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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiomcemp
| national electrotechnical committees (IEC National Committees). The object of IEC s o prg

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electrtonic fields. To

is end and in addition to other activities, IEC publishes International Standards, Technical*Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Ublication(s)”). Their preparation is entrusted to technical committees; any IEC National-Committee inter
the subject dealt with may participate in this preparatory work. International, "governmental and
bvernmental organizations liaising with the IEC also participate in this preparation,” IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance ,with “conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as‘hearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,committee has representation fro|
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
bmmittees in that sense. While all reasonable efforts are made ‘to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for\the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
pnsparently to the maximum extent possible in theirr national and regional publications. Any diverd
btween any IEC Publication and the corresponding-national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation oficonformity. Independent certification bodies provide confg
Esessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certifiéation bodies.

| users should ensure that they have the latest edition of this publication.

o liability shall attach to IEC or jts;directors, employees, servants or agents including individual expert
embers of its technical commitfees and IEC National Committees for any personal injury, property dama
her damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of ,the, publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn te the Normative references cited in this publication. Use of the referenced publicatid
dispensable for the_correct application of this publication.

tention is drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent rights- JEC shall not be held responsible for identifying any or all such patent rights.
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made to the previous edition. A vertical bar appears in the margin wherever a change

has

The

been made. Additions are in green text, deletions are in strikethrough red text.

contents of the corrigendum of July 2018 have been included in this copy.
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Standard IEC 60079-18 has been prepared by IEC technical committee 31: Equipment for
explosive atmospheres.

This fourth edition cancels and replaces the third edition of IEC 60079-18 (2009), and
constitutes a technical revision.

This International Standard is to be used in conjunction with IEC 60079-0, Explosive
atmospheres — Part 0: Equipment-General requirements.

This_edition includes the following significant technical changes with respect to the previous

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

Defipitions deleted and moved to IEC 60079-0 3 X

Heafling modified /added to clarify which requirements are 4 X

addifional requirements for “ma” level of protection only

Themal conductivity added 5.2 X

Notgq added that it is not a requirement of this standard that 5.3.2 X

confprmity to the manufacturer's specification of the

compound needs to be verified

Clar|fication added 6:2.2 X

Clar]fication added 71 X

For the determination of faults options added and 7.2 X

clarification given

Addftional information included in Figure 1 7.4.1

“Varpish and similar coatings are not consideredto be solid 7.4.2

insulation.” was added in this section and deleted in the

defipition on 3.8

For figid, multi-layer printed wiring boards“with through 7.4.3.1 X

connections additional standards added

Protection against inadmissible temperatures and damage 7.8.3 C1
to the cells

Elegtrical protective devices\cClarified and additional 7.9.2 X

posgibilities added

Themal protective.devices clarified and additional 7.9.3 X

posgibilities added

2/3 yoltage limitation deleted 7.9.3 X
Detgrmination of the maximum temperature for “Da” fixed 8.2.2 Cc2
Staljilization of the temperature 8.2.2 C3|
Thermal endurance to heat 8.2.3.1 X

Temperature fixed as reference service temperatures and 8.2.3.1.1 X

tests given as alternatives

For the dielectric strength test procedure alternative 8.2.4.1 X

possibilities added

Alternative test methods for the required pressure test for 8.2.6 X

Group | and Group Il electrical equipment added

Sealing test for build-in protective devices 8.2.8

For the dielectric strength test procedure alternative 9.2

possibilities added

Marking 10 X X
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Explanation of the Types of Significant Changes:

A) Definitions

1.

Minor and editorial changes: Clarification
Decrease of technical requirements
Minor technical change

Editorial corrections

These are changes which modify requirements in an editorial or a minor technical way. They include changes of
the wording to clarify technical requirements without any technical change, or a reduction in level of existing
requirement.

2,

Thefe are changes which add new or modify existing technical requirements, in a way that new options
givgn, but without increasing requirements for equipment that was fully compliant with the previous stand

The]
3.

The
pro
late

thege changes additional information is provided in item B) below.

Not
hav
B) I
C1

Cc2

equ
mol
with

C3
con

The

Full
votir

This

A lig
atm

Extension: e Addition of technical options

Fefore, these will not have to be considered for products in conformity with the preceding edition.

Major technical changes: e addition of technical requirements
. increase of technical requirements

e are changes to technical requirements (addition, increase of the level or removal) madé in a way th
uct in conformity with the preceding edition will not always be able to fulfil the requirements given in
[ edition. These changes have to be considered for products in conformity with the preceding edition.

e These changes represent current technological knowledge. However, these‘changes should not nornj
e an influence on equipment already placed on the market.

nformation about the background of ‘Major technical changes’

Clause 7.8.3 modified and additional requirements added for cells,or batteries

The flexibility given in IEC 60079-0 is replaced by a min{ requirement. For level of protection
pment, designed for EPL “Da” the maximum surface temperature shall be determined with the equipn
nted in accordance with the manufacturer’'s instructions)@and surrounded on all available surfaces by
a layer thickness of at least 200 mm

The increase of the temperature during the test can be a very slow process. The final temperature shal
idered to have been reached when the rate of rise‘of temperature does not exceed 1 K/24 h

text of this standard is based on the-following documents:
EDIS Report on voting
3144452/FDIS 31/1168/RVD

information on the voting for the approval of this standard can be found in the repor
g indicated in the-above table.

publication_has been drafted in accordance with the ISO/IEC Directives, Part 2.

t of all\the parts in the IEC 60079 series, published under the general title Expld
bspheéres, can be found on the IEC website.

are
ard.

bt a
the
For

ally

ma”
ent
just

be

t on

sive

The

committee nas daeclided that the contents or this publication WIIT remaln unchanged

ntil

the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding

of it

s contents. Users should therefore print this publication using a colour printer.
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EXPLOSIVE ATMOSPHERES -

Part 18: Equipment protection by encapsulation “m”

Scope

part of IEC 60079 gives the specific requirements for the construction, testing

and

mar

type
expl

This
equi
equi

The
well

This
for @

This
from

This

requ
this

2

The
are

undated referencesy~the Ilatest edition of the referenced document (including

ame

IEC

IEC

ing of electrical equipment, parts of electrical equipment and Ex components with

of protection encapsulation “m” intended for use in explosive gas atmosphere
psive dust atmospheres.

part applies only for encapsulated electrical equipment, encapsulated parts of elect
ment and encapsulated Ex components (hereinafter always referred to as
ment) where the rated voltage does not exceed 11 kV.

application of electrical equipment in atmospheres, which may.\contain explosive ga
as combustible dust simultaneously, may require additional protective measures.

standard does not apply to dusts of explosives, which.de*hot require atmospheric oxy
ombustion, or to pyrophoric substances

standard does not take account of any risk du@ to an emission of flammable or toxic
the dust.

standard supplements and modifies the‘general requirements of IEC 60079-0. Whe
irement of this standard conflicts with 'a requirement of IEC 60079-0, the requireme
standard-shal-take takes precedence.

Normative references

following documents, in.whole or in part, are normatively referenced in this document
ndispensable for itssapplication. For dated references, only the edition cited applies.

ndments) applies:
60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

60079-7, Explosive atmospheres — Part 7: Equipment protection by increased safety *

the
5 or

rical
(Em”

gen

gas

re a
nt of

and
For
any

IEC

60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety

IEC 60079-15, Explosive atmospheres — Part 15: Equipment protection by type of protection

"wn

n

IEC 60079-26, Explosive atmospheres — Part 26: Equipment with equipment protection level

(EPL) Ga

IEC 60079-31, Explosive atmospheres — Part 31: Equipment dust ignition protection by
enclosure “t”

IEC 60127 (all parts), Miniature fuses
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IEC 60243-1, Electrical strength of insulating materials — Test methods — Part 1: Tests at
power frequencies

IEC 60691, Thermal-links — Requirements and application guide

IEC 60730-2-9, Automatic electrical controls for household and similar use — Part 2-9:
Particular requirements for temperature sensing controls

IEC 60738-1, Thermistors — Directly heated positive temperature coefficient — Part 1: Generic
specification

IEC 6124 1-11, Electrical apparatus for usein the presence of combustible dust —Parl 11
Q . . . . E [ {'DI

IEC[61140, Protection against electric shock — Common aspects for Ainstallation |and
equijoment

IEC61558-1, Safety of power transformers, power supplies, reactors\'and similar produdts —
Part| 1: General requirements and tests

IEC 61558-2-6, Safety of—peower transformers, reactors, power supply units and similar
products for supply voltages up to 1 100 V — Part 2-6: Pattictlar requirements and test$ for
safefty isolating transformers—for—general-use and power supply units incorporating sgfety
isolgting transformers

IEC 62326-4-1, Printed boards — Part 4: Rigid. multilayer printed boards with interlpyer
connections — Sectional specification — SectionJ1: Capability detail specification — Perfprm-
ance levels A, B and C

1sols2._plasti 5 L ’ ! .
ANJI/UL 248-4; (all parts), Standafd for low-voltage fuses—Part1—General-requirements
ANSI/UL 746B, Standard for-polymeric materials — Long term property evaluations
ANSI/UL 796, Printed-Wiring Boards

IPCHA-600, Acceptability of Printed Boards

IPC{6012, Qualification and Performance Specification for Rigid Printed Boards

3 [Ferms and definitions

For the purposes of this document, the terms and definitions given in IEC 60079-0 and the

following definitions-specific-to-encapsulation“m” apply.
NOTE Additional definitions applicable to explosive atmospheres can be found in [IEC 60050-426.

3.1

encapsulation “m”

type of protection whereby parts that are capable of igniting an explosive atmosphere by
either sparking or heating are fully enclosed in a compound or other non-metallic enclosure
with adhesion in such a way as to avoid ignition of a dust layer or explosive atmosphere under
operating or installation conditions
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—-10 -

pH—ct

Pt

satisfv the reauirements of this standard 6n-—a

ite dasian snecification

for - exdmple

pefrsiiSteit—opeatHoRa—CoORGHIORS—0od

Peay—Hheda

AaRuHaGtus

HHS—SP Hea—_Yy—h

The limits—specifiedbv-the manufacturer-mav—include persistent operational conditions

\/ariation—of-the supplvy-specificaticrs within-stated limits and - anv-other operational-tolerance-is phrt of
VOO eSS UpPpry—SpecHcattoRS—WHHA—Sta e S aR G—ahy— o e—o0peiatoiar—to e ahRce1S—ppt—o1

anical contact which makes and breaks an electrical circuit

ching contact

range of temperatures within which the properties of the compound, in either operation or
storage, permit compliance with the requirements of IEC 60079-18

nroderties of the compound  durina-oneration

temperature range of the compound

3.2

PO Ot oM pouUn G, —aur g OpCiat o —oauoTy tHo T Tquir o ito Ot oot g iaara

compound surface exposed to the explosive atmospheres and/or dust layers

free|surface

3.3

obelationof eaguinment conformina electrically and ‘mechanicallvy with

PTGt O O QUi et COT o g CTroCiCany agig o oHiarnTatry with to aCoTgT opoomogaon

NOTE 1

\J

NOTE 2
NI+
3.4

&

sSwi
mec

moisture, gas and dust tight permanent bonding of a compound to a surface

adhesion
countable fault

3.5
3.6

equipment conforming to the constructional

in parts of electrical

fault which occurs

requirements
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separatloneemqurehen between eIectr|caIIy conductlve parts that is conS|dered as not subject
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3.8
soli
insu

Note
bond

4.1
Eled

a) |
b) I

The

(EPJ

4.2

Conm
ency
stan

Alte
due

4.3

 insulation
ation material which is extruded or moulded, but not poured

1 to entry: Insulators fabricated from two or more pieces of electrical insulating material;-which are s

bd together may be considered as solid.-\farpish-and-similarceatings-are-not-considered-to’be-solid-insuld
General

Level of protection (equipment protection level (EPL))
trical equipment with encapsulation “m” shall be either;

bvel of protection “ma” (EPL “Ma, Ga, Da”),
bvel of protection “mb” (EPL “Mb, Gb, Db”), or
bvel of protection “mc¢” (EPL “Ge, Dc”).

requirements of this standard-shall apply’to all levels of protection for encapsulation
-5} unless otherwise stated.

Additional requirements for levels of protection “ma” and “mb”
Ki o irouit ol _

ponents without addijtional protection shall be used only if they cannot damage
psulation mechanjcally or thermally in the case of any fault conditions specified in
dard.

natively, where a fault of an internal component may lead to failure of encapsulation
to increasing temperature, the requirements of 7.9 shall apply.

Additional requirements for level of protection “ma”

plidly
htion.

the
this

Lo 1 AW

The

4.4

les Lt rs H S Ll + HS 1 ry P |
VVUII\IIIy VUILGHU al ally 'JUIIII. mrurc UIirTovutt olfidiT TTUL TAUTTU T NV,

Rated voltage and prospective short circuit current

The rated voltage and the prospective short circuit current shall be specified such that the
limiting temperature is not exceeded for the relevant level of protection “ma”, “mb” or “mc”.

5

5.1

Requirements for compounds

General

The documentation shall specify the compound(s) used and the processing method(s),
including measures to prevent the formation of voids.
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As a minimum, those properties of the compound(s) on which encapsulation “m” depends
shall be provided.

NOTE Due-consideration-should-be-given—in-the Proper selection of the compound allows for the expansion of

components during operation and in the event of allowable faults.
5.2 Specification
The specification for the compound shall include the following:

a) the name and address of the manufacturer of the compound,

b) theexactand compiete Teference o g compound and etevant, percentage of. fllers
gdnd any other additives, the mixture ratios and the type designation,

c) if applicable, any treatment of the surface of the compound(s), for example varnishing,

d) if applicable, to obtain correct adhesion of the compound to a component, any.requirement
or pre-treating of the component for example cleaning, etching,

e) the dielectric strength in accordance with IEC 60243-1 at then maximum selvice
temperature of the-equipment compound determined according to8,/2.2 a) if available; if
ot available, the requirements of 5.3.2 shall be applied,

f) temperature range of the compound(s) (including maxigasm continuous opergting
temperature (COT) and minimum continuous operating temperature (COT)),

g) iph the case of “m” equipment where the compound is_ patt’ of the external enclosure] the
temperature index Tl value as defined by IEC 60079-0. As an alternative to the Tl the
elative thermal index (RTI-mechanical-impact) may be determined in accordance |with
ANSI/UL 746B,

h) the colour of the compound used for the test.samples, where the compound specification
ill be influenced by changing the colour,

i) Thermal conductivity if utilizing the altergative test method in 6.2.2.

NOTE It is not a requirement of this standard that'conformity to the manufacturer’s specification of the compgound
needs to be verified.

5.3 | Properties of the compound
5.3. Water absorption

He—egquipment-is—toe-exposed-to-dampness; Either the compound shall be tested in
accqrdance with 8.1.4-0t; if this test is not performed, the certificate number for the equipment
shall-be—marked ifictdde the “X” suffix in accordance with the marking requirements of

IEC |60079-0 and\thé-restriction-of use-to-dry-environmenisclarified-in-the-instructions spqcific

conditions of yge listed on the certificate shall detail the precautions necessary.

5.3.2 Dielectric strength

Whdre.the dielectric_strength _according to IEC 60243-1—is—not available at the maxighum
service temperature—of-the—egquipment-as—defined according to 8.2.2 a)-see-5.2-e)}, of the

compound is not available from the material manufacturer, a test shall be performed in
accordance with 8.1.2.

NOTE It is not a requirement of this standard that conformity to the manufacturer's specification of the compound
needs to be verified.

6 Temperatures

6.1 General

The service temperature of the compound,

The maximum value of the continuous operating
determined in accordance with IEC 60079-0 shall not-be-exceeded-undernormal-operation

exceed the maximum value of the COT of the compound. The maximum surface temperature
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shall be determined in accordance with |IEC 60079-0-shall-not-be—exceeded under normal
operation and under fault conditions as defined in 7.2.1. The “m” equipment shall be protected
in such a way that encapsulation “m” is not adversely affected under these fault conditions.

6.2 Determination of the limiting temperatures

6.2.1 Maximum surface temperature

The
accq rdance with the supply cond|t|ons speC|f|ed in 4.4,

ammpe e lNn-adeagree 'a a) axnlo aWla mMospHh
) Saoas = ol O SEaS v oo

NOTE This temperature is used to determine either the temperature class for explosive gasgg@tmospheres qr the
maxifnum surface temperature in degree Celsius for explosive dust atmospheres of the equipmenit, or both.

6.2.2 Temperature of the compound

The|hottest component shall be determined. The maximum temperature in the compopund,
adjacent to the hottest component, shall be determined using théjtest method given in §.2.2
for normal operation.

As an alternative the determination of the temperature ©f the hottest component in nofmal
opefation may be done by calculation, manufacturer’$ specification or by-—a—practicalitest
testing the component under intended applicatiensconditions prior to encapsulating| the
components if the thermal conductivity of the compound is greater than that of air.

NOTE Thermal conductivity of air is most often defined’as 0.25 W/m*K (standard conditions).
6.3 | Temperature limitation

Whgre the equipment may be subject‘to fault in accordance with 7.2.1, or where there ig the
posgibility of an increased temperature, for example by an unfavourable input voltage in
accqrdance with 7.2.1 or an unfavourable load, this shall be taken into account in determining
the limiting temperatures.

Whgn a protective device is required to limit temperatures for safety reasons, it shall b¢ an
inteqnal-or-external electrical or thermal device external to the equipment or directly integrpted
into the equipment,.as defined in 7.9.

7 [Constructional requirements

7.1 General

Where the compound forms part of the external enclosure it shall comply with the
requirements of IEC 60079-0 for non metallic enclosures and non metallic parts of enclosures.

If the surface of the compound is totally or partly surrounded by an enclosure and the
enclosure is part of the protection, the enclosure or parts of the enclosure shall comply with
the enclosure requirements of IEC 60079-0.

H-Additional protective measures—are may be required to be provided by the user in the
installation in order to comply with the requirements of this standard. For example, additional
mechamcal protechon%md&ate%h%peem&emmmﬁe#}&eqmpﬁwm%ha#b&m

! -0 may be
requwed to protect the eqmpment from a dlrect |mpact In such cases, the certificate number
for the equipment shall include the “X” suffix in accordance with the marklng requirements of
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IEC 60079-0 and the specific conditions of use listed in the certificate shall detail the
precautions necessary.

Appropriate action shall be taken to accommodate the expansion of components during
normal operation and in the event of faults according to 7.2.

In 7.2 to 7.9 the requirements differ according to whether the compound adheres to the
enclosure. Where adhesion is specified, the aim is to prevent the ingress of explosive
atmospheres and moisture at the boundary surfaces (for example enclosure-compound,
compound-parts that are not completely embedded in the compound, such as printed wiring

boards—connection—terminals—etc )\ —\Where adhesion—is—reguired to maintain—the tvo of
7 I 7 ] PA

protection, it shall be maintained after completion of all the prescribed tests.

NoTE The choice of the compound(s) to be used for a specific application is dependent or the
task|each compound has to perform.-la-general; Testing a compound once-is-Aot-sufficientfor

uhivprsal-use-for-encapsulation—m” for a given application will not qualifythat compound for

all applications.

NOTE Tests for adhesion are under consideration.
7.2 | Determination of faults

7.2. Fault examination

Whgn tested in accordance with IEC 6007 -0, encapsulatlon m’ shallm#beum#ahda%edreveﬂ

maif talned in the case of
a) the most-adverse unfavourable outputdoad and

b) up to two internal countable faulis*for level of protection “ma”, and up to one intgrnal
countable fault for level of protection “mb”, taking into account 7.2.2, 7.2.3 and 7.2.4.

No faults are taken into account for level of protection “mc”.

