificate number shall include the "X" suffix
in accordance with the marking requirements of IEC 60079-0 and the Specific Conditions of
Use listed on the certificate shall detail the limitations.

Where an insulating partition is used to extend clearance, it shall meet the requirements of
6.5.10. Other insulating parts shall comply with column 4 of Table 7, or column 6 of Table 8 or
column 5 in Table 9 as applicable.
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6.5.6.2 Separation distances through casting compound

Where the casting compound meets the requirements of 6.6.1 and 6.6.5, separation distances
which meet column 3 of Table 7, or column 5 of Table 8 or Table 9 apply. These separations
may also be applied at the boundary between casting compound and solid insulation provided
that the casting compound adheres to both the conductive parts and to the solid insulation (for
example, tracks on a PCB).

Casting compound according to Table 8 shall comply with the dielectric requirements of
column 7. Specifications provided by the manufacturer of the material may be used to
demonstrate compliance with this requirement, otherwise testing shall be according to 9.7.

NOTE The exclusion of creepage distance requirements through the casting compound is due to the remoyal of the
likelihoodl of contamination.

6.5.6.3 Separation distances through solid insulation
Separation distance through solid insulation shall comply respectively with:

— colymn 4 of Table 7,
— colymn 6 of Table 8, or
— coldmn 5 of Table 9.
Solid injsulation according to Table 8 shall comply with the dielectric requirements of cofumn 7.

Specifigations provided by the manufacturer of the matérial may be used to demgnstrate
complignce with this requirement, otherwise testing shall*\be according to 9.7.

Where [type testing for reduced solid insulation distances is explicitly required by Tabl¢ 8, the
type test shall be in accordance with 9.7 applyinig the test voltage as applicable accoiding to
column|7 of Table 8. A partial discharge testvis only required where a PDV is spedified in
column|7 of Table 8.

If the insulator is fabricated from twoier more pieces of electrical insulating material, then the
compogite may be considered as satid.

For thel purpose of this document, solid insulation should either be prefabricated (for example
sheet gr sleeving or elastemeric insulation on wiring) or moulded.

Varnish and similar ¢oatings shall not be considered solid insulation.

Separation between adjacent tracks on intermediate layers of PCBs may be congidered
separalion distances through solid insulation.

6.5.6.4L ~ Creepage distance

For the creepage distances specified in column 5 of Table 7, the insulating material shall comply
with column 7 of Table 7.

For creepage distances specified in column 3 of Table 8 or Table 9, the insulating material shall
comply with the respective material groups or CTI value.

Specification of CTI provided by the manufacturer of the material may be used to demonstrate
compliance with the requirements.

For insulation materials where the CTI value is not known, a CTI of 100 is assumed. For glass,
ceramics or other inorganic insulating materials which do not track, there are no requirements
for creepage distances.
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In Table 8, the creepage distance specified for material groups shall be applied to components
across galvanic isolation, and parts across galvanic isolation, for voltages above 50 Vgys.

Otherwise, the distance specified in PCB column applies also to components and parts.

Where a joint is cemented and the cement has insulation properties at least as good as the
adjacent material, clearance or a creepage path through the joint need not be considered.

The method of measuring or assessing these distances shall be in accordance with Figure 4.
The values of the distance X, applicable for Table 7, Table 8 or Table 9 and the Level of
Protection are shown in Table 10. The following shall apply for assessment of the creepage

path:

- wheire the distance is equal to or larger than the specified value of X, the creepagexd|
shall be measured along the contours; and

— any
insu

Where
where

accordance with 6.5.7.

Conditi
or cony
less th4

Table 10 — Creepage distance and clearance X in Figure 4

Level of Table 7 Table 8 Table.9
Protection
mm mm om
"ia" and "ib" 3,0 2,0 n/a
"ic" 1,5 1,0 1,0

b conductive part is interposed, the distance shall be accomplished by their s

Example 1

o
| -

T 1

IEC

bn: Path under consideration includes a parallel- Rule: Creepage distance and clearance are me
erging-sided.groove of any depth with a width directly across the groove as shown.
nxXmm.

————— —

clearance creepage distance

Figure 4 (1 of 5)

stance

distance less than the specified value of X shall be assumed to be bridged With an
lating link placed in the most unfavourable position. See Figure 4 Examples 1 aphd 3.

the creepage distance is made up from theraddition of shorter distances, for example

ums in

asured
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Example 2

2X

»
-

e

<t
-4

-

Condition: Path under consideration includes a parallel-
sided groove of any depth d equal to or more than
X mm.

IEC

Rule: Clearance is the 'line of sight' distance. Creepage
path follows the contour of the groove.

clearance

Conditi
shaped

bn: Path under consideration includes a V-
groove with a width greater than X mm.

clearance

R
SRR
Poteteterere

25

5
LS

<5

Conditipn:*Rath under consideration includes a rib. Rul

Example 3

Example 4

%
%

X5
SRRLRKS
%

2R
’:’:
X

1

creepage distance

Rules Clearance is the 'line of sight' distance. Cr
pathfollows the contour of the groove but 'short
the bottom of the groove by X mm link.

eepage
Circuits'

—

creepage distance

IEC

e: Clearance is the shortest direct air path over|the top

P
OT T

clearance

Figure 4

rib.

treTib—Creepage pathfoltowsthecomtourofthe

—

creepage distance

(2 of 5)
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eepage

Example 5
<X <X
IEC
Condition: Path under consideration includes an Rule: Creepage and clearance path is the 'line of sight'
uncemgdnted joint with groove less than X mm wide on distance shown.
each sifle.
————— —
clearance creepage distance
Example 6
2X 2X
IEC
Conditipn: Path under consideration includes an Rule: Clearance is the 'line of sight' distance. C
uncemgnted joint with grooves equal to or.more than path follows the contour of the grooves.
X mm wide on each side.
————— —
clearance creepage distance
Example 7
2X <X
IEC
Condition: Path wunder consideration includes an Rule: Clearance and creepage paths are as shown.

uncemented joint with a groove on one side less than
X mm wide and the groove on the other side equal to or

more th

an X mm wide.

clearance

—

creepage distance

Figure 4 (3 of 5)
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Condition: Creepage distance through uncemented joint
is less than creepage distance over parti

tion.

IEC

top of the partition.

Rule: Clearance is the shortest direct air path over the

clearance

Q

CRGIRARKL
SRRIBEKS
{RHRHXRS
LRHRHXRS

2RI
S

Example 9

—

creepage distance

y

Gap between head of screw and wall of rece
enough to be taken into account.

clearance

Figure 4 (4 of 5)

IEC

—

creepage distance

ts wide
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Example 10

%

X

);/
‘—/)\rig:'—l_
i

Gap between head of{screw and wall of recess foo
narrow to be taken<into account.

Measurement oficreepage distance is from screw to
wall when the distance is equal to X mm.

————— —

clearance creepage distance

Example 11

c D

d | | ————
T .
== I— |

IR SEXIXIIEXITEKITXKS
RIS
SRERIEIRRZLIEIRRZKRRKS
Bt etatonterstetey

IEC

Clearance is the distance d + D
Creepage distance is alsod + D

C' conductive part interposed in the insulating path
between the conductors

r—
_____ 1 1

clearance creepage distance

Figure 4 (5 of 5)

Figure 4 — Determination of creepage distances and clearance

6.5.6.5 Separations distances protected by coating

Separations protected by coating shall comply with column 6 of Table 7, or columns 4 or 5 of
Table 8, or column 4 of Table 9, as applicable.

A coating shall seal the path between the conductors which require protection against the
ingress of moisture and pollution and shall give an effective, lasting, unbroken seal. It shall
adhere to both the conductive parts and to the insulating material.
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The application of the coating together with a subsequent inspection according to 10.4, shall
ensure that the coating is complete and homogeneous.

The COT rating of the coating as specified by the manufacturer of the coating shall be at least
equal to the maximum and minimum service temperature of any conformally coated component
or part.

Any recommendations of the coating manufacturer should be followed to achieve a
homogeneous reliable coating and to introduce a suitable inspection method where necessary.

EXAMPLE An example of an inspection method is described in IPC-A-610.

Coating used to achieve type 1 or type 2 protection shall be subjected to the type [testing
specifigd in 9.8.

For separation distances on a PCB, a solder mask that meets the requirements of type 1 or
type 2 |protection in accordance with IEC 60664-3 may be considered asyconformal goating
providgd that no damage occurs during soldering.

Coatings according to IEC 61010-1 or ANSI/UL 746E may be used-to‘achieve type 1 pratection
without| testing according to IEC 60664-3 as specified above, noting that there are application
limitatigns that those standards require to be considered.

NOTE It is not a requirement of this document that the conformity of-the manufacturer's specification of th¢ coating
needs to|be verified.

The mgthod used for coating and the measures for.iiSpection, if applicable, shall be specified
in the documentation according to the documentation requirements of IEC 60079-0. Where the
coating| is considered adequate to prevent conductive parts, for example soldered joints and
compoment leads, from protruding through the coating, this shall be stated in the documegntation
and confirmed by type examination.

Where |bare conductors or conductjve-parts emerge from the coating, the CTI of the poating
shall cqmply with column 7 of Table’7 or comply with the respective material group or CTl value
of Tablg 8 or Table 9.

6.5.7 Composite separations

Where |separations .consist of a combination of different types of separation, for example
through a combination of clearance and solid insulation, sections of the identical fype of
separation, or a~créepage path on a PCB interrupted by conductive material, the equivalent
total s¢jparation-shall be calculated as follows.

Separafions shall be converted to a percentage of the minimum required separation [for the
appropriate table column.

The equivalent total separation is the sum of all calculated percentages.

For separations in accordance with Table 7:

— for Levels of Protection "ia" and "ib", any separation less than 33,3 % shall be ignored; for
the overall separation to be infallible, the sum shall be at least 100 %; and

— for Level of Protection "ic", the sum shall be at least 100 %.
For separations in accordance with Table 8 or Table 9:

— for Levels of Protection "ia" and "ib", any separation less than 0,2 mm or less than 50 %
shall be ignored; for the overall separation to be infallible, the sum shall be at least 100 %;

— for Level of Protection "ic", the sum shall be at least 100 %; and
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— voltages defined in column 7 of Table 8 and column 6 of Table 9 shall be applied across the
composite separation.

NOTE Further guidance is given in Annex C.

Where an ambient pressure correction factor is applied in accordance with 6.5.6.1 for
associated apparatus, the correction factor shall be applied only to the clearance values when
considering whether the composite separation sums up to 100 % of the required value. The
correction factor is not used in determining whether a clearance is large enough to be counted
in the composite separation.

6.5.8 Printed circuit board assemblies

Creepdge and clearance distances for PCBAs shall comply with the following (see Figure 5):

a) When a PCBA is covered by a conformal coating according to 6.5.6.5, the requirements for
cregpage and clearance distances shall apply only to conductive parts which lie outgide the
coaling, including, for example;

— fracks which emerge from the coating;
— the free surface of a PCBA which is coated on one side only; ©r
— pare parts of components able to protrude through the coating.

b) Theg requirements of 6.5.6.5 shall apply to circuits or paris of circuits and thejr fixed
components when the coating covers the connecting pins,)solder joints and the conductive
par{s of any components.

\
N
i

|
|
-
-
g

la bl

|

ol bl o

7 ===

A
Y

IEC

Figure 5a — PCBA partially coated board
Figure 5 (1 of 2)
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Figure 5b — PCBA with soldered leads protruding
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Figure 5¢c — PCBA with soldered leads folded or cropped, completely covered by coating
Figure 5 (2 of 2)

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

Key
a Clearance requirements of 6.5.6.1 apply
b Creepage distance requirements of 6.5.6.4 apply

Distance under coating requirements of 6.5.6.5 apply
Uncoated area
Coated area

W N~ 0

Transition area, composite separations for «, b, ¢ apply

Figure 5 — Creepage distances and clearances on PCBAs
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6.5.9 Separation by metal parts
6.5.9.1 General

Separation by metal parts shall only be used when breakdown to the metal part results in
conduction to a potential (for example, earth or the terminal of a battery) which does not
invalidate intrinsic safety. In this case, separation requirements to the metal part do not apply.

Where the connection to the metal part results in losing the isolation between an intrinsically
safe circuit and the frame or earth and this might invalidate intrinsic safety, the certificate
number shall include the “X” suffix in accordance with the marking requirements of IEC 60079-
0 and the Specific Conditions of Use listed on the certificate shall detail the limitations as
requirepby6-9-

EXAMPLE Intrinsic safety depends on the separation to earthed metal parts if a current-limiting, resistgr can be
bypassed by short circuits between the circuit and the earthed metal part.

Creepalge distance requirements do not apply where interposing PCB tracks (for exanlple, an
eartheq track) separate the conductive tracks under consideration,/\however, clgarance
requirements shall still be applied. Clearance requirements shall not-apply where a metal
partitiopn of sufficient dimensions does not allow a discharge betwéen components rgquiring
separation.

A metdl part used for separation shall have strength and nigidity so that it is unlikely to be
damaged and shall be of sufficient thickness and of sdfficient current-carrying capdcity to
preven{ burn-through or loss of connection under the conditions specified in 5.2.

6.5.9.2 Levels of Protection "ia" and "ib"
For Leyels of Protection "ia" and ib":

a) Where a metal part, for example a track of a PCB, a screen or a partition, separates an
intrinsically safe circuit from other circuits, the metal part, as well as any connection to it,
shall conform to 6.4.2.

b) Where the connection is madé.through a connector, the connector shall be constrycted in
accprdance with 6.4.2.2.

c) Where intrinsic safety depends on a metal partition, it shall either be at least 0,45 mmn thick,
or ghall conform to 974,83 if of lesser thickness.

6.5.9.3 Level of Protection "ic"

For LeVel of Protection "ic", where separation distances to a metal part connected to a coptrolled
potenti@l do_net comply with the required separation distances, the metal part shall be gapable
of carrying the maximum current to which it could be continuously subjected.

6.5.10 Separation by non-metallic insulating partitions

For Levels of Protection "ia" and "ib", a non-metallic insulating partition used to maintain
separation shall comply with applicable separation requirements and shall:

a) have a thickness of at least 0,9 mm; or
b) conform to 9.4.3.

For Level of Protection "ic" non-metallic insulating partitions, there is no minimum thickness
other than the applicable separation requirements and 9.4.3 does not apply.
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6.5.11 Insulation of internal wiring
6.5.11.1 General

Except for varnish and similar coatings, insulation covering the conductors of interna
may be considered as solid insulation (see 6.5.6.3).

The separation of conductors of insulated wires shall be determined by adding toget

C 2023

| wiring

her the

radial thicknesses of extruded insulation on wires which could come into contact either as

separate wires, or in a cable form, or in a cable.

The maximum current in the insulated wiring shall not cause the temperature rating specified

by the manufacturer of the wire to be exceeded.

Insulatijon on wires that comply with the distance through solid insulation are not‘¢consid
fail or reduce the insulation thickness should breakage of the conductor occur.

6.5.11.2 Insulation between intrinsically safe and non-intrinsically safe circuits

The distance between the conductors of any core of an intrinsically safe circuit and tha
core off a non-intrinsically safe circuit shall be in accordance with_column 4 of Table 7
into acg¢ount the requirements of 6.5.7 except when one of the following applies:

— the|cores of either the intrinsically safe or the non-intrinsically safe circuit are encl
an ¢arthed screen complying with 6.4.4; or

— in Lpvels of Protection "ib" and "ic" apparatus with.a‘maximum voltage of 375 V (peaH
bet\veen the conductors, the insulation of ¢he" intrinsically safe cores is cap
withistanding the test in accordance with 9.6 applying a test voltage of 2 000 Vgps-

NOTE @ne method of achieving insulation capable afy\withstanding this test voltage is to add an insulatin
over the [core.

6.5.11.3 Insulation between separate intrinsically safe circuits

The digtance between the conductors of any core of separate intrinsically safe circuits {
in accordance with column 4 &f jTable 7 taking into account the requirements of 6.5.7,
when one of the following applies:

— the|cores of either intrinsically safe circuits are enclosed in an earthed screen; or

— thelinsulation between separate intrinsically safe circuits with a maximum voltage
(peak value) between the conductors is capable of withstanding the test in accordan
9.6 japplying a'test voltage of 1 000 Vg g (or 500 Vgpg core to insulation).

6.6 ncapsulation

ered to

of any
taking

bsed in

value)
hble of

g sleeve

hall be
except

bf 90 V
ce with

6.6.1 General
Encapsulation may be used for, but is not limited to, one or a combination of the followi

— exclusion of explosive atmospheres:
e protection against spark ignition (see 6.6.2.1);
e protection against thermal ignition (see 6.6.2.2);
— provision of mechanical protection to avoid access to conductive parts (see 6.6.3);
— protection of fuses as required by 7.11 (see 6.6.4);
— application of separation distances according to 6.5.6.2 (see 6.6.5);
— establishing the rating of protective components (see 6.6.6).

ng:
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Encapsulation may be applied by casting, pouring or moulding. Where encapsulation is used,
the method of verification in accordance with the routine verification requirements of 10.4 shall
be stated in the documentation.

Failure of separations and components within the compound shall be assessed under the
conditions specified in 5.2.

For intrinsically safe apparatus, all circuits connected to the encapsulated conductive parts,
and components or bare conductive parts protruding from the compound, shall be either
intrinsically safe or protected by another Type of Protection listed in IEC 60079-0. The
possibility of spark ignition inside the encapsulation need not be considered if the encapsulation
complies with 6.6.2.1.

The follJowing requirements apply to the encapsulating compound and, where applicahle, any
potting[box or part of an enclosure:

a) Thg COT of the compound as specified by the manufacturer of the compound sha]l be at
leagt equal to the maximum and minimum temperature at the interface betwden the
compound and any encapsulated component or part under normal-operating congditions.

Temperatures higher than the compound's COT rating are permitted if under the conditions

sp;};ified in 5.2, there is no damage to the compound both,internally and externglly that

could invalidate intrinsic safety.

EXAMPLE Damage that could invalidate intrinsic safety includes“cracks in the compound, exppsure of
encgpsulated parts, flaking, impermissible shrinkage, swellings<decomposition, softening or evidence of
overheating.

b) Thg compound shall have at its free surface a CTl\walue of at least that specified in Table 7
or Tlable 8 or Table 9 as applicable if any bare conductive parts protrude from the conpound.

c) Only materials passing the test in 9.4.1 shall frave its free surface exposed and unprqtected,
thug forming part of the enclosure.

d) Theg compound shall be adherent to alkéonductive parts, components and substrates|except
when they are totally enclosed by the compound. A seal shall be maintained where gny part
of the circuit, for example a bare orinsulated conductor or component or the substrate of a
PCB, emerges from the encapsulation and therefore the compound shall be adhdgrent at
thege interfaces.

e) Medasures to prevent veids in the compound during the encapsulation process shall be
defined in the documentation according to the documentation requirements of IEC 60079-0.

Free space is permitted’within encapsulation provided it complies with 6.6.7.

6.6.2 Encapsulation used for the exclusion of explosive atmospheres

6.6.2.1 Protection against spark ignition

Where casting or pouring Is used to exclude an explosive aimosphere from components and
conductive parts, the minimum thickness to the free surface of the encapsulating compound
shall be at least half the values specified in column 3 of Table 7, or column 5 of Table 8 and
Table 9, with a minimum of 1 mm (see Figure 6).

When the encapsulating compound is in direct contact with and adheres to an enclosure of solid
insulation material conforming to column 4 of Table 7, no other separation is required (see
Figure 7, Figure 8 and Figure 9).

Where the encapsulating compound is in direct contact with and adheres to a metallic
enclosure:

a) there is no minimum thickness required for the encapsulation provided that there is no free
space (see 6.6.7) and failure of separation to the metallic enclosure does not invalidate
intrinsic safety;
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b) there is no minimum thickness required for the metallic enclosure; and

c) If this enclosure also forms the external enclosure of the apparatus, it shall also conform to
6.2 (See Figure 9).

NOTE The requirements of 6.2 and 6.9 remain applicable.
1 2
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S>>

NN\ \

IEC

Key
1 Free purface, external wall
2 Compound

3 Component — compound need not enter the component

Figure 6 — Encapsulation used without a separate.external enclosure

2

IEC

Key
1 Component — compound_need not enter the component
2 Compound — no specified thickness

3 Meta| or insulating ‘enclosure

Figure'7 — Complete enclosure with no user removable covers or openings
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Figure 8 — Enclosure where the compound forms one,of the external walls
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safe circuits, the minimum thickness to the free surface shall comply with column 4 of Table 7,
with a minimum thickness of 0,5 mm (see Figure 10 and Figure 11). When the plastic is in d|rect
contact with and adheres to a solid insulation material conforming to column 4 of Table 7, with
a minimum thickness of 0,5 mm, no other separation is required.

Figure 10 shows moulding over an unmounted component.
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Figure 10 — Moulding over un-mounted components

11 is intended to show components that are first mounted onto a PCB (item 3)
houlded under pressure. This is sometimes referred to asdnsert moulding.

1 /
IEC

ing
onents

with a minimumgethickness of 0,5 mm

Figure 11 — Moulding over components mounted on a PCB

E EXxamples of the application of moulding over components are fuses, piezoelectric devices
ion_components and energy storage devices with their suppression components.

before

vith their

6.6.2.2

Additional requirements for protection against thermal ignition

In intrinsically safe apparatus, where a compound is used to reduce the ignition capability of
hot components, for example diodes and resistors, the volume and thickness of the compound
shall ensure compliance with 5.4.

6.6.3

Mechanical protection to avoid access to parts

When encapsulation is used to prevent access to parts, the minimum thickness to the free
surface shall be at least half the value given in column 3 of Table 7 with a minimum of 1 mm.
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6.6.4 Encapsulation used for protection of a fuse

The minimum thickness to the free surface when the compound is cast or poured shall be at
least half the value given in column 3 of Table 7 with a minimum of 1 mm. The minimum
thickness to the free surface when moulded shall be at least the value given in column 4 of
Table 7 with a minimum of 0,5 mm. The compound shall not enter any free space within the
body of the fuse.

6.6.5 Encapsulation used to provide separation

For those parts that require encapsulation to provide separation complying with 6.5.6.2, the
minimum separation distance between the free surface of the encapsulating compound and
encapsptated—conductiveparts—orcomponents—shat-—beatteasthalfthe—vatues—spexgified in
column|3 of Table 7, or column 5 of Table 8 or Table 9 as appropriate, with a minimum ©f 1 mm.
When the encapsulating compound is in direct contact with and adheres to an enclasure of solid
insulatipn material conforming to column 4 of Table 7 or column 6 of Table 8 on.column 5 of
Table g as appropriate, no other separation is required.

6.6.6 Encapsulation used to enhance the rating of protective components

Encapdulation may be used to enhance the rating of protective components, for examplé Zener
diodes,| using an increased thermal conductivity provided that-the arrangement ¢an be
demonsgtrated to be suitably effective under the conditions specified in 5.2.

6.6.7 Free space within the encapsulation
6.6.7.1 General

Where encapsulation is used for the exclusion of’explosive atmospheres, the free space within
the engapsulation shall conform to 6.6.7.2 and 6.6.7.3, as applicable except that freq space
within ¢omponents (for example, transistors; relays, fuses) does not need to be congidered
when the component volume is less than:4-cm3.

Free space shall not be used withitn encapsulation to protect the compound from damage from
compoments within it.

6.6.7.2 Volume of free'space

For Group | and Group ;I individual free space shall comply with the volume and compound
thickneps values shown in Table 11, and the sum of the individual free spaces within g single
encapsplated volume shall not exceed:

a) 100[cm3 for-Levels of Protection "ib" and "ic"; or

b) 10 ¢ni¥for Level of Protection "ia".

For Group Ill the sum of the free spaces is not limited, but the volume of each individual free
space shall comply with the volume and compound thickness values shown in Table 12.

6.6.7.3 Protection of free space

The assembly containing free spaces shall be protected against access to these free spaces
by the encapsulation or by an enclosure which forms a non-recoverable unit and forms a single
entity.

With the exception of free spaces within components as addressed in 6.6.7.2, the thickness of
compound required to protect free spaces shall be as specified in Table 11 for Group | and
Group Il, and in Table 12 for Group IlI.
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Table 11 — Minimum thickness of compound adjacent
to individual free space for Group | and Group I

Level of Minimum thickness of compound Free space Free space Free space
protection adjacent to free space to: <1cmd >1cm3<10 cm3 > 10 cm?
Free space or free surface 3 mm Not permitted Not permitted
Non-metallic or metal enclosure with 3 mm including Not permitted Not permitted
"ia" adhesion enclosure wall 2
Non-metallic or metal enclosure without 3 mm without Not permitted Not permitted
adhesion enclosure wall
Free space or free surface 1 mm 3 mm Not permitted
Non-metallic or metal enclosure with 1 mm including 3 mm including Not-pgrmitted
"ib" adhesion enclosure wall @ enclosure wall @
Non-metallic or metal enclosure without 1 mm without 3 mm Not pgrmitted
adhesion enclosure wall
Free space or free surface 1 mm 3 mm Not pgrmitted
Non-metallic or metal enclosure with 1 mm including 3 mm including Not pgrmitted
"ic' adhesion enclosure wall ® | enclosfire wall ®
Non-metallic or metal enclosure without 1 mm 3 Mmm Not pgrmitted
adhesion
2 Provided that the wall thickness of the enclosure = 1 mm the compound-only needs to be thick enough o
retain adhesion.
b Ther¢ is no minimum wall thickness requirement for Level of Pretection "ic".
The thigkness of the materials quoted in this table does not implyncompliance with other mechanical tests fequired
by IEC $0079-0.
Table 12 — Minimum thickness of compound adjacent
to individual free space for Group Il
Level|of Minimum thickness of'‘compound Free space Free space Free[space
Protection adjacent to free space to: <1cmd >1cm3 <100 cm? > 100 cm3
Free space or free surface 3 mm 3 mm Not pgrmitted
Non-metallic or.metal enclosure with 3 mm including 3 mm including Not pgrmitted
"ia" adhesion enclosure wall @ | enclosure wall 2
Non-metallic or metal enclosure without 3 mm 3 mm Not pgrmitted
adhesion
Free space or free surface 1 mm 3 mm Not pgrmitted
Nen-metallic or metal enclosure with 1 mm including 3 mm including Not pgrmitted
"ib" adhesion enclosure 2 enclosure wall @
Non-metallic or metal enclosure without | 1 mm 3 mm Not permitted
adhesion
Free space or free surface 1 mm 1 mm Not permitted
Non-metallic or metal enclosure with 1 mm including 1 mm including Not permitted
"ig" adhesion enclosure wall ® | enclosure wall ®
Non-metallic or metal enclosure without 1 mm 1 mm Not permitted
adhesion

2 Provided that the wall thickness of the enclosure 2 1 mm the compound only needs to be thick enough to
retain adhesion.