NOTE Examples of faults are: a‘short circuit in any component, the failure of any component and a fault betiveen
trackp in the printed wiring board; but not the opening of a track.

Con uirements of are not considerad to fail and infallible senaration
SOH HemetS—o+—afrehRot—-ecohRstaefreato+ah—aheiHhiatHoie—SepaiaqHoh

Thelfailure_¢of'some components may result in an unstable condition, for example, alternating
between _high and low resistance. In those cases, the most onerous condition shal|l be
congidered.

If a fault leads to one or more subsequent faults, for example, due to the overload of a
component, the primary and subsequent fault(s) shall be considered to be a single fault.

7.2.2 Components considered as not subject to fail

For levels of protection “ma” and “mb” the following components shall be considered as not to
fail if they are encapsulated according to the requirements of this standard, if they are
suitable for the service temperature and if they are not operated at more than 2/3 of their

rated voltage, rated current and rated power-specified-by-the-manufacturerof-the respective
component related to the rating of the device, the mounting conditions and the temperature

range specified:

— resistors, if they comply with-the current limiting resistors of IEC 60079-11,

— single-layer, spirally wound coils,
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For

IEC[60079-7, including also those that have wire diameters of less than+0,25 mm sha

con
this

7.2.3 Isolating components

The|following components for the segregation of different circuits shall be considere
proviide isolation and are not considered to fail across the 'segregation:

NOTE 1 It is not/a-requirement of this standard that conformity to the above standards per the manufacty
specification régarding segregation needs to be verified.

NOTE 2, Galvanically separating components providing double or reinforced insulation according to a pr

stan

60079-18:2014 RLV © IEC 2014 - 15—

plastic foil capacitors,
paper capacitors,

ceramic capacitors,

§emiconductors,

gemiconductor devices used as a protective device according to 7.9,

nesistors used as a protective device according to 7.9, if they comply withi\the cu
[Imiting resistors of IEC 60079-11 for level of protection “ia” or “ib”.

evels of protection “ma” and “mb”-ceils—moter windings-and-transfermers that comply

gidered as not subject to failure if they are encapsulated according*to the requiremen
standard.

(Galvanically separating components (e.g. optocouplers and relays),
+ if the rated insulation voltage conformsito’2U + 1 000 V r.m.s. +8 % or 1500 Vr.
whichever is greater (U is the sum ofAhé rated r.m.s. voltages of both circuits), or

+ for a rated insulation voltage acr@ss the segregation of more than 60 V (sum of

reinforced insulation betweenthe circuits per IEC 61140, or

4+ complying with IEC 60079-M™ for level of protection “ia” or “ib”.

Transformers,

complying with IEC 61558-2-6-erEC-60079-14

providing a dquble or reinforced insulation between the circuit per IEC 61558-1, or

complying, with [IEC 60079-11 for level of protection “ia” or “ib”.

dardsare considered to meet the requirements of IEC 61140 e.g. IEC 60747-5-5 for optocouplers.

rent

with
| be
s of

d to

m.s.

the

rated r.m.s. voltages of both gitGuits), optocouplers and relays providing a double or

rer’s

pbduct

7.2.4 Infallible separation distances

7.2.41 General

It is not necessary to consider the possibility of a fault occurring as described in 7.2.1 in
respect of voltage breakdown, if the distances between bare current-carrying parts:

of the same circuit, or
of a circuit and earthed metal parts, or

of two separate circuits (sum of the working voltages shall be taken as the voltage for
Table 1; where one of the working voltages is less than 20 % of the other, it shall be

ignored),

comply with the requirements of 7.2.4.2 and if applicable 7.2.4.3.
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7.2.4.2 Distances through the compound

IEC 60079-18:2014 RLV © |IEC 2014

Distances through compound shall be considered to be infallible against short circuit for level
of protection “ma” and level of protection “mb” if they comply with the values in Table 1,
provided that the distances in the compound are fixed or secured mechanically before
encapsulation.

NOTE When a suitably adhered non-metallic enclosure of a given specific minimum thickness permits a zero
thickness of compound per Key letter ¢ of Table 4 and Figure 1, then the separation distances for the associated
current carrying parts are still considered infallible against short circuit

Dist
dists
asseé
are

For

Table 1 — Distances through the compound

” H

nces given for level of protection “ma” and “mb” are not considered infallible and sha
ssed as a “countable fault”. Distances less than those given for level of protection
considered as short-circuits if this impairs the type of protection “m”.

evel of protection “mc” the values of Table 1 are the constructional requirements and
be dchieved by mechanically fixing before encapsulation.

Voltage U r.m.s. or d.c. (see-note?) Minimum'distance
\% mm
“ma” “mb ” “mc "
<32 0,5 0,5 0,2
<63 0.5 0,5 0,3
<400 1 1 0,6
<500 1,5 1,5 0,8
<630 2 2 0,9
<1000 2,5 2,5 1,7
<1600 - 4 4
<3200 - 7 7
<-6°300 - 12 12
<10 000 - 20 20
0
he—rationa on—o voltag ven-in-Table F.3bo C 6066 and are
bas&di\on the rationalization of supply voltages given in Table 3b of IEC 60664-1.
When determining the required distance, the working voltage may be higher than the
voltage in the table by a factor of 1,1.
NOTE The factor of 1,1 recognizes that at many places in a circuit, the working
voltage equals the rated voltage and that there are a number of rated voltages in
common-usa-that can hg aceagmmadatad hy tha 1’1 factor

7.24.3 Distances through solid insulation

lible
| be

‘mc

may

The distance through solid insulation, on which the type of protection “m” depends, shall be at
least 0,1 mm and shall comply with the dielectric strength test of 0.
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7.3 Free space in the encapsulation

7.3.1

Group Ill “m” equipment

The-compound-shall-be-free-of voids-

— 17 —

The sum of the free spaces is not limited, but the volume of each individual free space is
limited to 100 cm3. The thickness of the compound surrounding such free spaces shall meet
the requirements of Table 2.

to free space for Group Ill “m” equipment

without adhesion

Level of Minimum thickness of Free space Free space
prptection compound adjacent to free <1cmd >1cm® <00 cm?
space to:
Free space or free surface 3 mm 3 mm
Non-metallic or metal enclosure 3 mm (enclosure + 3 mmi\ (enclosure + compound)?
‘ma” with adhesion compound)?
Non-metallic or metal enclosure 3 mm 3ymm
without adhesion
Free space or free surface 1 mm 3 mm
Non-metallic or metal enclosure 1 mm (enclosure &+ 3 mm (enclosure + compound)?
“mb” with adhesion compound)
Non-metallic or metal enclosure 1 mm 3 mm
without adhesion
Free space or free surface 1 mm 1 mm
“mc’ Non-metallic or metal enclosure $'mm (enclosure + 1 mm (enclosure + compound
with adhesion compound)
Non-metallic or metal enclosure 1 mm 1 mm

2 Wall thickness of the enclosure > 1\mm.

NOTRE The thickness of the materials quoted in this table does not imply compliance with other mechanical {
required by IEC 60079-0.

NOTE A metal enclosurewith adhesion is permitted to have no compound thickness to a free space proVv
therg are no live parts in\the free space.

ests

ided

7.3.2

Thelcompound-shall-be free-of voids:

Group | and Group Il “m” equipment

The sum of the free spaces shall not exceed:

e 100 cm3 for level of protection “mb” and “mc”;

e 10 cm3 for level of protection “ma”.

The minimum thickness of the compound surrounding such free spaces shall comply with

Table 3.



https://iecnorm.com/api/?name=669dbb1ae12b37a02fc150a260f6e6f7

- 18 — IEC 60079-18:2014 RLV © |IEC 2014

Table 3 — Minimum thickness of compound adjacent
to free space for Group | and Group Il “m” equipment

Level of Minimum thickness of Free space Free space Free space
protectio | compound adjacent to <1cmd >1cm3<10 cm? > 10 cm® < 100 cm?
n free space to:
Free space or free 3 mm 3 mm Not permitted
surface (pressure test
in accordance with
8.2.6)
Non-metallic or metal 3 mm (enclosure + | 3 mm (enclosure + Not permitted
enclosure with adhesion | compound) 2 compound) 2
‘ma (pressure test
in accordance with
8.2.6)
Non-metallic or metal 3 mm 3 mm Not permitted
enclosure without (pressure test
adhesion in accordance with
8.2.6)
Free space or free 1 mm 3 mm 3 mm
surface (pressure test
in accordance with 8.2.6)
Non-metallic or metal 1 mm (enclosure + | 3 mm (enclosure+ 3 mm (enclosure +
enclosure with adhesion | compound) compound) @ compound) @
“mb’ (pressure test
in accordance with 8.2.6)
Non-metallic or metal 1 mm 3 mm 3 mm
enclosure without (pressure test
adhesion in accordance with 8.P.6)
Free space or free 1 mm 1 mm 3 mm
surface
“mcf Non-metallic or metal 1 mm\(enclosure + | 1 mm (enclosure + 3 mm (enclosure +
enclosure with adhesion | compound) compound) compound)
See note
Non-metallic or metal 1 mm 1 mm 3 mm
enclosure without
adhesion
a8 Wall thickness of the'enclosure > 1 mm.
NOHE The thickness:of the materials quoted in this table does not imply compliance with other mechanical fests
required by IEC®60079-0.
NOTE A metal enclosure with adhesion is permitted to have no compound thickness to a free space provided
therg are(ngtive parts in the free space.

7.4 Thickness of the compound
7.41 “m” equipment

The minimum thickness of compound surrounding the electrical components and circuit shall
be in accordance with Table 4 and Figure 1.

If solid insulation according to-7-2-4-2 7.2.4.3 is used in an enclosure with metallic walls as
shown in Figure 1, the compound shall adhere to the wall.

NOTE 1 Figure 1 does not necessarily represent a practical construction, but is intended to assist in
understanding Table 4 by showing an encapsulated circuit—with—al—of: that includes a free surface; a metallic
enclosure; a plastic enclosure with different wall thicknesses.
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When a suitably adhered non-metallic enclosure of a given specific minimum thickness
permits a zero thickness of compound per Key letter ¢ of Table 4 and Figure 1, then the
separation distances for the associated current carrying parts are still considered infallible
against short circuit.

NOTE 2 Separation distances (creepages and clearances) associated with such current carrying parts that are
permitted to have zero thickness of compound and still be considered infallible against short circuit, are evaluated
in accordance with the applicable safety requirements of the relevant industrial standards.

L Erege-suface-of-the-compound L
g

P A 4 A i
Y v b
Non current carrying part ¥
e
Y Optional'solid
< insulation or board
o Aj laminate with no
o 7 conductors
‘ b
o [
‘ 2
Plastic wall with / \Plastic wall with
thickness t > 1 mm thickness t <1 mm
Solidlinsulation
b according 7.2.4.2
Metallic wall IE

Key

a distance to free surface

>
o

stance to metallic enclosure

¢ distance to-plastic non metallic enclosure with wall thickness t > 1 mm

O
o

stance to-plastie non metallic enclgsure with wall thickness { <1 mm

[
(o}

stance to non current carrying part within the compound

\
Q.

stance from non currentteartying part to free surface

Figure 1 - Dimensional key for thickness through the compound

In all cases theycompound shall be subjected to the dielectric strength test of 8.2.4.
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Table 4 — Thickness of the compound

Level of protection Level of protection “mb” or “mc”

“ma!!
2 a > distance according to Table 1 but not less
Free surface <2 cm a 23 mm than 1 mm
2 a > distance according to Table 1 but not less
Free surface > 2 cm a 23 mm than 3 mm
Plastic-housing Non metallic . .
enclosure with adhesion d>3mm d > distance according to Table 1 but not less

(wall thickness ¢ < 1 mm)

than 1 mm

Plagtic-housing Non metallic

enclosure with adhesion cz2(3mm-g¢)°@ ¢ > (distance according to Table 1 —¢) @

(wall thickness # > 1 mm)

Plagtic-heusing Non metallic ¢ =d > distance according to Table'4 but not Igss

c=d>3 mm

enclosure without adhesion than 1 mm
. b > distance according to Tahle*1 but not less

Metpl-heusing enclosure b >3 mm than 1 mm
Nor{ current carrying part e>3mm i iﬂﬂstance according to"Table 1 but not less than
Non current carrying part —
freg surface freza freza
2 Ip the case of-—plastic-heusing non metallic enclosure with adhesien and wall thickness > 1mm if|the

hpplication of the formula allows ¢ = 0 the component may be placegd against the wall.

7.4.2 Windings for electrical machines

For electrical machines with windings in slots¢the solid slot insulation shall have:

a) for level of protection “ma” only, a minimum thickness of 0,1 mm and shall be extendefd by

t least 5 mm beyond the end of th& slot;

b) for levels of protection “ma” and “mb”, the end of the slot and the end-winding shall be
protected by the minimum thickness of compound in accordance with 7.4.1. A dielegtric
gtrength test in accordance with 8.2.4 shall be passed with a test voltage U = JU +
1000V r.m.s. +8 % with-a minimum of 1 500 V a.c. at 48 Hz to 62 Hz.

Varrlish and similar coatings are not considered to be solid insulation.

7.4.3 Rigid, multi-layer printed wiring boards with through connections

7.4.3.1 General

MuIT-Iayer printed wiring boards complying with the requirements of IEC 6232614-1,

perf =A- = king

voltages less than or equal to 500 V, shall be considered to be encapsulated providing they

mee

t7.4.3.2

NOTE It is not a requirement of this standard that conformity to the manufacturer’'s performance specificati
the printed wiring board needs to be verified.

7.4.3.2 Minimum distances

on of

The insulation thickness of both, the copper-clad laminates and the adhesive films shall

com

ply with the requirements of 7.2.4.3.

NOTE The insulation thickness is the combination of the laminate and the adhesive film when they are not
separated by copper.
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The minimum distance between the printed circuit conductors and the edge of the multi-layer
printed wiring board or any hole in it shall be at least distance b of Table 5. If the edges or
holes are protected with metal or insulating material extending at least 1 mm along the
surface of the board from the edges or holes, the distance between the printed wiring
conductors and the metal or insulating material may be reduced to distance c of Table 5. Metal
coating shall have a minimum thickness of 35 um (see also Figure 2 and Table 5).

Table 5 — Minimum distances for multi-layer printed wiring boards

a is fhe distance between the current carrying part and the outside surface through the cover layer;

b is [he distance between the current carrying part and the outside surface along(the“cover layer;

¢ is the length of metal or insulation extending along the surface of the board-from the edge or the hole;
d is fhe thickness of the adhesive film or the core where segregation is reqdired;

e is fhe distance between two circuits inside the multilayer where segregation is required.

Distance Level of protection “ma” Level of protection “mb” Level of protection “mc”
b 3 mm 3 mm 1T mm
c 3 mm 1 mm 0,5 mm
d 0,1 mm, see72327.2.4.3 0,1 mm, see723-27.2.4.3 0,1 mm, see4A2327.2.4.
e In accordance with Table 1 In accordance with Table 1 In accordance with Table 1
whefe



https://iecnorm.com/api/?name=669dbb1ae12b37a02fc150a260f6e6f7

- 22 - IEC 60079-18:2014 RLV © |IEC 2014

2 EC 11004

2 IFc
Key
dore and cover layer
ddhesive filmeopper |:|
qopper ]
1 Through) contact for termination
2 Through contact to connect the printed conductors to the layers

Figure 2 — Minimum distances for multi-layer printed wiring boards

7.5 Switching contacts
7.5.1 General

Switching contacts shall be provided with an additional enclosure.

NOTE Entering of compound-sheuld-net-enter in the enclosure of the switching contacts during the encaspulation
process can interfere with the function of the device

7.5.2 Level of protection “ma”

Switching-contacts-shal-be-provided-with-an This additional enclosure shall be in accordance

with the requirements for hermetically-sealed devices as defined in IEC 60079-15 before
encapsulation.
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NOTE Damage to the hermetically-sealed enclosure due to stresses during potting can invalidate the type of
protection of the device.

The rating of switching contacts shall be less than or equal to 60 V and 6 A. The additional
enclosure shall be made of inorganic material if the switched current exceeds 2/3 of the rated
current specified by the manufacturer of the component.

7.5.3 Level of protection “mb”

additio enclosure before—encap oA [This

be made of inorganic material if the switched current exceeds2/3 of
the rated current specified by the manufacturer of the component or if the current-exceeds
6 A.

7.5.4 Level of protection “mc”

This
A.

7.6 External connections

7.6. General

Whgn compounds are used to secure _d\ permanently connected cable, the cable shall be
suitably protected against damage froni’flexing and the pull test shall be carried out according
to 8J2.5.

This| test shall not be performgd on Ex Components or where the enclosure of the|“m
protgcted device does not serve as an external enclosure.

7.6.2 Additional requirements for “ma” equipment
Ex@jmal—eeﬂneeuenssh%meeuhe%uw%mqa#emeﬂts The Ex ma equipment shall e|ther
be qupplied by~aseircuit in accordance with level of protection “ia” according to IEC 6007p-11
or have a comifection in accordance with one of the following requirements:

t i 4 - ;
e fornEPL Gathe“Ga” requirements of IEC 60079-26;

o for EPL Da,-the“Da’requirements level of protection “ta” of IEC 60079-31-er1EC 64244~
I, eve 9 p eteet.9| “.aD”.

7.7 Protection of bare live parts

Depending on the required EPL bare live parts that pass through the surface of the compound
shall be protected by another type of protection as listed in IEC 60079-0 for the required EPL.

NOTE In this case, the equipment is marked-as—eombinred with multiple types of protection in accordance with
IEC 60079-0.
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Cells and batteries

7.8.1 General

When evaluating battery control arrangements with respect to the potential release of gas, the
full range of operating temperatures, internal resistance and voltage capability shall be
considered. It shall be assumed that batteries can become unbalanced, but cells

negl

igible resistance or voltage capability need not be taken into account.

Subclause 7.8 applies to all levels of protection, unless specifically excluded.

battgry requirements of IEC 60079-11 except for the relaxation for parallel cells, which arg

per

7.8.1

Eleg
leve
prec
secq

ForrEevel of protection “ma” cells and batteries shall additionally comply with the cell

itted in equipment solely protected by encapsulation.

p Prevention of gassing

s of protection “ma” and “mb” the release of gas in the eventJof a fault canno
luded, the gassing shall be minimised by a control device in accordance with 7.8.8.
ndary cells, the control device shall be effective not only during)charging, but also du

with

and
not

trochemical systems that can release gas during normal operation are\not permitted. |f for

be
With
ring

ctric

e in

discharging. This also applies for charging outside the hazardous atrea.

In particular,

a) yented cells shall not be used,

b) gealed valve regulated cells shall not be used,

c) gealed gas-tight cells that, within the range>of the ambient temperature of the ele
equipment, do not release gas under any operating or fault conditions may be Used
without a control device in accordance with 7.8.8.

Gasttight cells that do not fulfil the requirements of 7.8.2 c) shall have a control devig

accqrdance with 7.8.8.

7.8.3 Protection against.inadmissible temperatures and damage to the cells or

batteries

The maximum service temperature of the cells or batteries under worst case load (see 7.8.5)
shall not exceed either the temperature specified by the manufacturer of the cells or batteries,
or 80 °C if not specified by the manufacturer and the maximum charging and discharging
current shall not exceed the safe value specified by the manufacturer by one of the following

mea

ns:

a) shall be provided with one or more control devices as described in 7.8.8 to prevent
unacceptable overheating or gassing inside the compound,

b) shall be provided with a series resistor to limit current to the cell rating and a blocking
diode to preclude reverse charging.