There is no minimum wall thickness requirement for Level of Protection "ic".

The thickness of the materials quoted in this table does not imply compliance with other mechanical tests required
by IEC 60079-0.
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6.7 Specification of coating, encapsulation materials

The documents according to the documentation clause in IEC 60079-0 shall specify the
materials used for conformal coating and encapsulation when applied to achieve intrinsic safety.
This shall include the following material parameters:

a) the COT;

b) if applicable, the CTI value;

c) for coating materials when applying Table 8 or Table 9: their coating classification as type 1
or type 2 protection;

d) for coating materials: if applicable, the required surface treatments, such as cleaning,
temperature L,Ullu'itiunillg, th.,

e) for materials used for encapsulation where applicable to obtain correct adhesion of the
compound to a component: any requirement for pre-treating of the component,for example
cleaning, etching.

When the material is relied upon for compliance with type testing then the-following shgll also
be confrolled:

1) the|name or registered trademark of the coating material manufacturer;

2) thelidentification of the material, including its type designatidon.and colour.

The solirce of the data for material characteristics shall be-identified.

NOTE 1 | Variations in type and percentage of fillers, flame retardants, ultra-violet light stabilizers, and thq like can
have a s{gnificant effect on the properties of the material.

NOTE 2] It is not a requirement of this document that the,conformity of the manufacturer's specificatign of the
materiald needs to be verified.

6.8 Protection against polarity reversal

Protectjon shall be provided within intrinsically safe apparatus to prevent invalidation of intrinsic
safety @s a result of reversal of the polarity, where this could occur, of:

— supplies to that intrinsically safe apparatus; or

— at connections betweenicells of a battery or supercapacitor.

For thig purpose, a single“diode rated in accordance with 7.1 shall be acceptable.

6.9 Dielectricistrength requirement

Where |it isfequired to maintain intrinsic safety, the insulation between an intrinsically safe
circuit pnd.\the frame of the apparatus or parts which may be earthed shall be cappble of
complyjng*with the test described in 9.6 at a test voltage of at least twice the voltagg of the
intrinsically safe circuit or 500 V ACr\ 5, Whichever is the greater. Where the circuit does not
satisfy this requirement, the certificate number shall include the "X" suffix in accordance with
the marking requirements of IEC 60079-0 and the Specific Conditions of Use listed on the
certificate shall detail the necessary information regarding the correct installation.

The insulation between an intrinsically safe circuit and a non-intrinsically safe circuit that it is
galvanically isolated from shall be capable of withstanding a test voltage of at least
2 U+ 1000V, with a minimum of 1 500 V ACr\ s, Where U is the voltage applicable according

to 6.5.5.

Where breakdown between separate intrinsically safe circuits could produce an unsafe
condition, the insulation between these circuits shall be capable of withstanding a test voltage
of at least 2 U, with a minimum of 500 V ACgr\ 5, Where U is the voltage applicable according

to 6.5.5.
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Compliance with this requirement may be demonstrated by a component or material
manufacturer's specification.

7 Characteristics and failure of components and assemblies

7.1 Rating of components on which intrinsic safety depends

For Levels of Protection "ia" and "ib", under the conditions specified in 5.2.2 and 5.2.3,
components on which intrinsic safety depends shall not operate at more than two-thirds of their
manufacturer's maximum current, voltage and power rating, as applicable unless otherwise
permitted by this document.

For Leyel of Protection "ic", unless otherwise stated in this document, under the corLditions
specifigd in 5.2.4, components on which intrinsic safety depends shall not operate,at mgre than
their manufacturer's maximum current and voltage rating and, for power rating;

a) at the manufacturer's maximum power rating with the application of nori-countabld faults;
and

b) at no more than two thirds of their power rating under normal operation.

For all |Levels of Protection testing or analysis of components and assemblies of compgonents
to detefmine the parameters, for example voltage and current, to which the safety factors are
applied| need not be performed where parameters are supplied by the manufacturern of the
component since the factors of safety of 5.2 obviate the/need for testing or analysis.

EXAMPLE 1 The safety factor is applicable to the power rating.of a Zener diode, but not to the Zener voltage as
the Zenef diode limits its own voltage, but cannot limit its ownipewer.

EXAMPLE 2 For a PCB mounted semiconductor, thesmaximum permitted power dissipation is two-thirdls of the
power refjuired to reach the maximum permitted junction temperature, taking into account the specific moupting and
environmental conditions of the semiconductor.

EXAMPLE 3 A Zener diode stated by its manufacturer to be 10 V + 10 % is taken to be 11 V maximum without the
need to take into account effects such as voltage elevation due to rise in temperature.

7.2 FKailure of components

For Leyels of Protection "ia! and "ib", where a component is rated in accordance with|7.1, its
failure $hall be a countapte-fault unless the component is considered to be infallible agaipst that
failure mode. The faillre”of a component that is not rated according to 7.1 shall befa non-
countable fault unless -otherwise stated in this document.

For Level of Pratection "ic", if, under the conditions specified in 5.2.4, a component dpes not
operatg within.its manufacturer's rating, then its failure to short or open circuit shall be|a non-
countable fault unless otherwise stated in this document. For all other conditions and failure
modes Lthe failure of compaonents need not he considered

7.3  Manufacturing variation

For Levels of Protection "ia" and "ib" and for spark ignition assessment for Level of Protection
"ic", in the assessment of the application of the conditions of 5.2, the most onerous values
resulting from the manufacturing process shall be taken into account. These might be different
in each case considered.

For components, the tolerance on values may be those specified by the manufacturer of the
component. Alternatively, the manufacturer of the equipment may specify absolute maxima or
minima (as applicable) which are assured by the manufacturing process.
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EXAMPLE 1 For the purposes of assessment, the manufacturer uses an absolute minimum value of resistance for
a resistor on which intrinsic safety depends. Then in production there can be variation in the nominal value of resistor
used without further assessment provided that the nominal value less the tolerance is at least the absolute minimum
used for the assessment.

EXAMPLE 2 Components are selected in production based on routine measurement of their value.

For Level of Protection "ic", thermal ignition compliance may be assessed using a
representative sample of the equipment, which is considered to be worst-case in practice,
without having to take into account the worst-case tolerance of every component.

7.4 Resistors

7.4.1 —General

For Leyels of Protection "ia" and "ib", if not complying with 7.4.2 the failure of resistors {o open
circuit, [short circuit and any value of resistance between open circuit and short circuit gshall be
considgred a non-countable fault.

For Leyel of Protection "ic", resistors that do not conform to 7.4.2 shall be'\considered tog fail as
specifigd in 7.2.

7.4.2 Resistors on which intrinsic safety depends

Resistdrs rated in accordance with the requirements of 7,1@nd complying with the fqgllowing
shall bg¢ considered as capable of failing according to Table 13.

Resistdrs shall be one of the following types:

a) film|type;

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

c) printed resistors as used in hybrid-and similar circuits covered by a coating conforming to
6.5/6.5 or encapsulated in accordance with 6.6.

Table 13~ 'Rating and failure modes of resistors

Safety factor_apglled Failure mode
to the rafing
Level|of Normal operation
Protection <(R-Tol) valu
U’ I P Open circuit Short circuit or
> (R + Tol)
"ia" and "ib" N 1,5 1,5 Countable fault Not applied Not applied R £ Tlol
1,54
"ic" 1,0 1,0 ) Not applied Not applied Not applied R £ Tlol
1.0

Safety factor of 1,0 on rating for thermal ignition compliance in accordance with 5.4.

The voltage rating shall be the specified constant value for the resistor series and not the reduced voltage due
to the resistance.

Current rating is not normally specified but may exist for low resistance value resistors.

d  Referto 7.1.
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The external connections of a resistor shall conform to 6.5.1 except where a resistor only
ensures its own thermal ignition compliance. Separation requirements shall not be applied to
the interior of a resistor. Faults between turns of a correctly rated wire wound resistor with
windings coated by the resistor manufacturer need not be taken into account. The insulating
surface of a resistor shall be assumed to comply with the required CTI value in column 7 of
Table 7 or footnote d) in Table 8 at the voltage rating defined by the resistor manufacturer.
When applying Table 9 the insulating surface of a resistor shall be assumed to have material
group llla if not specified otherwise by the manufacturer of the resistor.

Where a resistor and capacitor or supercapacitor are connected in series to limit the charge or
discharge of the capacitor or supercapacitor, the power rating of the resistor shall be based on
the lesser of the power calculated using the voltage across the capacitance (as if the capacitor
were a(battery), or a total available power in watts equivalent to CU4 where C is the maximum
capacitpnce and U is the maximum voltage.

Other than for the power rating of series resistors during the charge or discharge’ of capacitors
or supIrcapacitors, resistors meeting the requirements of 7.4.2 shall be ,considered to be
capabl¢ of withstanding any transient to be expected.

The infernal resistance of a battery or supercapacitor may be. used for limitation|in the
assessment of intrinsic safety, in which case its minimum resistance/value shall be specjfied by
the cell manufacturer or determined according to 9.14.5.

The registance of:

— afuse;
— theffilament of a bulb in handlights or caplightsior

- infrI-red sources in gas detectors

may b¢ used for limitation provided that,these components are used within their [normal
operatihg rating. The resistance shalli'be the cold resistance at the minimum fervice
temperature, determined either in accordance with 9.8 or as specified by the manufacjurer of
the component.

NOTE The bulb might need to be protécted by a Type of Protection other than intrinsic safety.
7.5 CQapacitors
7.5.1 General

For Leyels of Pratection "ia" and "ib", if not complying with 7.5.2, 7.5.3 or 7.5.4 the fafilure of
capacitprs te—open circuit, short circuit and any value less than the maximum specified
capacitpnce_shall be considered a non-countable fault. The capacitance is not considgered to
increasle ffom the maximum rated value. r

For Level of Protection "ic", capacitors that do not conform to 7.5.2 shall be considered to fail
as specified in 7.2.

Capacitors shall be considered as energy storing components.

Self-heating of capacitors need not be considered.

NOTE Requirements for supercapacitors are addressed in 7.15.
7.5.2 Capacitors on which intrinsic safety depends

Capacitors rated in accordance with the requirements of 7.1 and complying with the following
shall be considered as capable of failing according to Table 14.
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Table 14 — Rating and failure modes of capacitors

Safett())l I'a]:t?art?npplied Failure mode
Level of 9 Normal operation
Protection c<(c - value
U 1 P Open circuit Short circuit nom
Tol)
"ia" and "ib" 1,5 N/A N/A | Countable fault |Countable fault 2| Countable fault Chom  Tol
"ic" 1,0 N/A N/A Not applied Not applied Not applied Chom  Tol

a8 Capacitors with internal and external separations complying with 6.5.4.2 shall not be considered to fail to short
circuit.

External connections of capacitors shall conform to 6.5.1. Where the failure of thecapgcitor to
short c|rcuit is a countable fault, and for Level of Protection "ic", the separation requirements
shall ngt be applied to the interior of capacitors.

Where |capacitors are located between circuits requiring galvanic isolation for intrinsiq safety
the insplation of each capacitor shall comply with the dielectric strength requirementg of 6.9
applied between its electrodes and also between each electrode and external conductiie parts
of the qapacitor.

7.5.3 Blocking capacitors

Electro|ytic capacitors, including tantalum, shall not be_used where intrinsic safety depgnds on
the blogking of DC current.

The effect of capacitive coupling shall be considered. Current caused by the highest nominal
operatihg frequency in that part of the circuit\(as specified by the manufacturer) shall bg taken
into acg¢ount. Transient energy from a nonsintrinsically safe circuit to an intrinsically safe circuit
(for example as a result of the application of the peak of U,,) shall be in accordance with the

permissgible ignition energy of 9.11.

For Leyel of Protection "ia", DC blocking may be achieved with two series capacitors pfovided
that thg capacitors:

— conform to 7.5.2;

— are|of a solid dielectric type; and

— each comply with the dielectric strength requirement of 6.9.
Either ¢f theStwo capacitors shall be considered as being capable of failing to short ¢r open
circuit ps7/a-countable fault. However, a second countable fault shall not be applied to the

capacitpr.assembly if the total distance across the assembly complies with 6.5.4.2 and the
distance across each capacitor is at least half the value required for an infallible separation.

NOTE Only one capacitor is required where its internal and external separations meet 6.5.4.2.
7.5.4 Infallible filter capacitors

Capacitors connected between the frame of the apparatus and an intrinsically safe circuit shall
conform to 6.9. Where their failure to short circuit would bypass a component on which the
intrinsic safety of the circuit depends, they shall also either:

a) maintain infallible separation requirements of 6.5.4.2 both externally and internally; or

b) conform to the requirements for blocking capacitors in 7.5.3.

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

Inductors and windings shall conform to 7.6 except for the windings of transformers described
in 7.8.

NOTE Values for R or L/R for transformer windings can be determined using 7.6. Transformer windings might benefit
from an assessment described in 7.6.3.

For Levels of Protection "ia" and "ib", if not complying with 7.6.2, 7.6.3, 7.6.4 or 7.6.5.2 the
failure of inductors to any value of resistance between open circuit and short circuit shall be
considered a non-countable fault in accordance with 7.2. Only inductance to resistance ratios
less than or equal to that derived from the inductor specifications shall be considerged. The
inductalnce is not considered to increase from its maximum rated value.

The indquctance of a common mode choke shall be assessed according to 7.6.5:

For Leyel of Protection "ic", inductors that do not conform to 7.6.2 or 7.6.4 shall be considered
to fail g4s specified in 7.2.

Inductgrs shall be considered as energy storing components.

NOTE For the purpose of 7.6 windings are considered to be inductors«
7.6.2 Inductors on which intrinsic safety depends

Inductdrs rated in accordance with the requirements of 7.1 and complying with the fgllowing
shall bg¢ considered as capable of failing according to Table 15.

Table 15 — Rating and:\failure modes of inductors

Safety factor
applied to the Failure mode N |
Level jof rating orma
X opleration
Proteciion R < L< I
Qpen Short R - L - alue
U 1 P = ) (Room (Lyom L/R > max
circuit circuit
Tol) Tol)
Countabl Countable | Countable | Countabl Logm £ TO!
"ia" and|"ib" | N/A | 1,5 [(N/A | —ountable s - ountable 1 Nt applied
fault fault fault fault R £ Tol
npm —
Lodm £ TOI
"ic" N/A 1,0 | N/A | Not applied | Not applied | Not applied | Not applied | Not applied R Tol
+ 1o
npm

2 Induptors/complying with 7.6.3 are not considered to fail to a lower resistance than their rated value.

The external connections of inductors shall conform to 6.5.1 but the separation requirements
shall not be applied to the interior of the inductor.

7.6.3 Infallibly insulated inductors

Inductors made from insulated conductors shall not be considered to fail to a lower resistance
than their rated values (taking into account the tolerances) if they comply with all of the
following:

a) the inductor shall conform to 7.6.2;

b) the nominal conductor diameter of wires used for inductor wiring shall be at least 0,05 mm;
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c) the conductor shall be covered with at least two layers of insulation, or a single layer of solid
insulation of thickness greater than 0,5 mm between adjacent conductors, or be made of
enamelled round wire in accordance with either:

1) Grade 1 enamelled round wire that complies with the minimum dielectric breakdown
requirements for grade 2 according to IEC 60317-0-1, and has no more than 6 faults per
30 m of wire irrespective of diameter when tested according to the continuity of insulation
test of IEC 60851-5; or

2) Grade 2 enamelled round wire according to IEC 60317-0-1.
NOTE It is not a requirement of this document that the conformity of the manufacturer's specification of the
insulation to Grade 1 or Grade 2 needs to be verified.

d) Winfiingc shall be consolidated with a suitable substance for nqupln hy dipping, frick|ing
or jJacuum impregnation, taking into account the following:

1) fonsolidation shall take place after any fastening or wrapping, and after drying fo femove
moisture;

2) [he consolidation shall be carried out in compliance with the specific instructiong of the
manufacturer of the relevant type of consolidating substance;

3) the consolidation shall ensure that the spaces between the.conductors are fllled as
completely as possible and that good cohesion between the.conductors is achieyed;

4) |f consolidating substances containing solvents are used/the consolidation and drying
process shall be carried out at least twice; and

5) poating by painting or spraying shall not be considered as consolidation.
7.6.4 Damping windings

Damping windings used as short circuited turns to\minimize the effects of inductance ghall be
considgred not to be subject to open circuit faultsif they are of reliable mechanical constfuction,
for exa'meIe seamless metal tubes or windings of bare wire continuously short-circufited by
solderifg.

7.6.5 Common mode choke coils‘\(EMI suppression filters)
7.6.5.1 General

If the rgcoverable energy stored within a common mode choke, in addition to transient epergies
providdd by the circuit, does not exceed the energy limits specified in Table D.1 when tested
according to 9.15, then“the common mode choke is considered to have an inddctance
corresgonding to the.leakage inductance. If the above is not satisfied, then the following shall

apply:

a) For|LevelssefProtection "ia" or "ib" if the common mode choke does not comply with ¥.6.5.2,
the linductance of the common mode choke shall be that of one winding with the other open
circpit:

b) For Level of Protection "ic", where the return path can only be through the choke, common
mode chokes are considered to have an inductance corresponding to the leakage
inductance. Otherwise, the inductance shall be that of one winding with the other open
circuit.

NOTE Common mode chokes are usually operated in differential mode to reduce electromagnetic interference.
7.6.5.2 Infallible common mode chokes

Common mode chokes for Level of Protection "ia" and "ib" may be considered to have an
inductance value equal to the leakage inductance if they are in compliance with the following:
a) the inductors shall be rated in accordance with the requirements of 7.6.2; and

b) the current return path shall only be through the common mode choke; and

c) either:
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they shall comply with the requirements of 7.6.3; and
they shall meet the dielectric strength requirements in accordance with 6.9; and

the separation between the inputs and the outputs shall comply with 6.5.4.2 but the
separation requirements shall not be applied to the interior;

the construction shall ensure the windings and their connections are separated
according 6.5.4.2.

Semiconductors

A

Failure of semiconductors

Analysils of integrated circuits based on failure rates of particular failure modes otherdthat stated

is not permitted by this document.

Softwa

EXAMPLE Analysis according to IEC 61508 is not sufficient to demonstrate intrinsic(safety.

For Le

a)

b)

c)

d)

if n
con

e may be used during the manufacture and test of apparatus.

els of Protection "ia" or "ib", semiconductors shall be considered to fail as follows:

pt complying with 7.7.2 and 7.7.3 the failure to open circuit or short circuit shall be
sidered a non-countable fault.

Intelgrated circuits shall be considered to fail so that)any combination of short and open
circuits can exist between their external connections. Although any combination [can be

ass

imed, once that fault has been applied, it cannot be changed, for example, by appllication

of 4 second fault. Under this fault situation any capacitance and inductance conngcted to

the

faulf.

Wh
incl

device shall be considered in their mgsi~onerous connection as a result of the ppplied

bn considering the voltage availabfe on the external pins of an integrated circit that
Lides voltage converters (for example, for voltage increase or voltage inversion |n flash

metnory), the internal voltages_need not be considered, provided that in normal operation

the

enhanced voltage is not present at any external pin and no external componenfs such

as ¢apacitors or inductors are-used for the conversion. If the enhanced voltage is ayailable
at gny external pin of an integrated circuit under normal operating conditions, then the
enhlanced voltage shall\only be considered to be present on that pin and any ping of the
sane package that.are not internally connected to the integrated circuit (for example, not

con

hected pins).

NOTE It is notla-requirement of this document that the manufacturer's specification for the semiconductor

needs to be veérified.

1)

2)

unless one of the following is applied:

thermal ignition assessment for Levels of Protection "ia" and "ib", the semicopductor
| e considered to fail as a non-countable fault to a state where it dissipafes the
. . ) ) . " fied in 5.2,

Diodes (including LEDs and Zener diodes) operated within the requirements of 7.7.2
shall only be considered for the power they can dissipate in the forward conducting
mode, or Zener mode, if applicable.

Controlled semiconductors of low complexity, such as transistors, thyristors and triacs
operating within the requirements of 7.7.2 shall be considered to fail to short or open
circuit. Additionally, thermal ignition assessment of the controlled semiconductor shall
include its operation without failing in any intended conducting or triggered state as well
as in any state to which it can be driven by the failure of other components in the circuit
in which it is installed. For example, a fault in the circuit driving the gate of a field-effect
transistor might cause heating due to a high on resistance.

For Level of Protection "ic", semiconductors that do not comply with 7.7.2 shall be considered
to fail as specified in 7.2.
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7.7.2

Semiconductors on which intrinsic safety depends

Semiconductors rated in accordance with the requirements of 7.1 and complying with the
following shall be considered as capable of failing according to Table 16.

Table 16 — Rating and failure modes of semiconductors

Level of rating
Protection

Safety factor applied to the Failure mode

ub 1b PP Open circuit Short circuit Other faults @

"ia" and "ib" 1,5 1,5 1,5 Countable fault Countable fault Countable fault

1,5¢
" 1,0 1,0 Not applied Not applied Not-appl
1,0¢

2]

lied

2  Fau

b Saf
inte

¢ Ref

current rating of current limit integrated circuits.

ts according to 7.7.1.

ety factor is not applicable to the rating of semiconductors, including integrated_circuits, that
Fnal limitation corresponding to that parameter, for example the conducting voltage)rating of diog

br to 7.1.

provide
es and

The ex
separa

7.7.3

Semico
semico
transie
fuse or
in acco

Semico
semico
for the
suitably
reduce

Any ot
considg

EXAMPL

fernal connections of a semiconductor shall comply wijth 6.5.1, as applicable,
ion requirements shall not be applied to the interiot,of a sealed semiconductor.

Transient effects on semiconductors onwhich intrinsic safety depends

nductors on which intrinsic safety depends that are protected by a fuse or co

nt current pulse that results during switching of the limitation (such as opening
response time of the controlled sémiconductor limitation). This shall be demon
rdance with 9.16.

nductors on which intrinsic safety depends that are protected by co
hductor voltage limitation,(such as a crowbar) shall be rated, with a safety factor
maximum voltage to' which they are subjected during switching of the limitg
protected single_transient limiting shunt device such as a Zener diode may be
the maximum voltage during this transient.

ner transients, including overvoltage transients on U, and U;, do not neea
red for the transient rating of semiconductors.

E {Fransients generated by switched mode supplies do not need to be considered whsg

but the

htrolled

hductor current limitation shall be rated“with a safety factor of 1,0 for the maximum

of the
strated

htrolled
of 1,0,
tion. A
ised to

to be

n rating

semicon

uectors.

For Level of Protection "ic", the above requirements only apply to diode safety barriers.

7.7.4

Semiconductors in shunt voltage limiters

Semiconductors may be used as shunt voltage limiting devices provided that they conform to
7.7.2 and 7.7.3 with the applicable safety factor for the following:

a) for diodes, diode connected transistors, thyristors and equivalent semiconductor devices: a
forward current rating greater than or equal to the short circuit current that would flow at

thei

r place of installation; and

b) for Zener diodes:

1)

rated for the power that would be dissipated in the Zener mode, and

2) having a forward current rating greater than or equal to the short circuit current that
would flow at their place of installation.
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NOTE The maximum current in the forward direction is necessary to ensure the overall construction of the Zener
diode is adequate to carry any fault current.

Shunt limiting devices may conduct in normal operation.

7.7.5 Shunt assembly on which intrinsic safety depends

A circuit or assembly of components including a controlled shunt semiconductor may be used
for shunt limitation provided that the following requirements are met:

a) all components shall be rated in accordance with 7.7.2, 7.7.3, and 7.7 .4;

b) where there are multiple independent shunt paths, the voltage of the assembly shall be that

of tﬁ—ﬁghe@%&ﬁgﬁhﬁ_j
c) whdre a shunt assembly which does not provide galvanic isolation is manufactured as an

individual apparatus rather than as part of a larger apparatus, the construction| of the
assembly shall be in accordance with 8.1.2.

NOTE hen a shunt component is used to prevent spark ignition of a component, farrnéxample, an jinductor,
encapsulation in accordance with 6.6.2 may be required.

7.7.6 Safety assemblies infallible against failure to limit voltage

The following shunt assembly constructions shall be considered.infallible for Level of Prgtection
"ia" against failure to limit the output voltage where they comply with 7.7.5:

a) two|parallel paths of diodes or Zener diodes or diode‘chains; the failure of only g single
diode or Zener diode to either open circuit or short“circuit shall be considered g single
couptable fault;

b) an assembly of bridge connected diodes;

c) two|independent controlled semiconductor voltage limitation circuits if both the input and
output circuits are intrinsically safe circliits or where it can be shown that they capnot be
subjected to any transient voltage; or.

d) for [associated apparatus, three.ifdependent controlled semiconductor voltage limitation
circpits where these can be subjected to transient voltage.

7.7.7 Semiconductor current limiters

Controlled and non-contrelled semiconductors may be used for the purposes of blogking or
limiting| current provided.that they comply with 7.7.2 and 7.7.3.

7.7.8 Use of programmable components

Programmablescomponents considered in this clause are microcontrollers, microprocgssors,
programmable logic and components providing volatile and non-volatile memory as thgir main
functiopsHigher integrated components containing microcontrollers, microprocesgors or
programmable Togic as sub-function are considered as programmable components as well.

NOTE Microcontrollers and microprocessors are intended to run software code while programmable logic
components can be configured by a hardware description language.

For all Levels of Protection for the determination of service temperatures, it shall be assumed
that programmable components operate normally.

For Levels of Protection "ia" and "ib", the failure of a programmable component shall be a non-
countable fault.

For Level of Protection "ic", programmable components:

a) may be relied upon to set levels for hardware control of circuits (for example for control of
voltage, current, temperature) where intrinsic safety depends on the controlled level;
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b) may form part of the control loop for control of circuits for the purposes of thermal ignition
compliance and rating of components;

c) shall not be relied upon to respond to changes in conditions that present a spark ignition

risk

EXAMPL

ES For Level of Protection "ic",

— where a crowbar is relied upon for spark ignition compliance, programmable components can be used to
control the threshold of a hardware trigger for the crowbar, but programmable components cannot be used
to trigger the crowbar;

— programmable components cannot be used within the control loop of a voltage regulator that defined U, if
this is relied upon to prevent an ignition capable spark, but programmable components may be used to set

t

he set-point of the voltage regulator;

-
1
t

7.8 1
7.8.1

The co
or curr

Transfda

Transfdq

a) sho
an

b) For
bet
whe

c) For
be
rele

7.8.2

For Lev
the req
galvani

For Le
type te

pon to keep /, within short circuit spark ignition limits, but programmable components may e us
he set-point of the current regulator.

'ransformers
General

bination of faults within a transformer which would result in arnlincreased output
nt shall not be considered.

rmers shall be considered as energy storing companents.

rmers which do not comply with 7.8.2 shall be @ssessed as follows:
It circuit of the galvanic isolation between wWindings of a transformer shall be con
bn-countable fault.

Levels of Protection "ia" and "ib", the“failure of windings to any value of res|
veen open circuit and short circuit>shall be considered a non-countable fault
re the winding complies with 7.6-2"or 7.6.3.

Level of Protection "ic", short'circuits within windings and open circuits of windin
onsidered to occur, except-Where the transformer is constructed in accordance
vant industrial standard-for the equipment type.

Transformers on which intrinsic safety depends

els of Protection;"ia" and "ib", transformers used within their normal rating and r

C isolation_between applicable windings.

els of \Protection "ia" and "ib" transformers on which intrinsic safety depends s
bted according to 9.17.2 or 9.17.3 as applicable.

rogrammable components cannot be used within the control loop of an output that limits 7 if this| is relied

ed to set

voltage

sidered

istance
except

gs shall
vith the

neeting

uirements of\7:8.3 and 7.8.4 as applicable, shall be considered as providing infallible

hall be

For Level of Protection "ic", transformers rated for the normal operating voltage, current and
power in the circuit, and meeting the requirements of 7.8.5 as applicable, shall be considered
as providing infallible galvanic isolation between applicable windings.

Transformers on which intrinsic safety depends shall be routine tested in accordance with 10.3.

7.8.3

Construction of transformers on which intrinsic safety depends

The transformer windings shall be consolidated, for example by impregnation or encapsulation.

NOTE 1

Use of impregnation to consolidate the windings might not meet the requirements for separation.

All windings for supplying intrinsically safe circuits shall be separated from all other windings

by one

of the following types of construction.
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For type 1 construction, the windings shall be placed either:

Type 1a) side by side; or

Type 1b) on different legs of the core.

The windings shall be separated in accordance with Table 7.

For type 2 construction, the windings shall be wound one over another with either:

Type 2a) solid insulation in accordance with Table 7 between the windings; or

Type 2b) a copper foil screen complying with 6.5.9 between the windings or an equivalgnt wire
winding (wire screen). The thickness of the copper foil or the wire screen shall be'in-accqrdance
with Table 17.

NOTE 2| This ensures that, for Type 2b) in the event of a short circuit between any winding and the scfeen, the
screen Will withstand, without breakdown, the current which flows until the fuse or circuit-breaker functions

Manufdcturer's tolerances shall not reduce the values given in Table 17 by more than 10 % or
0,1 mn|, whichever is the smaller.

Table 17 — Minimum foil thickness or minimum wire diameter of the screen

Rating of the fuse A 0,1 0,5 1 2 3 5 10
Maximum current A 0,17 | 0,85 1,7 3,4 5,1 8,5 17
Minimum thickness of mm | 0,05.~\0;05 [0,075| 0,15 | 0,25 0,3 0,5

the foil screen

Minimum diameter of the mm 0,2 0,45 | 0,63 0,9 1,12 1,4 1,8
wire of the screen

Theg foil screen shall be provided with two mechanically separate leads to a reference
poténtial, for example earth_or the negative terminal of a battery, each of which is fated to
carffy the maximum continuous current which could flow.

EXAMPLE Examples ofimaximum continuous current are the current before a circuit-breaker operatgs, or 1,7
1_fof a fuse.
n

A wire screenshall consist of at least two electrically independent layers of wire, gach of
which is provided with a connection rated to carry the maximum continuous currenft which
could flow==The only requirement of the insulation between the layers is that it ghall be
cappble.of withstanding a 500 Vg test to all adjacent layers in accordance with 96.

For transformers using ferrite cores, there is no requirement for grounding the core, but the
ferrite shall be considered as conductive for separation purposes, unless adequate information
is available to demonstrate that the core material is insulating.

7.8.4 Protective measures for transformers on which intrinsic safety depends for
Levels of Protection "ia" and "ib"

7.8.4.1 Mains transformers

The cores of all mains supply transformers, including all transformers where at least one
winding is not galvanically isolated from the mains supply, shall be provided with an earth
connection, except where earthing is not required for intrinsic safety, for example when
transformers with insulated cores are used.
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The input circuit of mains transformers intended for supplying intrinsically safe circuits shall be
protected either by a fuse conforming to 7.11 or by a suitably rated circuit-breaker.

If the input and output windings are separated by an earthed metal screen (type 20
construction), each non-earthed input line shall be protected by a fuse or circuit-breaker.

Where, in addition to the fuse or circuit-breaker, an embedded thermal device complying with
7.16.2.1 and 7.16.2.3 is used for protection against overheating of the transformer, a single

device

Fuses,
recogn

is considered sufficient.

—zad t ndard

fuse holders, circuit-breakers and thermal devices shall conform to an appropriate

Mains

o o
ZCT o Toarcs

requency transformers shall be tested according to 9.17.2.1, and other- transt

shall b¢ tested according to 9.17.2.2.

NOTE |

is not a requirement of this document that the manufacturer's specification for‘the fuses, fuse

circuit-breakers and thermal devices needs to be verified.

7.8.4.2

As tran

Transformers galvanically isolated from the mains supply

sformers that are galvanically isolated from the mains supply are not directly cor

to mains voltage, the reduced test requirements according t0-9.17.3 apply.

NOTE Transformers not directly connected to mains supply are considered connected to secondary circu

reduced
mode po

When

voltage]

OVC. These transformers can be coupling transformers sdch as those used in signal circuits or
ver supplies.

such transformers are connected to nontintrinsically safe circuits derived from

shunt 4ener diode protected to a safety factor of 1,0 by a suitably rated fuse according

shall b
infallibi
9.17.3

When
presen

e included at the supply connection so that unspecified power shall not img
Jity of the galvanic isolation provided by the transformer. The rated input vol
shall be that of the Zener diode.

such transformers are ‘only connected to intrinsically safe circuits and a fuse
, then each winding.shall be subjected to the maximum current that can flow un

conditipns specified in 5:2;

7.8.5

For Le
input v

Requirements for transformers for Level of Protection "ic"

el of Protection "ic", transformers on which intrinsic safety depends shall have
bltagetequivalent to U, or U, and shall comply with the applicable safety requir

of the nelevant industrial standards providing basic insulation. The requirements of Ta
Table 9 as’applicable shall apply for the external connections of the transformers but s

ormers

holders,

nected

ts with a
switched

mains

s, then either protective measures in accordance with 7.8.4.1 shall be applied or a single

to 7.11
air the
tage of

is not
der the

a rated
ements

ble 7 or

hall not

apply to the internal separations between the windings.

For Level of Protection "ic" transformers shall be type tested according to 9.17.4.

7.9 Relays

7.9.1

General

The coil of a relay shall be considered an energy storage component. Only inductance to
resistance ratios less than or equal to that derived from the inductor specifications shall be
considered. The inductance is not considered to increase from its maximum rated value.

If not complying with 7.9.2, relays shall be assessed as follows:
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— short circuit of the isolation of relays from coil to contact and between contacts shall be a

non

-countable fault;

— for Levels of Protection "ia" and "ib", the failure of the coil to any value of resistance between

ope

n circuit and short circuit shall be considered a non-countable fault;

— for Level of Protection "ic", the failure of the coil to open circuit and short circuit shall be
considered a non-countable fault.

7.9.2

Relays on which intrinsic safety depends

Relays on which intrinsic safety depends shall comply with the dielectric strength requirements

of 6.9.

For LeV
within

applica
contac

a) Seq
b) The

under the conditions specified in 5.2.

c) Wh

sha|l not exceed their manufacturer's rating.

d) Wh
is b
follg
1)
2)

els of Protection "ia" and "ib", relays on which intrinsic safety depends that are ©
heir specification under normal operation and that comply with all the fglioy

or between different contacts:

aration between the coil and the contacts shall comply with 6.5.472.
coil shall be capable of dissipating the maximum power to which it can be su

bre the coil is connected to an intrinsically safe circuit, the eontacts in normal op

pre the nominal contact current is between 5 Agys‘@nd 10 Agyg, Or the apparen
etween 100 VA and 500 VA or the voltage is¢greater than 250 V ACgys, 0ON§
wing is applied:

the required creepage distance and clearance within the relay shall be doubled,

when reduced separation distances according to 6.5.3 are used for relays, rels
meet IEC 61810-1 are acceptable pravided that:

- the relay conforms to reinforced insulation according to IEC 61810-1 with
insulation voltage of at leastithe voltage required by 6.5.5,

- the assessment of the.relay according to IEC 61810-1 for the rated insulation
is done at least for thessame OVC as the relay is used in the context this dog

- the assessment ef the relay according to IEC 61810-1 for the rated insulation
is done at leastfor pollution degree 2, and

- the contacts Jin normal operation are used within the ratings of the IEC 6
assessment for this relay.

The sepatation requirements and dielectric strength requirements according
document still apply for such relays, except that a partial discharge test is not r
for,such relays.

berated
ing as

le shall be considered to provide infallible galvanic isolation between the,coil and the

bjected
eration

power
of the

or
ys that

A rated
voltage
ument,
voltage

1810-1

to this
bquired

e) For

valdes of current or power higher than specified in d), intrinsically safe circuits a

hd non-

intrinsically safe circuits shall be connected to the same relay only if one of the following is

app

lied:

1) they are separated by a metal partition conforming to 6.5.9 or an insulating partition

conforming to 6.5.10. The dimensions of such an insulating partition shall ta
account the ionization arising from operation of the relay which would generally
creepage distances and clearances greater than those given in 6.5.4.2, or

ke into
require

2) when reduced separation distances according to 6.5.3 are used for relays, relays that

meet IEC 61810-1 are acceptable, provided that:

insulation voltage of at least the voltage required by 6.5.5,

the relay conforms to reinforced insulation according to IEC 61810-1 with a rated

the assessment of the relay according to IEC 61810-1 for the rated insulation voltage

is done at least for the same OVC as the relay is used in the context this document,
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is done at least for pollution degree 3, and

NOTE Although the relay is used in pollution degree 2, the inner distances of the relay are
pollution degree 3, to take into account the ionization arising from operation of the relay.

assessment for this relay.

the assessment of the relay according to IEC 61810-1 for the rated insulation voltage

rated for

the contacts in normal operation are used within the ratings of the IEC 61810-1

The separation requirements and dielectric strength requirements according to this
document still apply for such relays, except that a partial discharge test is not required
for such relays.

f) Where arelay has contacts in intrinsically safe circuits and other contacts in non-intrinsically

safe—circui =

an
add
arrg

intrinsically safe and non-intrinsically safe circuits.

g) If th
9.4)

metal partition itself.

For Le
industr

additiopal enhanced constructional requirements are required:

7.10 3
7.10.1

The req
and ga

For Le

the faillire of signal isolators to a-short circuit across the galvanic isolation and to any res

value s|

For Le
7.10.4

The requirements/of IEC 60079-28 need not be applied to self-contained optical isola

complia

7.10.2

nsulating partition conforming to 6.5.10 or a metal partition conforming to)>-f
ition to Table 7. The relay shall be designed such that broken or damaged
ngements cannot become dislodged and impair the integrity of the separation b

e insulating or earthed metal partition is embedded in a closed relay enclosu
3 shall be applied to the closed relay enclosure and not to the\insulating or ¢

el of Protection "ic" where the relay is constructed inaecordance with the r
al standard for the apparatus, other than dielectric 'and separation distang

bignal isolators
General

uirements of 7.10 apply to signal isolators using optical, magnetic, capacitive ¢

els of Protection "ia" and "ib",-if not complying with 7.10.2 and either 7.10.3 o

hall be considered a nan-countable fault.

el of Protection "ie"*signal isolators that do not comply with 7.10.2 and either 7,
hall be considered to fail as specified in 7.2, including across their galvanic iso

nce with this document.

Signal isolators on which intrinsic safety depends

ated by
5.9 in
contact
etween

re then
parthed

elevant
es, no

pupling

vanically separating components, other than transformers (See 7.8), relays (Sge 7.9),
or single capacitors (See 7.5).

7.10.4
istance

10.3 or
ation.

tors for

Signal isolators rated in accordance with the requirements of 7.1 and complying with the
following shall be considered as capable of failing according to Table 18.

Table 18 — Rating and failure modes of signal isolators

Safety :zctort:applled to Failure mode
Level of e rating
Protection ieoui
U I P Short C|rc_u|t_ across the Other faults
galvanic isolation
"ia" and "ib" 1,0 1,0 1,0 Countable fault @ Countable fault
"ic" 1,0 1,0 1,0 Not applied Not applied

a8 Signal isolators complying with 7.10.3 or 7.10.4 shall not be considered to fail to short circuit across the
isolation.
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Where external protective components are required to fulfil the rating of the signal isolator,
countable faults shall not be applied to the protective components and the rating of the
protective component shall have a safety factor of 1,0. For example, a single shunt Zener diode
protected to a safety factor of 1,0 by a suitably rated fuse according to 7.11 shall be considered
as sufficient protection. Separations according to general industrial standards shall be applied
for such components (see Figure 3).

The external connections across the isolation of a signal isolator shall comply with 6.5.1 but the
separation requirements shall not be applied to the interior of encapsulated or sealed signal
isolators except where required by 7.10.3.

Signal isolators shall comply with the dielectric strength requirements in accordance with 6.9
across |the galvanic isolation. The manufacturer's insulation voltage rating for thehinfallible

separation of the component shall be not less than the test voltage required by 6.9.

Non-optical signal isolators, and optical isolators with intentional power transfer, shall comply
with a differential leakage current transfer limit of 50 yA, under the most onerous conditions of
data rat1e for the application under consideration, either as measured by '9:9 or obtaingd from
the manufacturer of the signal isolator. Current transfer of the sigmal~isolator need|not be
considgred for the assessment of the equipment.

NOTE Qptical signal isolators are excluded from evaluation of transferred current based on the assumption that the
energy tfansferred optically with known architectures is not capable of violating the current transfer limit.

7.10.3 | Signal isolators between intrinsically safe and non-intrinsically safe circuits

Signal jsolators are considered to provide infallible;separation between intrinsically safe and
non-intfinsically safe circuits if complying with one*or more of the following:

a) Optjcal signal isolators that meet the construction, material and test requiremgnts for
reinforced insulation according to IEC 60747-5-5 with an insulation rating of at least the
voltage required by 6.5.5. The signaliiselator shall additionally comply with 7.10.2.

b) Nor optical signal isolators that meet the construction, material and test requirements for
reirForced insulation according.fo DIN VDE V 0884-11 or IEC 60747-17 with an ingulation

rating of at least the voltage required by 6.5.5 of this document. The signal isolatpr shall
addjitionally comply with 7.10.2.

c) Sigpal isolators that«comply with 7.10.2, and in addition comply with the separation
reqliirements of 6.5.4.2 applied to the interior of the device except that inside sealed ¢evices
colymns 5, 6 and 7.of Table 7, or columns 3 and 4 of Table 8 and Table 9 shall not ppply.

d) Optjcal signaliselators that comply with the requirements of 6.9 across the galvanic igolation
and| for Levels of Protection "ia" and "ib" the tests of 9.10. The rating of the optical signal
isolptor need not comply with 7.1 or 7.10.2, except that the separation requiremients of
6.5}4.2 'shall be applied to the external connections across the isolation and to the|interior
of the‘optical signal isolator. Inside sealed devices columns 5, 6, and 7 of Table 7, or
columns 3, 4 and 5 of Table 8, and columns 3 and 4 of Table 9 shall not apply.

NOTE Itis not a requirement of this document that the conformity of the signal isolator manufacturer's specification
needs to be verified against IEC 60747-5-5, DIN VDE V 0884-11 or IEC 60747-17.

7.10.4 Signal isolators between separate intrinsically safe circuits

Signal isolators shall be considered to provide infallible separation of separate intrinsically safe
circuits if complying with 7.10.2, or 7.10.3 d). Protective techniques (such as those indicated in
7.10.2) may be necessary to avoid exceeding the rating of the isolating component.

7.11 Fuses

Where intrinsic safety depends on the opening of a fuse, for the purposes of assessment the
fuse shall be considered capable of carrying a current of 1,7 I,, continuously. A single suitably

rated fuse is sufficient to provide protection.
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For intrinsically safe apparatus of Levels of Protection "ia" and "ib", fuses which can carry
current when located in explosive atmospheres shall be encapsulated in accordance with 6.6.

For Level of Protection "ic", the opening of a fuse shall only be considered an ignition risk where
such opening is an expected occurrence, for example where shorting or overloading at the
connection facilities would cause the fuse to open.

Where fuses are encapsulated or coated, the compound or coating shall not enter the fuse
interior. This shall be demonstrated by one of the following:

a) testing samples in accordance with 9.4.2;

iopn—from o
TOTT— T O —te— oSt —

the—fuse—m fyse for

b) a deelarat
encppsulation or coating; or

c) thelsealing of the fuse prior to encapsulation or coating.

Fuses [used to protect components shall be replaceable only by opening the apparatus
enclosyre. For replaceable fuses, the type designation and the fugéjyrating I, [or the

characferistics important to intrinsic safety shall be marked adjacent to the fuses.

Fuses $hall have a voltage rating of at least the maximum voltage(that they might be supjected
to undgr the conditions specified in 5.2 while open circuit, although-they do not need to donform
to 6.5.4.2. General industrial standards for the construction of\fuses and fuse holders ghall be
applied and their method of mounting including the connecting wiring shall not reddice the
cleararlces, creepage distances and other separations afforded by the fuse and its [holder.
Where [required for intrinsic safety, the distances to other parts of the circuit shall comply with
6.5.1.

For Leyels of Protection "ia" and "ib", the opening of fuses shall be considered and is not a
countable fault.

A fuse|shall have a breaking capacity (AC or DC as applicable) not less than the maximum
prospegtive current of the circuit in which it is installed. For mains electricity supply systems
not ex¢eeding 250 V ACgrp\s, theprospective current shall normally be considered to be

1 500 A AC. The breaking capacity of the fuse is determined according to the IEC 60127 series
or ANSJ/UL 248 series and shall be stated by the manufacturer of the fuses. The cold res|stance
shall ngt be used for the purpose of complying with the breaking capacity of the fuse.

NOTE This does not exclude the use of the cold resistance to limit current in the rest of the circuit or tp protect
other components. See\724.2.

For connection facilities with a specified U, the breaking capacity of the fuse may bg below

1 500 A. In(this case the manufacturer shall specify the maximum prospective current allowed
for the fircuit in their instructions.

If a current-limiting component or device is necessary to limit the prospective current to a value
not greater than the rated breaking capacity of the fuse, this component or device shall be a
component on which intrinsic safety depends, and the rated values shall be at least:

— current rating 1,7 x I, with applicable safety factors applied;
— voltage rating with the application of a 1,0 safety factor, for example U, or U;; and

— power rating (1,7 ><In)2 x maximum resistance of limiting device with applicable safety
factors applied.

Separation across the resistor shall be determined using the voltage of 1,7 x I,, x maximum
resistance of the resistor.
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7.12 Primary and secondary cells and batteries

7.12.1

General

Contrary to the cells and batteries requirements of IEC 60079-0, cells and batteries are
permitted to be connected in parallel in intrinsically safe apparatus provided that intrinsic safety

is not

invalidated. For example, 5.3, 5.4.4, 7.12.3, and 9.14.3.3 are considered under the

conditions of short circuiting of one or more of the parallel cells or supercapacitors.

NOTE The parallel battery requirement of IEC 60079-0 applies to cells and batteries in associated apparatus that
are protected by another Type of Protection listed in IEC 60079-0.

Some types of cells and batteries, for example some lithium types, might explode if short-
circuiteld or subjected to reverse charging. These types of cells shall conform to the applicable

safety

equirements of the relevant industrial standards, for example, IEC 62133 orf UL'[1642.

The ingtructions and, if practicable, the marking for the apparatus shall draw 'attention| to any

safety

Where

precautions for cells and batteries to be observed by the user.

batteries are intended to be replaced by the user (for examplé 'where 7.12.7 on 7.12.8

are applicable), the apparatus shall be marked with a warning label*as specified in item a) of

11.2.

Where

shall b¢ marked with a warning label as specified in item-¢).of 11.2.

secondary batteries are used but cannot be charged in.a hazardous area, the apparatus

If the gells or batteries are charged in hazardous -areas, the charging circuits shall be fully
specifigd and assessed as part of the assessment of the apparatus. The charging system shall

be suc
exceed

h that, under the conditions specified.in5.2, the charger voltage and current{do not
the limits specified by the cell or battery manufacturer.

For intfinsically safe apparatus with cells or batteries for EPL Da, or EPL Db where the cells
are chdrged in hazardous areas, the’temperature rise and electrolyte leakage tests of the cells

specifigd in 9.14 shall also be considered under the conditions of charging.

7.12.2

The sp

Construction of cells'and batteries used in intrinsically safe apparatus

brk ignition capability and surface temperature of cells and batteries used in intripsically

safe apparatus shall ‘be tested or assessed in accordance with 9.14.3. The cell or |battery

construction shall belone of the following types:

a) sea

b) valye régulated cells or batteries;

c) cell
apa

led cells;

5 'ar’ batteries which are intended to be sealed in a similar manner to items a)[and b)
rt from a pressure relief device.

Such cells or batteries shall not require addition of electrolyte during their life and shall have
a sealed metallic or plastic battery container conforming to the following:

1)

2)

3)

without seams or joints, for example solid-drawn, spun or moulded, joined by fusion,
eutectic methods, welding, or adhesives sealed with elastomeric or plastic sealing
devices retained by the structure of the enclosure and held permanently in compression,
for example washers and O-rings;

swaged, crimped, shrunk on or folded construction of parts of the enclosure which do
not conform with the above or parts using materials which are permeable to gas, for
example paper-based materials, shall not be considered to be sealed,;

seals around terminals shall be either constructed as above or be poured seals of
thermosetting or thermoplastic compound;
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d) cells or batteries encapsulated in a compound specified by the manufacturer of the
compound as being suitable for use with the electrolyte concerned and conforming to 6.6.

A declaration of conformance to a) or b) shall be obtained from the manufacturer of the cell or
battery. Conformance to c¢) or d) shall be determined by physical examination of the cell or
battery and where necessary its constructional drawings.

NOTE A manufacturer's datasheet specifying compliance with the applicable standards for sealed cells or valve
regulated cells is considered a declaration of conformance. It is not a requirement of this document that the conformity
of the cell or battery manufacturer's specification needs to be verified.

If a battery comprises several discrete cells or smaller batteries combined in a well-defined
construction conforming to the separation and other requirements of this document, then each
type of|discrete cell or smaller battery shall be subjected to the tests specified in 9.1}3. For

batterigs constructed with internal separations complying with 6.5.4.2 short circuits between
cells nged not be considered. However, the failure to short circuit of a singleycell shall be
considgred as a non-countable fault except that the surface temperature test eonsiderg only a
single ¢ell failing to short circuit.

In less ell-defined circumstances, the battery shall be considered to have a short circuif failure
between its external terminals.

7.12.3 | Electrolyte leakage

Cells apd batteries shall either be of a type from which there can be no spillage of elegtrolyte
or they|shall be enclosed to prevent damage by the elettrolyte to the components upof which
intrinsi¢ safety depends. Cells and batteries which are<not enclosed to prevent damage to the
intrinsi¢ally safe circuit by the electrolyte shall be tested in accordance with 9.14.2, or|written
confirmation shall be obtained from the cell/battery>manufacturer that the product conforms to
9.14.2.[If cells and batteries which leak electrolyte are encapsulated in accordance wjith 6.6,
they shiall be tested in accordance with 9.14.2 after encapsulation.

7.12.4 | Ventilation

Where the intrinsically safe apparatus contains cells or batteries that are charged withip them,
the mahufacturer shall demonstrate that the concentration of hydrogen cannot exceed|2 % by
volume]| in any free volume of the apparatus containing electrical or electronic componlents or
connections. Alternatively, Wwhere the apparatus meets the requirements for Levels of Prgtection
"ia" or ['ib" and Group G, the requirement of degassing apertures or limitation of hyldrogen
concentration does not apply.

NOTE 1| It is not a.réquirement of this document that the conformity of the battery manufacturer's specification of
the concentration, ef hydrogen needs to be verified.

Battery| containers for primary and secondary valve regulated cells or batteries| within
intrinsi¢ally’safe apparatus that are sealed (no visible vents such as holes, leaks or slots) shall
be tested in accordance with 9.14.4, and the pressure above atmospheric inside the battery
container shall not exceed 30 kPa (0,3 bar).

Sealed cells that clearly do not vent during the tests found in 9.14 and battery containers that
enclose such cells do not need to be tested in accordance with 9.14.4.