In ei

ther case, the requirements in 7.8.4 through 7.8.7 apply as applicable.
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7.8.4. Reverse current

For levels of protection “ma” and “mb” where there is another voltage source in the same
enclosure, the encapsulated cell or battery and its associated circuits shall be protected
against charging by circuits other than those specifically designed for charging. For example,
by separating the cell or battery and its associated circuits from all other voltage source(s)
inside the enclosure, using the distances specified in Table 1 for the highest voltage capable
of causing the reverse current. Alternatively, the cell or battery only may be separated, from
the other voltage source(s) using the distances specified in Table 1, but with one blocking
diode for level of protection “mb”, or two blocking diodes for level of protection “ma”, fitted as
shown in Figure 3, and so arranged as to reduce the risk of a single fault causing both diodes
to bgshort=tircuited:

+Ve

1
[~ ||

\

IEC

NOTE Figure shows arrangement for Level of Protection “ma”.

Figure 3 — Fitting of blocking diodes

7.8.5 Current limitation

The|maximum surface temperature shall be determined using the highest discharge cufrent
permitted by the maximum load specified by the equipment manufacturer, or by the protegtive
device, see 7.9, for example 1,7 times the rating of the)fuse, or at short circuit if neither a Joad
nor a protective device is specified.

A resistor, a current limiting device or a fuse according to IEC 60127 or—an—egquivglent
stangdard IEC 60691 or ANSI/UL 248 serieS. may be used to ensure the maximum discharge
current specified by the manufacturer ofithe cells or battery is not exceeded. If replacepble
fusep are used the equipment shall be.marked to show their rating and function.

NOTE It is not a requirement of this standard that conformity to the manufacturer's specification of the registor,
currept limiting device or fuse needs te\be verified.

7.8.6 Protection against.the polarity inversion and deep discharge of the cells

For [level of protection~*ma” and “mb” when more than 3 cells are used in series, the|cell
voltage shall be monitered. During discharging, if the voltage falls below the limit value fof the
cell [voltage specified by the manufacturer of the cells or battery, the control device shall
discpnnect the)cells or battery. For level of protection “mc”, if more than three cells| are
connected in“series, precautions shall be taken to prevent reverse polarity charging off the
cell.

NOTE NVIf several cells are connected in series, cells can change polarity during discharge due to the vdrious
capacities of the cells in a battery. These "reversed pole” cells can enter an inadmissible gassing range.

Where a deep discharge protection circuit is used to prevent reverse polarity charging of cells
during discharge, the minimum cut-off voltage shall be that specified by the cell or battery
manufacturer. After disconnecting the load, the current shall be no more than the discharge
capacity at the 1 000 h rate.

NOTE 2 Such protection is often used to prevent cells going into a state of “deep discharge”. If an attempt is
made to monitor too many cells connected in series, the protection will sometimes not function reliably due to
tolerances in individual cell voltages and the protection circuit. Generally, monitoring of more than six cells (in
series) by one protection unit is not effective.
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7.8.7 Charging of cells or batteries

7.8.71 Level of protection “ma” and “mb”

The charging circuits shall be fully specified as part of the equipment. The charging system

shall be such that either:

a) with one fault condition of the charging system, the charging voltage and current shall not

exceed the limits specified by the manufacturer;
or
b)

during charging, it is possible for the limit values specified by the manufacturer o

the

i
gells or battery for the cell voltage or the charging current to be exceeded, a sep3
protective device in accordance with 7.9 shall be provided to minimize the possibility
nelease of gas and also exceeding the manufacturer’'s maximum rated cell temperg
during charging.

7.8.7.2 Level of protection “mc”

The|charging system shall be such that in normal operation the chargecvoltage and curren
not ¢xceed the limits specified by the manufacturer based on the specified temperature ra
of tHe equipment. If cells and batteries, which are an integral part(of-the electrical equipr
are fo be charged in the hazardous area, the charger shall be fully specified as part of
equipment design. If cells or batteries, which are an integral part of the electrical equipr
or can be separated from the equipment are charged outside of the hazardous area,
charging shall be within the limits specified by the manufacturer of the equipment.

7.8. Requirements for control safety devices for cells or batteries

Whgqre required, the control devices shall form safety related parts of a control system. It
be the responsibility of the manufacturer to provide the information necessary to maintain
integrity of the system.

NOTE Safety related parts meeting the requirements of PL ¢ of ISO 13849-1 “Safety of machinery — S
relatgd parts of control systems — Part 1: General principles for design”-weuld will satisfy this subclause.

7.9 Protective devices
7.9. General

Whegre If relying on a-protective device to limit maximum surface temperature when the
ipment |Sﬂepable—tewmhstand subJected to a smgle fault for level of protectlon “ml

de@ee—Gewtsms—fer—e*pleswe—stt—aﬁnespheﬁeu the protect|ve dewce shaII be prowded e

external te—the equipment or directly integrated into the equipment. Protective devices
leve| offprotection “ma” shall be non resettable. Thermal protective devices for leve
protection “mb” may be resettable.

rate
of a
ture

t do
nge
nent
the
nent
the

shall
the

afety

The protective device shall be capable of interrupting the maximum fault current of the circuit
in which it is installed. The rated voltage of the protective device shall at least correspond to
the working voltage of the circuit in which it is installed.

Where the “m” equipment contains a cell or battery and a control device is provided to pre

vent

excessive overheating (see 7.8.5), this control device can also be considered as a protective
device, providing it also protects all other components inside the same compound from

exceeding—the-COT ortemperature—classfor-explosive—gas—atmospheres—or the maximum

surface temperature-in-degree Celsius for explosive dust-atmospheres.


https://iecnorm.com/api/?name=669dbb1ae12b37a02fc150a260f6e6f7

IEC 60079-18:2014 RLV © IEC 2014 - 27 -

NOTE 1 The use of protective devices is to protect against faults and unforeseen overloads, which overheat
and/or permanently damage or compromise the operational life of the equipment. Where resettable devices are
used, the instructions-sheuld-be-provided include information to guide the user in the desirability of re-setting the
devices. These instructions-should-censider are considering external operational conditions under which they might
be reset and also any subsequent monitoring that might be desirable.

NOTE 2 Both, self-resetting and manually resettable devices are considered to be resettable devices for the
purpose of this standard.

For level of protection “ma”, if the non resettable protective device complies with the
IEC 60127 series or IEC 60691 or ANSI/UL 248-1 series, only one device is necessary. This
applies to 7.9.2 and 7.9.3.

NOTE 3 It is not a requirement of this standard that conformity to the manufacturer’'s specification of_thg non
resetfable protective device needs to be verified.

NOTHE 4 ANSI/UL 248-1 contains the applicable general safety requirements for low-voltage fusesy.including the
requifements to establish breaking capacity or interrupting rating. The other parts of the ANSMUL 248 deries
provifle additional specific safety requirements based on the intended application of the fusgA\such as ANBI/UL
248-14 for supplemental low-voltage fuses.

7.9.2 Electrical protective devices
7.9.2.1 General

Fus¢s Protective devices shall have a voltage rating not less than that of the circuit in which
they| are installed and shall have a breaking capacity not.ess than the fault current of| the
circuit.

Unlgss otherwise specified, a fuse shall be assumed to be capable of passing 1,7 times
the fated current continuously. The time-current.characteristic of the fuse, as stated by the

manjufacturer of the fuse, shall ensure that the—G@I—ef—the—eempeund—end—the—tempe&Me

claskfor-explosive—agas—atmosphere maximum—surface-temperatur aearee Celsius
casptorexprostve—gas—atmosphet themaximum-surface temperatd R-cgegree-eisids

fepe*piesive—dust—a%mespheﬁe%ape—nepexeeeded maximum surface temperature is| not
excgeded. For electrical protective deviges two devices normally in series are requireq for
leve| of protection “ma” and one devic@,is required for level of protection “mb”. If for level of
protgction “ma”, the two devices aresnot in series, the activation of either device shalll de-
enellgize the circuitry relying on the protection. The two devices for level of protection fma”
shal] be the same type of protestive device (while not necessarily the same manufacturer{and
partlnumber), so as to providexduplicated protection.
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An glectrical protective device is not required for level of protection “mc”.

NOTE In the-ease of electrical supply networks where the rated voltage does not exceed 250 V, the prospgctive
shorttcircuit fault current is usually 1 500 A.

7.9.2; i i “m

If the protective device is external to the “m” equipment it shall be seen as equipment
required for the safety of the “m” equipment, in accordance with 7.9.2. This specific condition
of use shall appear on the certificate and the equipment shall be marked in accordance with
the “specific conditions of use” marking requirements of IEC 60079-0.

The use of an external protective device and its connection to “m” equipment requwes the

device to-have-a-suitable-typeof Ex—protection be compatible with “ma”, “mb”, or “mc” as

appropriate.

NOTE Failure to use such a device in the intended manner will lead to loss of level of protection. Where an
external protective device is used to control the correct application of voltage, current and power to equipment with
level of protection “ma”, the performance of the external protective device or protective circuit-should-be is safe
with one countable fault. The permitted levels of voltage, current and power-should-be are determined by the
thermal characteristics of the “m” equipment.
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7.9.3 Thermal protective devices

Thermal protective devices shall be used to protect the compound from damage caused by
local heating, for example, by faulty components, or from exceeding the maximum surface

Non-resettable devices have no provision for being reset and open a circuit permanently after
being exposed to a temperature higher than their operating temperature for a given maximum
period. Adequate thermal coupling shall be achieved between the monitored component and
the thermal protective device. The switching capability of the device shall be defined and shall
be not less than the maximum possible load of the circuit.

NOTIE

operd

If repettable thermal protective devices are used, two devices normally in series are reqdired
for-type level of protection “mb” and one device is required for-type level of{protection “m¢”. If
for lIevel of protection “mb” the two resettable thermal protective devices are not in series| the
actiyation of either device shall de-energize the circuitry relying on 4he’protection. The|two
devitces for level of protection “mb” shall be the same type of thermmabprotective device (While
not |[necessarily the same manufacturer and part number), s@yas to provide duplicpted
protgction.

Resettable thermal protective devices with switching contacts shall not be operated at more
than 2/3 of their rated current-ard-veltage specified bydhe manufacturer of the device.

Resettable thermal protective devices with switching contacts shall either comply |with
IEC 60730-2-9, or shall be tested according to 8:2.7.1.

Resettable thermal protective devices without switching contacts shall either comply |with
IEC[60738-1, or shall be tested according to 8.2.7.2.

NOTE 1 Often for functional reasons, @@ditional resettable devices other than the thermal protective dejices
addrgssed by this clause are used. Jhese devices typically operate at temperatures lower than the opefating
tempgrature of the thermal protective @evice.

NOTE 2 It is not a requirement-of this standard that conformity to the manufacturer’'s specification of the
resetfable thermal protective Qievice needs to be verified.

7.9.4 Built-in protective devices

Protective devices integral with the “m” equipment shall be of the enclosed type such thgt no
compound can‘enter during the encapsulation process.

The|suitability of the protective device for encapsulation shall be confirmed either by:

a) a documentation from the manufacturer of the device;
or
b) testing of samples according 8.2.8.

NOTE Devices in glass, plastic, ceramic or otherwise sealed are regarded as enclosed types.
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8 Type tests

8.1 Tests on the compound
8.1.1 Water absorption test

When requwed by 5. 3 1 the test shall be carried outemy on samples of the compound(s) used

circylar with a diameter of 50 mm =1 mm and a thickness of 3 mm + 0,2 mm. The samfples

shal] be weighed then immersed for at least 24 h in water, at a temperature of 237°C +§ K.

They shall then be taken out of the water, wiped dry and weighed again within 1 |minute.|The
increase in mass shall not exceed 1 %.

NOTE It is not required to use distilled water for this test.
8.1.2 Dielectric strength test

The| sample shall be circular with a diameter of 50 mm+%mm and a thicknes$ of
3 mF + 0,2 mm. The sample shall be symmetrically placed begtween electrodes 30 mm + 1{mm
i

in diameter, within a temperature controlled oven, set to achieve the-highest maximum sefvice
temperature-defined-in-3-3 of the compound.

A vqltage of 4 kV r.m.s. +g % and with frequency between 48 Hz and 62 Hz shall be applied
for not less than 5 min. No flashover or breakdewn shall occur during the test.

8.2 | Tests on the apparatus
8.2. Test sequence

Theltest sequence and number ofssamples are given in Annex B.

8.2.2 Maximum temperature
A s1mple of “m” equipment shall be subjected to a type test to ensure that:

he temperaturé_limits specified in 6.1 are not exceeded in normal operation;

b) for level of-protection “ma” and “mb” the maximum surface temperature is not excegded
under fault‘conditions as defined in 7.2.1.

For [m” equipment without an external load, the test shall be carried out in accordance |with
the ftemperature measurements of IEC 60079-0 taking into account the supply condit]ions
give 44

For “m” equipment with an external load, the test shall be carried out for level of protection
‘ma” and “mb” by adjusting the current to the highest value, which does not cause the
protective device to operate, and for level of protection “mc” at the specified load parameters
in normal operation and in the case of regular expected occurrences.

For level of protection “ma” equipment, designed for EPL “Da” the maximum surface
temperature shall be determined with the equipment mounted in accordance with the
manufacturer’s instructions, and surrounded on all available surfaces by dust with a layer
thickness of at least 200 mm. The final temperature shall be considered to have been reached
when the rate of rise of temperature does not exceed 1 K/24 h.
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NOTE Testing, simulation and analysis—maybe-necessary is sometimes used in order to achieve-safety the
required temperature limitations under malfunction conditions for equipment with characteristics such as non-linear
external loads, input power control, or difficult to define failure modes.

8.2.3 Thermal endurance test
8.2.3.1 Thermal endurance to heat
8.2.3.1.1 Level of protection “ma” and “mb”

The test shall be carried out in accordance with IEC 60079-0. The temperature to be used as

the reference service temperature for the test shall be-the-higherof the following either:
a) the maximum surface temperature of the test sample-taking-intoaccountfault-conditipns;

tee under normal operation plus 20 K;

O

r

b) the maximum temperature at the component surface in the compound.under nofmal
gperation, see 6.2.2.

8.2.3.1.2 Level of protection “mc”

Theltest shall be carried out in accordance with IEC 60079-0.

The|temperature to be used as the reference service temgerature for the test shall be| the
maxjmum surface temperature under normal operation, sée '6.2.1,—of the-test sampleplys—at
leas| 20-K.

8.2.3.2 Thermal endurance to cold

Theltest shall be carried out in accordance with\IEC 60079-0.

8.2.3.3 Acceptance criteria

After each test the sample shall be subjected to a visual inspection. No visible damage tq the
compound that could impair the type of protection shall be evident, for example cracks in the
comEound, exposure of encapsulated parts, failure of adhesion, inadmissible shrinkpge,
discploration, swelling, decomposition or softening. A discoloration on the surface of| the
compound is permissible (farexample oxidation in the case of epoxy resin).

In dition, any electrical protective device on which safety depends, other than thefmal
fusefs, shall be verified as remaining functional.

8.2. Dielectric strength test

8.2.4.1 Test procedure

a) between galvanically isolated circuits;
b) between each circuit and all earthed parts;

c) between each circuit and the surface of the compound or the non-metallic enclosure that,
if necessary, can be clad with a conductive foil.

For arrangement a), the voltage U to be used shall be the sum of the rated voltages of the
two circuits being tested and for arrangements b) and c), the voltage U to be used shall be the
rated voltage of the circuit being tested.

For arrangement b), circuits that contain transient suppression components connected
between the circuit and the earthed parts, a special test sample without these components
shall be permitted for the type test.
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Dielectric strength shall be verified by test:

e either as given in a relevant industrial standard for the individual items of electrical
equipment or,

e at the test voltage according to 1) or 2) below, and increased steadily within a period of
not less than 10 s until it reaches the prescribed value, and it shall then be maintained for
at least 60 s without dielectric breakdown occurring.

1) For equipment where the voltage U does not exceed 90 V peak, the test voltage shall be
500 V r.m.s. (*8 %) at 48 Hz to 62 Hz. Alternatively, the test voltage shall be 700 V d.c.

5 o/
0 70/

2) Kor equipment where the voltage U exceeds 90 V peak, the test voltage shalhbe 23U +
1000 V rm.s. (+8 %), with a minimum of 1 500 V r.m.s. at 48 Hz to 62 Hz. Alternatiyely,

the test voltage shall be 2U + 1 400 V d.c. (+8 %) with a minimum of 2 100,\\)d.c.

The|test voltage shall be increased steadily within a period of not less than 10 s until it
reaghes the prescribed value, and it shall then be maintained for at least)60 s.

NOTE 1 In the case of equipment that, for electro-magnetic compatibility reasons,”contain components conngcted
to thg enclosure for the suppression of interference pulses and which could be,damaged during the tests, a partial

dischiarge test-may-be-considered is sometimes used as an alternative.

NOTE 2 If the circuit under test is not accessible from the exterior it=may-be-necessary is possible to preppre a
specific test sample with additional connections

8.2.4.2 Acceptance criteria

The|test shall be deemed as passed if no breakdewn or arcing occurs during testing.

NOTE Typically the current flowing during the test will not exceed 5 mA r.m.s..
8.2.% Cable pull test
8.2.5.1 Test procedure

The|test shall be carried out-ofr one sample, previously unstressed and at 21 °C + 2 °C.

A further test sample_shall be subjected to the cable pull test after conditioning according|to 0
at the maximum temperature at the cable entry point.

Theltensile force-applied shall be derived in the following way:
— Measurg the diameter of the cable (mm), multiply this value by 20

— Measure the mass (kg) of the ‘m’ apparatus and multiply this value by 50

— Take the lower numerical value of these calculations and apply it (in Newtons) as tepsile
force for the cable pull test.

This value may be reduced to 25 % of the required value in the case of fixed installations. The
minimum tensile force shall be 1 N and the minimum duration shall be 1 h. The force shall be
applied in the least favourable direction.

8.2.5.2 Acceptance criteria

After testing, the sample shall be subjected to a visual inspection. Visible displacement of the
cable, which affects the type of protection, shall not be evident. No damage to the compound
or cable that could impair the type of protection shall be evident, for example, cracks in the
compound, exposure of the encapsulated components or failure of adhesion.
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8.2.6 Pressure test for Group | and Group Il electrical equipment
8.2.6.1 Test procedure

For level of protection “ma” with any individual free spaces between 1 cm3 and 10 cm3 and
level of protection “mb” with any individual free spaces between 10 cm3 and 100 cm3, two test
samples shall be prepared with a pressure connection. Where there is more than one free
space of a size requiring testing, the pressure test shall be carried out simultaneously in all
those free spaces.

The pressure test shall be carried out on samples that have already been submitted to the
therfnal endurance tests (see 8.2.3).

The|test shall be carried out with a pressure as shown in Table 6 applied for at least{0 s.

Table 6 — Test pressure

Minimum ambient temperature Test pressure
°C kPa
>-20 (a) 1000
> -30 1.370
> -40 1450
> -50 1530
> -60 1620

a) This covers equipment designed for the standard ambient temperature range
specified in IEC 60079-0.

As gn alternative for ‘mb’ equipment if the\component with a free space up to 100 cm®, pripr to
encgpsulation, passes the Leakage tesion sealed devices specified in IEC 60079-15 (without
the |conditioning, voltage, or dielectsic withstand testing) it can be encapsulated without
reqyiring the pressure test.

8.2.6.2 Acceptance criteria

After testing, the samples shall be visually inspected. No compound damage (such as cracks
in the compound, exposure of the encapsulated components or failure of adhesion) that cpuld
impair the type of protection shall be evident. For constructions that are permitted to havg no
thichness of compound between a free space and a non-metallic enclosure wall, there ghall
also|be no dafwage to the non-metallic enclosure wall(s)

8.2.7 Test for resettable thermal protective device

8.2. F-+—Resettable-thermal protective-devieceswith-switehing-eontaets
8.2.71.1 Test procedure

The function of the protective device shall be verified. This test shall be performed after the
thermal endurance test. The device-must shall be capable switching its rated current > 5 000
times.