NOTE 2 Higher pressures might occur in sealed and valve regulated cells. Valve regulated cells limit the pressure
to a value that can be contained by the cell, as specified by the manufacturer.

7.12.5 Cell voltages

For the purpose of evaluation and test, the cell voltage shall be that specified in the primary
cells table and secondary cells table of IEC 60079-0. When a cell is not listed in these tables,
it shall be tested in accordance with 9.13 to determine the maximum open circuit voltage at a
temperature of (23 + 5) °C and after charging using the method specified by the apparatus
manufacturer. The nominal voltage shall be that specified by the cell manufacturer.
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7.12.6 Batteries in equipment protected by different Types of Protection

C 2023

EXAMPLE This subclause can be used for equipment that is protected by a different Type of Protection (for example
a flameproof enclosure) but contains a battery and associated circuits that require intrinsic safety protection when
the external power supply is removed and the enclosure is opened in the explosive atmosphere.

These requirements supplement those of the other Types of Protection.

The battery compartment or means of battery compartment attachment to equipment shall be
constructed so that the battery or complete battery compartment can be installed and replaced
without adversely affecting the intrinsic safety of the equipment.

Where

in acco

Curren

Um
Zener (

unl

Curren
integra

7.12.7

Where
is inten

replace

that on
for cha

resistor is used to limit the current that can he anplipd hy the haftpry, it shall

e rated

rdance with 7.4.2.

limiting resistors in series with cells or batteries shall be rated at the maximum
bss otherwise protected. In this instance protection may be achieved by use of 3

iode rated in accordance with 7.7.2.

-limiting devices necessary to ensure the safety of the battery-are not required t
part of the battery.

Batteries used and replaced in explosive atmospheres

a battery requires current-limiting devices to ensune the safety of the battery itg

voltage
single

b be an

elf and

ded to be used and to be replaced in an explosive€ atmosphere, it shall form a conmpletely

able unit with its current-limiting devices. The unit shall be encapsulated or enclq
y the intrinsically safe output terminals, or suitably protected intrinsically safe te
rging purposes, are exposed.

The unlt shall be subjected to the drop t€st of IEC 60079-0 except that the prior imp
shall b

result i
way as

7.12.8

If the c
and is
accordance with 7¢12.7 or alternatively it may be housed in a compartment that can

opened

appara

a)

b)

c)

the
can

the

omitted. The construction of thé~unit shall be considered adequate if the test d
n the ejection or separation of<the cells from the unit or current-limiting device in
to invalidate the intrinsic safety of the unit.

Replaceable batteries used but not replaced in explosive atmospheres

ell or battery requires current-limiting devices to ensure the safety of the batter
not intended to.be replaced in the explosive atmosphere, it shall either be prote

with thewuse of a tool, or an interlocking device according to IEC 60079
us shalkalso conform to the following:

sed so
rminals

hct test
bes not
such a

y itself,
cted in
bnly be
0. The

battery compartment or means of attachment shall be arranged so that the cell or

battery

[beinstalled and replaced without invalidating the intrinsic safety of the apparatus;

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

apparatus shall be marked with a warning label as specified in 11.2 b).

7.12.9 External contacts for charging batteries

External charging contacts of batteries shall meet the requirements according to 6.3.5.

7.13 Piezoelectric devices

Other than crystal-oscillators (for example, clock oscillators), piezoelectric devices shall be
tested in accordance with 9.11.
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For Level of Protection "ic", the test in 9.11 only applies where the piezoelectric circuit can be
directly shorted, for example, due to non-compliant spacings or directly connected sparking
contacts. The voltage used to determine the separation distances shall be one of the following
as applicable:

a) the normal operating voltage of the circuit when the piezoelectric element is not subjected
to shock during normal operation; or

b) the maximum voltage generated by the test in 9.11 when the piezoelectric element is
subjected to shock in normal operation.

7.14 Cells for the detection of gases

7.14.1 Etectrochemicat

Electrophemical cells used for detection of gases shall be considered for their~addjtion to
voltagels and currents which may affect spark ignition compliance. However, they,need not be
considgred for their addition to the power for thermal ignition assessment of therapparafus.

7.14.2 | Catalytic

Catalytjc sensors are only permitted for intrinsically safe apparatus-for-Groups I, IlIA, [IBland IlI.

The temperature rise due to catalytic reaction heating shall be taken into account for thermal
ignitionfcompliance according to 5.4. This may be by application of the small component jgnition
test givien in IEC 60079-0.

7.15 $upercapacitors

Supercppacitors are permitted to be connectéd in parallel in intrinsically safe apparatus
providdd that intrinsic safety is not invalidated:

The vqltage applied to the supercapacitor shall not exceed the limit specified |by the
manufdcturer, even when faults in accordance with 5.2 are applied. The service temperature of
the supercapacitors shall not exceed the allowable limits defined by the supercdpacitor
manufdcturer.

When donsidering the influehce of a supercapacitor on the power rating of components op which
intrinsi¢ safety depends and on thermal ignition hazards, it may be assumed to have| stored
energy|limited by the specified capacitance.

For Leyels of Pretection "ia" and "ib":

a) thel[failure of supercapacitors to short circuit shall be a non-countable fault;

b) whdgre’Meverse polarity could be applied to the supercapacitors, protection rated in
accordance with 7.7.2, shall be provided; and

c) supercapacitors shall be subjected to the electrolyte leakage test of 9.14.2 or meet the
construction and performance requirements according to UL 810A. Additionally,
supercapacitors shall be subjected to the spark ignition and surface temperature tests found
in 9.14.

NOTE Itis not a requirement of this document that the conformity of the supercapacitor manufacturer's specification
needs to be verified against UL 810A.

For Level of Protection "ic", supercapacitors shall be considered to fail as specified in 7.2.


https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

- 104 — IEC 60079-11:2023 © |IEC 2023

7.16 Thermal devices
7.16.1 General

For Levels of Protection "ia" and "ib", if not complying with 7.16.2 or 7.16.3, the failure of thermal
devices to any value of resistance between open circuit and short circuit shall be a non-
countable fault.

For Level of Protection "ic", resistive thermal devices that do not comply with 7.16.2 or 7.16.3
shall be considered to fail as specified in 7.2.

Resistors covered by 7.4 or fuses covered by 7.11 are exempt from 7.16.

7.16.2 | Thermal devices used to limit temperature
7.16.2.1 General

Thermgl devices, including temperature sensors, may be used to limity'temperature |for the
purposes of intrinsic safety providing that they comply with 7.16.2.2 or 7.16.2.3 or 7.16.2.4 and
the follpwing:

a) thaf they are rated in accordance with the requirements of 74;

b) thefe shall be sufficient thermal coupling between the thermal device and the prptected
par{s which shall be verified according to 9.3; and

c) the|external connections of thermal devices shall/comply with 6.5.1 but separation
reqliirements shall not be applied to the interior of the thermal device.

7.16.2.2 Temperature sensors
Tempefature sensors shall comply with the fellowing:

a) they shall be used within a control circuit (for example used in conjunction with coptrolled
senpiconductor limitation); and

b) they shall be considered as capable of failing according to Table 19.

Table 19 — Rating and failure modes of temperature sensors

Safety factor applied to .
Leyel of the rating Failure mode
Profection
U 12 p? Open circuit Short circuit 0<R; <
"ia" @nd "ib" 1,0 1,5 1,5 Countable fault Countable fault Countable fault
1,5°
ic? 1,0 1,0 . Not applied Not applied Not appllied
1,0

2@  Where specified.
b Referto 7.1.

¢ Most onerous resistance, or equivalent (for example, thermocouple voltage), at the required maximum
temperature.

7.16.2.3 Switching thermal devices

Non-resettable thermal fuses, and resettable thermal switches or thermal trips, shall be
considered as capable of failing according to Table 20.
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Table 20 — Rating and failure modes of switching thermal devices

Level of Safety factor applied to the rating Failure mode
Protection u | P Failure to open 2@ 0<R<w
"ia" and "ib" 1,0 1,0 N/A Countable fault ® ¢ Not applied
"ic" 1,0 1,0 N/A Not applied Not applied

a8 At the maximum opening temperature

b Ad

¢ Except where a single device is permitted by 7.8.4.1 or 7.10.2 where failure to open need not be considered.

evice complying with IEC 60691 is not considered to fail to open.

7.16.2.4 PTC devices used to limit temperature
PTC devices, including PPTC devices, may be used to limit temperature without the|use of
additiopal control circuits provided that:
a) they satisfy the tests in 9.12;
b) the|temperature margins required by IEC 60079-0 maximum- surface temperature tests
apply;
c) accpunt is made of the impact of switching speed on the components being protectgd; and
d) they are considered as capable of failing according to<Fable 21.
Table 21 — Rating and failure modes of PTC devices used to limit temperatune
Levb! of Safety fact:);tia\npgplied to the Failure mode
Protdction
U 1 P Open circuit Short circuit 0<R4qw
"ia" apd "ib" 1,5 N/A N/A Countable fault Countable fault Countablg fault
"ic" 1,0 N/A N/A Not applied Not applied Not applied
7.16.3 | PPTC devices used to)limit current
PPTC dlevices rated in accordance with the requirements of 7.1, may use self-heating|to limit

curren

t|for the purposes-of thermal ignition compliance, power rating of components, and the
determ|nation of P, provided they comply with all the following:

a) Thgrmal assessment takes into account the maximum power available to the devi¢e, and
shal]l not besbased on the trip temperature;

b) Thd external connections of PPTC devices comply with 6.5.1 but separation requirements
shallhot be applied to the interior; and

c) They are considered capable of failing according to Table 22.

Table 22 — Rating and failure modes of PPTC devices used to limit current
Level of Safety factor applied to the rating Failure mode

Protection U Igip ? Iyax® Open circuit Short circuit 0<R<w

"ia" and "ib" 1,5 1,0 1,5 Countable fault Countable fault Countable fault
"ic" 1,0 1,0 1,0 Not applied Not applied Not applied

28 The maximum current at which the device will trip into a high impedance mode whilst at the minimum ambient
temperature.

The maximum current the device can withstand without damage. This shall be compared to the maximum
transient current available under the conditions specified in 5.2 with all related PPTC devices short circuited.
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7.17 Mechanical switches

Mechanical switches, forming part of the apparatus, operated within their manufacturer's
specification under the conditions specified in 5.2 need only be considered as open or closed.

8 Supplementary requirements for specific apparatus

8.1 Diode safety barriers

8.1.1 General

The di > circuit

and a following resistor limits the current which can flow into the circuit. The diodes-ghall be

protected by a fuse or resistor(s). These assemblies are intended for use as interfaces between

intrinsig¢ally safe circuits and non-intrinsically safe circuits and shall be subject‘tothe Jroutine

tests of 10.1.

The abjlity of the diode safety barrier to withstand transients shall be-tested in accqrdance

with 9.16.

Diode pafety barriers containing only two diodes or diode chains and used for Lpvel of

Protectjon "ia" shall be acceptable as infallible assemblies intaccordance with 7.7.6, pfovided

the diofles have been subjected to the routine tests specified.in 10.2.2. In this case, thq failure

of only |one diode shall be taken into account in the applieation of 5.2.

For Level of Protection "ic", diode safety barriers shall have as a minimum a single digde and

a current limiting resistor operated in accordance with 7.1.

8.1.2 Construction

8.1.2.1 Mounting

The canstruction shall be such that, when groups of barriers are mounted together, any

incorregct mounting is obvious, forexample by being asymmetrical in shape or colour in felation

to the mounting.

8.1.2.2 Facilities for connection to earth

In addifion to any cifeuit connection facility which may be at earth potential, the barrier ghall be

fitted wjith at least)one of the following for connection to earth:

— a connection facility according to 6.3.2,

— two| separate insulated wires each rated to carry the maximum current whigch can
conkinteusly-flow—each-with-a-minimum-cross-sesction-of1-5-mml copper

— an insulated wire with a minimum cross-section of 4 mm?2 copper.

8.1.2.3 Protection of components

The assembly shall be protected against access in order to prevent repair or replacement of
any components on which intrinsic safety depends, either by encapsulation in accordance with
6.6 or by an enclosure which forms a non-recoverable unit. The entire assembly shall form a
single entity.

8.2

FISCO apparatus

Apparatus that is to be used within a FISCO system shall comply with Annex E, and shall be
marked according to 11.1.3.
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9 Type verifications and type tests

9.1 Spark ignition test
9.1.1 General

The spark ignition test shall use a representative circuit that is at least as incendive as the most
onerous circuit under consideration. Where it is impractical to use components on the limit of
their manufacturing tolerance (for example Zener diodes), the most onerous component from a
sample set of 10 shall be used.

Safety factors shall be taken into account as described in 5.3.4.1 d) or 5.3.4.2 d) as applicable.

No ignition shall occur during the test described in 9.1.2 applied to the representative cjrcuit.

9.1.2 Spark test apparatus and its use

The sphprk test apparatus shall be that described in Annex B except whéke“Annex B indicates
that it may not be suitable. In these circumstances, an alternative test"apparatus of eqyivalent
sensitiyity shall be used and justification for its use shall be included\in the documentatjon.

The sepsitivity of the spark test apparatus shall be checkedcnvaccordance with 9.1.3| before
each tgst series is carried out. For this purpose, the test apparatus shall be operated in a
(24 + 0}24) V DC circuit containing a (95 + 5) mH air-cored(coil. The current in this circyit shall
be set [at the value given in Table 23 or Table 24 assapplicable, using the 'ignition' ¢golumn,
according to the appropriate equipment group and-the safety factor of the test mixtufe. The
sensitiyity shall be considered to be satisfactory.ifyan ignition of the explosive test mixture
occurs |within 440 revolutions of the wire holder wjith the wire holder at positive polarity. When
sensitiyity is not satisfactory, refer to B.3 for guidance.

Each cjrcuit shall be tested for the following number of revolutions of the wire holder in the
spark test apparatus, with no ignition allowed to take place:

a) for PC and capacitive circuits.400 "g° revolutions (5 min), 200 "5° revolutions at each
polarity;

b) for AC circuits, 1 000 o ° revolutions (12,5 min).

Care shall be taken:to ensure that the circuit has sufficient time to reset (at least three-time
constants for capacitive circuits) between each discharge or trip. The normal time for feset of
the cirquit shall'be less than 20 ms using the normal speed of the spark test apparaius and
using 4 wires}

Where this is inadequate for resetting the circuit, then the duration between the opening and
subsequent shorting of the wire and disc shall be increased by removing one or more of the
wires and the number of revolutions shall be increased accordingly. Where sufficient reset time
cannot be obtained by removing all but one wire, then the speed of rotation of the spark test
apparatus may be reduced, but for capacitive circuits to not lower than that needed to achieve
four time constants, while ensuring adequate sensitivity of the spark test apparatus.

After each test in accordance with a) or b), sensitivity of the spark test apparatus shall be
verified. If the sensitivity does not conform to 9.1.3, the ignition test on the circuit under
investigation shall be considered invalid and shall be repeated.

When testing inductors, the effects of service temperature on coil resistance shall be taken into
account to ensure that the worst-case current is flowing through the inductor. Self-heating
effects during the test shall be ignored.
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When there is a doubt that the apparatus is over-sensitive (for example, if a test has resulted
in an ignition which was unexpected), the sensitivity may be checked by applying at least the
'no-ignition' column of Table 23 or Table 24, as applicable. If an ignition occurs within 400
revolutions, then investigation of the source of the over sensitivity shall take place and the
ignition test on the circuit under investigation shall be considered invalid and shall be repeated.

NOTE Bent, frayed, or cadmium coated tungsten wires of the spark test apparatus can change its sensitivity. This
might cause invalid test results.

9.1.3 Test gas mixtures and spark test apparatus calibration current

9.1.3.1 Explosive test mixtures and calibration currents for safety factor 1,0

The erjplosive test mixtures as given in Table 23 shall be used, according to the| stated
equipment group which is being tested.

Talhle 23 — Compositions of explosive test mixtures adequate for 1,0,safety fagtor

Equipment Compositions of explosive Calibration current for Minimum calibration
Group test mixtures ignition current for no ignjtion
Vol. % in air mA mA
| (8,3 £ 0,3) % methane 110 to 111 87
1A (5,25 + 0,25) % propane 100 to 101 79
1B (7,8 £ 0,5) % ethylene 65 to 66 51
IC (21 £ 2) % hydrogen 30 t0/30,5 23

In spedial cases, apparatus which is to be tested and marked for use in a particular|gas or
vapour|shall be tested in the most easily ignited concentration of that gas or vapour in air.

Flammable gasses and vapours of purity-less than 95 % shall not be used.

NOTE The purity of commercially available gases and vapours is normally adequate for these tests. The|effect of
normal viariations in laboratory temperature and air pressure and of the humidity of the air in the explgsive test
mixture ip also likely to be small. Anyssignificant effects of these variations will become apparent during the routine
calibratign of the spark test apparatus.

9.1.3.2 Explosive test mixtures and calibration currents for safety factor 1,5

When ¢onducting_the'test of 9.1.2, the preferred test mixtures are those specified in{9.1.3.1
with a pafety factor applied by an increase of voltage or current as applicable accornding to
5.3.4.2|d) d)1)\Where this is not practical and a more ignitable test mixture is used to achieve
a factor of safety, a safety factor of 1,5 is considered as having been applied for the purpose of
this do¢ufent when the composition is as given in Table 24.

Table 24 — Compositions of explosive test mixtures adequate for 1,5 safety factor

Compositions of explosive test mixtures Minimum

Volume % Calibration calibration

- _ _ current for current for

Oxygen-hydrogen-air mixture Oxygen-hydrogen mixture ignition no ignition

Equipment

Group Hydrogen Air Oxygen Hydrogen Oxygen mA mA
| 52+ 0,5 48 £ 0,5 - 85+ 0,5 15+ 0,5 73 to 74 57
A 48 + 0,5 52+0,5 - 81+0,5 19+0,5 66 to 67 51
1B 38+0,5 62 £ 0,5 - 75+0,5 25+0,5 43 to 44 33
Ic 30+£0,5 53+0,5 17 +£0,5 60 £ 0,5 40+ 0,5 20 to 21 16
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9.2 Spark ignition assessment using reference curves and tables

9.2.1

General

Where the circuit to be assessed for ignition compliance approximates to the simple circuit from which
the curve is derived, Figure A.1 to Figure A.6 or Table A.1 and Table A.2 may be used in the
assessment.

The following procedure shall be applied:

— determine the most onerous circuit configuration considering component tolerances, supply
voltage variations, separation faults and component faults under the conditions specified in

5.2;
— appry the oafuty factors apcbificu' 5725 uaillg themethotds bpubificu' 534 —and
verify thiat the relevant parameters of the resulting circuit are within the limits of the applicable

referen
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ignition.
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9.2.2
9.2.2.1

A simp

resistapce and does not include capacitive or inductive”energy storage components

ignition
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e curves in Figure A.1 to Figure A.6 or values found in Table A.1 and Table A.2:

he figures and Tables in Annex A are based on the probability of ignition rather than'binary ign
t is therefore possible that circuits that comply with Annex A will cause an ignition when tested
t apparatus, and that circuits that pass the spark ignition test of 9.1 do not gcomply with Anng
y of the spark test apparatus varies, and the curves and tables are derived from. a large numbe

Assessment of simple resistive circuit
General

e resistive circuit is shown in Figure 12. It consists 0f a voltage source limited by

assessment of such circuits may be donelusing the values found in Figure
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Figure 12 — Example of a simple resistive circuit
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9.2.2.2

Example simple resistive circuit assessment

A schematic diagram of a simple resistive circuit is shown in Figure 12. Spark ignition
assessment of this circuit is conducted as follows:

a) Determine resistor value — The resistor conforms to 7.4.2 and its value is specified as 300 Q
minimum so no tolerance need be applied.

b) Determine the maximum voltage — Determine the maximum open circuit voltage of the
battery in accordance with 7.12.5. For this example, assume the maximum battery voltage
for spark ignition evaluation is 23,5 V.

c) Determine the maximum short circuit current — The maximum short circuit current is
calculated by dividing the maximum voltage by the minimum resistance: 23,5 V /300 Q =
78,3 mA. Since the circuit is resistive, the requirements of 5.2 and 5.3.4 are applied resulting

in a

short circuit current, including safety factor, of 1,5 x 78,3 mA = 117,5 mA.
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d) Verify spark ignition compliance — From Table A.1 for Group IIC, the minimum igniting
current for a resistive circuit at 23,5 V is 275 mA. The circuit can therefore be assessed as
intrinsically safe regarding spark ignition.

9.2.3 Assessment of simple capacitive circuits

9.2.3.1 General

A simple capacitive circuit is shown in Figure 13. If the combination of voltage and resistance limits the
short circuit current appropriately to the equipment group and safety factor when assessed in
accordance with 9.2.2, the reference curves in Figure A.2 and Figure A.3 or the values found in

Table A.2 may be applied.

210 kO

—_ ]
530 V== ——=<10F [Xj

Figure 13 — Example of simple capacitive circuit

NOTE Due to the voltage source decoupling provided by an alteady intrinsically safe resistive circuit and fhe large
safety factors involved in generating the ignition data found,in\Figure A.2 and Figure A.3 and Table A.2 it is not
necessaly to consider the influence of resistive limited energy during capacitive ignition assessment under the
conditiorJs stated.

9.2.3.2 Example of simple capacitive circuit assessment

Considgr the circuit of Figure 13 which.is*intended for Group | application. It consists offa 30 V
battery|connected to a 10 pF capaciter through a 10 kQ resistor. For this example, the|values
of 30 V|and 10 pyF are taken as maximum values, and 10 kQ as a minimum value.

Spark ignition assessment of this circuit is conducted as follows:

a) Complete resistive,ignition assessment in accordance with 9.2.2.

b) Determine the miaximum voltage — In this example, the specified maximum battery yoltage
is 3D V. No faults are applied since the 10 kQ resistor is rated to 7.4.2 and either short circuit
or gpen circuit failure of the capacitor results in a simple resistive circuit as addrepsed in
9.2)2. Where a safety factor of 1,5 is required, either use the 1,5 safety factor column from
Table A2 at 30 V, or use Figure A.2 or using the 1,0 safety factor column at 30 V [x 1,5 =
45

c) Determine the maximum capacitance — This example specifies the maximum value of the
capacitance as 10 uyF. If the specified capacitance were the nominal value, the tolerance
would be added.

d) Verify spark ignition compliance — Figure A.2 for Group | shows that at 45 V a maximum
capacitance of 3 pF is allowed. The example circuit contains a maximum capacitance of
10 pF and therefore cannot be assessed as intrinsically safe.

NOTE To modify the circuit so that it can be assessed as being intrinsically safe, there are several possibilities.
The circuit voltage or capacitance values could be reduced, or a resistor complying with 7.4.2 could be inserted in
series with the 10 yF capacitor in accordance with 9.2.3.3, or encapsulation according to 6.6.2 could be used.

9.2.3.3 Permitted reduction of effective capacitance when protected by a series
resistance

When a resistance is used in series with a capacitance to limit the energy that may discharge
from the combination of both (energy between nodes A and B in Figure 14), the assessment of
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the effective capacitance between these two nodes may be simplified by excluding the
resistance and multiplying the capacitance by a reduction factor. The reduction factor is
determined by using Table 25 and where the resistance value exceeds 40 ohms, the following
formula may be used:

where
B is the Reduction Factor;

R is the Resistance.

Alternatively, the circuit may be tested or, for Group I, Figure A.2 may be used to deternmjine the
effectivie capacitance with resistors of the values given in that figure.

The registor shall be in accordance with 7.4.2, and the node X shall be separated from 4ll other
conductive parts according to 6.5.4.2.

A/
R
— Cef = C x reduction factor
X ————
—T € T
B IEC

Figure 14 — Effective capacitance
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Table 25 — Permitted reduction of effective capacitance
when protected by a series resistance

Resistance R Reduction factor
Q B
0 1,00
1 0,97
2 0,94
3 0,91
4 0,87
5 0,85
6 0,83
7 0,80
8 0,79
9 0,77
10 0,74
12 0,70
14 0,66
16 0,63
18 0)61
20 0,57
25 0,54
30 0,49
40 0,41

9.2.4 Assessment of Simple Inductive Circuits
9.241 General

Figure 15 shows an example of a simple inductive circuit. Such simple inductive circujts may
be asse¢ssed for spark ignition by applying Figure A.4, Figure A.5, or Figure A.6 as appropriate.

r—————————=

|
2300 Q l >1100 Q <100 mH |

[I L Y'Y\
L J 1L J

|
|

Inductor

<235V — [X:]

IEC

Figure 15 — Example of simple inductive circuit

9.2.4.2 Example of simple inductive circuit assessment

Consider a circuit for a Group IIC explosive atmosphere requiring a safety factor of 1,5,
consisting of a power supply comprising a 23,5 V battery with a suitably mounted 300 Q current-
limiting resistor feeding into a 1 100 Q, 100 mH inductor as shown in Figure 15. For the purpose
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of this example, the 300 Q and 1 100 Q values are specified as minimum values and 100 mH is
a maximum value.

Spark ignition assessment of this circuit is conducted as follows:

a) Determine the maximum voltage — Determine the maximum value for the battery voltage in
accordance with 7.12.5. For this example, assume the maximum battery voltage for spark
ignition evaluation is 23,5 V.

b) Complete resistive ignition assessment in accordance with 9.2.2. This example circuit is
assessed as intrinsically safe as the maximum short circuit current, including safety factor,

is 1

18 mA and the limiting value found in Table A.1 is 275 mA.

c) Det
vall
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es are specified as minimums, the maximum possible current in the load s_?
D QO + 1100 Q) = 16,8 mA. No faults need to be applied since the 300 Q resistor
.4.2 and short circuit failure of the inductor leads to the circuit considered.in b)
lication of the requirements of 5.2 requires that, for a safety factor of 4,5; the cu
circuit be increased to 1,5 x16,8mA = 25,2 mA.

fy spark ignition compliance — Reference to Figure A.4 for Group)lC shows tha
mH inductor, the minimum igniting current for a source of 24A/is 28,3 mA. The

igure A.4, Figure A.5 and Figure A.6 have been derived using air-cored‘inductors. Normally these |
or non-air-cored inductors, though it is sometimes necessary to use‘the spark test of 9.1 instead.

Determination of L /R, for resistance limited power source

ar circuits the maximum external inductance,to resistance ratio (L,/R,) which
ted to a resistance limited power source may be calculated using the following f

It is not a requirement of this document to specify L /R

mula takes account of a 1,5 factor of safety on current and shall not be used wh
m capacitance present at the power source output exceeds 1 % of C,,.

L, 8eRs+4(64¢*R: ~72UzeL)

therefore be assessed as intrinsically safe regarding sparkTignition for Group IIC

100 Q
3,5V/
s rated
above.
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t, for a
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mits can

may be
brmula.

ere the

(0}
R—O= 4,5U(2, H/Q

where
e is the minimum ignition energy in joules, and is for

— [Group,} apparatus: 525 pd

— [Grodp IlIA apparatus: 320 pJ

— Group IIB apparatus: 160 pd

— Group lIC apparatus: 40 pd

is the minimum output resistance of the power source, in ohms;

U, is the maximum open circuit voltage, in volts;

Ly is the maximum inductance present at the power source terminals, in Henrys.
IfLg=0
then L_o: 32eR; H/Q

R, 99U}
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Where a safety factor of 1,0 is required, this value for L /R, shall be multiplied by 2,25.

NOTE 2 The normal application of the L /R ratio is for distributed parameters, for example cables. Its use for
lumped values for inductance and resistance requires special consideration.

Alternatively, L,/R, may be determined experimentally for non-linear power sources by testing
the circuit with several discrete values of L, and R, using the spark test apparatus and the spark
tests in 9.1. The values of R, used should range from practically a short circuit (maximum /,) to
practically open circuit (I, nearly zero) and a trend established that ensures that the L /R, will
not result in failing the spark test.

9.2.6 Circuits with both inductance and capacitance

For cirdquits containing both inductance and capacitance where the capacitive stored_enefgy can
reinforge the power source feeding an inductor or vice versa, the circuit shall be.'assessed for
complignce using one of the following methods:

a) tesfed in accordance 9.1 or Annex F with the combination of capacitance and inducfance;

b) asspssment that the combination of capacitance and inductance;-maintains the required
safgty factor when connected to the power supply;
EXAMPLE Where a capacitor shunts energy from an inductor under all the conditions specified in 5.2}

c) using Annex G; or

d) whgre linear (resistive current limiting) circuits are\being considered, 1) or 2) fay be
applied:

1) the values of inductance and capacitance determined according to 9.2.3 and 9.2.4 are
bllowed when:
- all inductance and capacitance arg distributed, for example as in a cable; or

- the total inductance of the circuit (excluding the cable) is < 1 % of the allowefd value
of inductance; or

- the total capacitance of the circuit (excluding the cable) is < 1 % of the allowed value
of capacitance;

2) Wwhere both the total indUctance and capacitance of the circuit (excluding the cable) is
greater than or equal to 1 % of the allowed values of inductance and capagitance
Hetermined accotding to 9.2.3 and 9.2.4, the allowed values shall be halved.

The reducedtcapacitance of the circuit (including cable) shall not be greater than 1 pF
for Groupsil“A, 1IB and lll, and 600 nF for Group IIC.

The values of-alfowed inductance and capacitance determined by these methods shall| not be
exceeded, by the sum of all the lumped and distributed inductances and the sum of all Jumped
and di5|tributed capacitances in the circuit, respectively.

As an alternative to assessment using the allowed value of inductance, the inductance to
resistance ratio may be used.

Where the application of the above leads to reduced values of L, and C, for use with lumped

inductance and capacitance, this shall be indicated in the manufacturer's instructions or
certificate so that both lumped inductance and capacitance may be connected without further
reduction.

9.3 Temperature tests

Except for cells, batteries and supercapacitors tested according to 9.14, for Levels of Protection
"ia" and "ib" where the thermal characteristic of the component is non-linear, tests shall be
carried out at the maximum ambient temperature or, where sufficient information is known about
the thermal characteristic of the component, extrapolated from the test temperature.
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Temperatures shall be measured by any convenient means. The measuring element shall not
substantially lower the measured temperature.

An acceptable method of determining the rise in temperature of a winding is as follows:

— measure the winding resistance with the winding at a recorded ambient temperature;

— apply the test current or currents and measure the maximum resistance of the winding, and
record the ambient temperature at the time of measurement; and

— calculate the rise in temperature from the following equation:

where
AT is th
ris th
R s th
ty is th
ty s th

k is th
vall

9.4 Mechanical tests
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e temperature rise, in kelvins;
e resistance of the winding at the ambient temperature 7, in ohms;

e maximum resistance of the winding under the test current gonditions, in ohms};

e ambient temperature, in degrees Celsius, when r is measured;
e ambient temperature, in degrees Celsius, when R is‘measured; and

e inverse of the temperature coefficient of resistanee of the winding at 0 °C and
e of 234,5 K for copper.

Casting compound

el of Protection "ia" and "ib", a forge*of at least 30 N shall be applied perpendi
osed surface of casting compound 'with a (6 £ 0,2) mm diameter flat ended metal
10 s. No damage to or permanent deformation of the encapsulation or movement
mm shall occur.

Levels of Protection, where a free surface of casting compound occurs and for
nclosure required far intrinsic safety, the resistance to impact tests shall be car
surface of the casting compound in accordance with IEC 60079-0 using the drog
closures and ekternal accessible parts of enclosures (other than light-transmittin
psts for resistance to impact table of IEC 60079-0.

requirement for the resistance to impact test does not imply the inclusion of other require
9-0, such as thermal endurance to heat or cold.
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9.4.2

Acceptability of encapsulated or coated fuses

Where fuses are required to be encapsulated or coated, and the material could enter the interior
of the fuse and affect safety, the following test shall be performed on five samples of each fuse
before encapsulation or coating is applied.

With the test samples at an initial temperature of (23 + 5) °C, they shall be immersed suddenly
in water at a temperature of (50 £ 2) °C to a depth of not less than 25 mm for at least 1 min.
The devices are considered to be satisfactory if no bubbles emerge from the sample during this

test.

Alternatively, a test can be applied where five samples of the fuse, encapsulated or coated as
defined in the documentation, are examined after application of the encapsulation or coating to

ensure

that the material has not entered the interior.
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9.4.3 Partitions

For Levels of Protection "ia" and "ib", partitions in their place of installation shall withstand a
minimum force of 30 N applied by a (6 £ 0,2) mm diameter solid test rod. The force shall be
applied to the approximate centre of the partition for at least 10 s. There shall be no deformation
of the partition that would make it unsuitable for its purpose.

No test is required for partitions in Level of Protection "ic".

9.4.4 Cable pull test

The cable pull test shall be carried out by the application of a tensile force of minimum value
30 N op the cable in the direction of the cable entrance into the apparatus. The test duration
shall bg at least 1 h.

Although the cable sheath may be displaced, no visible displacement of the cable termipations
shall bg observed.

This te$t shall not be applied to individual conductors which are permanently connected|and do
not form part of a cable.

9.5 Current carrying capacity of infallible printed circuit board connections

For LeYels of Protection "ia" and "ib", the current carrying<capacity of the connection ghall be
tested for at least 1 h at the maximum service temperature with a current of 1,5 times the
maximym continuous current which can flow in the connection under the conditions spe?ified in
5.2. The application of this test current shall not cause the connection to fail to open c
to be s¢parated from its substrate at any point.

rcuit or

9.6 Dielectric strength tests
Where ja dielectric strength test is requiréd, it shall be conducted either:

a) in accordance with the relevantiindustrial standard; or

b) with an alternating voltage jof substantially sinusoidal waveform at a power freguency
betyveen 48 Hz and 62 Hz;.or

c) witl a DC voltage having no more than 3 % peak-to-peak ripple at a level 1,4 times the
spegified AC voltage.

For b) pnd c¢) the uoltage shall be increased steadily to the specified value in a period of not
less than 10 s_and then maintained for at least 60 s. The applied voltage shall remain cpnstant
during the testand the current flowing during the test shall not exceed 5 mAgy g at any jtime.

9.7

application of reduced separations

9.7.1 General

These type tests qualify solid insulation and distance through casting compound for reduced
separation distances.

This type test consists of the following parts:

a) preconditioning according to 9.7.2;
b) AC power frequency voltage test according to 9.7.3; and
c) partial discharge test according to 9.7.4.

During the tests, the samples are unpowered.
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9.7.2 Preconditioning
9.7.21 Dry heat preconditioning

Six samples shall be conditioned in an air oven for at least 48 h at a temperature of between
10 K and 15 K above the maximum service temperature, but at not less than 80 °C.

NOTE This procedure is in accordance with test in IEC 60068-2-2.
9.7.2.2 Dry heat cycle preconditioning

This procedure is only required if the partial discharge test is applicable.

After dry heat preconditioning of 9.7.2.1, the same six samples shall be subjet¢ted to
temperpture cycling as follows:

Minimum temperature: the minimum service temperature reduced by between'5 K anpd 10 K
Maximym temperature:  as specified in 9.7.2.1 for dry heat preconditioning

Duration of cycle: 24 h with at least 10 h at each temperature
Rate off change: within 2 h
Numbef of cycles: 3

NOTE This procedure is in accordance with test in IEC 60068-2-2.
9.7.2.3 Rapid change of temperature preconditioning

This prpcedure is only required if the partial discharge test is applicable.

After dfy heat cycle of 9.7.2.2, the same six<xsamples shall be subjected to rapid change of
temperpture as follows:

Minimum temperature: the minimum ‘service temperature reduced by between 5 Kand 10 K
Maximym temperature:  as specified in 9.7.2.1 for the dry heat preconditioning

Duration of cycle: 60 minx(30 + 2) min at each temperature
Rate off change: within 30 s
Numbef of cycles: 50

NOTE This procedure is_in-accordance with test Na in IEC 60068-2-14.
9.7.2.4 Humidity preconditioning

The si¥ samples from test before shall be subjected to the following humidity precondjtioning
before fh€/AC power frequency voltage test of 9.7.3.

The humidity test is carried out in a chamber containing air with a humidity of (93 £ 3) % RH.
The temperature of the air in the chamber is maintained at (40 = 2) °C.

Before applying humidity, the sample is brought to a temperature of (42 £ 2) °C, maintaining it
at this temperature for at least 4 h before the humidity conditioning. The air in the chamber is
stirred and the chamber is designed so that condensation will not precipitate on the sample.

The sample remains exposed to humidity for at least 96 h.

NOTE This procedure is in accordance with test Cab in IEC 60068-2-78.
9.7.3 AC power frequency voltage test

The AC power frequency voltage test is performed and completed within 1 h of the end of
humidity conditioning as specified in 9.7.2.4.
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The test shall be performed at a frequency between 48 Hz and 62 Hz. Testing with a DC voltage

is not p

ermitted for this test.

The waveform of the test voltage shall be substantially sinusoidal. This requirement is fulfilled
if the ratio of the peak value to the RMS value is 2 + 3 %. The test voltage is specified in
Table 8 column 7.

The supply shall have sufficient volt-ampere capacity to maintain the test voltage, taking into
account any leakage current which may occur. The applied voltage shall remain constant during
the test. The current flowing during the test shall not exceed 100 mAg),g at any time.

The vo
maintai

No bregakdown shall occur during the test.

9.7.4
The fol

in 9.7.3.

The wa
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shall b¢ applied.

The voltage shall bewaised uniformly from 0 V up to the initial test voltage 1,25 times U;.

then be

tage shall be increased steadily from 0 V fo the specified value within 5 s_and then

ned for at least 60 s.

Partial discharge test

owing test shall be carried out following the AC power frequency voltage test sy

veform of the sinusoidal power frequency test voltage shall be substantially sint
nuirement is fulfilled if the ratio of the peak value tddhe RMS value is 2 *+ 3 %.

t shall be performed at a frequency between48 Hz and 62 Hz.
bk value of U, is the specified value PDVin Table 8.

here Table 8 does not specify a PDV value, the Partial discharge test is not required accordin
t.

discharge test methods shall-be those described in IEC 60664-1.

ng to the partial discharge hysteresis an initial value of 1,25 times the test vol

test vo

shall bg¢ decreased to the test voltage U, which shall be kept constant for a specified tin
15 s until'the partial discharge magnitude is measured. (See Figure 16)

kept constant for a specified time ¢z, of 5 s. If no partial discharges have occurf
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Figure 16 — Test voltages
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[ype tests for PCB coatings

s used to achieve type 1 or type 2 protection shall be subjected to the type
d in test sequence 1 of IEC 60664-3-Annex A Table A.1.

sts shall be carried out applying the following:

minimum service temperature shall be reduced by at least 5 K as minimum temp
cold conditioning and for_rapid change of temperature;

type 1 protection,.the test voltage for the impulse voltage test shall be the AC
e specified in calumn 7 of Table 8 or column 6 of Table 9, as applicable, multiy
A partial discharge test is not required for type 1 protection; and

U; for_the partial discharge test (see 9.7.4) shall be those specified in colun

le 8 orcolumn 6 of Table 9, as applicable. A partial discharge test is only requireq
DV is-specified in these tables.
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erature
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type 2 protection, the test voltage for the AC power frequency voltage test (se¢ 9.7.3)

hn 7 of
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9.9 Differential Leakage current tests for signal isolators

Three samples of a signal isolator that has power and ground terminals on the signal output
side shall be subjected to a differential leakage test. The signal input side of the signal isolator
shall be operated at the nominal operating voltage for the application. Input signals of logic
high, logic low and toggling at the maximum data rate of the application or higher, and at 50 %
duty factor shall be applied to all inputs on the powered side of the signal isolator. The voltage
generated on the output side for each test condition shall remain less than 0,5 V into a 10 kQ
1 % load installed between the component power and ground terminals as shown in Figure 17.
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Figure 17 — Recommended bias circuit for Differential Leakage measurement

NOTE 1T
not have

9.10 Isolator tests

9.10.1

For Le\
used td

The sa

9.10.2
9.10.2.

The mg
using 5

shall then be subjected to thermal conditioning and dielectric strength tests.

9.10.2.

The transmitter side of the isolator shall be operated with the rated load values (for e

The req
emitter

he values for output side resistive load and voltage threshold are chosen for ease of measuremer
other significance.

samples each for the receiver side t&st and for the transmitter side test. All 10 s

P Overload test at the receiver side

eiver side shall be operated with a specific power (for example, between colleg

After t
equilib

ermal>equilibrium has been reached, the power shall be increased. After
ium has been reached again, the power shall be increased further in steps, until

t and do

General
els of Protection "ia" and "ib", the following tests shall be perférmed for optical igolators
provide isolation between intrinsically safe circuits and non-intrinsically safe cirguits.
mples shall successfully comply with both the tests specified in 9.10.2 and 9.10.8.
Thermal conditioning and dielectric test
I General
ximum temperature for thermal conditioning shall be determined by the overlogd tests

amples

ample,

tor and

, which shall\not damage the components. This value shall be determined either by
preliminary testsor-taken from the data sheet.

hermal
hermal

equilibr

Hea—anal PSR H | Hhaor:
anrT, armru ouU UTT, Uliuar ©IunrreT .

a) the receiver semiconductor is damaged. This will terminate or drastically reduce the power
dissipation; or

b) the power at the receiver semiconductor reaches the point to which it is limited by protective
components or assemblies that form part of the circuit.

The maximum surface temperature of the receiver side shall be recorded for each sample
together with the ambient temperature.

9.10.2.

3 Overload test at the transmitter side

The receiver side of the isolator shall be connected to a source voltage U with a series resistor
R where:
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Where
P

max

1

max

The tra

maximum permitted power in the receiver

maximum permitted current in the receiver

compoments. This value shall either be determined by preliminary tests or taken ftom' t

sheet.

equilib

ium has been reached again, the power shall be increased furtherin steps, until

After t:rlvermal equilibrium has been reached, the power shall be increased. After
i

equilib
a) the

ium, and so on, until either:

power dissipation; or

b) the

power at the transmitter semiconductor reaches/the’ point to which it is lim

prolective components or assemblies that form part of\the circuit.

The m

gximum surface temperature of the transmitter.side shall be recorded for each

togethdr with the ambient temperature.

9.10.2.4 Thermal conditioning and dielectric strength test

+0,2

All samples used in 9.10.2.2 and 9.10.2.3 shall be placed in an oven for 6 o h

maxim
10Kb

uyt at most 15 K.

After thle isolators have cooled down to (23 + 5) °C they shall be subjected to dielectric
test with a voltage of 1 5007V (AC 48 Hz to 62 Hz) applied between intrinsically safe a

intrinsi
for (65

During

+0,15
ally safe terminals and within 10 s increased to 3 o kV. This voltage shall be
+ 5) s.

nsmitter side shall be operated with a specific power, which shall not damgge the

he data

hermal
hermal

transmitter semiconductor is damaged. This will termimate’ or drastically redice the

ited by

sample

at the

dm surface temperature recorded from 9.10.2.2 or 9.10.2.3 and increased by at least

trength
d non-

applied

thiss/test, there shall be no breakdown of the insulation between the receiver @and the

transmltter, and the leakage current shall not exceed 5 mAgys.

9.10.3

Dielectric and short circuit test

9.10.3.1 General

Three

new samples, not used in the tests of 9.10.2, shall be used for this test.

Optical isolators shall be subjected to a pre-test dielectric strength test (9.10.3.2), followed by
a short circuit current test (9.10.3.3) followed by a dielectric strength test (9.10.3.4).

9.10.3.2 Pre-test dielectric

Prior to the short circuit current tests, the samples shall be capable of withstanding without

+0,2
breakdown a dielectric strength test in accordance with 9.6 b) of 4 o kVg\g applied between
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the intrinsically safe side and the non-intrinsically safe side. The leakage current measured in
9.6 b), shall not exceed 1 mAgy, s during the dielectric strength test.

9.10.3.3 Short circuit current test

All samples shall be subjected to a short circuit current test. The open circuit voltage of the test
circuit shall be the maximum voltage available to the optical isolator under the conditions
specified in 5.2 (for example, the peak of U,,)). The available instantaneous short circuit current

capacity of the test circuit shall be at least 200 A. The test circuit shall be connected to the
optical isolator so that the test current flows through the non-intrinsically safe side of the optical
isolator. Protective components or assemblies that form part of the circuit are permitted to
remain connected for the test. The optical isolators shall not burst or catch fire throughout the
short circuit current tests.

9.10.3.4 Dielectric strength test

Each spmple shall withstand without breakdown a dielectric strength test-in accordange with
9.6b)df2 U+ 1000 Vgysor1500Vgys, Whichever is greater, applied between the intripsically

safe sidle and the non-intrinsically safe side. The leakage current measured in 9.6 b) shall not
exceed| 1 mAgyg during the dielectric strength test.

9.11 Tests for intrinsically safe apparatus containing piezoelectric devices
The following shall be measured on one sample:

— thejcapacitance of the device; and

— the|voltage appearing across the device when“any part of the intrinsically safe apparatus
which is accessible in service is impact tested in accordance with the "high" column of the
table for tests for resistance to impact in\fEC 60079-0. This test shall be carried out at
(20| 10) °C using the test apparatus in"l[EC 60079-0. For the value of voltage, the higher
figure of two tests shall be used. The tests should be completed on the same gample;
however, it might suffer damage daring the test and a second sample may be required.

When the intrinsically safe apparatus containing the piezoelectric device includes a guard to
preven{ a direct physical impact, the impact test shall be carried out on the guard with both the
guard gnd the intrinsically safe apparatus mounted as intended by the manufacturer.

The maximum energy stored by the capacitance of the device at the maximum mgasured
voltagel shall not exéeed the following:

— for Group | @pparatus: 1500 pJ
— for Group WA apparatus: 950 pJ
— for Group IIB and Group Il apparatus: 250 pd

— for Group IIC apparatus: 50 pd

Where the electrical output of the piezoelectric device is limited by protective components or
guards, these components or guards shall not be damaged by the impact in such a way as to
allow intrinsic safety to be invalidated.

Where it is necessary to protect the intrinsically safe apparatus from external physical impact
in order to prevent the impact energy exceeding the specified values, the certificate number
shall include the "X" suffix in accordance with the marking requirements of IEC 60079-0 and
the Specific Conditions of Use listed on the certificate shall detail the installation requirements.

9.12 Tests for PTC devices

At least 10 samples for Level of Protection "ia" and "ib, and at least one sample for Level of
Protection "ic" shall be tested for their ability to control the components and apparatus being
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protected, with the surface temperature of the PTC being taken into account. The thermal
coupling shall be taken to be the worst-case identified from the testing of these samples.

9.13 Determination of parameters of loosely specified components

Ten unused samples of the component shall be obtained from any source or sources of supply
and their relevant parameters shall be measured. Except when determining thermal
characteristics, tests shall normally be carried out at, or referred to, the most onerous service
temperature, but where necessary, temperature-sensitive components shall be tested at lower
temperatures to obtain their most onerous conditions.

The most onerous value for the parameter, obtained on any of the 10 samples shall be taken
as representative of the component and the parameters shall be documented as reguired by
IEC 609079-0.

9.14 Tests for cells, batteries and supercapacitors
9.14.1 | Conditions for testing
9.141.1 General

Secondary cells or batteries, or supercapacitors, shall be fully charged and then discharged at
least twice before any tests are carried out. On the second discharge, or the subsequént one
as necessary, the capacity of the cell, battery or supercapacitor shall be confirmed a$ being
within its manufacturer's specification to ensure that tests. are carried out on a fully gharged
sample| which is within its manufacturer's specification(

The primary cells for the following tests shall be new and previously unused.

Except|where otherwise permitted by 9.143.3 b), when a short circuit is required for test
purposes the resistance of the short circdit link, excluding connections to it, either shall not
exceed|3 mQ or have a voltage drop across it not exceeding 200 mV or 15 % of the cell yoltage.
The shprt circuit shall be applied as<glose to the cell, battery or supercapacitor termipals as
practicable.

The cufrent and voltage shall be continuous during the discharge. There shall be no pudden
drop of|current or voltage«ta'zero.

NOTE VYoltage and current-are expected to decrease following a natural curve for a cell or supercapacitof with no
discontinfuities.

The shprt circuit _tests for electrolyte leakage in 9.14.2 and surface temperature in 9.14(3 shall
be carrled outwith all current-limiting devices, internal or external to the cell container or|battery
case r¢gmoved, bypassed or otherwise deactivated. Samples having internal current-{limiting
deviced removed, bypassed or otherwise deactivated should be obtained from the cellibattery
manufacturer together with any special instructions or precautions necessary for safe use and
testing of the samples. Features of a cell or supercapacitor that provide essential functions,
such as a separator with shutdown function or the ohmic resistance of electrolyte, are not
considered current limiting devices in the sense of this clause and need not be removed,
bypassed or deactivated and such cells or supercapacitors can be considered for Level of
Protection "ia" or "ib".

Where a short circuit test results in explosion or fire of the cell or battery, it shall not be used
for Levels of Protection "ia" or "ib".

9.14.1.2 Tests without dust layers

For EPLs Ma, Mb, Ga, Gb and Db where no dust layer is specified, the tests found in 9.14.2
and 9.14.3.3 shall be conducted as follows;
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a) on 3 test samples at the higher of the minimum service temperature or -20 °C, with a
tolerance of + 2 °C;

b) on 3 test samples at the maximum service temperature + 2 °C; and
c) on 3 test samples at (23 = 5) °C.

9.14.1.3 Tests with dust layers

For EPL Db where the cell or supercapacitor might become in direct contact with dust and for
EPL Da, 9.14.3.3 shall be carried out with the applicable dust layer depth specified in
IEC 60079-0, either:

1) 3 test samples at the maximum service temperature +2 °C and 3 test samples at
(23|x 5) °C; or

2) whgre there is no possibility of thermal runaway occurring, 3 test samples at (23, # 5| °C. In
this| case the maximum temperature rise achieved in air is added to .the maximum
tempperature reached under dust. For testing cells or supercapacitors in air, 9.14.2 and
9.14.3.3 shall be conducted as follows:

i) pn 3 test samples at the higher of the minimum service temperature or -20 °C| with a
olerance of + 2 °C; and

ii) pn 3 test samples at the maximum service temperature £ 2.°C; and
iii) pn 3 test samples at (23 £ 5) °C.

For EPL Da or EPL Db the tests in 9.14.2 and 9.14.3.3 shall be conducted under the applicable
dust layer either inside or outside the apparatus enclosure.

9.14.1.4 Additional tests

Followihg the tests in 9.14.1.2 and 9.14.1.3,xa further 7 test samples shall be testeq at the
temperature from a), b) or ¢) above which.results in the maximum temperature of the| cell or
supercapacitor surface.

9.14.2 | Electrolyte leakage test.for-cells, batteries and supercapacitors

Secondary lithium ion cells thatare tested using the alternative short circuit link resfstance
value in 9.14.3.3 b) are assumed to leak electrolyte and the requirements of 7.12.3 shall apply,
otherwise the test samplesispecified in 9.14.1 shall be subjected to the most oneroug of the
followirlg:

a) for Levels of Pretection "ia" and "ib", short circuit until discharged. For Level of Pragtection
"ic"] this testis'not required but is nonetheless sufficient to establish compliance with 9.14.2
for the cell battery or supercapacitor;

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

c) chatging a battery within the manufacturer's recommendations with one cell fully disdharged

or suffering from polarity reversal.

The conditions above shall include any reverse charging due to conditions arising from the
application of 5.2. They shall not include the use of an external charging circuit which exceeds
the charging rates recommended by the manufacturer of the cell, battery or supercapacitor.

The test samples shall be placed with any case discontinuities, for example seals, facing
downward or in the orientation specified by the manufacturer of the device, over a piece of
blotting paper for a period of at least 12 h after the application of the above tests. There shall
be no visible sign of electrolyte on the blotting paper or on the external surfaces of the test
samples.

Where encapsulation has been applied to achieve conformance to 7.12.2, examination of the
compound at the end of the test shall show no damage which would invalidate intrinsic safety.
Alternatively, the compatibility of electrolyte with the encapsulation may be tested by applying
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the electrolyte directly to a sample of encapsulant. The sample thickness shall be representative
of the application. After at least 12 hours, there shall be no observable damage to the
encapsulant which would invalidate conformance with 7.12.2.