8.2.71.2 Acceptance criteria

The test shall be deemed as passed if the protective device acts correctly after the test in the
range specified in its datasheet.
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8.2.7.2 Resettable thermal protective devices without switching contacts
8.2.7.2.1 Test procedure

The function of the protective device shall be verified. This test shall be performed after the
thermal endurance test. The device shall be capable of acting (direct or indirect limiting the
temperature rise) > 500 times.

8.2.7.2.2 Acceptance criteria

The test shall be deemed as passed if the protective device acts correctly after the test in the
rangeé specitied in its datasheet.

8.2, Sealing test for built-in protective devices

Theltest is to be performed on five samples. With the test samples at an initial'temperatufe of
(25 £ 2) °C, they are suddenly immersed in water at a temperature of (65 50 + 2) °C [to a
depth of not less than 25 mm for at least 1 min. The devices are considered-to be satisfagtory
if ng bubbles emerge from the samples during this test;they-are-considered-to-be "sealed for
Alternatively, a test can be applied{where five samples| are
ined after the encapsulatlon to ensure that the compound has(hoet entered the interior.

outine verifications and tests

Each piece of “m” equipment shall be subjected.tota visual inspection. No damage shall be
evident, such as cracks in the compound, exposure of the encapsulated parts, flaking,
issible shrinkage, swelling, decomposition, failure of adhesion (separation of [any
red parts) or softening.

9.2 | Dielectric strength test
For gircuits, which are accessible*from the exterior the dielectric strength test shall be usgd to

test|the isolation of circuits fremr each other and from their environment. The test shall be
carried out on these circuits-inaccordance with 8.2.4.

The|test voltage shall bevapplied for at least 1 s.
Altefnatively, 1,2ttimes the test voltage may be applied and maintained for at least 100 mqg.

NOTE In some cases, the actual test period-ceuld may need to be significantly longer than
100 |ms as\a sample with a large distributed capacitance-may-take takes some additional time
to rgach the-actual required test voltage.

The test shall be deemed as passed if no breakdown or arcing occurs during testing.

NOTE Typically the current flowing during the test will not exceed 5 mA r.m.s..

Contrary to the above, the dielectric strength test for cells or batteries shall be carried out in
accordance with the routine dielectric test requirements of IEC 60079-7.

In the case of equipment that employs circuits that contain transient suppression components
connected between the circuit and the earthed parts, the equipment need not be subjected to
routine dielectric strength tests, if intended for use only with a galvanically isolated circuit,
and shall be marked “X” to indicate this specific condition of use in accordance with the
“specific conditions of use” marking requirements of IEC 60079-0.
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For level of protection “mc”, where there is a routine dielectric strength test in the relevant
industrial standard for the individual items of the electrical equipment, this test shall be
permitted to be used to satisfy the routine dielectric test requirement for level of protection

“

»

mc.

10 Marking

In addition to the requirements of IEC 60079-0, the marking shall include:

a)
b)
c)

d)

e)

the rated voltage,

the rated current,

the prospective short-circuit current of the external electric supply source if{less
500 A, for example “Permitted supply short-circuit current: 500 A”.

the equipment is designed for a short-circuit current of 1 500 A or_mare, for exa
Permitted supply short-circuit current: 3 500 A”.

of theparticular-equ for leve
EPL Dc, tested Wwithout a dust layer,
haximum surface temperature in degrees Celsius and theyunit of measuremen

gther-informas 3 era

protection “mb” and “mc” for EPL Db and

1

preceded with the letter “T”, (e.g. T 90 °C). For level of protection “ma” for EPL Da,
\

\

vhere appropriate for level of protection “mb” and “mc¢¥for EPL Db and EPL Dc te
alue in degrees Celsius and the unit of measurement2C, with the layer depth L indic
4s a subscript in mm, (e.g. T200 320 °C). In the~8ase of Levels of Protection “mb”
¢), d) and e) above can be included in the instructions and the equipment shall be ma

use” marking requirements of IEC 60079>0.

than

gptionally, the permitted prospective short-circuit current of the external electrical supply if

mple

s of
the

°C
and
sted

vith dust layer, the maximum surface temperature Tk _shall be shown as a temperdture

ated
and

mc” for EPL Db or Dc, tested with a dust {@yer, The maximum surface temperdture
Wwithout the dust layer is not required to be marked. Alternatively the marking indicatgd in

rked

X” to indicate this specific condition of uge in accordance with the “specific conditions of
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Annex A

(informative)

Figure A.1 shows basic requirements for compounds for "m" equipment.

NOTE This Annex only provides a general overview. Specific attention needs to be paid to the detailed text of the
applicable requirements when developing the test program for specific equipment.

No
Temperature range of the
compound known ?
* Yes
Compound inside an enclosure in
1 type Of pI’OteCtion npu’ udn’ uen’ utu i
Yes Select other material-or
re-design <
¢ No
Tl-value to IEC 60079-0 No
or equivalent value known
¢ Yes
Electrostatic to IEC 60079-0 No
fulfilled >x
* Yes
Mechanical tests to No
IEC 60079-0 fulfilled Px
¢ Yés
For Group’l only No
stabilityzagainst chemical )‘
materials toJEC 60079-0 fulfilled
No
* Yes
Yes Resistance to light
L y»]) Protection against light required ? }——| testtoIEC 60079-0 fulfilled
¢ No v | Yes
Are there bare parts leading Yes Protected by other No
out of the compound > type of protection

[ Yes

Yoy

Provide testing station with
test sample as specified

4{ Tests )

IEC

Figure A.1 — Basic requirements for compounds for “m” equipment
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Annex B

rormative) (informative)

Allocation of test samples

Table B.1 shows allocation of test samples.

IEC 60079-18:2014 RLV © |IEC 2014

NOTE This Annex only provides a general overview. Specific attention needs to be paid to the detailed text of the
applicable requirements when developing the test program for specific equipment.

Table B.1 — Allocation of test samples

Standard tests

Additional tests

Sample 1

Sample 2

Sample 3

Sample 4

Detgrmination of limiting
temperature
in agcordance with 6.3

Cable pull test in
accordance with 8.275

Thermal endurance tefst
based on the service
temperature determingd
at the point where the|
cable enters the

compound in accordamce
with 8.2.3.1

Thefmal endurance to heat
in agcordance with 8.2.3.1

Thermal endurance to heat
in accordance with 8.2.3.1

Thefmal endurance to cold
in agcordance with 8.2.3.2

Thermal endurance to cold
in accordance with 8.2.3.2

Resgttable thermal
protective device test in
accqrdance with 8.2.7

Resettable thermal
protective device test in
accordance with 8:2.7

Cable pull test in
accordance with 8.2.5

Dielgctric strength test
in agcordance with 8.2.4

Dielectric strength test
in accordance with 8.2.4

Pregsure test
in agcordance with 8.2.6
(if rgquired)

Pressute test
in accordance with 8.2.6
(if required)

Mechanical tests
in agcordance with
IEC [60079-0 (if required)

Mechanical tests
in accordance with
IEC 60079-0 (if required)

Notg: The tests aretearried out in the order they appear in each column.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 18: Equipment protection by encapsulation “m”

2)

3) I

4) In

5) I

6)
7)

8)

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiomcemp
| national electrotechnical committees (IEC National Committees). The object of IEC s "o prdg

is end and in addition to other activities, IEC publishes International Standards, Technijcal *Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National-Committee inter
the subject dealt with may participate in this preparatory work. International, "governmental and
bvernmental organizations liaising with the IEC also participate in this preparation\"IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance ,With “conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as‘fgearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatiogal use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made ‘to ensure that the technical content o
blications is accurate, IEC cannot be held responsible forithe way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in theirr national and regional publications. Any diverd
btween any |IEC Publication and the corresponding-national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of.conformity. Independent certification bodies provide confg
Esessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certifiéation bodies.

| users should ensure that they have the latest edition of this publication.

p liability shall attach to IEC or jts;directors, employees, servants or agents including individual expert
embers of its technical commitfees and IEC National Committees for any personal injury, property dama
her damage of any nature‘\whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of ,the, publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn te the Normative references cited in this publication. Use of the referenced publicatig
dispensable for,the_correct application of this publication.

tention is drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent rights+ JEC shall not be held responsible for identifying any or all such patent rights.

dard- lEC 60079-18 has been prepared by IEC technical committee 31: Equipmen
psive~“atmospheres.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electronic fields. To

ions,
“IEC
sted
non-
bsely
d by

ional
m all

ional
f IEC
any

tions
ence
ed in

rmity
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and
ge or
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IEC

ns is

ct of

for

This fourth edition cancels and replaces the third edition of IEC 60079-18 (2009), and
constitutes a technical revision.

This

International Standard is to be used in conjunction with IEC 60079-0, Explosive
atmospheres — Part 0: Equipment-General requirements.
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This edition includes the following significant technical changes with respect to the previous
edition:

Type
Explanation of the significance of the changes Clause Minor and | Extension Major
editorial technical
changes changes
Definitions deleted and moved to IEC 60079-0 3 X
Heading modified /added to clarify which requirements are 4 X
additional requirements for “ma” level of protection only
Thematconductivity added 52 X
Notgq added that it is not a requirement of this standard that 5.3.2 X
confprmity to the manufacturer’s specification of the
compound needs to be verified
Clar|fication added 6.2.2
Clar]fication added 71
For the determination of faults options added and 7.2 X
clarification given
Addftional information included in Figure 1 7.4.1 X
“Varpish and similar coatings are not considered to be solid 7.4.2 X
insulation.” was added in this section and deleted in the
defipition on 3.8
For figid, multi-layer printed wiring boards with through 7.4.3(1 X
connections additional standards added
Protpction against inadmissible temperatures and damage 7.8.3 C1
to the cells
Elegtrical protective devices clarified and additional 7.9.2 X
posgibilities added
Thefmal protective devices clarified and additional 7.9.3 X
posgibilities added
2/3 yoltage limitation deleted 7.9.3 X
Detgrmination of the maximum temperature for “Da” fixed 8.2.2 Cc2
Stalyilization of the temperature 8.2.2 C3|
Thegmal endurance to heat 8.2.3.1 X
Temlperature fixed as reference service temperatures and 8.2.3.1.1 X
testg given as alternatives
For the dielectric strength test procedure alternative 8.2.4.1 X
posgibilities added
Alternative test'methods for the required pressure test for 8.2.6 X
Grodip | and_Group Il electrical equipment added
Sealingrtest for build-in protective devices 8.2.8
For thexdielectric ernngfh test procedure alternative 92
possibilities added
Marking 10 X X
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Ex

A)
1.

planation of the Types of Significant Changes:

Definitions

Minor and editorial changes: Clarification
Decrease of technical requirements
Minor technical change

Editorial corrections

These are changes which modify requirements in an editorial or a minor technical way. They include changes of
the wording to clarify technical requirements without any technical change, or a reduction in level of existing
requirement.

2,

Thelse are changes which add new or modify existing technical requirements, in a way that new options

giv

Thefefore, these will not have to be considered for products in conformity with the preceding edition.

3.

These are changes to technical requirements (addition, increase of the level or removal).madeé in a way th
prodluct in conformity with the preceding edition will not always be able to fulfil the requiréments given in
latef edition. These changes have to be considered for products in conformity with the preceding edition.
thege changes additional information is provided in item B) below.

Notg These changes represent current technological knowledge. However, theseechanges should not norn
have an influence on equipment already placed on the market.

B)
C1
c2

equjpment, designed for EPL “Da” the maximum surface temperature shall be determined with the equipn|
moynted in accordance with the manufacturer's instructions;xand surrounded on all available surfaces by

wit

C3

conpidered to have been reached when the rate of rise‘of temperature does not exceed 1 K/24 h

The|text of this standard is based on-the following documents:

Full
voti

This| publicationhas been drafted in accordance with the ISO/IEC Directives, Part 2.

A i

atm<|)spheres, can be found on the IEC website.

Extension: . Addition of technical options

gn, but without increasing requirements for equipment that was fully compliant with the previous stand

Major technical changes: . addition of technical requirements
. increase of technical requirements

Information about the background of ‘Major technical changes’

Clause 7.8.3 modified and additional requirements added for cells.r batteries

The flexibility given in IEC 60079-0 is replaced by a minh¢{ requirement. For level of protection
H a layer thickness of at least 200 mm

The increase of the temperature during the test can be a very slow process. The final temperature shal

FDIS Report on voting
31/1152/FDIS 31/1168/RVD

information on the,voting for the approval of this standard can be found in the repo
ng indicated in the above table.

gt of all the parts in the IEC 60079 series, published under the general title Explg

are
ard.

Bt a
the
For

ally

ma”
ent
just

be

t on

sive

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

reconfirmed,

withdrawn,

replaced by a revised edition, or
amended.

The contents of the corrigendum of July 2018 have been included in this copy.
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EXPLOSIVE ATMOSPHERES -

Part 18: Equipment protection by encapsulation “m”

Scope

part of IEC 60079 gives the specific requirements for the construction, testing

and

mar

type
expl

This
equi
equi

The
well

This
for @

This
from

This

requ
this

2

The
are

undated referencesy~the Ilatest edition of the referenced document (including

ame

IEC

IEC

ing of electrical equipment, parts of electrical equipment and Ex components with

of protection encapsulation “m” intended for use in explosive gas atmosphere
pbsive dust atmospheres.

part applies only for encapsulated electrical equipment, encapsulated parts of elect
ment and encapsulated Ex components (hereinafter always referred to as
ment) where the rated voltage does not exceed 11 kV.

application of electrical equipment in atmospheres, which may.\contain explosive ga
as combustible dust simultaneously, may require additional protective measures.

standard does not apply to dusts of explosives, which.de*hot require atmospheric oxy
ombustion, or to pyrophoric substances

standard does not take account of any risk du@ to an emission of flammable or toxic
the dust.

standard supplements and modifies the‘general requirements of IEC 60079-0. Whe
irement of this standard conflicts with 'a requirement of IEC 60079-0, the requireme
standard takes precedence.

Normative references

following documents, in.whole or in part, are normatively referenced in this document
ndispensable for itssapplication. For dated references, only the edition cited applies.

ndments) applies:
60079-0, Explosive atmospheres — Part 0: Equipment — General requirements

60079-7, Explosive atmospheres — Part 7: Equipment protection by increased safety *

the
5 or

rical
(Em”

gen

gas

re a
nt of

and
For
any

IEC

60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety

IEC 60079-15, Explosive atmospheres — Part 15: Equipment protection by type of protection

"wn

n

IEC 60079-26, Explosive atmospheres — Part 26: Equipment with equipment protection level

(EPL) Ga

IEC 60079-31, Explosive atmospheres — Part 31: Equipment dust ignition protection by
enclosure “t”

IEC 60127 (all parts), Miniature fuses
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IEC 60243-1, Electrical strength of insulating materials — Test methods — Part 1: Tests at
power frequencies

IEC 60691, Thermal-links — Requirements and application guide

IEC 60730-2-9, Automatic electrical controls for household and similar use — Part 2-9:
Particular requirements for temperature sensing controls

IEC 60738-1, Thermistors — Directly heated positive temperature coefficient — Part 1: Generic
specification

IEC[61140, Protection against electric shock — Common aspects for installation®|and
equipment

IEC 61558-1, Safety of power transformers, power supplies, reactors and similar produdts —
Part| 1: General requirements and tests

IEC 61558-2-6, Safety of transformers, reactors, power supply units/and similar product$ for
supply voltages up to 1 100 V — Part 2-6: Particular requirements andtests for safety isolating
trangformers and power supply units incorporating safety isolating-transformers

IEC 62326-4-1, Printed boards — Part 4: Rigid multilayétprinted boards with interlpyer
connections — Sectional specification — Section 1: Capability detail specification — Perfprm-
ance levels A, B and C

ANYI/UL 248 (all parts), Standard for low-voltagefuses

ANSI/UL 746B, Standard for polymeric materials — Long term property evaluations
ANSI/UL 796, Printed-Wiring Boards

IPC{A-600, Acceptability of Printed:-Boards

IPC{6012, Qualification and Rerformance Specification for Rigid Printed Boards

3 [Ferms and definitions

For the purposes*of this document, the terms and definitions given in IEC 60079-0 and the
following definitions apply.

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

3.1
encapsulation “m”

type of protection whereby parts that are capable of igniting an explosive atmosphere by
either sparking or heating are fully enclosed in a compound or other non-metallic enclosure
with adhesion in such a way as to avoid ignition of a dust layer or explosive atmosphere under
operating or installation conditions

3.2

temperature range of the compound

range of temperatures within which the properties of the compound, in either operation or
storage, permit compliance with the requirements of IEC 60079-18
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3.3
free surface
compound surface exposed to the explosive atmospheres and/or dust layers

3.4
switching contact
mechanical contact, which makes and breaks an electrical circuit

3.5
adhesion

moisture—gas-and-dust-tight permanent bondingof acompoundto-a-surface
3 T g g ) 1

3.6
countable fault
faul which occurs in parts of electrical equipment conforming to the~censtructipnal
requirements

3.7
infallible separation
separation between electrically conductive parts that is considered-as not subject to ghort
circyits

3.8
solig insulation
insulation material which is extruded or moulded, but_not poured

Note |1 to entry: Insulators fabricated from two or more pieses of electrical insulating material, which are splidly
bondgd together may be considered as solid.

4 General

4.1 Level of protection (equipment protection level (EPL))
Eledgtrical equipment with encapsulation “m” shall be either:

a) level of protection “ma” (EPL “Ma, Ga, Da”),
b) Ievel of protection “mk” (EPL “Mb, Gb, Db"), or
c) lpvel of protection.“mc” (EPL “Gc, Dc”).

The|requirements\of this standard apply to all levels of protection for encapsulation “m” unless
otherwise stated:

4.2 | Additional requirements for levels of protection “ma” and “mb”

Components—without—additiomat—protectionm shatt—be used—onty i they canmot—damage the
encapsulation mechanically or thermally in the case of any fault conditions specified in this
standard.

Alternatively, where a fault of an internal component may lead to failure of encapsulation “m”
due to increasing temperature, the requirements of 7.9 shall apply.

4.3 Additional requirements for level of protection “ma”

The working voltage at any point in the circuit shall not exceed 1 kV.
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4.4 Rated voltage and prospective short circuit current

The rated voltage and the prospective short circuit current shall be specified such that the

limiting temperature is not exceeded for the relevant level of protection “ma”, “mb” or “mc”.

5 Requirements for compounds

5.1 General

The documentation shall specify the compound(s) used and the processing method(s),
inclydimgmeasures to prevent the formatiomof voids:

As @ minimum, those properties of the compound(s) on which encapsulation “m%/depgnds
shal| be provided.

NOTE Proper selection of the compound allows for the expansion of components during ‘opération and ih the
even{ of allowable faults.

5.2 | Specification

The|specification for the compound shall include the following:

he name and address of the manufacturer of the compound;

the exact and complete reference of the compound and if relevant, percentage of fillers
nd any other additives, the mixture ratios and the type designation,

c) if applicable, any treatment of the surface of the‘eompound(s), for example varnishing,

if applicable, to obtain correct adhesion of the:compound to a component, any requirement
r pre-treating of the component for example cleaning, etching,

e) the dielectric strength in accordanee.” with IEC 60243-1 at the maximum sefvice
temperature of the compound determined according to 8.2.2 a) if available; if| not
vailable, the requirements of 5.3.2shall be applied,

f) temperature range of the .compound(s) (including maximum continuous operating
temperature (COT) and minimum continuous operating temperature (COT)),

the case of “m” equipment where the compound is part of the external enclosure| the
temperature index Tl value as defined by IEC 60079-0. As an alternative to the Tl the
lative thermal index, (RTI-mechanical ) may be determined in accordance with ANSJI/UL
46B,

the colour of the“compound used for the test samples, where the compound specificgtion
ill be influgheed by changing the colour,

hermal(conductivity if utilizing the alternative test method in 6.2.2.

It'is_hot a requirement of this standard that conformity to the manufacturer’s specification of the compgound
needp tocbe verified.

5.3 Properties of the compound
5.3.1 Water absorption

Either the compound shall be tested in accordance with 8.1.1 or, if this test is not performed,
the certificate number for the equipment shall include the “X” suffix in accordance with the
marking requirements of IEC 60079-0 and the specific conditions of use listed on the
certificate shall detail the precautions necessary.

5.3.2 Dielectric strength

Where the dielectric strength according to IEC 60243-1 at the maximum service temperature
according to 8.2.2 a), of the compound is not available from the material manufacturer, a test
shall be performed in accordance with 8.1.2.
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NOTE It is not a requirement of this standard that conformity to the manufacturer's specification of the compound
needs to be verified.

6 Temperatures

6.1 General

The service temperature of the compound, determined in accordance with IEC 60079-0, shall
not exceed the maximum value of the COT of the compound. The maximum surface
temperature shall be determined in accordance with IEC 60079-0 under normal operation and
under fault conditions as defined in 7.2.1. The “m” equipment shall be protected in such a way
that|encapsulation “m” is not adversely affected under these fault conditions.

6.2 | Determination of the limiting temperatures
6.2. Maximum surface temperature

The|maximum surface temperature shall be determined using the test method given in 8.2|2 in
accqrdance with the supply conditions specified in 4.4.

NOTE This temperature is used to determine either the temperature class for.explosive gas atmospheres qr the
maximum surface temperature in degree Celsius for explosive dust atmospheres‘of the equipment, or both.

6.2.2 Temperature of the compound

The|hottest component shall be determined. The maximum temperature in the compound,
adjacent to the hottest component, shall be determined using the test method given in §.2.2
for normal operation.

As an alternative the determination of the temperature of the hottest component in nofmal
opefjation may be done by calculation,)(manufacturer’s specification or by testing| the
component under intended application conditions prior to encapsulating the component if the
thermal conductivity of the compound-js’greater than that of air.

NOTE Thermal conductivity of air is most often defined as 0.25 W/m*K (standard conditions).
6.3 | Temperature limitation

Whgre the equipment may-be subject to fault in accordance with 7.2.1, or where there ig the
possibility of an increased temperature, for example by an unfavourable input voltage in
accqrdance with 7.2.1-or an unfavourable load, this shall be taken into account in determining
the limiting temperatures.

Whgn a protective device is required to limit temperatures for safety reasons, it shall b¢ an
electrical-"or thermal device external to the equipment or directly integrated into| the
equir)ment, as defined in 7.9.

7 Constructional requirements

7.1 General

Where the compound forms part of the external enclosure it shall comply with the
requirements of IEC 60079-0 for non metallic enclosures and non metallic parts of enclosures.

If the surface of the compound is totally or partly surrounded by an enclosure and the
enclosure is part of the protection, the enclosure or parts of the enclosure shall comply with
the enclosure requirements of IEC 60079-0.

Additional protective measures may be required to be provided by the user in the installation
in order to comply with the requirements of this standard. For example, additional mechanical
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protection may be required to protect the equipment from a direct impact. In such cases, the
certificate number for the equipment shall include the “X” suffix in accordance with the
marking requirements of IEC 60079-0 and the specific conditions of use listed in the
certificate shall detail the precautions necessary.

Appropriate action shall be taken to accommodate the expansion of components during
normal operation and in the event of faults according to 7.2.

In 7.2 to 7.9 the requirements differ according to whether the compound adheres to the
enclosure. Where adhesion is specified, the aim is to prevent the ingress of explosive
atm$spheres and moisture at the boundary surfaces (fjor example enclosure-compound,
compound-parts that are not completely embedded in the compound, such as printed wjring
boands, connection terminals, etc.). Where adhesion is required to maintain the-typge of
protection, it shall be maintained after completion of all the prescribed tests. The ¢hoice of the
compound(s) to be used for a specific application is dependent on the task each compgund
has |to perform. Testing a compound once for a given application will‘not qualify [that
compound for all applications.

NOTE Tests for adhesion are under consideration.
7.2 | Determination of faults
7.2. Fault examination

Whgn tested in accordance with I[EC 60079-0, encapsulation “m” shall be maintained in the
casg of

I) the most unfavourable output load and

) up to two internal countable faults for_level of protection “ma”, and up to one intgrnal
countable fault for level of protection*mb”, taking into account 7.2.2, 7.2.3 and 7.2 4.

No faults are taken into account for level-of protection “mc”.

NOTE Examples of faults are: a short circuit in any component, the failure of any component and a fault between
trackg in the printed wiring board, but not the opening of a track.

The|failure of some compofients may result in an unstable condition, for example, alterngting
between high and low,resistance. In those cases, the most onerous condition shal|l be
congidered.

If a|fault leads to .One or more subsequent faults, for example, due to the overload pf a
component, the primary and subsequent fault(s) shall be considered to be a single fault.

7.2.2 Components considered as not subject to fail

For |evels of protection “ma” and “mb” the following components shall be considered as not to
fail if they are encapsulated according to the requirements of this standard, if they are
suitable for the service temperature and if they are not operated at more than 2/3 of their
rated voltage, rated current and rated power related to the rating of the device, the mounting
conditions and the temperature range specified:

— resistors,

— single-layer, spirally wound coils,
— plastic foil capacitors,

— paper capacitors,

— ceramic capacitors,

— semiconductors,

— semiconductor devices used as a protective device according to 7.9,
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— resistors used as a protective device according to 7.9, if they comply with the current
limiting resistors of IEC 60079-11 for level of protection “ia” or “ib”.

For levels of protection “ma” and “mb” windings that comply with IEC 60079-7, including also
those that have wire diameters of less than 0,25 mm shall be considered as not subject to
failure if they are encapsulated according to the requirements of this standard.

7.2.3 Isolating components

The following components for the segregation of different circuits shall be considered to
provide isolation and are not considered to fail across the segregation:

e (Galvanically separating components (e.g. optocouplers and relays),
+ if the rated insulation voltage conforms to 2U + 1 000 V r.m.s. +8 % or 1500 V rym.s.
whichever is greater (U is the sum of the rated r.m.s. voltages of both circuits), or

+ for a rated insulation voltage across the segregation of more than, 60’V (sum of the
rated r.m.s. voltages of both circuits), optocouplers and relays providing a double or
reinforced insulation between the circuits per IEC 61140, or

+ complying with IEC 60079-11 for level of protection “ia” or “ib%,

e Transformers,

complying with IEC 61558-2-6, or

providing a double or reinforced insulation between-the circuit per IEC 61558-1, or

complying with IEC 60079-11 for level of proteetion “ia” or “ib”.

NOTE 1 It is not a requirement of this standard that conformity to the above standards per the manufactyrer’s
specification regarding segregation needs to be verified.

NOTE 2 Galvanically separating components providing double or reinforced insulation according to a prpduct
standard are considered to meet the requirements of\\EC 61140 e.g. IEC 60747-5-5 for optocouplers.

7.2.4 Infallible separation distances
7.2.41 General

It is| not necessary to consider the possibility of a fault occurring as described in 7.2]1 in
respect of voltage breakdown, if the distances between bare current-carrying parts:
— of the same circuijt;or

— 0of a circuit and ‘earthed metal parts, or

— ¢f two separate circuits (sum of the working voltages shall be taken as the voltage for
Table 1;(where one of the working voltages is less than 20 % of the other, it shall be
ignored);

comply with the requirements of 7.2.4.2 and if applicable 7.2.4.3.

7.2.4.2 Distances through the compound

Distances through compound shall be considered to be infallible against short circuit for level
of protection “ma” and level of protection “mb” if they comply with the values in Table 1,
provided that the distances in the compound are fixed or secured mechanically before
encapsulation.

NOTE When a suitably adhered non-metallic enclosure of a given specific minimum thickness permits a zero
thickness of compound per Key letter c of Table 4 and Figure 1, then the separation distances for the associated
current carrying parts are still considered infallible against short circuit

Distances between the minimum distances given for level of protection “mc” and the infallible
distances given for level of protection “ma” and “mb” are not considered infallible and shall be
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assessed as a “countable fault”. Distances less than those given for level of protection “mc”
are considered as short-circuits if this impairs the type of protection “m”.

For level of protection “mc” the values of Table 1 are the constructional requirements and may
be achieved by mechanically fixing before encapsulation.

Table 1 — Distances through the compound

Voltage U r.m.s. or d.c. (see 2) Minimum distance
\Y mm
Imda mo mc
<32 0,5 0,5 0,2
<63 0,5 0,5 0,3
<400 1 1 0,6
<500 1,5 1,5 0.8
<630 2 2 0,9
<1000 2,5 2,5 1,7
<1600 - 4 4
<3200 - 7 7
<6 300 - 12 12
<10 000 - 20 20
a8 Voltages shown are derived from IEC®D664-1 and are based on the
rationalization of supply voltages givenX\in® Table 3b of IEC 60664-1. When
determining the required distance, the,working voltage may be higher than the
voltage in the table by a factor of 1,1.
NOTE The factor of 1,1 recognizes.that at many places in a circuit, the working
voltage equals the rated voltage and that there are a number of rated voltages in
common use that can be accommaodated by the 1,1 factor.

7.2.4.3 Distances through(solid insulation

The|distance through solid insulation, on which the type of protection “m” depends, shall e at
least 0,1 mm and shallkcomply with the dielectric strength test of 8.2.4.

7.3 | Free space in"the encapsulation
7.3. Group Ill “m” equipment

The|sum of the free spaces is not limited, but the volume of each individual free spadge is

limited4o 100 cm3. The thickness of the compound surrounding such free spaces shall meet
the wramante ~f Tk~ 9

ool
o T CTIto O raoTe—=
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Table 2 — Minimum thickness of compound adjacent
to free space for Group Ill “m” equipment

Level of Minimum thickness of Free space Free space
protection compound adjacent to free <1cm?d >1cm3<100 cm?
space to:

Free space or free surface 3 mm 3 mm

Non-metallic or metal enclosure 3 mm (enclosure + 3 mm (enclosure + compound)?
“‘ma” with adhesion compound)?

Non-metallic or metal enclosure 3 mm 3 mm

without adhesion

Free space or free surface 1 mm 3 mm

Non-metallic or metal enclosure 1 mm (enclosure + 3 mm (enclosure + gompound)?
“mb” with adhesion compound)

Non-metallic or metal enclosure 1 mm 3 mm

without adhesion

Free space or free surface 1 mm 1 mm
“mc¢” Non-metallic or metal enclosure 1 mm (enclosure + 1rmm (enclosure + compound

with adhesion

compound)

Non-metallic or metal enclosure
without adhesion

1 mm

1T mm

2 Wall thickness of the enclosure > 1 mm.

The|thickness of the materials quoted in this table does not™imply compliance with other mechanical fests
required by IEC 60079-0.

NOTIE A metal enclosure with adhesion is permitted to have no compound thickness to a free space provjded
therg are no live parts in the free space.

7.3.2

Group | and Group Il “m” equipment

The|sum of the free spaces shall not exceed:

e 100 cm3 for level of protection “mb” and “mc”;

4

. 0 cm3 for level of protection “ma”.

The|minimum thickness of the compound surrounding such free spaces shall comply |with

Table 3.
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Table 3 — Minimum thickness of compound adjacent
to free space for Group | and Group Il “m” equipment

Level of Minimum thickness of Free space Free space Free space
protectio | compound adjacent to <1cmd >1cm3<10 cm? > 10 cm® < 100 cm?
n free space to:
Free space or free 3 mm 3 mm Not permitted
surface (pressure test
in accordance with
8.2.6)
Non-metallic or metal 3 mm (enclosure + | 3 mm (enclosure + Not permitted
enclosure with adhesion | compound) 2 compound) 2
‘ma (pressure test
in accordance with
8.2.6)
Non-metallic or metal 3 mm 3 mm Not permitted
enclosure without (pressure test
adhesion in accordance with
8.2.6)
Free space or free 1 mm 3 mm 3 mm
surface (pressure test
in accordance with 8.2.6)
Non-metallic or metal 1 mm (enclosure + | 3 mm (enclosure+ 3 mm (enclosure +
enclosure with adhesion | compound) compound) @ compound) @
“mb’ (pressure test
in accordance with 8.2.6)
Non-metallic or metal 1 mm 3 mm 3 mm
enclosure without (pressure test
adhesion in accordance with 8.P.6)
Free space or free 1 mm 1 mm 3 mm
surface
“mcf Non-metallic or metal 1 mm\(enclosure + | 1 mm (enclosure + 3 mm (enclosure +
enclosure with adhesion | compound) compound) compound)
See note
Non-metallic or metal 1 mm 1 mm 3 mm
enclosure without
adhesion
a8 Wall thickness of the'enclosure > 1 mm.
The|thickness of «the: ‘materials quoted in this table does not imply compliance with other mechanical fests
required by IEC®60079-0.
NOTE A metal enclosure with adhesion is permitted to have no compound thickness to a free space provjded
therg are(nolive parts in the free space.

7.4 Thickness of the compound
7.41 “m” equipment

The minimum thickness of compound surrounding the electrical components and circuit shall
be in accordance with Table 4 and Figure 1.

If solid insulation according to 7.2.4.3 is used in an enclosure with metallic walls as shown in
Figure 1, the compound shall adhere to the wall.

NOTE 1 Figure 1 does not necessarily represent a practical construction, but is intended to assist in
understanding Table 4 by showing an encapsulated circuit that includes a free surface; a metallic enclosure; a
plastic enclosure with different wall thicknesses.
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permits a zero thickness of compound per Key letter ¢ of Table 4 and Figure 1, then the
separation distances for the associated current carrying parts are still considered infallible
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against short circuit.

NOTE 2 Separation distances (creepages and clearances) associated with such current carrying parts that are
permitted to have zero thickness of compound and still be considered infallible against short circuit, are evaluated

in accordance with the applicable safety requirements of the relevant industrial standards.

Key
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A Erco-siiface-of-the-compound L
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Non current carrying part
A
Y
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Optionat solid
insulation or board

A laminate with no

conductors

Plastic wall with 7|
thickness > 1 mm

‘_ .

™_Plastic wall with
thickness t <1 mm

I Solidjinsulation
b ,_I:l_,‘/according 7242
Y

~\ )

Metallic wall

stance to free surface

stance to metal enclosure

stance to non metallic enclosure with wall thickness t > 1 mm
stance to non metallic enclosure with wall thickness t < 1 mm

stance to non current carrying_ part within the compound

stance from non current'carrying part to free surface

IEQ

Figure.1 - Dimensional key for thickness through the compound

| cases theycompound shall be subjected to the dielectric strength test of 8.2.4.
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Table 4 — Thickness of the compound

Level of protection Level of protection “mb” or “mc”

(wall thickness ¢ < 1 mm)

“ma!,
2 a > distance according to Table 1 but not less
Free surface <2 cm a 23 mm than 1 mm
2 a > distance according to Table 1 but not less
Free surface > 2 cm a 23 mm than 3 mm
ggﬁerzieot:”lc enclosure with d>3mm d > distance according to Table 1 but not less

than 1 mm

non|metallic enclosure with

adhpsion c>2(3mm-1¢)°@ ¢ > (distance according to Table 1 —¢) @

(wall thickness > 1 mm)

non|metallic enclosure without =4>3mm ¢ =d > distance according to Table"{ but not Igss

adhpsion ¢ - than 1 mm

Methl enclosure b>3mm b > distance according to Tahle*1 but not less
than 1 mm

. e > distance according to"Table 1 but not less than

Non current carrying part e>3 mm 1 mm

Non| current carrying part — te> te>

free| surface freza freza

a |y

the case of non metallic enclosure with adhesion and wall thickness*> 1mm if the application of the forn
hllows ¢ = 0 the component may be placed against the wall.

hula

d by

| be
ctric
U +

4-1,

king

7.4.2 Windings for electrical machines

For electrical machines with windings in slots¢the solid slot insulation shall have:

a) for level of protection “ma” only, a minimum thickness of 0,1 mm and shall be extende

t least 5 mm beyond the end of th&’slot;

b) for levels of protection “ma” and “mb”, the end of the slot and the end-winding sha
protected by the minimum thickness of compound in accordance with 7.4.1. A dielg
gtrength test in accordance with 8.2.4 shall be passed with a test voltage U = 2
1000 V r.m.s. +8 % with-a minimum of 1 500 V a.c. at 48 Hz to 62 Hz.

Varnish and similar coatings are not considered to be solid insulation.

7.4.3 Rigid,.multi-layer printed wiring boards with through connections

7.4.3.1 General

Multj-layer printed wiring boards complying with the requirements of IEC 62326

perf =A- =

voltages less than or equal to 500 V, shall be considered to be encapsulated providing they

meet 7.4.3.2

NOTE It is not a requirement of this standard that conformity to the manufacturer’'s performance specificati
the printed wiring board needs to be verified.

7.4.3.2 Minimum distances

on of

The insulation thickness of both, the copper-clad laminates and the adhesive films shall

com

ply with the requirements of 7.2.4.3.

NOTE The insulation thickness is the combination of the laminate and the adhesive film when they are not
separated by copper.
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conductors and the metal or insulating material may be reduced to distance ¢ of Table 5. Metal
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coating shall have a minimum thickness of 35 um (see also Figure 2 and Table 5).

Table 5 — Minimum distances for multi-layer printed wiring boards

Distance Level of protection “ma” Level of protection “mb” Level of protection “mc”
b 3 mm 3 mm 1T mm
c 3 mm 1 mm 0,5 mm
d 0,1 mm, see 7.2.4.3 0,1 mm, see 7.2.4.3 0,1 mm, see 7.2:4.3
e In accordance with Table 1 In accordance with Table 1 In accordance with Table 1
whefe
a is fhe distance between the current carrying part and the outside surface through the cover layer;
b is [he distance between the current carrying part and the outside surface along(the“cover layer;
¢ is the length of metal or insulation extending along the surface of the board-from the edge or the hole;
d is fhe thickness of the adhesive film or the core where segregation is reqdired;
e is fhe distance between two circuits inside the multilayer where segregation is required.
RRERRRRRRRHE nnlilaanannaiinanann d
—Pl c |<— —»l e 4—
2 IFc
Key
cor¢ and cover layer
adhesive film
copper I
1 Through contact for termination
2 Through contact to connect the printed conductors to the layers
Figure 2 — Minimum distances for multi-layer printed wiring boards
7.5 Switching contacts
7.5.1 General

Switching contacts shall be provided with an additional enclosure.
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NOTE Entering of compound in the enclosure of the switching contacts during the encapsulation process can
interfere with the function of the device

7.5.2 Level of protection “ma”

This additional enclosure shall be in accordance with the requirements for hermetically-sealed
devices as defined in IEC 60079-15 before encapsulation.

NOTE Damage to the hermetically-sealed enclosure due to stresses during potting can invalidate the type of
protection of the device.

The rating of switching contacts shall be less than or equal to 60 V and 6 A. The additional
enclpsure shall be made of inorganic material it the switched current exceeds 2/3 of the, rhted
current specified by the manufacturer of the component.

7.5.3 Level of protection “mb”

This| additional enclosure shall be made of inorganic material if the switched current excgeds
2/3 pf the rated current specified by the manufacturer of the component’or if the cufrent
excgeds 6 A.

7.5.4 Level of protection “mc”

This| additional enclosure shall be made of inorganic material,if-the switched current exceeds
6 A.