For EPL Da and Db where the cell might come into direct contact with dust the electrolyte
leakage test may be conducted without a layer of dust, but at the maximum temperature
obtained in 9.14.1.

NOTE The cell manufacturer may need be approached to determine the suitably of the cells for this test.

9.14.3 Spark ignition and surface temperature of cells, batteries or supercapacitors

9.14.3.— Generat

For the|purposes of 9.14.3, the term cell shall also refer to supercapacitors.

NOTE 1 | Some cell types, for example nickel cadmium, can exhibit a maximum short circuit current at temperatures
lower thgn normal ambient.

NOTE 2 | Some cells, batteries or supercapacitors can catch fire or explode during the-short circuit test.

Cells apd batteries shall be tested or assessed in accordance with/9,14.3.2 and 9.14.3.3 taking
into ac¢ount the requirements of 9.14.1.

9.14.3.2 Spark ignition assessment

Spark ignition assessment or testing shall be carried out’at the cell or battery external terminals,
except [where a current-limiting device is included and the circuit between this device and the
cell or battery:

— maintains infallible separation, including between conductive parts of different polarjties on
the [cell enclosure itself; or

— is epcapsulated according to 6.6,

in which case the test or assessment may then include the current-limiting device.

Where |the apparatus contains~one or more cells that shall not be changed in the explosive
atmosphere, the spark ignitien discharge at the terminals of a single cell does not require to be
tested, |provided that the(single cell delivers a peak open circuit voltage of less than 4,5 V|except
for supercapacitors andlithium-ion cells and batteries with a high short circuit curren{ where
spark ignition risk should be considered.

NOTE 1| The allowance for excluding single cells with peak open circuit voltage less than 4,5 V from spark ignition
testing i basedon the presence of negligible inductance between the cell terminals resulting in a purely|resistive
circuit with & yeltage below that needed to cause spark breakdown between electrodes in air. This rationale|does not
apply to spatk ignition testing in any other case covered by this document, as any interconnecting condufptors will
introduce—somefductarce imto-the Titcuit:

NOTE 2 For lithium-ion cells, inductance between the cell terminals cannot be ignored as some cells can provide
extremely high short circuit current and spark ignition from cells with open circuit voltage below 4,5 V has been
experimentally demonstrated. Work on more specific proposals to address this issue is ongoing.

NOTE 3 One method of achieving the necessary safety factors for the spark ignition testing of individual cells or
supercapacitors is to use an assembly of cells, either two in series for voltage or two in parallel for current as
appropriate.

9.14.3.3 Thermal ignition assessment

The specified number of cells or batteries shall be short-circuited in accordance with 9.14.1 and the measured
temperature values obtained shall be used in the thermal ignition assessment.

NOTE The 5 K or 10 K temperature margin required by IEC 60079-0 for maximum surface temperature
measurement for Group Il still applies.
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The cells or batteries shall be arranged in a way as to simulate the thermal effects of their
intended position in the complete apparatus. The temperature shall be determined on the
hottest surface of the cell or battery that may be exposed to the explosive atmosphere. In case
of testing single cells, it is sufficient to measure the temperature in the middle of the cell with
respect to its longitudinal axis. If an external sheath is fitted, then the temperature shall be
measured at the interface of the sheath and the metal surface of the cell or battery.

The maximum surface temperature shall be determined as follows:

a) For Levels of Protection "ia" and "ib", if leakage of electrolyte occurs during the maximum
surface temperature test, then the requirements of 7.12.3 should also be considered.

While determining the maximum surface temperature of a battery comprising more than one
celllin series connection, provided that the cells are adequately separated from each other,
only one cell should be shorted at a time.

NOTIE This is based on the extremely low likelihood of more than one cell shorting at the same’ time.
b) For|Level of Protection "ib", if:

— the short circuit test conducted with a short circuit link resistance\according to| 9.14.1
fails due to interruption or sudden drop of the current and voltage; and

— the short circuit link resistance test according to 9.14.1 did (Nat result in explosion or fire
bf the cell or battery; and

— ho samples with internal current-limiting devices removed, bypassed, or otherwise
Heactivated can be obtained

thep secondary lithium-ion cells may be alternatively tested with a short circpit link
resistance of (80 £ 20) mQ according to the short:Circuit test described in IEC 62133-2 under
otherwise identical conditions as described in 9.944.1. This alternative short circuit tejst shall
not [be used to show compliance with 9.14.2,

c) For|Level of Protection "ic", the maximum surface temperature shall be determined by
testing a single sample in normal operating conditions with all protection devices in |place.

9.14.4 | Battery container pressuretests

Five sgmples of the battery container shall be subjected to a pressure test to determine the
pressufe at which venting occlrs. Pressure shall be applied to the inside of the container. The
pressufe is to be gradually increased until venting occurs. The maximum pressure ghall be
recordgd and shall not exceed 30 kPa.

The mgximum recqrded venting pressure shall be applied to a sample of the battery cdntainer
for a pgriod of at(least 60 s. After testing the sample shall be subjected to a visual inspection.
There ghall be ho visible damage or permanent deformation.

Where |se€paration distances within the battery container are based on Table 7, the pressure
test mahbe carried out on a sample that has not been submitted to the thermal endurande tests
of IEC 60079-0. Where separation distances within the battery container are based on Table 8
or Table 9, the pressure test shall be carried out on a sample that has been submitted to the
thermal endurance tests and additionally, if portable apparatus, the drop test of IEC 60079-0.

9.14.5 Battery resistance

The short circuit current shall be determined from tests of 10 samples of the cell or battery.

The minimum internal resistance shall be calculated using the peak open circuit voltage
according to 7.12.5 and the highest measured value of short circuit current.

9.15 Determination of storable energy in common mode chokes

Measurement of the maximum energy that can be stored in a common mode choke shall use
the setup of Figure 18.


https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

IEC 60079-11:2023 © |IEC 2023 - 127 -

LL

Key
is thg

[«

is thg

isar

w =

is a i
shall
C isagd

C shall
effectivi
capacit
than 1

R

CHOKE

s IEC

common mode choke under test, with the windings connected in series
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psistor which, in conjunction with Uy, determines the test current.
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Figure 18 — Inductor-test circuit
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e capacitance of less than 10 % of, the capacitance value of C shall be uss
ance shall be such that, with the switeh closed, the energy stored in the capacito
Vo of the energy stored in the chaoke,

0,5LU;
(R + RCHOKE )2

is the resistance‘\of the choke under test.

E=

U¢ shall be monitored ‘with an oscilloscope.

The tes

voltage]
be ope

t shalhbe performed by closing and then re-opening S and measuring UC, th

achliieyed in the first half cycle of oscillation, as shown in Figure 19. The switch
ned and closed repeatedly; in which case the duty cycle shall ensure that the he

acitance

with an
d. The
is less

e peak

S may
bting of

the co

ol laal + el l
MTTUTTTITOUT CITURT 1S TITYITYTUTC.


https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

The en

The tegt shall be repeated on one sample at different températures over the service temp
range fi

test ne

For Le
temper

9.16

Where
by confrolled semiconductor current limitation, its ability to withstand the transients du
operati
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Figure 19 — Measured oscillation

brgy stored in the common mode choke shall be calculated as:

E =1CUC2
2

br the choke, in order to determine the most onerous case (the highest value of U
bd not be performed above the Curie temperature for the ferrite material.

els of Protection "ia" and "ib", the measurement shall be made at the most g
ature on a further 9 samples of the@ommon mode choke.

A semiconductor compoenent on which intrinsic safety depends is protected by a

ng time of the current.limitation shall be demonstrated as follows.

device,fof.example where the /2 rating of a fuse is less than the /2t rating of a pr

erature

). The

nerous

fuse or
ing the

hting of
of the
btected

device

to withstand the transient. The size of the transient shall be determined as follows:

a) The maximum transient current under the conditions specified in 5.2 shall be determined.

b)

EXAMPLE 1 Examples of maximum current are:

1

2)

3)

The peak of U, U, or the voltage of a battery divided by a series resistance plus the cold resistance of a

fuse.

The transient current from the secondary side of a transformer measured under worst-case conditi
supply circuit.

I, at power input connection facilities.

on of the

The operating time of the current limitation shall be determined by one of the following:

1) From the data of the manufacturer of the current limiting device. For example, if the /2¢
rating of a fuse is used then the operating time is the rating divided by the square of the

current determined in a).
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2)

3)

The ab
the foll

c) By

manufacturer of the component, or;

d) By
1)

2)

3)

From a
demon

For a fuse, the greater of 50 ys or the maximum fuse opening time as specified by the
manufacturer of the fuse at the current as determined in a). Where this time is not
specified, 10 fuses shall be subjected to this current and the maximum fuse opening
time measured.

For semiconductor limitation, the pulse length where the current exceeds the maximum
continuous current which can flow without the limitation being applied, under most
onerous conditions (including component values, voltage, current, timing and
temperature). This time shall either be:

i) calculated from component data (for example using circuit simulation), or

ii) measured on a circuit representative of the worst-case, and with a 1,5 safety factor
added to the measured time.

lity of the protected device to withstand the transient shall be determined by gjther of
bwing:

comparison with the transient rating of the protected component, as\specified| by the

esting as follows;

The primary value(s) of the protected component for carrying‘Qut its protective function
S measured.

FXAMPLE 2 Examples of primary values are:

- the forward voltage for a diode;

- the Zener voltage for a Zener diode;

- the saturation voltage for a thyristor or bipolar junctien transistor;

the on and off resistance for a FET.

Fach protected component is subjected{o at least five rectangular current pulseg of the
maximum transient current derived from™9.16 a) with a pulse length of the time gqual to
fhe operating time determined in-9216 b), applied with approximately 20 ms infervals.
For resettable current limiting cireuits, the number of pulses should be greater than the
Hesigned maximum demand.

The primary value(s) of the protected component is re-measured at the same cufrent as
D.16 d) 1) and the values shall not differ with those taken before the compongnt was
subjected to the pulse currents by more than 5 % (including the uncertainties of the test
bpparatus), nor take the component outside of the component manufagturer's
specification. After testing, the component shall be checked for conformity|to the
component manufacturer's specification for its principal function.

generic range manufactured by a particular manufacturer, a worst-case may be psed to
strate the.acceptability of less onerous cases in the generic range.

EXAMPUE. 3¢ /Testing a 12 V Zener diode for a fuse current is considered to demonstrate the suitability of a 5,2 V

Zener di

derof the same hlllr_\n at the same fuse current

9.17 Transformer tests

9.17.1

General

The requirement for safe electrical isolation is satisfied if the transformer passes the type test
described below and, after the transformer has cooled down to (23 + 5) °C, withstands the
dielectric strength test according to 9.6 with the applicable voltage according to 6.9.

Where
transfo

a series resistor is either incorporated within the transformer, or encapsulated with the
rmer so that there is no bare live part between the transformer and the resistor, or

mounted so as to provide infallible separation in accordance with 6.5.4.2, and if the resistor

remain

s in circuit after the application of 5.2 then the output winding shall not be considered as

subject to short circuit except through the resistor.
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9.17.2 Mains transformers for Level of Protection "ia" and "ib"
9.17.2.1 Mains transformers operated at mains frequency

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

The input voltage is set to the rated voltage of the transformer. The input current shall be
adjusted to between 1,70 I,, and 1,87 I, of the fuse, or to the maximum continuous current which

the cirEuit-breaker will carry without operafing, by Increasing the load on the sedondary
windings. Where the increase of load is limited by reaching a short circuit on allr'segondary
windings, the test shall proceed using the rated input voltage and the maximum-input [current
reachefl under these conditions.

Where ja self-resetting thermal trip is used, the test shall continue for atdeast 12 h, otherwise
the tes{ shall continue for at least 6 h or until a non-resetting thermal trip)yoperates.

9.17.2.2 Mains transformers operated at non-mains frequency

Transfqrmers that are not galvanically isolated from the mainsisupply and which do not pperate
at mains frequency shall be tested in a functional circuit that represents conditions spegified in
5.2 including where practicable, possible variations in frequency range, input voltage rarge and
load.

The ingut current shall be adjusted to its maximum value to between 1,70 I, and 1,87 I}, of the

fuse, dr to the maximum continuous current. which the circuit breaker will carry without
operatihg, by adjusting the input voltage, frequency and load within the ranges that apply to the
DC/DC|converter circuit in which the transférmer is used.

Where ja self-resetting thermal trip_is 'used, the test shall continue for at least 12 h, otherwise
the tes{ shall continue for at least©'h or until a non-resetting thermal trip operates.

9.17.2.8 Acceptance criteria

For type 1 and type 20-transformers, the transformer winding temperature shall not exceed the
permiss$ible value for the class of insulation given in IEC 60085 or the COT of the ingulating
materidls. The winding temperature shall be measured in accordance with 9.3.

For type 20-transformers where insulation from earth of the windings used in the intripsically
safe cifcuit is required, then the requirement shall be as above. However, if insulatign from
earth iq_net required, then the transformer shall be accepted providing that it does not groduce
flames.

9.17.3 Transformers galvanically isolated from the mains supply for Levels of
Protection "ia" and "ib"

The transformer together with its associated devices, for example fuses, circuit breakers,
thermal devices and resistors connected to the winding terminations, shall maintain a safe
electrical isolation when subjected to the load that gives maximum power dissipation in the
transformer without open circuiting the windings, to ensure that the insulation is rated correctly.

Transformers shall be tested in a functional circuit that is able to represent the worst-case
operating conditions, taking into account the requirements of 5.2.

The worst-case conditions include the possible variations in frequency range, input voltage
range and load.


https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

IEC 60079-11:2023 © |IEC 2023 - 131 -

The input current shall be adjusted to its maximum value by adjusting the input voltage,
frequency or load within the ranges that apply to the circuit in which the transformer is used.
For fuse limitation the current shall be up to between 1,70 /,, and 1,87 [, for a circuit breaker

the current shall be the maximum continuous current which the circuit breaker will carry without
operating. Where it is not practicable to operate the transformer under alternating current
conditions, each winding shall be subjected to a direct current of between 1,7 I, and 1,87 I,

considering the current transfer ratios if this increases the current.

Where a self-resetting thermal trip is used, the test shall continue for at least 12 h, otherwise
the test shall continue for at least 6 h or until a non-resetting thermal trip operates.

The ac

9.17.4
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Transformers for Level of Protection "ic"

where insulation from earth is not required for intrinsic safety for type 20 transf
'mers shall be subject to the conditions specified in 5.2.4 and the transformer
bture shall not exceed the permissible value for the class of insulation given in IEQ
COT of the insulating materials. The temperature of the windings shall be dete
ng to 9.3.

10 Routine verifications and tests

10.1 Alternative reduced spacings

Where

the alternative spacings of Table 8 column)5 indicate the requirement for a

dielectric strength test, the test in 9.6 shall becconducted as the routine test at the

require

As rout

condug]
intendd

i by 6.9.

ne tests can only be performed with galvanically separated circuits, representat

brmers,
vinding

60085
rmined

routine
voltage

ve test

tors may be included in the design of the printed circuit board for verification fhat the

d manufacturing procedure. (coating, potting) was successful.

10.2 Routine tests for diode.safety barriers

10.2.1

A routin

barrier

Completed barriers

e test shall be earried out on each completed barrier to check correct operation
component,and the resistance of any fuse. The use of removable links to allow t

shall bg¢ acceptable provided that intrinsic safety is maintained with the links removed.

NOTE F[emovable links are not generally needed for Level of Protection "ic" safety barriers.
10.2.2 =

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

of each
his test

a) subject each diode to a temperature of 150 °C for 2 h; and

b) subject each diode to the pulse current test in accordance with 9.16.

10.3 Routine tests for transformers

10.3.1

Levels of Protection "ia" and "ib"

For routine tests, the voltages applied to transformers shall conform to the values given in
Table 26, where U is the voltage determined according to 6.5.5 a). The test voltage shall be

applied

for a period of at least 60 s.
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Alternatively, the test may be carried out at 1,2 times the test voltage, but with reduced duration
of at least 1 s.

The applied voltage shall remain constant during the test. The current flowing during the test
shall not increase above that which is expected from the design of the circuit and shall not

exceed

5 mARys at any time.

During these tests, there shall be no breakdown of the insulation between windings or between
any winding and the core or the screen.

Table 26 — Routine test voltages for transformers

AC. s test voltage ®
Where applied Mains transformer Non-mains transformpr
Betweef non-intrinsically safe 4 U or 2500V, whichever is the 2 U+ 1000V oryg 500V, whichever
primaryfand secondary windings greater is the greatef
Between all the windings and the 2 Uor 1000V, whichever is the 2 U or 500%V, whichever is the
core or pcreen greater greater
Betweef each winding which 2U+1000Vor 2 Uor 500 V, whichever is tte
supplieg an intrinsically safe circuit 1 500 V, whichever is the greater greater
and any| other winding
Between each intrinsically safe 2 U or 500 V, whichever is the 2 U or 500 V, whichever is tle
circuit winding greater greater
@ DC voltages of 1,4 times the above ACg,, s voltages may be used.
10.3.2 | Level of Protection "ic"
For Leyel of Protection "ic", where therevis a routine dielectric strength test in the relevant
industrial standard for the equipment type, this test is acceptable. Where the relevant influstrial
standafd does not require a routine test, no routine test according to this document is rgquired.
Where ho relevant industrial standard exists, the routine tests specified for Levels of Prqtection
"ia" and "ib" transformers shall be used.
10.4 Routine verification of conformal coating and encapsulation
Apparaftus that usestcanformal coating or encapsulation as part of the intrinsic safety prgtection
shall bg subjected)te'a routine verification.
No damage-shall be evident to the conformal coating or encapsulation, this includes bt is not
limited fo;
— Cracks;

— non-homogeneous covering of the encapsulated or coated parts;

— inadmissible shrinkage;

— swelling;

— decomposition;

— failure of adhesion (separation of any adhered parts) or flaking; and

— soft

ening.

Routine verification may be replaced by batch verification where there is confidence in the
manufacturing process, in which case the following criteria based on ISO 2859-1 shall apply:

— For a production batch up to 100, a sampling of 8 shall be inspected with no failures

— For a production batch from 101 to 1 000, a sampling of 32 shall be inspected with no failure
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— For a production batch from 1 001 up to 10 000, a sampling of 80 shall be inspected with no
failures

— Batches above 10 000 shall be subdivided into smaller batches

If there are any non-compliant inspection results, 100 % of all remaining samples in the batch
shall be inspected. Future batches shall be routinely inspected until confidence is established
to reconsider batch verification.

In cases where destructive testing is used to verify the encapsulation process, verification on
fewer test samples is permitted. If it is not stated in the schedule drawings, this destructive
testing shall take place at least at the beginning and at the end of each production batch.
Representative samples for this verification are permitted.

NOTE UWpon non-compliant inspections, reconsideration of this batch testing approach is at the disctetion of the
party isspiing the involved certificate.

11 Marking

11.1 Intrinsically safe apparatus and associated apparatus
11.1.1 | General

Intrinsi¢ally safe apparatus and associated apparatus shall catry at least the minimum marking
specifigd in IEC 60079-0. The text of the warning markings, when applicable, shall be fderived
from the text of warning marking table of IEC 60079-0.

Where frequired by 6.5.6.1, the marking shall include)the pressure range.

NOTE HKxamples of marking are given in Annex H.
11.1.2 | Intrinsic safety parameters

Where practicable, all parameters relevant for intrinsic safety should be marked. Where{L, and
L,/R, are both marked, the L /R, ratio should be shown as an alternative to the use ofl L, for
example, with an interposing "or!"

o’

NOTE $tandard symbols for,marking and documentation are given in Clause 3 of this document and in IEC 50079-0.

Practicpl considerations may restrict or preclude the use of italic characters or of subpcripts,
and a gimplified presentation may be used, for example "Uo" rather than "U,".

11.1.3 | FISCO

For apparatus complying with the requirements of Annex E, each piece of apparatys shall
additionally be marked with the word "FISCQO" followed by an indication of its function, such as
'power supply’, 'field device' or 'terminator'.

Where apparatus is dual marked so that it can be used in both a FISCO system and a
conventional intrinsically safe system, care shall be taken to differentiate between the FISCO
marking and the marking for the conventional intrinsically safe system.

In the case of FISCO power supplies, output parameters U, I, Cy, Ly, P, and L,/R, and FISCO
field devices or terminators, input and internal parameters U;, I;, C;, L;, P;and L,/R; need not be
marked.


https://iecnorm.com/api/?name=77f58a6fd1cbd88697cfa68ba4c46678

11.1.4

- 134 - IEC 60079-11:2023 © IE

Marking of connection facilities

C 2023

Connection facilities, terminal boxes, plugs and sockets of intrinsically safe apparatus and
associated apparatus shall be clearly marked and shall be clearly identifiable. Where a colour

is used

for this purpose, it shall be light blue for the intrinsically safe connections.

Where parts of an apparatus or different pieces of apparatus are interconnected using plugs
and sockets, these plugs and sockets shall be identified as containing only intrinsically safe

circuits

. Where a colour is used for this purpose, it shall be light blue.

In addition, sufficient and adequate marking shall be provided to ensure correct connection for
the continued intrinsic safety of the whole.

NOTE If may be necessary to include additional labels, for example on or adjacent to plugs and sockets, tg achieve
this. If clprity of intention is maintained, the apparatus label may suffice.
11.1.5 | Non-hazardous area accessory
Where Jrequired by 6.3.5.3, non-hazardous area accessories shall carry.at least the fdllowing
marking:
a) thelname of the manufacturer or their registered trademark;
b) the|manufacturer's type identification; and
c) the[maximum rated input voltage.
The non-hazardous area accessory shall not includevany Ex marking, certificate number or
output parameters U, I, C,, Ly, Py.
NOTE The intent is to make clear it is not associated apparatus.
11.2 Warning markings
Where |any of the following warningCUmarkings are required on the apparatus, the fext as
described in Table 27, followingsthe word "WARNING," may be replaced by technically
equivalent text. Multiple warnings.may be combined into one equivalent warning.
Table 27 — Text of warning markings
Item Reference WARNING Marking
a) 7.12.1 WARNING — USE ONLY YYYYY BATTERIES (where Y is the cell manufacturers name
and the type number of the cell or battery).
b) 7.12.8 WARNING — DO NOT REPLACE BATTERY WHEN AN EXPLOSIVE ATMOSPHERE IS
PRESENT
C) rh2 \WARNING DO NOT CHARGE THE BATTERY INTHE HAZARDOLIS AREA
d) 6.3.5.2 WARNING — DO NOT OPEN WHEN AN EXPLOSIVE ATMOSPHERE IS PRESENT
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12 Instructions

121

General

In addition to the requirements of IEC 60079-0 the instructions shall include the following
information as applicable:

a) intrinsic safety parameters:

1) power sources: output data such as U, I,, P,, C,, L, and the permissible L /R ratio;

2)
b) the
c) the

d) any|special requirements for installation, live maintenance and use;

NOTE A control drawing is a recommended form of consolidating connection”\information and
requjrements for installation and use.

e) any| conditions which are assumed in determining intrinsic safety, for example t
voltage is to be supplied from a protective transformer, galvanically isolated power
or through a diode safety barrier;

f) the
toi

g) the

h) ifs
the

encjosures;
i) permitted non-hazardous area accessories; and
j) For[connection facilities with a specified U,,,, the maximum prospective current allo

the

These

12.2

This d
specifi

include| the suffix("X" in accordance with the marking requirements of IEC 60079-0 &
Specifi¢ Conditions of Use listed on the certificate shall detail how to address the ¢

Speécific Conditions of Use may be combined. The areas of concern that ay be
mitigat%d by using Specific Conditions of Use are shown in Table 28 and are in addition t

permittee~byH=G-600679-0-

Multipl

and
power receivers: input data such as U; [; P;, Cj, L; and the Li/R, ratio;

maximum rated voltage if required by 5.2.5;

designation of the surfaces of any enclosure only in cifcumstances where this is r
mtrinsic safety;

environmental conditions for which the apparatus is suitable;

gparation distances rely upon the enclosuregas’in 6.2.3 a) and 6.2.4 a), the IP rat
measures necessary to maintain the cntegrity of the enclosure and entri

circuit, if less than 1 500 A.

nstructions form part ofthe documentation requirement of IEC 60079-0.

$pecific Conditions\of Use

gcument permits’/the use of Specific Conditions of Use as a method of addre

value of U, which may be applied to non-intrinsically safe circuits connection falcilities;

special

hat the
supply

elevant

ng and
ps into

wed for

5sing a

¢ requirementyat the time of installation. In these cases, the certificate numbégr shall

nd the
bncern.

p those
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Table 28 — Concerns addressed by Specific Conditions of Use

Item Reference Concern that can be addressed with Specific Conditions of Use

a) 5.2.5¢c) The requirements which apply to equipment or systems to be connected to the
connection facilities and the maximum voltage that may be applied between the non-
intrinsically safe connection facilities.

b) 6.2.3 c) The restricted installation conditions.

c) 6.5.3.2 The restricted installation conditions.

d) 6.2.5.1 Only cable glands, thread adapters, and blanking elements conforming to IEC 60079-0
shall be used with the apparatus.

e) 6.5.3.3 The restricted installation conditions.

f) 6.5.6.1 The permitted ambient pressure range.

g) 6.5.9.1 The necessary information regarding the correct installation.