7.6 External connections
7.6. General

Whgn compounds are used to secure a permanently connected cable, the cable shall be
suitably protected against damage from flexing and the pull test shall be carried out according
to 8J2.5.

This| test shall not be performedcon Ex Components or where the enclosure of the|“m
protected device does not serve @s an external enclosure.

7.6.2 Additional requirements for “ma” equipment

The| Ex ma equipmegnt:*shall either be supplied by a circuit in accordance with levegl of
protection “ia” according to IEC 60079-11 or have a connection in accordance with one of the
following requirements:

o fpr EPL Ga‘requirements of IEC 60079-26;

o fpr EPL.Da, level of protection “ta” of IEC 60079-31.

7.7 Protection of bare live parts

Depending on the required EPL bare live parts that pass through the surface of the compound
shall be protected by another type of protection as listed in IEC 60079-0 for the required EPL.

NOTE |In this case, the equipment is marked with multiple types of protection in accordance with IEC 60079-0.
7.8 Cells and batteries
7.8.1 General

When evaluating battery control arrangements with respect to the potential release of gas, the
full range of operating temperatures, internal resistance and voltage capability shall be
considered. It shall be assumed that batteries can become unbalanced, but cells with
negligible resistance or voltage capability need not be taken into account.
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Subclause 7.8 applies to all levels of protection, unless specifically excluded.

For level of protection “ma” cells and batteries shall additionally comply with the cell and
battery requirements of IEC 60079-11 except for the relaxation for parallel cells, which are not
permitted in equipment solely protected by encapsulation.

7.8.2 Prevention of gassing

Electrochemical systems that can release gas during normal operation are not permitted. If for
levels of protection “ma” and “mb” the release of gas in the event of a fault cannot be
precluded, the gassing shall be minimised by a caontrol device in accordance with 7.8 8 ith
secgndary cells, the control device shall be effective not only during charging, but alsa_dyring
discharging. This also applies for charging outside the hazardous area.

In particular,

a) yented cells shall not be used,

b) gealed valve regulated cells shall not be used,

c) gealed gas-tight cells that, within the range of the ambient temperature of the eleftric
¢quipment, do not release gas under any operating or fault )conditions may be dsed
without a control device in accordance with 7.8.8.

Gasttight cells that do not fulfil the requirements of 7.8.2 €)Y shall have a control devide in
accqrdance with 7.8.8.

7.8.3 Protection against inadmissible temperatures and damage to the cells or
batteries

The|maximum service temperature of the cells or batteries under worst case load (see 7]8.5)
shal] not exceed either the temperature specified by the manufacturer of the cells or batteries,
or 80 °C if not specified by the manufasturer and the maximum charging and discharging
current shall not exceed the safe value“specified by the manufacturer by one of the folloying
mealns:

a) shall be provided with aoneor more control devices as described in 7.8.8 to prejvent
Winacceptable overheatingror gassing inside the compound,

b) ghall be provided with .a series resistor to limit current to the cell rating and a blodgking
diode to preclude reverse charging.

In either case, the requirements in 7.8.4 through 7.8.7 apply as applicable.

7.8.4 Reverse current

For |levels) of protection “ma” and “mb” where there is another voltage source in the spme
enclpsure, the encapsulated cell or battery and its associated circuits shall be proterted
against charging by circuits other than those speciically designed for charging. For example,
by separating the cell or battery and its associated circuits from all other voltage source(s)
inside the enclosure, using the distances specified in Table 1 for the highest voltage capable
of causing the reverse current. Alternatively, the cell or battery only may be separated, from
the other voltage source(s) using the distances specified in Table 1, but with one blocking
diode for level of protection “mb”, or two blocking diodes for level of protection “ma”, fitted as
shown in Figure 3, and so arranged as to reduce the risk of a single fault causing both diodes
to be short-circuited.
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NOTE Figure shows arrangement for Level of Protection “ma”.

7.8.

manufacturer of the cells or battery is not exceeded. If replaceable fuses are used

equ

NOTE It is not a requirement of this standard that conformity to the manufacturer's specification of the reg
currept limiting device or fuse needs to be verified.

7.8.

For
volt
cell

discpnnect the cells or battery. For level of ‘protection “mc”, if more than three cells

con
cell

NOTIE 1 If several cells are connected in series, cells can change polarity during discharge due to the vg
capatities of the cells in a battery. These_"reversed pole” cells can enter an inadmissible gassing range.

Whgre a deep discharge protection circuit is used to prevent reverse polarity charging of

duri

manufacturer. After disconnecting the load, the current shall be no more than the disch

cap

NOTIE 2 Such protection is often used to prevent cells going into a state of “deep discharge”. If an atten
madg to monitor tée.many cells connected in series, the protection will sometimes not function reliably d

toler

seriep) by one ([protection unit is not effective.

7.8.

7.8.

Figure 3 - Fitting of blocking diodes

5 Current limitation

ijpment shall be marked to show their rating and function.

6 Protection against the polarity inversion and deep discharge of the cells

level of protection “ma” and “mb” when more than 3 cells are used in series, the
age shall be monitored. During discharging, if the voltage falls below the limit value fo
voltage specified by the manufacturer of the cells or battery, the control device s

nected in series, precautions shall be.taken to prevent reverse polarity charging of

ng discharge, the minimum cut-off voltage shall be that specified by the cell or ba

gcity at the 1 000 hrate.

gdnces in individual cell voltages and the protection circuit. Generally, monitoring of more than six cel

f Charging of cells or batteries

rent
ctive
oad

1 or
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the

istor,

cell
the
shall
are
the

rious

cells
tery
arge

pt is
be to
s (in

™ Levelof plUtEC"U" ma and mp

The charging circuits shall be fully specified as part of the equipment. The charging system

sha

Il be such that either:

a) with one fault condition of the charging system, the charging voltage and current shall not

b)

exceed the limits specified by the manufacturer;
or

if, during charging, it is possible for the limit values specified by the manufacturer of the
cells or battery for the cell voltage or the charging current to be exceeded, a separate

protective device in accordance with 7.9 shall be provided to minimize the possibility

of a

release of gas and also exceeding the manufacturer’s maximum rated cell temperature

during charging.
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7.8.7.2 Level of protection “mc”

The charging system shall be such that in normal operation the charge voltage and current do
not exceed the limits specified by the manufacturer based on the specified temperature range
of the equipment. If cells and batteries, which are an integral part of the electrical equipment
are to be charged in the hazardous area, the charger shall be fully specified as part of the
equipment design. If cells or batteries, which are an integral part of the electrical equipment
or can be separated from the equipment are charged outside of the hazardous area, the
charging shall be within the limits specified by the manufacturer of the equipment.

7.8.8 Requirements for control safety devices for cells or batteries

Whgre required, the control devices shall form safety related parts of a control system. it ghall
be the responsibility of the manufacturer to provide the information necessary to maintair| the
integrity of the system.

NOTE Safety related parts meeting the requirements of PL ¢ of ISO 13849-1 “Safety of machinery — Safety
relatgd parts of control systems — Part 1: General principles for design” will satisfy this subclause.

7.9 Protective devices

7.9. General
If r¢lying on a protective device to limit maximum surface” temperature when the|“m”
equipment is subjected to a single fault for level of protectioh “mb” or two faults for level of
protection “ma”, the protective device shall be provided(either external to the equipment or
dire¢tly integrated into the equipment. Protective devicés for level of protection “ma” shall be
non [resettable. Thermal protective devices for levelkofyprotection “mb” may be resettable.

The|protective device shall be capable of interrupting the maximum fault current of the circuit
in which it is installed. The rated voltage of-the protective device shall at least correspond to
the yorking voltage of the circuit in which.it\is installed.

Whgre the “m” equipment contains a-eell or battery and a control device is provided to prejvent
excgssive overheating (see 7.8.5),\this control device can also be considered as a protective
devipe, providing it also protéc¢ts all other components inside the same compound from
excgeding the maximum surface temperature.

NOTE 1 The use of protective devices is to protect against faults and unforeseen overloads, which overheat
and/qr permanently damage\or compromise the operational life of the equipment. Where resettable devicep are
used| the instructions jinclude information to guide the user in the desirability of re-setting the devices. These
instrdctions are considering external operational conditions under which they might be reset and alsqd any
subsg¢quent monitoring*that might be desirable.

NOTE 2 Both| self-resetting and manually resettable devices are considered to be resettable devices for the
purpgse of thissstandard.

For |level of protection “ma”, if the non resettable protective device complies with| the

IEC 60127 sertes or tTEC 60691t or ANSH/ UL 248 series, onty one device 15 necessary. T his
applies to 7.9.2 and 7.9.3.

NOTE 3 It is not a requirement of this standard that conformity to the manufacturer’'s specification of the non
resettable protective device needs to be verified.

NOTE 4 ANSI/UL 248-1 contains the applicable general safety requirements for low-voltage fuses, including the
requirements to establish breaking capacity or interrupting rating. The other parts of the ANSI/UL 248 series
provide additional specific safety requirements based on the intended application of the fuse, such as ANSI/UL
248-14 for supplemental low-voltage fuses.
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7.9.2 Electrical protective devices
7.9.21 General

Protective devices shall have a voltage rating not less than that of the circuit in which they are
installed and shall have a breaking capacity not less than the fault current of the circuit.

Unless otherwise specified, a fuse shall be assumed to be capable of passing 1,7 times
the rated current continuously. The time-current characteristic of the fuse, as stated by the
manufacturer of the fuse, shall ensure that the maximum surface temperature is not
exceeded. For electrical protective devices two devices normally in series are required for
leve[ of protection 'ma  and one device Is required for level of protection -mb . IT for levgl of
protection “ma”, the two devices are not in series, the activation of either device shalll de-
enelgize the circuitry relying on the protection. The two devices for level of protection {ma”
shal] be the same type of protective device (while not necessarily the same manufacturer{and
part[number), so as to provide duplicated protection.

An glectrical protective device is not required for level of protection “mc”.

NOTE In the case of electrical supply networks where the rated voltage does not exceed 250 V, the prospdctive
shortfcircuit fault current is usually 1 500 A.

7.9.2.2 Protective devices that are connected to the “m” equipment

If the protective device is external to the “m” equipment it shall be seen as equipment
reqyired for the safety of the “m” equipment, in accordance with 7.9.2. This specific condjtion
of uge shall appear on the certificate and the equipmeént shall be marked in accordance |with
the ispecific conditions of use” marking requirements of IEC 60079-0.

The|use of an external protective device and its connection to “m” equipment requires| the
device to be compatible with “ma”, “mb”, ormc” as appropriate.

NOTE Failure to use such a device in the jntended manner will lead to loss of level of protection. Whefe an
exterpal protective device is used to control the correct application of voltage, current and power to equipment with
level |of protection “ma”, the performancelof the external protective device or protective circuit is safe with one
counf{able fault. The permitted levels of yoltage, current and power are determined by the thermal characterist|cs of
the “m” equipment.

7.9.3 Thermal protective'devices

Thefmal protective devices shall be used to protect the compound from damage caused by
local heating, for éxample, by faulty components, or from exceeding the maximum surface
temperature.

Nontresettable devices have no provision for being reset and open a circuit permanently after
being expesed to a temperature higher than their operating temperature for a given maximum
peripdi/Adequate thermal coupling shall be achieved between th and
be not less than the maximum possible load of the circuit.

If resettable thermal protective devices are used, two devices normally in series are required
for level of protection “mb” and one device is required for level of protection “mc”. If for level
of protection “mb” the two resettable thermal protective devices are not in series, the
activation of either device shall de-energize the circuitry relying on the protection. The two
devices for level of protection “mb” shall be the same type of thermal protective device (while
not necessarily the same manufacturer and part number), so as to provide duplicated
protection.

Resettable thermal protective devices with switching contacts shall not be operated at more
than 2/3 of their rated current specified by the manufacturer of the device.
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Resettable thermal protective devices with switching contacts shall either comply with
IEC 60730-2-9, or shall be tested according to 8.2.7.1.

Resettable thermal protective devices without switching contacts shall either comply with
IEC 60738-1, or shall be tested according to 8.2.7.2.

NOTE 1 Often for functional reasons, additional resettable devices other than the thermal protective devices
addressed by this clause are used. These devices typically operate at temperatures lower than the operating
temperature of the thermal protective device.

NOTE 2 It is not a requirement of this standard that conformity to the manufacturer’'s specification of the
i vice needs to he verified

Built-in protective devices

Protective devices integral with the “m” equipment shall be of the enclosed type such thgt no
compound can enter during the encapsulation process.

The|suitability of the protective device for encapsulation shall be confirmed.either by:

a) 4 documentation from the manufacturer of the device;
or

b) testing of samples according 8.2.8.

NOTE Devices in glass, plastic, ceramic or otherwise sealed are regarded as enclosed types.
8 [Type tests

8.1 Tests on the compound
8.1. Water absorption test

Whgn required by 5.3.1 the test shall.be carried out on samples of the compound(s) usgd in

“‘m” equipment. Three dry samples _of‘the compound(s) shall be tested. The samples shall be
circylar with a diameter of 50 mm.+ 1 mm and a thickness of 3 mm + 0,2 mm. The samfples
shal] be weighed then immersed for at least 24 h in water, at a temperature of 23 °C +5 K.

They shall then be taken out'of the water, wiped dry and weighed again within 1 minute.|The
increase in mass shall net exceed 1 %.

It is jnot required to\use distilled water for this test.
8.1.2 Dielectric strength test

The| sample shall be circular with a diameter of 50 mm +1 mm and a thicknesg of

3 mm £.0;2 mm. The sample shall be symmetrically placed between electrodes 30 mm + 1fmm
in dw_www ithi i i vice

temperature of the compound.

A voltage of 4 kV r.m.s. +8 % and with frequency between 48 Hz and 62 Hz shall be applied
for not less than 5 min. No flashover or breakdown shall occur during the test.

8.2 Tests on the apparatus
8.21 Test sequence

The test sequence and number of samples are given in Annex B.
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8.2.2 Maximum temperature

A sample of “m” equipment shall be subjected to a type test to ensure that:

a) the temperature limits specified in 6.1 are not exceeded in normal operation;

b) for level of protection “ma” and “mb” the maximum surface temperature is not exceeded
under fault conditions as defined in 7.2.1.

For “m” equipment without an external load, the test shall be carried out in accordance with
the temperature measurements of IEC 60079-0 taking into account the supply conditions
given in 4.4.

For
“ma
prot

in ngrmal operation and in the case of regular expected occurrences.

For

temperature shall be determined with the equipment mounted in“-accordance with

man
thick
whe

NOTE

unde
contr

8.2.
8.2.
8.2.

The
the

a) t

b) t

8.2

The

The

.3.1.2 Level of protection “mc”

‘m” equipment with an external load, the test shall be carried out for level of protec
and “mb” by adjusting the current to the highest value, which does not ‘eause
pctive device to operate, and for level of protection “mc” at the specified loadvparamg

level of protection “ma” equipment, designed for EPL “Da” the“maximum sur

ufacturer’s instructions, and surrounded on all available surfaces by dust with a |
ness of at least 200 mm. The final temperature shall be considered to have been reac
h the rate of rise of temperature does not exceed 1 K/24 h.

Testing, simulation and analysis is sometimes used in order to achieve the required temperature limitg
malfunction conditions for equipment with characteristics such_as non-linear external loads, input g
bl, or difficult to define failure modes

B Thermal endurance test
8.1 Thermal endurance to heat
8.1.1 Level of protection “ma” and “mb”

test shall be carried out in accordance with IEC 60079-0. The temperature to be use
eference service temperature for the test shall be either:

he maximum surface température of the test sample under normal operation plus 20
r

he maximum temperature at the component surface in the compound under no
peration, see 6.2.2.

test shall be carried out in accordance with IEC 60079-0.
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8.2.3.2 Thermal endurance to cold

The

test shall be carried out in accordance with IEC 60079-0.

8.2.3.3 Acceptance criteria

After each test the sample shall be subjected to a visual inspection. No visible damage to the
compound that could impair the type of protection shall be evident, for example cracks in the
compound, exposure of encapsulated parts, failure of adhesion, inadmissible shrinkage,
discoloration, swelling, decomposition or softening. A discoloration on the surface of the

com

pound is permissible (for example oxidation in the case of epoxy resin).
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In addition, any electrical protective device on which safety depends, other than thermal
fuses, shall be verified as remaining functional.

8.2.4 Dielectric strength test

8.2.4.1 Test procedure

The

test shall be carried out on the following arrangements of circuits as applicable:

a) between galvanically isolated circuits;

b) between each circuit and all earthed parts;

c) |
[

For
two
rate

For
betw
shal

Diel

2) §

The
reag

NOT
to the
dischi

1000 V r.m.s. (*8 %), with a minimum of 1 500 V r.m.s. at 48 Hz to 62 Hz. Alternati

etween each circuit and the surface of the compound or the non-metallic enclosure
[ necessary, can be clad with a conductive foil.

arrangement a), the voltage U to be used shall be the sum of the rated vbltages of
circuits being tested and for arrangements b) and c), the voltage U to be used shall bd
J voltage of the circuit being tested.

arrangement b), circuits that contain transient suppression “components conne

be permitted for the type test.

pctric strength shall be verified by test:

quipment or,

t the test voltage according to 1) or 2) below, and increased steadily within a perig
ot less than 10 s until it reaches the prescribed value, and it shall then be maintaine
t least 60 s without dielectric breakdown ©@ccurring.

For equipment where the voltage U does not exceed 90 V peak, the test voltage sha
00 V r.m.s. (+g %) at 48 Hz to 624Hz. Alternatively, the test voltage shall be 700 V

? %).

A

For equipment where the Voltage U exceeds 90 V peak, the test voltage shall be 2

he test voltage shall\be 2U + 1 400 V d.c. (+8 %) with a minimum of 2 100 V d.c.

hes the prescribed value, and it shall then be maintained for at least 60 s.

F 1 In_thexcase of equipment that, for electro-magnetic compatibility reasons, contain components conn
enclosure for the suppression of interference pulses and which could be damaged during the tests, a p
arge’ test is sometimes used as an alternative.

hat,

the
the

cted

een the circuit and the earthed parts, a special test samplecwithout these components

ither as given in a relevant industrial standard_for the individual items of elecfrical

d of
i for

| be
d.c.

U +
ely,

test voltage,shall be increased steadily within a period of not less than 10 s unfil it

pcted
artial

NOT

2 If the circuit under test is not accessible from the exterior it is possible to prepare a specific test sample
with additional connections

8.2.4.2 Acceptance criteria

The

test shall be deemed as passed if no breakdown or arcing occurs during testing.

NOTE Typically the current flowing during the test will not exceed 5 mA r.m.s..

8.2.5 Cable pull test

8.2.5.1 Test procedure

The

test shall be carried out on one sample, previously unstressed and at 21 °C + 2 °C.
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A further test sample shall be subjected to the cable pull test after conditioning according to
8.2.3.1 at the maximum temperature at the cable entry point.

The tensile force applied shall be derived in the following way:

— Measure the diameter of the cable (mm), multiply this value by 20

— Measure the mass (kg) of the ‘m’ apparatus and multiply this value by 50

— Take the lower numerical value of these calculations and apply it (in Newtons) as tensile
force for the cable pull test.

This value may be reduced to 25 % of the required value in the case of fixed installations. The
S ; . . | be

F the
und
the

Pressure test for Group | and Group Il electrical equipment

A Test procedure

For Jevel of protection “ma” with any individual free spaces between 1 cm3 and 10 cm3|and
leve] of protection “mb” with any individual free spaces between 10 cm3 and 100 cm?3, two|test
samples shall be prepared with a pressure connecgtion. Where there is more than one |free
spage of a size requiring testing, the pressure test shall be carried out simultaneously ih all
thosje free spaces.

The|pressure test shall be carried out on®samples that have already been submitted tq the
thermal endurance tests (see 8.2.3).