6.9
h) 9.11 The installation requirements.
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Annex A
(normative)

Spark ignition reference curves

The curves and tables found in this annex are derived from ignition testing of simple linear
circuits. They may be applied in accordance with 9.2 when the circuit being assessed
approximates the simple circuits depicted in Figure A.1 through Figure A.6 as applicable.
Circuits that do not approximate the simple linear circuits shown in these figures require an
alternative assessment: refer to 5.3 for additional requirements. The curves shown in Figure A.1
through Figure A.6 represent a 1,0 safety factor.
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Figure A.1 — Resistive circuits
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Figure A.2 — Group | capacitive circuits
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Figure A.6 — Group lIC inductive circuits
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Table A.1 — Permitted short circuit current corresponding
to the voltage and the equipment group

Voltage Table A.1 - Permitted short circuit current
\Y mA
for Group IIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

12,0

12,1 5000 3 330

12,2 4720 3150

12,3 4 460 2 970

12,4 4210 2 810

12,5 3980 2 650

12,6 3770 2 510

12,7 3 560 2 370

12,8 3370 2 250

12,9 3190 2130

13,0 3020 2 020

13,1 2 870 1910

13,2 2720 1810

13,3 2 580 1720

13,4 2 450 1630

13,5 2 320 1550 5000 3330

13,6 2210 1470 4 860 3240

13,7 2090 1400 4.7.20 3140

13,8 1990 1330 4 580 3 050

13,9 1890 1260 4 450 2970

14,0 1 800 17200 4 330 2 880

14,1 1750 1°160 4210 2 800

14,2 1700 1130 4 090 2730

14,3 1.650 1100 3980 2 650

14,4 1,600 1070 3 870 2 580

14,5 550 040 3760 2510

14,6 1510 1010 3 660 2 440

14,7 1470 980 3 560 2 380

14,8 1430 950 3470 2 310 5 000 3330

14,9 1390 930 3 380 2 250 4 860 3240

15,0 1350 900 3 290 2190 4730 3150

15,1 1310 875 3 200 2 140 4 600 3070

15,2 1280 851 3120 2 080 4 480 2990

15,3 1240 828 3 040 2 030 4 360 2910

15,4 1210 806 2 960 1980 4 250 2 830

15,5 1180 784 2 890 1920 4140 2 760

15,6 1150 769 2 810 1880 4030 2 690
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Voltage Table A.1 - Permitted short circuit current
\% mA
for Group lIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

15,7 1120 744 2740 1830 3920 2 620
15,8 1090 724 2 680 1780 3 820 2 550
15,9 1060 705 2610 1740 3720 2 480
16,0 1030 687 2 550 1700 3630 2420 5000 3.330
16,1 1000 669 2 480 1660 3 540 2 360 4830 3 220
16,2 980 652 2 420 1610 3450 2 300 4 660 3110
16,3 950 636 2 360 1570 3 360 2 240 4.490 2 990
16,4 930 620 2 310 1540 3 280 2190 4 320 2 480
16,5 910 604 2 250 1500 3 200 2130 4240 2 430
16,6 880 589 2 200 1470 3120 2,080 4 160 2170
16,7 860 575 2 150 1430 3 040 2030 4 080 2 7120
16,8 840 560 2100 1400 2 970 1980 4 000 2 470
16,9 820 547 2 050 1370 2 900 1930 3740 2 490
17,0 800 533 2 000 1340 2 830 1890 3480 2 320
17,1 780 523 1960 1310 2760 1840 3450 2 300
17,2 770 513 1930 1280 2700 1800 3420 2 280
17,3 750 503 1890 1260 2 630 1760 3 390 2 260
17,4 740 493 1850 1240 2 570 1720 3 360 2 240
17,5 730 484 1820 1210 2510 1680 3 320 2 210
17,6 710 475 1.790 1190 2 450 1640 3 300 2 700
17,7 700 466 1750 1170 2 400 1600 3 260 2 170
17,8 690 457 1720 1150 2 340 1560 3 230 2 150
17,9 670 448 1690 1130 2 290 1530 3 200 2 130
18,0 660 440 1660 1110 2 240 1490 3170 2 110
18.1 648 432 1630 1087 2188 1459 3083 2 (55
18,2 636 424 1601 1068 2139 1426 3 000 2 (oo
18,3 625 417 1573 1049 2 091 1394 2935 1956
18,4 643 469 +545 +636 2045 +363 2-874 +914
18,5 602 402 1518 1012 2 000 1333 2 807 1871
18,6 592 394 1491 995 1967 1311 2743 1828
18,7 581 387 1466 977 1935 1290 2 679 1786
18,8 571 380 1441 960 1903 1269 2615 1743
18,9 561 374 1416 944 1872 1248 2 551 1700
19,0 551 367 1392 928 1842 1228 2 487 1658
19,1 541 361 1368 912 1812 1208 2 465 1643
19,2 532 355 1345 897 1784 1189 2444 1629
19,3 523 348 1323 882 1755 1170 2423 1615
19,4 514 342 1301 867 1727 1152 2 401 1600
19,5 505 337 1279 853 1700 1134 2 380 1586
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Voltage Table A.1 - Permitted short circuit current
\% mA
for Group lIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of

x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
19,6 496 331 1258 839 1673 1116 2 359 1572
19,7 484 325 1237 825 1648 1098 2 337 1558
19,8 480 320 1217 811 1622 1081 2 316 1544
19,9 472 314 1197 798 1597 1065 2 295 1§30
20,0 464 309 1177 785 1572 1048 2274 1916
20,1 456 304 1158 772 1549 1032 2219 1479
20,2 448 299 1140 760 1525 1016 2 164 1443
20,3 441 294 1122 748 1502 1001 2 109 1406
20,4 434 289 1104 736 1479 986 2 054 1369
20,5 427 285 1087 724 1457 974 2 000 1333
20,6 420 280 1069 713 1435 957 1924 1483
20,7 413 275 1053 702 1414 943 1849 1433
20,8 406 271 1036 691 1,393 929 1773 1182
20,9 400 267 1020 680 4 373 915 1698 1132
21,0 394 262 1 004 670 1353 902 1623 1082
21,1 387 258 989 659 1333 889 1603 1469
21,2 381 254 974 649 1314 876 1583 1055
21,3 375 250 959 639 1295 863 1564 1043
21,4 369 246 945 630 1276 851 1544 1429
21,5 364 243 930 620 1258 839 1525 1017
21,6 358 239 916 611 1240 827 1505 1403
21,7 353 235 903 602 1222 815 1485 990
21,8 347 231 889 593 1205 804 1466 977,3
21,9 342 228 876 584 1189 792 1446 964
22,0 337 224 863 575 1172 781 1427 951,3
22,1 332 221 851 567 1156 770 1394 929,3
22,2 327 218 838 559 1140 760 1361 907,3
22,3 322 245 826 554 424 749 +328 889,
22,4 317 211 814 543 1109 739 1296 864
22,5 312 208 802 535 1093 729 1281 854
22,6 308 205 791 527 1078 719 1267 844,7
22,7 303 202 779 520 1 064 709 1253 835,3
22,8 299 199 768 512 1050 700 1239 826
22,9 294 196 757 505 1036 690 1225 816,7
23,0 290 193 747 498 1022 681 1211 807,3
23,1 287 191 736 491 1008 672 1185 790
23,2 284 189 726 484 995 663 1160 773,3
23,3 281 187 716 477 982 655 1135 756,7
23,4 278 185 706 471 969 646 1110 740
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Voltage Table A.1 - Permitted short circuit current
\% mA
for Group lIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
23,5 275 183 696 464 956 638 1085 723,3
23,6 272 182 687 458 944 629 1079 719,3
23,7 270 180 677 452 932 621 1073 715,3
23,8 267 178 668 445 920 613 1068 712
23,9 264 176 659 439 908 605 1062 708
24,0 261 174 650 433 896 597 1 057 704,7
24,1 259 173 644 429 885 590 1,048 698,7
24,2 256 171 637 425 873 582 1040 698,3
24,3 253 169 631 421 862 575 1032 688
24,4 251 167 625 416 852 568 1024 682,7
24,5 248 166 618 412 841 561 1016 677,3
24,6 246 164 612 408 830 554 1008 679
24,7 244 163 606 404 820 547 1000 666,7
24,8 241 161 601 400 810 540 991 660,7
24,9 239 159 595 396 800 533 983 65%,3
25,0 237 158 589 393 790 527 975 650
25,1 234 156 583 389 780 520 964 64,7
25,2 232 155 578 385 771 514 953 635,3
25,3 230 153 572 381 762 508 942 628
25,4 228 152 567 378 752 502 931 620,7
25,5 226 150 561 374 743 496 920 618,3
25,6 223 149 556 371 734 490 916 610,7
25,7 221 148 551 367 726 484 912 608
25,8 219 146 546 364 717 478 908 60%,3
25,9 217 145 541 360 708 472 904 602,7
26,0 215 143 536 357 700 467 900 600
26,1 213 142 531 354 694 463 890 598,3
26,2 244 44 526 356 688 459 88+ 587,3
26,3 209 139 521 347 683 455 871 580,7
26,4 207 138 516 344 677 451 862 574,7
26,5 205 137 512 341 671 447 853 568,7
26,6 203 136 507 338 666 444 847 564,7
26,7 202 134 502 335 660 440 841 560,7
26,8 200 133 498 332 655 437 835 556,7
26,9 198 132 493 329 649 433 829 552,7
27,0 196 131 489 326 644 429 824 549,3
271 194 130 485 323 639 426 818 545,3
27,2 193 128 480 320 634 422 813 542
27,3 191 127 476 317 629 419 808 538,7
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Voltage Table A.1 - Permitted short circuit current
\% mA
for Group lIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of

x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
27,4 189 126 472 315 624 416 803 535,3
27,5 188 125 468 312 619 412 798 532
27,6 186 124 464 309 614 409 793 528,7
27,7 184 123 460 306 609 406 788 525,3
27,8 183 122 456 304 604 403 783 52
27,9 181 121 452 301 599 399 778 518,7
28,0 180 120 448 299 594 396 773 51%.,3
28,1 178 119 444 296 590 393 768 512
28,2 176 118 440 293 585 390 764 509,3
28,3 175 117 436 291 581 387 760 50,7
28,4 173 116 433 288 576 384 756 504
28,5 172 115 429 286 572 381 752 501,3
28,6 170 114 425 284 567 378 747 498
28,7 169 113 422 281 563 375 743 495%,3
28,8 168 112 418 279 559 372 739 49,7
28,9 166 111 415 277 554 370 735 490
29,0 165 110 411 274 550 367 731 487,3
29,1 163 109 408 272 546 364 728 48%,3
29,2 162 108 405 270 542 361 726 484
29,3 161 107 401 268 538 358 724 48,7
29,4 159 106 398 265 534 356 722 481,3
29,5 158 105 395 263 530 353 720 480
29,6 157 105 392 261 526 351 718 478,7
29,7 155 104 388 259 522 348 716 477,3
29,8 154 103 385 257 518 345 714 476
29,9 158 102 382 255 514 343 712 474,7
30,0 152 101 379 253 510 340 710 478,3
30,2 +49 99;5 373 249 563 335 690 46
30,4 147 97,9 367 245 496 330 671 447,3
30,6 145 96,3 362 241 489 326 652 434,7
30,8 142 94,8 356 237 482 321 636 424
31,0 140 93,3 350 233 475 317 621 414
31,2 138 92,2 345 230 468 312 614 409,3
31,4 137 91 339 226 462 308 607 404,7
31,6 135 89,9 334 223 455 303 600 400
31,8 133 88,8 329 219 449 299 592 394,7
32,0 132 87,8 324 216 442 295 584 389,3
32,2 130 86,7 319 213 436 291 572 381,3
32,4 129 85,7 315 210 431 287 560 373,3
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Voltage Table A.1 - Permitted short circuit current
\% mA
for Group lIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
32,6 127 84,7 310 207 425 283 548 365,3
32,8 126 83,7 305 204 419 279 536 357,3
33,0 124 82,7 301 201 414 276 525 350
33,2 123 81,7 297 198 408 272 520 346,7
33,4 121 80,8 292 195 403 268 515 348,3
33,6 120 79,8 288 192 398 265 510 340
33,8 118 78,9 284 189 393 262 505 336,7
34,0 117 78 280 187 389 259 500 338,3
34,2 116 77,2 277 185 384 256 491 3271,3
34,4 114 76,3 274 183 380 258 482 32(,3
34,6 113 75,4 271 181 376 251 473 31%,3
34,8 112 74,6 269 179 372 248 464 309,3
35,0 111 73,8 266 177 368 245 455 308,3
35,2 109 73 263 175 364 242 450 300
35,4 108 72,2 260 174 360 240 446 297,3
35,6 107 71,4 258 172 356 237 442 294,7
35,8 106 70,6 255 170 352 235 438 299p
36,0 105 69,9 253 168 348 232 434 289,3
36,2 104 69,1 250 167 345 230 431 287,3
36,4 103 68,4 248 165 341 227 429 286
36,6 102 67,7 245 164 337 225 426 284
36,8 100 66,9 243 162 334 223 424 282,7
37,0 99,4 66,2 241 160 330 220 422 281,3
37,2 98,3 65,6 238 159 327 218 419 279,3
37,4 97,3 64,9 236 157 324 216 417 278
37,6 9653 64,2 234 156 320 214 414 27¢
37,8 9573 63,6 231 154 317 211 412 274,7
38,0 4 6259 229 +53 AL 269 440 273,3
38,2 93,4 62,3 227 151 311 207 408 272
38,4 92,5 61,6 225 150 308 205 407 271,3
38,6 91,5 61 223 149 304 203 405 270
38,8 90,6 60,4 221 147 301 201 404 269,3
39,0 89,7 59,8 219 146 298 199 403 268,7
39,2 88,8 59,2 217 145 296 197 399 266
39,4 88 58,6 215 143 293 195 395 263,3
39,6 87,1 58,1 213 142 290 193 391 260,7
39,8 86,3 57,5 211 141 287 191 387 258
40,0 85,4 57 209 139 284 190 383 255,3
40,5 83,4 55,6 205 136 278 185 362 241,3
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Voltage Table A.1 - Permitted short circuit current
\% mA
for Group lIC for Group IIB for Group IIA for Group |
apparatus apparatus apparatus apparatus
with a factor of with a factor of with a factor of with a factor of
safety of safety of safety of safety of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
41,0 81,4 54,3 200 133 271 181 342 228
41,5 79,6 53 196 131 265 177 336 224
42,0 77,7 51,8 192 128 259 173 331 220,7
42,5 76 50,6 188 125 253 169 321 214
43,0 74,3 49,5 184 122 247 165 312 208
43,5 72,6 48,4 180 120 242 161 307 204,7
44,0 71 47,4 176 117 237 158 303 202
44,5 69,5 46,3 173 115 231 154 294 196
45,0 68 45,3 169 113 227 151 286 190,7
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Table A.2 — Permitted capacitance corresponding to the voltage
and the equipment group

Voltage Table A.2 - Permitted capacitance
\% uF
for Group IIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
5,0 100
5,1 88
5,2 79
5,3 71
5,4 65
5,5 58
5,6 1000 54
5,7 860 50
5,8 750 46
5,9 670 43
6,0 600 40 1000
6,1 535 37 880
6,2 475 34 790
6,3 420 31 720
6,4 370 28 650
6,5 325 25 570
6,6 285 22 500
6,7 250 19,6 430
6,8 220 17,9 380
6,9 200 16,8 335
7,0 175 15,7 300
7.1 155 14,6 268
7,2 136 13,5 240
7,3 120 12,7 216
7,4 110 11,9 195
7,5 100 1,1 174
7,6 92 10,4 160
7,7 85 9,8 145
7,8 79 9,3 130
7,9 74 8,8 115
8,0 69 8,4 100
8,1 65 8,0 90
8,2 61 7,6 81
8,3 56 7,2 73
8,4 54 6,8 66
8,5 51 6,5 60
8,6 49 6,2 55
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

8,7 47 5,9 50 1000
8,8 45 5,5 46 730
8,9 42 5,2 43 590
9,0 40 4,9 1000 40 500
9,1 38 4,6 920 37 446
9,2 36 4,3 850 34 390
9,3 34 4,1 790 31 345
9,4 32 3,9 750 29 300
9,5 30 3,7 700 27 255 1000
9,6 28 3,6 650 26 210 50
9,7 26 3,5 600 24 N0 32
9,8 24 3,3 550 23 135 26
9,9 22 3,2 500 22 115 19
10,0 20,0 3,0 450 20,0 100 18
10,1 18,7 2,87 410 19,4 93 16
10,2 17,8 2,75 380 18,7 88 14
10,3 17,1 2,63 350 18,0 83 12
10,4 16,4 2,52 325 17,4 79 11
10,5 15,7 2,41 300 16,8 75 95
10,6 15,0 2,32 280 16,2 72 90
10,7 14,2 2,23 260 15,6 69 85
10,8 13,5 2,14 240 15,0 66 80
10,9 13,0 2,05 225 14,4 63 70
11,0 12,5 1,97 210 13,8 60 676
11,1 11,9 1,90 195 13,2 57,0 60
11,2 114 1,84 180 12,6 54,0 58
11,3 1079 1,79 170 12,1 51,0 54
11,4 104 571 60 157 48,0 52
11,5 10,0 1,64 150 11,2 46,0 48
11,6 9,6 1,59 140 10,8 43,0 46
11,7 9,3 1,54 130 10,3 41,0 42
11,8 9,0 1,50 120 9,9 39,0 40
11,9 8,7 1,45 110 9,4 37,0 38,6
12,0 8,4 1,41 100 9,0 36,0 38
12,1 8,1 1,37 93 8,7 34,0 36,6
12,2 7,9 1,32 87 8,4 33,0 36
12,3 7,6 1,28 81 8,1 31,0 34,3
12,4 7,2 1,24 75 7,9 30,0 34
12,5 7,0 1,2 70 7,7 28,0 32,3
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
12,6 6,8 1,15 66 7,4 27,0 32
12,7 6,6 1,10 62 7,1 25,4 30,5
12,8 6,4 1,06 58 6,8 24,2 30
12,9 6,2 1,03 55 6,5 23,2 29
13,0 6,0 1,0 52 6,2 1 000 22,5 286
13,1 57 0,97 49 6,0 850 21,7 276
13,2 5,4 0,94 46 5,8 730 21,0 27
13,3 5,3 0,91 44 5,6 630 20,2 26
13,4 5,1 0,88 42 5,5 560 19,5 25)6
13,5 4,9 0,85 40 5,3 500 19,0 2418
13,6 4,6 0,82 38 5,2 450 18,6 2444
13,7 4,4 0,79 36 5,0 420 18,1 236
13,8 4,2 0,76 34 4,9 390 17,7 23
13,9 4,1 0,74 32 4,7 360 17,3 22
14,0 4,0 0,73 30 4,60 330 17,0 216
14,1 3,9 0,71 29 4,49 300 16,7 205
14,2 3,8 0,70 28 4:39 270 16,4 1 000 20
14,3 3,7 0,68 27 4,28 240 16,1 800 1964
14,4 3,6 0,67 26 4,18 210 15,8 500 1948
14,5 3,5 0,65 25 4,07 185 15,5 360 19[16
14,6 3,4 0,64 24 3,97 160 15,2 320 19
14,7 3,3 0,62 23 3,86 135 14,9 268 186
14,8 3,2 061 22 3,76 120 14,6 220 184
14,9 3,1 0,59 21 3,65 110 14,3 190 18
15,0 3,0 0,58 20,2 3,55 100 14,0 180 178
15,1 2,9 0,57 19,7 3,46 95 13,7 170 17148
15,2 2,82 0,55 19,2 3,37 91 13,4 160 1732
15,3 2,76 0,53 187 3,28 88 31 40 17
15,4 2,68 0,521 18,2 3,19 85 12,8 130 16,8
15,5 2,60 0,508 17,8 3,1 82 12,5 120 16,48
15,6 2,52 0,497 17,4 3,03 79 12,2 110 16,32
15,7 2,45 0,487 17,0 2,95 77 11,9 100 16
15,8 2,38 0,478 16,6 2,88 74 11,6 95 15,8
15,9 2,32 0,469 16,2 2,81 72 11,3 90 15,4
16,0 2,26 0,460 15,8 2,75 70 11,0 87,5 15,2
16,1 2,20 0,451 15,4 2,69 68 10,7 85 14,8
16,2 2,14 0,442 15,0 2,63 66 10,5 80 14,64
16,3 2,08 0,433 14,6 2,57 64 10,2 75 14,32
16,4 2,02 0,424 14,2 2,51 62 10,0 70 14,16
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
16,5 1,97 0,415 13,8 2,45 60 9,8 67,5 13,8
16,6 1,92 0,406 13,4 2,40 58 9,6 65 13,64
16,7 1,88 0,398 13,0 2,34 56 9,4 60 13,32
16,8 1,84 0,390 12,6 2,29 54 9,3 58 13(16
16,9 1,80 0,382 12,3 2,24 52 9,1 56 128
17,0 1,76 0,375 12,0 2,20 50 9,0 54 12/64
17,1 1,71 0,367 11,7 2,15 48 8,8 52 1232
17,2 1,66 0,360 11,4 2,11 47 8,7 50 12[16
17,3 1,62 0,353 11,1 2,06 45 8,5 48 118
17,4 1,59 0,346 10,8 2,02 44 8,4 46 116
17,5 1,56 0,339 10,5 1,97 42 8.2 44 112
17,6 1,53 0,333 10,2 1,93 40 8,1 42 11
17,7 1,50 0,327 9,9 1,88 39 8,0 40 1064
17,8 1,47 0,321 9,6 1,84 38 7,9 39,2 1048
17,9 1,44 0,315 9,3 1,80 37 7.7 38,6 10{16
18,0 1,41 0,309 9,0 1,78 36 7,6 38 10
18,1 1,38 0,303 8,8 1575 35 7,45 37,3 9,86
18,2 1,35 0,297 8,6 1,72 34 7,31 36,6 9,8
18,3 1,32 0,291 8,4 1,70 33 7,15 36 9,68
18,4 1,29 0,285 8:2 1,69 32 7,0 34,6 9,62
18,5 1,27 0,280 8,0 1,67 31 6,85 34,3 9,5
18,6 1,24 0,275 7,9 1,66 30 6,70 34 9,42
18,7 1,21 0270 7.8 1,64 29 6,59 32,6 9,28
18,8 1,18 0,266 7,6 1,62 28 6,48 32,3 9,21
18,9 1,15 0,262 7,4 1,60 27 6,39 32 9,07
19,0 1,12 0,258 7,2 1,58 26 6,3 31,2 9
19,1 1,09 0,252 7,0 1,56 25,0 6,21 30,5 8,806
19,2 1706 0,251 5,8 55 24,2 6,12 30 8;
19,3 1,04 0,248 6,6 1,52 23,6 6,03 29,5 8,68
19,4 1,02 0,244 6,4 1,51 23,0 5,95 29 8,62
19,5 1,00 0,240 6,2 1,49 22,5 5,87 28,5 8,5
19,6 0,98 0,235 6,0 1,47 22,0 5,8 28 8,42
19,7 0,96 0,231 5,9 1,45 21,5 5,72 27,5 8,28
19,8 0,94 0,227 5,8 1,44 21,0 5,65 27 8,21
19,9 0,92 0,223 5,7 1,42 20,5 5,567 26,5 8,07
20,0 0,90 0,220 5,6 1,41 20,0 5,5 26 8
20,1 0,88 0,217 5,5 1,39 19,5 5,42 25,6 7,87
20,2 0,86 0,213 5,4 1,38 19,2 5,35 25,2 7,8
20,3 0,84 0,209 5,3 1,36 18,9 5,27 24,8 7,75
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
20,4 0,82 0,206 5,2 1,35 18,6 5,2 24,4 7,62
20,5 0,8 0,203 5,1 1,33 18,3 5,12 24 7,5
20,6 0,78 0,200 5,0 1,32 18,0 5,05 23,5 7,42
20,7 0,76 0,197 4,9 1,31 17,7 4,97 23 733
20,8 0,75 0,194 4,8 1,30 17,4 4,9 22,5 7,16
20,9 0,74 0,191 4,7 1,28 17,2 4,84 22 7
21,0 0,73 0,188 4,6 1,27 17,0 4,78 2445 6,93
211 0,72 0,185 4,52 1,25 16,8 4,73 21 6,87
21,2 0,71 0,183 4,45 1,24 16,6 4,68 20,5 6,75
21,3 0,7 0,181 4,39 1,23 16,4 4,62 20 6,62
21,4 0,69 0,179 4,32 1,22 16,2 4,56 19,8 6,96
21,5 0,68 0,176 4,25 1,20 16,0 4,5 19,64 6,5
21,6 0,67 0,174 4,18 1,19 15:8 4,44 19,48 6,37
21,7 0,66 0,172 4,11 1,17 15,6 4,38 19,32 6,25
21,8 0,65 0,169 4,04 1,16 15,4 4,32 19,16 6,18
21,9 0,64 0,167 3,97 1,15 15,2 4,26 19 6,12
22,0 0,63 0,165 3,90 1514 15,0 4,20 18,8 6
221 0,62 0,163 3,83 1,12 14,8 4,14 18,6 5,95
22,2 0,61 0,160 3,76 1,11 14,6 4,08 18,4 5,92
22,3 0,6 0,158 3:69 1,10 14,4 4,03 18,2 5,9
22,4 0,59 0,156 3,62 1,09 14,2 3,98 18 5,85
22,5 0,58 0,154 3,55 1,08 14,0 3,93 17,8 5,8
22,6 0,57 07152 3,49 1,07 13,8 3,88 17,64 5,77
22,7 0,56 0,149 3,43 1,06 13,6 3,83 17,48 5,75
22,8 0,55 0,147 3,37 1,05 13,4 3,79 17,32 5,7
22,9 0,54 0,145 3,31 1,04 13,2 3,75 17,16 5,65
23,0 0,53 0,143 3,25 1,03 13,0 3,71 17 5,62
23,1 0,521 0,140 319 502 1278 3,67 16,8 5,0
23,2 0,513 0,138 3,13 1,01 12,6 3,64 16,54 5,55
23,3 0,505 0,136 3,08 1,0 12,4 3,60 16,48 5,5
23,4 0,497 0,134 3,03 0,99 12,2 3,57 16,32 5,47
23,5 0,49 0,132 2,98 0,98 12,0 3,53 16,16 5,45
23,6 0,484 0,130 2,93 0,97 11,8 3,50 16 5,4
23,7 0,478 0,128 2,88 0,96 11,6 3,46 15,8 5,35
23,8 0,472 0,127 2,83 0,95 11,4 3,42 15,6 5,32
23,9 0,466 0,126 2,78 0,94 11,2 3,38 15,4 5,3
24,0 0,46 0,125 2,75 0,93 11,0 3,35 15,2 5,25
241 0,454 0,124 2,71 0,92 10,8 3,31 15 5,2
24,2 0,448 0,122 2,67 0,91 10,7 3,27 14,8 5,17
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