Theltest shall be carried out with a(pressure as shown in Table 6 applied for at least 10 s.
Table 6 — Test pressure

Minimum ambient temperature Test pressure
°C kPa
>-20 (a) 1 000
> -30 1370
> —40 1450
> -50 1530
> -60 1620

a) This covers equipment designed for the standard ambient temperature range
specified in IEC 60079-0.

As an alternative for ‘mb’ equipment if the component with a free space up to 100 cm3, prior to
encapsulation, passes the Leakage test on sealed devices specified in IEC 60079-15 (without
the conditioning, voltage, or dielectric withstand testing) it can be encapsulated without
requiring the pressure test.

8.2.6.2 Acceptance criteria

After testing, the samples shall be visually inspected. No compound damage (such as cracks
in the compound, exposure of the encapsulated components or failure of adhesion) that could
impair the type of protection shall be evident. For constructions that are permitted to have no
thickness of compound between a free space and a non-metallic enclosure wall, there shall
also be no damage to the non-metallic enclosure wall(s)
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8.2.7 Test for resettable thermal protective device
8.2.71 Resettable thermal protective devices with switching contacts
8.2.71.1 Test procedure

The function of the protective device shall be verified. This test shall be performed after the
thermal endurance test. The device shall be capable switching its rated current > 5 000 times.

8.2.7.1.2 Acceptance criteria

The testshattbedeemedas passed-iftheprotective deviceacts correctty after thetestim the
range specified in its datasheet.

8.2.7.2 Resettable thermal protective devices without switching contacts
8.2.7.21 Test procedure

The|function of the protective device shall be verified. This test shall be performed afteq the
theral endurance test. The device shall be capable of acting (direct or indirect limiting the
temperature rise) > 500 times.

8.2.7.2.2 Acceptance criteria

The|test shall be deemed as passed if the protective deviee acts correctly after the test if] the
rande specified in its datasheet.

8.2.3 Sealing test for built-in protective devices

Thel|test is to be performed on five samples. With the test samples at an initial temperatufe of
(25 t 2) °C, they are suddenly immersed iniwater at a temperature of (50 + 2) °C to a depth of
not |ess than 25 mm for at least 1 min The devices are considered to be satisfactory if no
bubbles emerge from the samples during this test. Alternatively, a test can be applied where
five |[samples are examined after the' encapsulation to ensure that the compound has| not
entered the interior.

9 Routine verifications-and tests

9.1 | Visual inspections

Each piece of “m™equipment shall be subjected to a visual inspection. No damage shall be
evident, suchisas cracks in the compound, exposure of the encapsulated parts, flaking,
inadmissible._shrinkage, swelling, decomposition, failure of adhesion (separation of [any
adhered parts) or softening.

9.2 —Dietectricstrength-test

For circuits, which are accessible from the exterior the dielectric strength test shall be used to
test the isolation of circuits from each other and from their environment. The test shall be
carried out on these circuits in accordance with 8.2.4.

The test voltage shall be applied for at least 1 s.
Alternatively, 1,2 times the test voltage may be applied and maintained for at least 100 ms.

In some cases, the actual test period may need to be significantly longer than 100 ms as a
sample with a large distributed capacitance takes some additional time to reach the required
test voltage.
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The test shall be deemed as passed if no breakdown or arcing occurs during testing.

NOTE Typically the current flowing during the test will not exceed 5 mA r.m.s..

Contrary to the above, the dielectric strength test for cells or batteries shall be carried out in

accordance with the routine dielectric test requirements of IEC 60079-7.

In the case of equipment that employs circuits that contain transient suppression components
connected between the circuit and the earthed parts, the equipment need not be subjected to
routine dielectric strength tests, if intended for use only with a galvanically isolated circuit,

and shall be marked “X” to indicate this specific condition of use in accordance with
“spelcific conditions of use” marking requirements of IEC 60079-0.

the

For |evel of protection “mc”, where there is a routine dielectric strength test in the relejant
industrial standard for the individual items of the electrical equipment, this Mest shall be

permitted to be used to satisfy the routine dielectric test requirement for level of protec

mci.

10 Marking

In addition to the requirements of IEC 60079-0, the marking shall,include:

a) the rated voltage,

b) the rated current,

c) the prospective short-circuit current of the extermal electric supply source if less
500 A, for example “Permitted supply short-circuit current: 500 A”.

tion

than

d) ¢ptionally, the permitted prospective short-cCircuit current of the external electrical supply if
the equipment is designed for a short-circuit current of 1 500 A or more, for example
‘Permitted supply short-circuit current: 3 500 A”.

e) fpr levels of protection “mb” and “mc¥for EPL Db and EPL Dc, tested without a dust layer] the

ith the letter “T”", (e.g. T 90<C). For level of protection “ma” for EPL Da, and w|
ppropriate for level of protéction “mb” and “mc” for EPL Db and EPL Dc tested with
Ipyer, the maximum surfacextemperature T shall be shown as a temperature value in deg
elsius and the unit of measurement °C, with the layer depth , indicated as a subscript in
.g. Tgg 320 °C). Imthe case of Levels of Protection “mb” and “mc” for EPL Db or Dc, te
ith a dust layer, /he' maximum surface temperature without the dust layer is not requirg
e marked. Alternatively the marking indicated in c¢), d) and e) above can be includg
the instructions and the equipment shall be marked “X” to indicate this specific conditidg
se in accordance with the “specific conditions of use” marking requirements
C 600790.

aximum surface temperature in degrees Celsius and the unit of measurement °C precg¢ded

here
dust
rees
mm,
sted
d to
din
n of
5 of
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Annex A
(informative)

Basic requirements for compounds for “m” equipment

Figure A.1 shows basic requirements for compounds for "m" equipment.

NOTE This Annex only provides a general overview. Specific attention needs to be paid to the detailed text of the
applicable requirements when developing the test program for specific equipment.

No
Temperature range of the
compound known ?

* Yes

Compound inside an enclosure in

ves| type of protection “p”, “d”, “e”, “t

v

Tl-value to IEC 60079-0 No
or equivalent value known

¢ Yes

Electrostatic to IEC 60079-0 No
fulfilled

¢ Yes

Mechanical tests to No
IEC 60079-0 fulfilled

¢ Yés

For Group’l only No
stabilityragainst chemical H
materials toJlEC 60079-0 fulfilled

¢ Yes
Yes Resistance to light
L y»] ) Protection against light required ? || test to IEC 60079-0 fulfilled

¢ No v | Yes

Are there bare parts leading Yes Protected by other No
out of the compound > type of protection

¢ No v | Yes

Provide testing statloq .Wlth Tests
test sample as specified

Figure A.1 — Basic requirements for compounds for “m” equipment

Select other material-or
re-design <

No

IEC
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Annex B
(informative)

Allocation of test samples

Table B.1 shows allocation of test samples.

NOTE This Annex only provides a general overview. Specific attention needs to be paid to the detailed text of the
applicable requirements when developing the test program for specific equipment.

Table B.1 — Allocation of test samples

Standard tests

Additional tests

Sample 1

Sample 2

Sample 3

Sample 4

Detgrmination of limiting
temperature
in agcordance with 6.3

Cable pull test in
accordance with 8.275

Thermal endurance tefst
based on the service
temperature determingd
at the point where the|
cable enters the

compound in accordamce
with 8.2.3.1

Thefmal endurance to heat
in agcordance with 8.2.3.1

Thermal endurance to heat
in accordance with 8.2.3.1

Thefmal endurance to cold
in agcordance with 8.2.3.2

Thermal endurance to cold
in accordance with 8.2.3.2

Resgttable thermal
protective device test in
accqrdance with 8.2.7

Resettable thermal
protective device test in
accordance with 8:2.7

Cable pull test in
accordance with 8.2.5

Dielgctric strength test
in agcordance with 8.2.4

Dielectric strength test
in accordance with 8.2.4

Pregsure test
in agcordance with 8.2.6
(if rgquired)

Pressute test
in accordance with 8.2.6
(if required)

Mechanical tests
in agcordance with
IEC [60079-0 (if required)

Mechanical tests
in accordance with
IEC 60079-0 (if required)

The [tests are carriediout in the order they appear in each column.
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2)
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4)

5)

6)
7)

8)

9)

La Norme fnternationate TEC60079-18a &ét¢ etabife par te comite a'gtudes 3t de H11ECTM™

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ATMOSPHERES EXPLOSIVES -

Partie 18: Protection du matériel par encapsulage "m"

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation/cq
s¢e de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC a poeur obj
fdvoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de |

Spécifications techniques, des Rapports techniques, des Spécifications accessibles au ‘public (PAS) e
Gluides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a deS'comités d'étudeg
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les'arganisations inter
ngles, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent également aux tra
L{IEC collabore étroitement avec I'Organisation Internationale de Normalisation \(ISO), selon des cond
fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la m
dy possible, un accord international sur les sujets étudiés, étant donné gle Jes Comités nationaux de I'lEC]
rgssés sont représentés dans chaque comité d’études.

-

bs Publications de I'IEC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les efforts“raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publicatiens; I'l[EC ne peut pas étre tenue responsab
¢ventuelle mauvaise utilisation ou interprétation qui en estfaite par un quelconque utilisateur final.

(2]

-0

ans le but d'encourager l'uniformité internationale, les\Comités nationaux de I'lEC s'engagent, dans to
esure possible, a appliquer de fagon transparente lgs\Publications de I'l[EC dans leurs publications natio

hles correspondantes doivent étre indiquées entermes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune attestation\de conformité. Des organismes de certification indépen
urnissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marques de
rmité de I'lEC. L’IEC n'est responsable.d’aucun des services effectués par les organismes de certificati
Ependants.

- 5030

—h
Q

bus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Lcune responsabilité ne doit-étre” imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou m
ires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationa
EC, pour tout préjudice,causé en cas de dommages corporels et matériels, ou de tout autre dommag
lelque nature que ce soit) directe ou indirecte, ou pour supporter les colts (y compris les frais de justig
lgs dépenses découlanhtde la publication ou de l'utilisation de cette Publication de I'lEC ou de toute autr
ication de I'l|EC, ol aucrédit qui lui est accordé.

o==> - o

— O

attention est atfirée sur les références normatives citées dans cette publication. L'utilisation de publicg
d4férencées eSt.obligatoire pour une application correcte de la présente publication.

—r o

attention 'est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
bjet de\droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
b brevefs et de ne pas avoir signalé leur existence.

o —=

mpo-
et de
élec-

trlcité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes ifterhationales|, des

des
, aux
atio-
vaux.
tions

bsure
inté-

éées
I'IEC
le de

te la
hales

régionales. Toutes divergences entre toutes Publications de I'l|EC et toutes publications nationales ou régio-

Hants
con-
nin-

hnda-
ix de
e de
e) et
e Pu-

tions

faire
iroits

riel pour atmosphéres explosives.

ate-

Cette quatriéeme édition annule et remplace la troisieme édition de I'lEC 60079-18 (2009).
Cette édition constitue une révision technique.

Cette Norme Internationale doit étre utilisée conjointement avec I'lEC 60079-0, Atmosphéres
explosives — Partie 0: Matériel — Exigences générales.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:
Type
Explication de I'importance des modifications Article Modifications Extension | Modifications
mineures et techniques
rédactionnelles majeures
Définitions supprimées et déplacées vers I'|EC 60079-0 3 X
Titre modifié/ajouté pour clarifier les exigences qui sont 4 X
supplémentaires pour "ma" niveau de protection uni-
quement
Ajout de la conductivité thermique 5.2 X
Ajout d'une note spécifiant que la vérification de la con- 5.3.2 X
formité du composé a la spécification du constructeur
n’est pps une exigence de la présente Norme
Ajout d'une clarification 6.2.2 X
Ajout d'une clarification 71
Ajout d'options et d'une clarification pour la détermina- 7.2 X
tion defp défauts
Ajout d'informations supplémentaires a la Figure 1 7.41 X
La phrase "Les vernis et revétements similaires ne sont 7.4.2 X
pas cofpisidérés comme des isolations solides." a été
ajoutég a cette partie et supprimée de la définition 3.8
Ajout de normes supplémentaires pour les cartes de 7.4.3.1 X
circuitd imprimés rigides multicouches avec connexions
traversfantes
Protecfion contre les températures excessives et contre 7.8.3 C1
la détérioration des piles et accumulateurs
Ajout de possibilités supplémentaires et clarifiées pour 7.9.2 X
les dispositifs de protection électrique
Ajout de possibilités supplémentaires et clarifiées‘pour 7.9.3 X
les dispositifs de protection thermique
Supprgssion de la limitation & 2/3 de la tension 7.9.3 X
Déternjination de la température maximale pour "Da" 8.2.2 C2
Stabiligation de la température 8.2.2 C3
Endurgnce thermique a la chaleur 8.2.3.1
Déternjination de la tempeérature comme température de | 8.2.3.1.1 X
servicq de référence etiindication d’autres possibilités
d’essals
Ajout d'autres passibilités pour la procédure d'essai de 8.2.4.1 X
rigidité| diélectrique
Ajout d'autres’méthodes d'essai pour I’essai de pression 8.2.6 X
exigé qu'matériel électrique des groupes | et Il
Essai d’étanchéité pour les dispositifs de protection 8.2.8 X
incorporés
Ajout d'autres possibilités pour la procédure d'essai de 9.2 X
rigidité diélectrique
Marquage 10 X
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Explication des types de modifications majeures:

A) Définitions

1.

Modifications mineures et rédactionnelles: Clarification

Diminution des exigences techniques
Modification technique mineure
Corrections rédactionnelles

Ces modifications portent sur les exigences et sont de nature rédactionnelle ou technique mineure. Elles com-
prennent des modifications de formulation destinées a clarifier les exigences techniques sans apporter de modi-

fication technique ni réduire le niveau actuel de I'exigence.
2. Extension: PSP DTS PO
- I'\JUUl U UplIUIID I.D‘\.alllllqub‘b
Ces| modifications ajoutent de nouvelles exigences techniques ou modifient les exigences existantes de faggn a

founnir de nouvelles options, mais sans augmenter les exigences relatives au matériel qui était totalement

forn

con

3.

ormes a la précédente édition.

Modifications techniques majeures: e ajout d'exigences techniques

e augmentation des exigencesitéchniques

Ces| modifications sont apportées aux exigences techniques (ajout, augmentation du(iveau ou suppression
tellg fagon qu'un produit conforme a la précédente édition n'a pas toujours la capacité de satisfaire aux

gen
con

ormes a la précédente édition. L'élément B) ci-dessous fournit des inforfmations supplémentaires sur

modifications.

Not

e Ces modifications reflétent les connaissances technologiques actuélles. Cependant, il convient que

modifications n'aient pas d'influence sur le matériel déja sur le marchés

on-

e a la précédente norme. Ces modifications ne sont donc pas a prendre en compte dans le cas de produits

de
e xi-

Ces indiquées dans la derniere édition. Ces modifications sont a prendre enceompte dans le cas de produits

ces

ces

B) Informations sur I'origine des "Modifications techniques majeures”

C1 PArticle 7.8.3 Modification des exigences et ajout d'exigénces supplémentaires pour les piles et accumfla-
teuns

C2 |La flexibilité indiquée dans I'lEC 60079-0 est remplacee par une exigence min. Pour le niveau de protedtion

du mhatériel "ma", congu pour I'EPL (equipment protection level — niveau de protection du matériel) "Da", la t
pérature maximale de surface doit étre déterminéeavec le matériel monté conformément aux instructiong du

con
200

C3

structeur et entouré sur toute la surface disponible par une couche de poussiére d'une épaisseur d'au m
mm

| 'échauffement qui se produit au cours _de I'essai peut étre un processus trés lent. Il doit étre considéré

la tgmpérature finale a été atteinte quandla vitesse d’échauffement ne dépasse pas 1 K/24 h.

Le t¢xte de cette norme est iSsu des documents suivants:

Ler

FDIS Rapport de vote
31/1152/FDIS 31/1168/RDV

hpport de-vote indiqué dans le tableau ci-dessus donne toute information sur le vote a

abouiti a(l'approbation de cette norme.

Cett

em-

bins

que

yant

e publication a ete redigee selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série IEC 60079, publiées sous le titre général Atmos-
phéeres explosives, peut étre consultée sur le site web de I'lEC.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données rela-
tives a la publication recherchée. A cette date, la publication sera

» transformée en Norme internationale,
* reconduite,

* supprimée,

* remplacée par une édition révisée, ou
* amendée.

Le contenu du corrigendum de juillet 2018 a été pris en considération dans cet exemplairg.
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ATMOSPHERES EXPLOSIVES -

Partie 18: Protection du matériel par encapsulage "m"

1 Domaine d’application

La présente partie de 'IEC 60079 définit les exigences spécifiques a |a construction, aux es-
sais| et au marquage des matériels électriques, des parties de matériels électriques_et|des
composants Ex protégés par encapsulage de type "m" et destinés a une utilisation.dang les
atmosphéres explosives gazeuses ou les atmosphéres explosives poussiéreuses.

La pgrésente partie ne s’applique qu’aux matériels électriques protégés par encapsulage,|aux
partles de matériel électrique protégées par encapsulage et aux composants-Ex protégéq par
encapsulage (ci-aprés toujours dénommeés matériel "m") pour lesquels Jla tension assignée
n’exgede pas 11 kV.

L’'utilisation du matériel électrique en atmosphére pouvant contenir simultanément du|gaz
explpsif et des poussieres combustibles peut nécessiter des ‘mesures de protection supplé-
mengaires.

La présente Norme ne s’applique pas aux poussiéres.@explosifs qui n’exigent pas d’oxygéne
de I’mir pour leur combustion ni aux substances pyrephoriques.

La présente Norme ne tient pas compte des risques, quels qu'ils soient, résultant d’'une émis-
sion|de gaz inflammable ou toxique provenant’de la poussiére.

La présente Norme compléte et modifie* les exigences générales de I'l[EC 60079-0. Si|une
exigence de la présente Norme est en“conflit avec une exigence de I'lEC 60079-0, I'exiggnce
de Ia présente Norme a préséancel

2 Références normatives

Les |documents suivanis sont cités en référence de maniére normative, en intégralité ol en
partle, dans le présent document et sont indispensables pour son application. Pour les réfé-
renges datées, seule I'édition citée s’applique. Pour les références non datées, la derniére
éditipn du doctment de référence s’applique (y compris les éventuels amendements).