24,3 0,442 0,120 2,63 0,90 10,5 3,23 14,64 5,15
24,4 0,436 0,119 2,59 0,89 10,3 3,20 14,48 5,1
24,5 0,43 0,118 2,55 0,88 10,2 3,16 14,32 5,05
24,6 0,424 0,116 2,51 0,87 10,0 3,12 14,16 5,02
24,7 0,418 0,115 2,49 0,87 9,9 3,08 14 5,0
24,8 0,412 0,113 2,44 0,86 9,8 3,05 13,8 4,95
24,9 0,406 0,112 2,4 0,85 9,6 3,01 13,64 4,9
25,0 0,4 0,110 2,36 0,84 9,5 2,97 13,48 4,87
251 0,395 0,108 2,32 0,83 9,4 2,93 13,32 4,85
25,2 0,390 0,107 2,29 0,82 9,3 2,90 13,16 4,8
25,3 0,385 0,106 2,26 0,82 9,2 2,86 13 4,75
25,4 0,380 0,105 2,23 0,81 9,1 2,82 12,8 4,72
25,5 0,375 0,104 2,20 0,80 9,0 2,78 12,64 4,7
25,6 0,37 0,103 2,17 0,80 8,9 2,75 12,48 4,65
25,7 0,365 0,102 2,14 0,79 8,8 2,71 12,32 4.9
25,8 0,36 0,101 2,11 0,78 8,7 2,67 12,16 4,57
25,9 0,355 0,100 2,08 0;77 8,6 2,63 12 4,55
26,0 0,35 0,099 2,05 0,77 8,5 2,60 11,8 4.5
26,1 0,345 0,098 2,02 0,76 8,4 2,57 11,6 4,45
26,2 0,341 0,097 1,99 0,75 8,3 2,54 11,4 4,42
26,3 0,337 0,097 1,96 0,74 8,2 2,51 11,2 4.4
26,4 0,333 0,096 1,93 0,74 8,1 2,48 11 4,35
26,5 0,329 0,095 1,90 0,73 8,0 2,45 10,8 4.3
26,6 0,325 0,094 1,87 0,73 8,0 2,42 10,64 4,27
26,7 0,321 0,093 1,84 0,72 7,9 2,39 10,48 4,25
26,8 0,347 0,092 1,82 0,72 7,8 2,37 10,32 4,2
26,9 0,313 0,091 1,80 0,71 7,7 2,35 10,16 4,15
27,0 0,309 0,090 578 0,705 76 2,33 1Y) 7, |I2
27,1 0,305 0,089 1,76 0,697 7,5 2,31 9,93 4,1
27,2 0,301 0,089 1,74 0,690 7,42 2,30 9,86 4,05
27,3 0,297 0,088 1,72 0,683 7,31 2,28 9,8 4,0
27,4 0,293 0,087 1,71 0,677 7,21 2,26 9,74 3,97
27,5 0,289 0,086 1,70 0,672 7,10 2,24 9,68 3,95
27,6 0,285 0,086 1,69 0,668 7,00 2,22 9,62 3,9
27,7 0,281 0,085 1,68 0,663 6,90 2,20 9,56 3,85
27,8 0,278 0,084 1,67 0,659 6,80 2,18 9,5 3,82
27,9 0,275 0,084 1,66 0,654 6,70 2,16 9,42 3,8
28,0 0,272 0,083 1,65 0,650 6,60 2,15 9,35 3,76
28,1 0,269 0,082 1,63 0,645 6,54 2,13 9,28 3,72
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

28,2 0,266 0,081 1,62 0,641 6,48 2,11 9,21 3,70
28,3 0,263 0,08 1,60 0,636 6,42 2,09 9,14 3,68
28,4 0,26 0,079 1,59 0,632 6,36 2,07 9,07 3,64
28,5 0,257 0,078 1,58 0,627 6,30 2,05 9 36
28,6 0,255 0,077 1,57 0,623 6,24 2,03 8,93 3,97
28,7 0,253 0,077 1,56 0,618 6,18 2,01 8,86 3,96
28,8 0,251 0,076 1,55 0,614 6,12 2,00 8,8 3,5
28,9 0,249 0,075 1,54 0,609 6,06 1,98 8,74 3,45
29,0 0,247 0,074 1,53 0,605 6,00 1,97 8,68 3,42
29,1 0,244 0,074 1,51 0,600 5,95 1,95 8,62 3,4
29,2 0,241 0,073 1,49 0,596 5,90 94 8,56 3,35
29,3 0,238 0,072 1,48 0,591 5,85 1,92 8,5 3,3
29,4 0,235 0,071 1,47 0,587 5,80 1,91 8,42 3,47
29,5 0,232 0,071 1,46 0,582 5,75 1,89 8,35 3,25
29,6 0,229 0,070 1,45 0,578 5,70 1,88 8,28 3,2
29,7 0,226 0,069 1,44 0,573 5,65 1,86 8,21 3,15
29,8 0,224 0,068 1,43 0;569 5,60 1,85 8,14 3,12
29,9 0,222 0,067 1,42 0,564 5,55 1,83 8,07 3,1
30,0 0,220 0,066 1,41 0,560 5,50 1,82 8 3,05
30,2 0,215 0,065 1,39 0,551 5,40 1,79 7,87 2,99
30,4 0,210 0,064 1,37 0,542 5,30 1,76 7,75 2,96
30,6 0,206 0,0626 1,35 0,533 5,20 1,73 7,62 2,93
30,8 0,202 0,0646 1,33 0,524 5,10 1,70 7,5 2,90
31,0 0,198 90,0605 1,32 0,515 5,00 1,67 7,33 2,87
31,2 0,194 0,0596 1,30 0,506 4,90 1,65 7,16 2,84
31,4 0,190 0,0587 1,28 0,497 4,82 1,62 7 2,81
31,6 0,186 0,0578 1,26 0,489 4,74 1,60 6,87 2,78
31,8 0,183 0,0569 524 0,482 1768 58 6,75 2,75
32,0 0,180 0,0560 1,23 0,475 4,60 1,56 6,62 2,72
32,2 0,177 0,0551 1,21 0,467 4,52 1,54 6,5 2,69
32,4 0,174 0,0542 1,19 0,460 4,44 1,52 6,37 2,66
32,6 0,171 0,0533 1,17 0,452 4,36 1,50 6,25 2,63
32,8 0,168 0,0524 1,15 0,444 4,28 1,48 6,12 2,6
33,0 0,165 0,0515 1,14 0,437 4,20 1,46 6 2,54
33,2 0,162 0,0506 1,12 0,430 4,12 1,44 5,95 2,49
33,4 0,159 0,0498 1,10 0,424 4,05 1,42 5,9 2,45
33,6 0,156 0,0492 1,09 0,418 3,98 1,41 5,85 2,44
33,8 0,153 0,0486 1,08 0,412 3,91 1,39 5,8 2,42
34,0 0,150 0,048 1,07 0,406 3,85 1,37 5,75 2,4
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
34,2 0,147 0,0474 1,05 0,401 3,79 1,35 57 2,33
34,4 0,144 0,0468 1,04 0,397 3,74 1,33 5,65 2,28
34,6 0,141 0,0462 1,02 0,393 3,69 1,31 5,6 2,26
34,8 0,138 0,0456 1,01 0,390 3,64 1,30 5,55 222
35,0 0,135 0,045 1,00 0,387 3,60 1,28 5,5 2,2
35,2 0,133 0,0444 0,99 0,383 3,55 1,26 5,45 2,2
35,4 0,131 0,0438 0,97 0,380 3,50 1,24 534 2,2
35,6 0,129 0,0432 0,95 0,376 3,45 1,23 5,35 2,2
35,8 0,127 0,0426 0,94 0,373 3,40 1,21 5,3 2,17
36,0 0,125 0,042 0,93 0,370 3,35 1,20 5,25 2,15
36,2 0,123 0,0414 0,91 0,366 3,30 N18 52 2,15
36,4 0,121 0,0408 0,90 0,363 3,25 1,17 5,15 2,1
36,6 0,119 0,0402 0,89 0,359 3,20 1,150 5,1 2
36,8 0,117 0,0396 0,88 0,356 3,15 1,130 5,05 1,99
37,0 0,115 0,039 0,87 0,353 3,10 1,120 5 1,98
37,2 0,113 0,0384 0,86 0,347 3,05 1,100 4,95 1,96
37,4 0,111 0,0379 0,85 0,344 3,00 1,090 4,9 1,95
37,6 0,109 0,0374 0,84 0,340 2,95 1,080 4,85 1,94
37,8 0,107 0,0369 0,83 0,339 2,90 1,070 4,8 1,93
38,0 0,105 0,0364 0;82 0,336 2,85 1,060 4,75 1,92
38,2 0,103 0,0359 0,81 0,332 2,80 1,040 4,7 1,91
38,4 0,102 0,0354 0,80 0,329 2,75 1,030 4,65 1,9
38,6 0,101 07,0360 0,79 0,326 2,70 1,020 4,6 1,47
38,8 0,100 90,0346 0,78 0,323 2,65 1,010 4,55 1,86
39,0 0,099 0,0342 0,77 0,320 2,60 1,000 4,5 1,85
39,2 0,098 0,0338 0,76 0,317 2,56 0,980 4,45 1,83
39,4 0,097 0,0334 0,75 0,314 2,52 0,970 4,4 1,82
39,6 0,096 0,033t 0,75 0,311 2,48 0,960 1735 15
39,8 0,095 0,0328 0,74 0,308 2,44 0,950 4,3 1,79
40,0 0,094 0,0325 0,73 0,305 2,40 0,940 4,25 1,78
40,2 0,092 0,0322 0,72 0,302 2,37 0,930 4,2 1,76
40,4 0,091 0,0319 0,71 0,299 2,35 0,920 4,15 1,75
40,6 0,090 0,0316 0,70 0,296 2,32 0,910 4,1 1,74
40,8 0,089 0,0313 0,69 0,293 2,30 0,900 4,05 1,73
41,0 0,088 0,0310 0,68 0,290 2,27 0,890 4 1,72
41,2 0,087 0,0307 0,674 0,287 2,25 0,882 3,95 1,7
41,4 0,086 0,0304 0,668 0,284 2,22 0,874 3,9 1,68
41,6 0,085 0,0301 0,662 0,281 2,20 0,866 3,85 1,67
41,8 0,084 0,0299 0,656 0,278 2,17 0,858 3,8 1,66
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5

42,0 0,083 0,0297 0,650 0,275 2,15 0,850 3,75 1,65
42,2 0,082 0,0294 0,644 0,272 2,12 0,842 3,72 1,62
42,4 0,081 0,0292 0,638 0,269 2,10 0,834 3,68 1,61
42,6 0,079 0,0289 0,632 0,266 2,07 0,826 3,64 ;6
42,8 0,078 0,0286 0,626 0,264 2,05 0,818 3,6 1,99
43,0 0,077 0,0284 0,620 0,262 2,02 0,810 3,55 1,98
43,2 0,076 0,0281 0,614 0,259 2,00 0,802 35 1,596
43,4 0,075 0,0279 0,608 0,257 1,98 0,794 3,45 1,95
43,6 0,074 0,0276 0,602 0,254 1,96 0,786 3,4 1,94
43,8 0,073 0,0273 0,596 0,252 1,94 0,778 3,35 1,93
44,0 0,072 0,0271 0,590 0,25 1,92 0,770 3,3 1,92
44,2 0,071 0,0268 0,584 0,248 1,90 0,762 3,25 1,5
44,4 0,070 0,0266 0,578 0,246 1,88 0,754 3,2 1,48
44,6 0,069 0,0263 0,572 0,244 1,86 0,746 3,15 1,47
44,8 0,068 0,0261 0,566 0,242 1,84 0,738 3,1 1,4|6
45,0 0,067 0,0259 0,560 0,240 1,82 0,730 3,05 1,4|5
45,2 0,066 0,0257 0,554 0,238 1,80 0,722 3 1,42
45,4 0,065 0,0254 0,548 0,236 1,78 0,714 2,98 1,41
45,6 0,064 0,0251 0,542 0,234 1,76 0,706 2,96 1,4
45,8 0,063 0,0249 0;536 0,232 1,74 0,698 2,94 1,39
46,0 0,0623 0,0247 0,530 0,230 1,72 0,690 2,92 1,38
46,2 0,0616 0,0244 0,524 0,228 1,70 0,682 2,9 1,36
46,4 0,0609 07,0242 0,518 0,226 1,68 0,674 2,88 1,36
46,6 0,0602 90,0239 0,512 0,224 1,67 0,666 2,86 1,34
46,8 0,0596 0,0237 0,506 0,222 1,65 0,658 2,84 1,33
47,0 0,0590 0,0235 0,500 0,220 1,63 0,650 2,82 1,32
47,2 0,0584 0,0232 0,495 0,218 1,61 0,644 2,8 1,3
47,4 00578 0,0229 0,490 0,216 1760 0,638 2,78 528
47,6 0,0572 0,0227 0,485 0,214 1,59 0,632 2,76 1,27
47,8 0,0566 0,0225 0,480 0,212 1,57 0,626 2,74 1,26
48,0 0,0560 0,0223 0,475 0,210 1,56 0,620 2,72 1,25
48,2 0,0554 0,0220 0,470 0,208 1,54 0,614 2,7 1,22
48,4 0,0548 0,0218 0,465 0,206 1,53 0,609 2,68 1,21
48,6 0,0542 0,0215 0,460 0,205 1,52 0,604 2,66 1,2
48,8 0,0536 0,0213 0,455 0,203 1,50 0,599 2,64 1,19
49,0 0,0530 0,0211 0,450 0,201 1,49 0,594 2,62 1,18
49,2 0,0524 0,0208 0,445 0,198 1,48 0,589 2,6 1,16
49,4 0,0518 0,0206 0,440 0,197 1,46 0,584 2,56 1,15
49,6 0,0512 0,0204 0,435 0,196 1,45 0,579 2,52 1,14
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Voltage Table A.2 - Permitted capacitance
\% uF
for Group lIC for Group IIB for Group IIA for Group | apparatus
apparatus apparatus apparatus
with a factor of safety | with a factor of safety | with a factor of safety | with a factor of safety
of of of of
x1 x1,5 x1 x1,5 x1 x1,5 x1 x1,5
49,8 0,0506 0,0202 0,430 0,194 1,44 0,574 2,46 1,13
50,0 0,0500 0,0200 0,425 0,193 1,43 0,570 2,46 1,12
50,5 0,0490 0,0194 0,420 0,190 1,40 0,558 2,43 1,1
51,0 0,0480 0,0190 0,415 0,187 1,37 0,547 2,4 ;08
51,5 0,0470 0,0186 0,407 0,184 1,34 0,535 2,3 1,02
52,0 0,0460 0,0183 0,400 0,181 1,31 0,524 2,25 1
52,5 0,0450 0,0178 0,392 0,178 1,28 0,512 2,2 0,99
53,0 0,0440 0,0174 0,385 0,175 1,25 0,501 2,2 0,97
53,5 0,0430 0,0170 0,380 0,172 1,22 0,490 2,2 0,96
54,0 0,0420 0,0168 0,375 0,170 1,20 0,479 2,15 0,95
54,5 0,0410 0,0166 0,367 0,168 1,18 0,468 2,156 0,94
55,0 0,0400 0,0165 0,360 0,166 1,16 0,457 2 0,94
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B.1

Annex B
(normative)

Spark test apparatus for intrinsically safe circuits

Principle

The circuit to be tested is connected to the contacts of the spark test apparatus, which are in

an expl

osion chamber that is filled with an explosive test mixture.

The pa
made t
defined

Except
parts is

B.2

The spark test apparatus shall consist of a contact arrangement.in an explosion chamber

a volun
prescri

NOTE 1
arrangen

One of
asinF

The sp
B.7 deg

The ot
(0,2 £ (
or othe

NOTE 2
are clam

The conptact-arrangement shall be mounted as shown in Figure B.1. The electrode holder

so that

rameters of the circuit are adjusted to achieve the prescribed safety tactor and g
b determine whether or not ignition of the explosive test mixture takes place-V
number of operations of the contact system.

where otherwise specified, the tolerance on mechanical dimensions of the ma
12 % and that of voltages and current is £1 %.

Spark test apparatus

e of at least 250 cm3. It is arranged to produce nfaké-sparks and break-spark
bed explosive test mixture.

An example of a practical design of the spark test.apparatus is shown in Figure B.4. (For thg
ent, see Figure B.1, Figure B.2 and Figure B.3.)

the two contact electrodes shall consist'of a rotating cadmium contact disc with ty
gure B.2.

brk test apparatus described in.B.2 refers to the 3 A test current limited apparat
cribes the 10 A test currentlimited apparatus.
,02) mm clamped «n+a circle of 50 mm diameter to an electrode holder (made ¢

F suitable material as in Figure B.3).

It is advanta@eous to round off the corners of the electrode holder slightly at the points where
bed to avoidwpremature breakage of the wires at the sharp edge.

thé tungsten contact wires slide over the slotted cadmium disc. The distance b

test is
vithin a

chined

having
5 in the

contact

o slots

s, and

her contact electrode consists of four tungsten contact wires with a diameter of

f brass

he wires

rotates
etween

the ele

ctrode holder and the cadmium disc is 10 mm. The free length of the contact

vires is

11 mm. The contact wires are straight and fitted so as to be normal to the surface of the

cadmiu

m disc when not in contact with it.

The axes of the shafts driving the cadmium disc and the electrode holder are 31 mm apart and
are electrically insulated from each other and from the baseplate of the spark test apparatus.
The current is led in and out through sliding contacts on the shafts which are geared together
by non-conductive gears with a ratio of 50:12.

The electrode holder shall rotate at between 78 r/min and 82 r/min by an electric motor, with
suitable reduction gearing if necessary. The cadmium disc is turned more slowly in the opposite
direction.

Gas-tight bearing bushes in the baseplate are required unless a gas flow system is used.
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Either a counting or a timing device shall be used to determine the number of revolutions of the
shaft of the electrode holder.

NOTE 3 Itis advantageous to stop the driving motor, or at least the counting device, automatically after an ignition
of the explosive mixture, for example by means of a photocell or a pressure switch.

The explosion chamber shall be capable of withstanding an explosion pressure of at least
1 500 kPa (15 bar) except where provision is made to release the explosion pressure.

At the terminals of the contact arrangement, the self-capacitance of the spark test apparatus
shall not exceed 30 pF with the contacts open. The resistance shall not exceed 0,15 Q at a
current of 1 A DC and the self-inductance shall not exceed 3 yH with the contacts closed.

B.3 Bpark test apparatus sensitivity

When the sensitivity is not as specified, one or more of the following may be_conducted until
the reqpired sensitivity is achieved:

a) cherk the parameters of the calibration circuit;

b) cherk the composition of the explosive test mixture;
c) clegn the tungsten wires;

d) replace the tungsten wires;

e) conhect the terminals to a 95 mH / 24 V / 100 mA circuit as specified in 9.1.3 and fun the
spark test apparatus with the contacts in air for 20°@00 revolutions of the electrode holder;

f) replace the cadmium disc and calibrate the sparkrtest apparatus in accordance with|9.1.3.
B.4 Preparation and cleaning of tungsten wires

Tungsten is a very brittle material and-tungsten wires often tend to split at the ends|after a
relativelly short period of operation.

To resqlve this difficulty, one of the following procedures shall be followed.

a) Fusle the ends of the tungsten wires in a simple device as shown in Figure B.5. This forms
a small sphere on €ach wire which shall be removed, for example by slight pressure by
twepzers.

NOTIE 1 Whengrepared in this way, it is found that, on average, the contact wires have to be changed after
aboyt 12 500 revolutions.

b) Cut|the tungsten wires with a shearing action, for example using heavy duty scissors jn good
congdition:

The wires are then mounted in the electrode holder and manually cleaned by rubbing the
surface, including the end of the wire, with grade 0 emery cloth or similar.

NOTE 2 It is advantageous to remove the electrode holder from the spark test apparatus when cleaning the wires.

Experience has shown that, in order to stabilize the sensitivity during use, it is advantageous
to clean and straighten the wires at regular intervals. The interval chosen depends on the rate
at which deposits form on the wires. This rate depends on the circuit being tested. A wire shall
be replaced if the end of the wire is split or if the wire cannot be straightened.
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B.5 Conditioning a new cadmium disc

The following procedure is recommended for conditioning 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 mA circuit as specified in 9.1.3 and operate
the test apparatus with air in the chamber and the contacts mounted in accordance with
Figure B.1 for a minimum of 20 000 revolutions of the electrode holder;

c) fit new tungsten wires prepared and cleaned in accordance with B.4 and connect the spark

test

apparatus to a 2 yF non-electrolytic capacitor charged through a 2 kQ resistor;

d) usin
95

of 400 revolutions of the electrode holder or until ignition occurs. If no ignition takeg

che
occ

e) the
and
Gro

B.6

Except
of intrin

a) ate
b) resi

c) inddctive circuits where the inductance does not exceed 1 H;

d) for

The sp
variatio

If the te

might I¢ad to additional dgnition effects invalidating the test result.

With in
do not

Capaci
reducin

ck the gas mixture, replace wires, or check the spark test apparatus: When
Lirs, reduce the voltage in steps of 5 V and repeat. Repeat until no ignition takes

voltage at which ignition shall be obtained to be 45 V for Group-<JlA™ (55 V for @
the voltage at which no ignition takes place shall be 40 V.(for’ Group IlIA (5

up ).
|_imitations of the spark test apparatus

as permitted by B.7, the use of the spark test agparatus shall be limited to the
sically safe circuits with the following parametérs:

st current not exceeding 3 A;
stive or capacitive circuits where the operating voltage does not exceed 300 V;

Circuits up to 1,5 MHz

ark test apparatus may bessuccessfully applied to circuits exceeding these lin
ns in sensitivity might occur.

st current exceeds 3\A; the temperature rise and cadmium coating of the tungste

Huctive circuits, care should be exercised that self-inductance and circuit time co
hdversely.affect the results.

g the Group IIA (or Group 1) explosive test mixture conforming to 9.1.3.1, apply 10 V (or
for Group |) to the capacitive circuit and operate the spark test apparatus for'a,mjinimum

place,
gnition
place;

roup 1)
D V for

testing

hits but

n wires

nstants

ive land inductive circuits with large time constants may be tested, for exa
gnthe speed at which the spark test apparatus is driven. Capacitive circuits

ple by
ay be

tested by removing two or three of the tungsten wires. Attention Is drawn to the fact that reducing
the speed of the spark test apparatus may alter its sensitivity.

The spark test apparatus might not be suitable for the testing of circuits, which shut off the
current or reduce the electrical values as a result of making or breaking contact in the spark
test apparatus during the required number of revolutions. Such circuits shall be modified for the
test to deliver the worst-case output conditions throughout the test.

NOTE For the test of such circuits Annex D and Annex F provide further information.
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B.7 Modification of spark test apparatus for use at higher currents

Test currents of 3 A to 10 A may be tested in the spark test apparatus when it is modified as
follows:

The tungsten wires shall be replaced by wires with diameter increased from 0,2 mm to
(0,4 £ 0,03) mm and the free length reduced to 10,5 mm.

NOTE 1 The reduction in free length reduces the wear on the cadmium disc.

The total resistance of the spark test apparatus including the commutation contact resistance
shall be_reduced to less than 100 mO or the circuit under test shall be modified to compensate
for the jnternal resistance of the spark test apparatus.

NOTE 2| Brushes of the type used in the automobile industry combined with brass sleeves on_the spark test
apparatus shafts so as to increase the contact area have been found to be one practical solution to reduce the
contact resistance.

The totpl inductance of the spark test apparatus and the inductance of-the interconnegtion to
the cirduit under test shall be minimized. A maximum value of 1 yH shall be achieved.

The spprk test apparatus can be used for higher currents but.special care in interprefing the
results |is necessary.
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Figure B.1 — Spark test apparatus for intrinsically safe circuits
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Figure B.2 — Cadmium contact disc
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Figure B.3 — Wire holder
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1 Insulgting plate 10 Pressure plate
2 Currgnt connection 11 Clamp
3 Insulfted bolt 12 Chamber
4 Insulfited bearing 13 Cadmium contact disc
5 Gas ¢utlet 14 Rubber seal
6 Base|plate 15 Gas inlets
7 Contact wire 16 Gear wheel drive 50:12
8 Wire jholder 17 Insulated coupling
9 Clamping screw 18 Drive motor with reduction gears 80 r/min

Figure B.4 — Example of a practical design of spark test apparatus
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Dimensions in millimetres

Key

1 Currgnt feed 3 Tungsten wire
2 Coppler block 4 Insulating plate
NOTE Remove melted droplets with tweezers.

Figure B.5 — Arrangement for fusing tungsten wires
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Annex C
(informative)

Measurement of creepage distances, clearances and separation distances

CcA

through casting compound and through solid insulation

through solid insulation

The vol

tage to be used should be determined in accordance with 6.5.5.

Clearances and separation distances through casting compound and

The cle
there i
conforn
which

Key
1 Cond

2 Clearance

3 Insul

Where

arance is taken as the shortest distance in air between two conductive parts.
5 an insulating part according to this standard, for example an insulating p
ning to 6.5.10, between the conductive parts, the distance is measured.along t
vill be taken by a stretched piece of string as can be seen in Figure C,1:

IEC

uctor

hting partition

Figure C.1 — Measurement of clearance

the distance between the conductive parts is partly clearance and partly sep

Where
artition
ne path

aration

distance through casting compound and/or solid insulation, the equivalent clearﬂgce or
separation distance through casting compound can be calculated in the following manngr. The
value chn then be tompared with the value in the relevant column of Table 7, Table 8 or Table 9
as appllicable.
e
B 4
1 1
IEC
Key
1 Conductor B separation distance through casting compound
A Clearance C Separation through solid insulation

Figure C.2 — Measurement of composite distances
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