IEC 60079~0, Atmospheres explosives — Partie 0: Matériel — Exigences générales

nnnnn = A A - Bt = 5 PR TR . . iy
|EC '60079-7Atmuospheres expiosives = Partie 7 Protectionm de—1éguipernrernt par—sgcurité
" n

augmentée "e

IEC 60079-11, Atmospheres explosives — Partie 11: Protection de I'équipement par sécurité
intrinseque "i"

IEC 60079-15, Atmospheres explosives — Partie 15: Protection du matériel par mode de pro-
tection "n"

IEC 60079-26, Atmosphéeres explosives — Partie 26: Matériel d’un niveau de protection du
matériel (EPL) Ga

IEC 60079-31, Atmospheres explosives — Partie 31: Protection contre I'inflammation de pous-
sieres par enveloppe "t" relative au matériel
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IEC 60127 (toutes les parties), Coupe-circuit miniatures

IEC 60243-1, Rigidité diélectrique des matériaux isolants — Méthodes d’essai — Partie 1: Es-
sais aux fréquences industrielles

IEC 60691, Protecteurs thermiques — Prescriptions et guide d’application

IEC 60730-2-9, Dispositifs de commande électrique automatiques a usage domestique et
analogue — Partie 2-9: Régles particulieres pour les dispositifs de commande thermosensibles

IEC[60738-1, Thermistances — Coefficient de température positif & chauffage direct — Partfe 1:
Spécification générique

IEC 61140, Protection contre les chocs électriques — Aspects communs aux installationls et
aux |matériels

IEC 61558-1, Sécurité des transformateurs, alimentations, bobines d’inductance et produits
analogues — Partie 1: Exigences générales et essais

IEC|61558-2-6, Sécurité des transformateurs, bobines d'inductafce, blocs d'alimentation et
produits analogues pour des tensions d'alimentation jusqu'a 1 100 V — Partie 2-6: Regles |par-
ticulféres et essais pour les transformateurs de sécurité et les\blocs d'alimentation incorpgrant
des ftransformateurs de sécurité

IEC 62326-4-1, Cartes imprimées — Partie 4: Cartes’ imprimées multicouches rigides avec
connexions intercouches — Spécification intermédijaire — Section 1: Spécification particufiére
d’agyément: Niveaux de performances A, B et G

ANSI/UL 248 (toutes parties), Standard forlow-voltage fuses

ANSI/UL 746B, Standard for polymeric 'materials — Long-term property evaluations
ANSI/UL 796, Printed-Wiring Boards

IPC4{A-600, Acceptability of Printed Boards

IPC{6012, Qualification and Performance Specification for Rigid Printed Boards

3 [Termes-et définitions

Pouf les‘besoins du présent document, les termes et définitions donnés dans I'l[EC 6007910 et
les définitions suivantes s’appliquent.

NOTE Des définitions supplémentaires applicables aux atmosphéres explosives sont données dans I'lEC 60050-
426.

3.1

encapsulage "m"

mode de protection dans lequel les parties de matériel qui sont capables d’enflammer une
atmosphére explosive par étincelle ou échauffement sont complétement enfermées dans un
composé ou dans une autre enveloppe non métallique autorisée avec adhérence, de telle
sorte que l'inflammation d’une couche de poussiére ou d’une atmosphére explosive dans des
conditions de fonctionnement ou d’installation ne peut se produire
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plage de températures du composé
plage de températures dans laquelle les propriétés du composé, lors du fonctionnement ou du
stockage, sont conformes aux exigences de I'lEC 60079-18

3.3

surface libre
surface du composé exposée aux atmosphéres explosives et/ou couches de poussiéres

3.4

contEcha_mmmutaﬁn"
contact mécanique destiné a établir ou a couper un circuit électrique

3.5
adh
agré
gaz

3.6
défa

Brence
gat permanent d'un composé a la surface d’'une paroi et qui est étanché)a-I’humiditg
et a la poussiére

ut pris en compte

truc

3.7

séparation infaillible

SEép3
jette

3.8
isol
mat

Note
solid

4

4.1

Le matériel électrique avec encapsulage "m" doit étre soit de:

a) n
b) n

défiut qui survient dans les parties de matériel électrique conformes aux exigences de c

ion

ration entre les parties électriqguement conductrices qui est considérée comme non
aux courts-circuits

ment solide
riau d’isolement qui est extrudé ou-moulé, mais non coulé

1 a l'article: Les isolateurs fabriqués)a partir de deux ou de plusieurs piéces en matériau isolant qui
ement fixés ensemble, peuvent étre considérés comme solides.

Généralités
Niveau de pratection (EPL pour equipment protection level — niveau de protec

du matériel)

iveautde protection "ma" (EPL "Ma, Ga, Da"),
iveau de protection "mb" (EPL "Mb, Gb, Db"), ou

pns-

Su-

sont

on

c) niveau de protection "mc¢" (EPL "Gc, Dc").

Les exigences de la présente Norme s’appliquent a tous les niveaux de protection pour
I’encapsulage "m", sauf spécification contraire.

4.2

Exigences supplémentaires pour les niveaux de protection "ma" et "mb"

Les composants sans protection supplémentaire doivent étre utilisés a condition qu’ils ne
puissent pas endommager mécaniquement ou thermiquement I’encapsulage en cas de toute
condition de défaut spécifiée dans la présente Norme.

En variante, lorsqu’'un défaut d’'un composant interne peut entrainer une défaillance de
I’encapsulage "m" par suite d’un échauffement, les exigences de 7.9 doivent s’appliquer.
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4.3 Exigences supplémentaires pour le niveau de protection "ma"

La tension de service en tout point du circuit ne doit pas dépasser 1 kV.

4.4 Tension assignée et courant de court-circuit présumé

La tension assignée et le courant de court-circuit présumé doivent étre spécifiés de fagon a
ce que la température limite ne soit pas dépassée pour le niveau de protection approprié
llmall, Ilmbll Ou "mC"_

5  Exi I i
5.1 Généralités

La documentation doit spécifier le ou les composés utilisés et la ou les méthodes de medure,
y compris les mesures visant a empécher la formation de vides.

Au minimum, les propriétés du ou des composés dont dépend I'’encapsulage "m" doivent|étre
effegtives.

NOTE La sélection correcte des composés permet I'expansion des composants lors du fonctionnement et|dans
I’éventualité de défauts autorisés.

5.2 | Spécification
La sjpécification pour le composé doit comprendre ce{qui suit:

a) Ie nom et 'adresse du constructeur du composg,

b) Ip référence exacte et compléte du compaosé ‘et le cas échéant le pourcentage des chafges
¢t autres additifs, les rapports de mélange et la désignation du type,

c) Ip cas échéant, tout traitement de surface du ou des composés, par exemple vernissage,

d) I cas échéant, toute exigence de prétraitement du composant dans le but d’obtenir|une
meilleure adhérence du compese sur le composant, par exemple nettoyage, gravure,

e) lp rigidité diélectrique conformément a I'l[EC 60243-1, a la température maximale de [ser-
ice du composé déterminée selon 8.2.2 a), si la valeur de cette température est digpo-
nible; si elle n'est pas disponible, les exigences de 5.3.2 doivent étre appliquées,

f) plage de températures du ou des composés (y compris la COT (continuous operating fem-

erature — température de fonctionnement continu) maximale et la COT minimale),

=

g) dans le cas«dth matériel "m" pour lequel le composé constitue une partie de I'envelgppe
¢gxterne, lacvaleur de l'indice de température IT tel que défini par I'lEC 60079-0. Comhme
ariante.a/l'indice de température IT, I'indice relatif thermique (IRT — mécanique) peut|étre
déterminé conformément a ANSI/UL 746B,

h) lp-couleur du composé utilisé pour les échantillons d’essai, si la spécification du composé
est Influencee par un changement de couleur,

i) la conductivité thermique si la méthode d’essai de remplacement de 6.2.2 est utilisée.

NOTE La vérification de la conformité du composé a la spécification du constructeur n’est pas une exigence de la
présente Norme.

5.3 Propriétés du composé
5.3.1 Absorption d’eau

Le composé doit étre soit soumis a essai selon 8.1.1 soit, si cet essai n'est pas réalisé, le
numéro de certificat du matériel doit comprendre le suffixe "X" conformément aux exigences
de marquage de I'lEC 60079-0 et les conditions spécifiques d'utilisation énumérées sur le
certificat doivent détailler les précautions nécessaires.
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5.3.2 Rigidité diélectrique
Si la valeur de la rigidité diélectrique conformément a I'lEC 60243-1 a la température maxi-

male de service conforme a 8.2.2 a) du composé n’est pas disponible auprés du constructeur
du matériel, un essai doit étre réalisé selon 8.1.2.

NOTE La vérification de la conformité du composé a la spécification du constructeur n’est pas une exigence de la
présente Norme.

6 Températures

6.1 Généralités

La température de service du composé, déterminée conformément a I'lEC 60079=Q; ne|doit
pas |dépasser la valeur maximale de la COT du composé. La température maximnale de [sur-
face| doit étre déterminée conformément a I'lEC 60079-0 dans des conditions.de fonctiopne-
ment normal et dans des conditions de défaut telles que définies en 7.2.1-. ke matériell "m"
doit |étre protégé de telle fagon que I'encapsulage "m" ne soit pas altéréidans ces condifions

de défaut.

6.2 | Détermination des températures limites
6.2. Température maximale de surface

La température maximale de surface doit étre déterminée(en utilisant la méthode d’essai gon-
néelen 8.2.2 conformément aux conditions d’alimentatien spécifiées en 4.4.

NOTE Cette température est utilisée pour déterminer la classe de température pour les atmospheres explosives
gazeyises ou la température maximale de surface, exprimee en degrés Celsius, du matériel destiné aux ajmos-
phérgs explosives poussiéreuses, ou les deux.

6.2.2 Température du composé

Le gomposant le plus chaud doit étre\déterminé. La température maximale dans le comppsé,
a prpximité du composant le plus_chaud, doit étre déterminée en utilisant la méthode d’gssai
donmée en 8.2.2 pour le fonctionnement normal.

En variante, la température~.du composant le plus chaud en fonctionnement normal peut|étre
déterminée soit par calcul, ‘soit a partir de la spécification du constructeur, soit en soumeftant
a l'essai le composantidans les conditions d'application prévues, avant encapsulage du gom-
posant si la conductivité thermique du composé est supérieure a celle de l'air.

NOTE La conductivité thermique de I'air est le plus souvent définie comme étant de 0,25 W/m*K (conditiong nor-
males).

6.3 | Limitation de température

Lorsgue te materiet peut etre defectueux Seformr 7.2- 1, ou em cas de possibie ecraufferment, par
exemple a la suite de I'application d’'une tension dommageable selon 7.2.1 ou suite a une
charge dommageable, ces parameétres doivent étre pris en compte pour déterminer les tempé-
ratures limites.

Lorsque pour des raisons de sécurité, il faut qu'un dispositif de protection limite les tempéra-
tures, ce doit étre un dispositif électrique ou thermique externe au matériel ou directement
intégré au matériel, tel que défini en 7.9.


https://iecnorm.com/api/?name=669dbb1ae12b37a02fc150a260f6e6f7

- 48 — IEC 60079-18:2014 © IEC 2014

7 Exigences de construction

7.1 Généralités

Lorsque le composé fait partie de l'enveloppe externe, il doit satisfaire aux exigences de
I'lEC 60079-0 applicables aux enveloppes non métalliques et aux parties d'enveloppes non
métalliques.

Si la surface du composé est totalement ou partiellement entourée par une enveloppe et que
I'enveloppe fait partie de la protection, I'enveloppe ou les parties de I'enveloppe doivent satis-

faire-aux-exigences-de I'lEC 60079-0 apnlicables aux-enveloppes
J Lol ol rr

Il pgqut étre exigé que l'utilisateur applique des mesures de protection supplémentaires dans
I'installation afin de satisfaire aux exigences de la présente Norme. Par exemple,june prgtec-
tion|mécanique supplémentaire peut étre exigée pour protéger le matériel contre. un chog¢ di-
rect] Dans de tels cas, le numéro de certificat du matériel doit comprendre I€)suffixe "X" pon-
formément aux exigences de marquage de I'l[EC 60079-0 et les conditions{spécifiques d'utili-
satign énumérées sur le certificat doivent détailler les précautions nécessaires.

Des|mesures appropriées doivent étre prises pour tenir compte_de-I’expansion des compo-
sanfs pendant un fonctionnement normal et en cas d’apparition deldefaut selon 7.2.

Les |exigences de 7.2 a 7.9 sont différentes selon que lezcomposé adhére ou non a l'epve-
loppe. La spécification d'une adhérence vise a empécher lintroduction d’atmospheéres exXplo-
sivep et d'humidité aux interfaces des surfaces de séparation (par exemple enveloppe-
composé, composeé-parties non entierement recouvertes par le composé, telles que cartep de
circyits imprimés, bornes de connexion, etc.). Lotsque I'adhérence est nécessaire pour agsu-
rer [e mode de protection, elle doit étre intactetaprés la fin de tous les essais requis. Le dhoix
du Qu des composés a utiliser pour une application spécifique dépend du rdle attribyé a
chaque composé. Si un composé est soumis a I'essai une fois pour une application donpée,
cela|ne le qualifie pas pour toutes les applications.

NOTE Des essais d’adhérence sont a I'étude.
7.2 | Détermination des défauts
7.2. Examen des défauts

Lorgqu'il est soumis alessai conformément a I'lEC 60079-0, I'encapsulage "m" doit étre main-
tenu dans le cas de

I) la chargea plus défavorable et

) jusqu'@’deux défauts internes pris en compte pour le niveau de protection "ma", et|jus-
qgu'a. un défaut interne pris en compte pour le niveau de protection "mb", en tehant
compte de 7.2.2,7.2.3 et 7.2.4.

Aucun défaut n’est pris en compte pour le niveau de protection "mc".

NOTE Des défauts sont, par exemple, un court-circuit dans un composant, la défaillance d’'un composant ou un
défaut entre les pistes sur une carte de circuits imprimés, mais pas au début d’une piste.

La défaillance de certains composants peut provoquer des conditions instables, par exemple
la variation d’une résistance de faible a élevée. Dans ces cas, la condition la plus défavorable
doit étre retenue.

Si un défaut entraine ultérieurement un ou plusieurs autres défauts, par exemple a la suite de
la surcharge d'un composant, le défaut initial et le ou les défauts ultérieurs doivent étre con-
sidérés comme constituant un seul défaut.
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7.2.2 Composants considérés comme ne pouvant pas étre défaillants

Pour les niveaux de protection "ma" et "mb", les composants suivants doivent étre considérés
comme ne pouvant pas étre défaillants s'ils sont encapsulés conformément aux exigences de
la présente Norme, s’ils sont appropriés pour la température de service et s’ils ne sont pas
chargés a plus de 2/3 de leur tension assignée, courant assigné et puissance assignée cor-
respondant aux caractéristiques assignées du dispositif, aux conditions de montage et a la
plage de températures spécifiées:

— résistances,
— bobines spiralées a une seule couche,

— ¢ondensateurs plastiques multicouches,

— ¢ondensateurs au papier,

— ¢ondensateurs céramiques,

— gemi-conducteurs,

— dispositifs a semi-conducteurs utilisés comme dispositif de protection selon 7.9,

— nésistances utilisées comme dispositif de protection selon 7.9, si elles sont conformes|aux
nésistances de limitation de courant de I'lEC 60079-11 pour le.niveau de protection [xia»
du «ib».

Pouf les niveaux de protection "ma" et "mb", les enroulemetts conformes a I'lEC 6007917, y
compris ceux dont le diameétre de fil est inférieur a 0,25 mim; doivent étre considérés comphme
ne gouvant pas étre défaillants s’ils sont encapsulés confoarmément aux exigences de la|pré-
sente Norme.

7.2.3 Composants d’isolation

Pouf la séparation de différents circuits, Jes’composants suivants doivent étre considgrés
fourpir I'isolation et ne sont pas considérés-‘comme pouvant étre défaillants pour ce qui fon-
cerne l'isolation:

o (Composants a isolation galvanigue (par exemple coupleurs optoélectroniques et relais),

4+ si la tension d'isolement assignée est conforme a 2U + 1000V eff. +8 9% ou

1 500 V eff. la valeur la plus élevée étant retenue (U est la somme des tensions |effi-
caces assignées des deux circuits), ou

+ pour une tensjon-d'isolement assignée pour ce qui concerne l'isolation de plus de 60 V
(somme des tehsions efficaces assignées des deux circuits), coupleurs optoélegtro-
niques et relais assurant une double isolation ou une isolation renforcée entre leg cir-
cuits cgnformément a I'lEC 61140 ou

+ conformes a I'lEC 60079-11 pour le niveau de protection «ia» ou «ib».
e Transformateurs,
L1 —conformesaHEC61558-2-6;04

— assurant une double isolation ou une isolation renforcée entre les circuits conformé-
ment a I'lEC 61558-1, ou

— conformes a I'lEC 60079-11 pour le niveau de protection «ia» ou «ib».

NOTE 1 La vérification de la conformité aux normes citées ci-dessus selon la spécification du constructeur, en ce
qui concerne la séparation, n’est pas une exigence de la présente Norme.

NOTE 2 Les composants a isolation galvanique assurant une double isolation ou une isolation renforcée confor-
mément a une norme de produit sont considérés comme satisfaisant aux exigences de I'lEC 61140 ou de
I'IEC 60747-5-5 dans le cas des coupleurs optoélectroniques.
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7.2.4 Distances de séparation infaillibles
7.2.41 Généralités

Il n'est pas nécessaire de considérer la possibilité d'un défaut, tel que cela est décrit en 7.2.1
dans le cas d’un claquage de tension, si la distance entre les parties nues sous tension:

— du méme circuit, ou

— d'un circuit et de parties métalliques a la terre, ou

— de deux circuits séparés (la somme des tensions de service doit étre prise en tant que
tension pour le Tableau 1; si une des tensions de service est inférieure de 20 % par rap-

port a l'autre, elle ne doit pas étre prise en compte),

satigfait aux exigences de 7.2.4.2 et, s'il y a lieu, de 7.2.4.3.

7.2.4.2 Distances dans le composé

Les |distances dans le composé doivent étre considérées infaillibles par rapport au court-
circyit pour le niveau de protection "ma" et le niveau de protection,"mb" si elles sont pon-
formes aux valeurs du Tableau 1, a condition que les distances dansle composé soient fixées
ou maintenues mécaniquement avant 'encapsulage.

NOTE Quand une enveloppe non métallique d’'une adhérence appropriééef d’'une épaisseur minimale spécffique
donnge admet une épaisseur nulle du composé selon la lettre ¢ de la lségende du Tableau 4 et de la Figure |, les
distapces de séparation des parties sous tension correspondantes sonttoujours considérées infaillibles par rapport
au cdurt-circuit.

Les |distances qui sont comprises entre les distarnices minimales données pour le niveal de
protection "mc" et les distances infaillibles donn€es pour les niveaux de protection "ma" et
"mb] ne sont pas considérées comme infaillibles et elles doivent étre évaluées en tant|que
"défaut pris en compte". Les distances inférieures a celles données pour le niveau de prgtec-
tion|"mc" sont considérées comme des courts-circuits si elles dégradent le mode de prqtec-

tion['m".

Pouf le niveau de protection "me"les valeurs du Tableau 1 constituent des exigences$ de
congtruction et elles peuvent étre obtenues par immobilisation mécanique apant
I’engapsulage.
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Tableau 1 — Distances dans le composé

a R L
Tension U eff. ou en courant continu (voir ) Distance minimale
v mm
"ma" "mb" "me"
<32 0,5 0,5 0,2
<63 0,5 0,5 0,3
<400 1 1 0,6
<500 1,5 1,5 0,8
<630 2 2 0,9
<1000 2,5 2,5 1,7
<1600 - 4 4
<3 200 - 7 7
<6 300 - 12 12
<10 000 - 20 20
a8 Les tensions indiquées proviennent de I'lEC 60664-1 et sont basées’sur la rationalisation
des tensions d'alimentation indiquées au Tableau 3b de I'l|EC 60664-1. Lors de la détermina-
tion de la distance exigée, la tension de service peut étre 1,1/Aois’supérieure a la tension du
tableau.
NOTE Le facteur de 1,1 admet que, a de nombreux endypoits-d’un circuit, la tension de service
est égale a la tension assignée et qu’il y a un certain-nombre de tensions assignées d’'usage
courant dont peut tenir compte le facteur de 1,1.

1.3 Distances d’isolement dans le matériau

La distance d’isolement dans le matériau;'dont le mode de protection "m" dépend, doit étr,

mini
7.3
7.3.
Las

est
form

mum de 0,1 mm et doit satisfaire a-Fessai de rigidité diélectrique de 8.2.4.

Espace libre dans I’encapsulage
Matériel "m" du Groupe Il
omme des espaces:-libres n’est pas limitée, mais le volume des espaces libres individ

imité & 100 cm3\L'épaisseur du composé entourant de tels espaces libres doit étre
e aux exigences’du Tableau 2.

42

au

uels
con-
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