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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 7: Equipment protection
by increased safety "e"

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compifising
all national electrotechnical committees (IEC National Committees). The object of IEC\is*to promote
international co-operation on all questions concerning standardization in the electrical and electronic field$. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatjons,
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftercreferred to as [“IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee inter¢sted

the subject dealt with may participate in this preparatory work. International, governmental and [non-
gpovernmental organizations liaising with the IEC also participate in this prepardtion. IEC collaborates clpsely
ith the International Organization for Standardization (ISO) in accordancewith conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express{as nearly as possible, an internatjonal
cpnsensus of opinion on the relevant subjects since each technical committee has representation frofn all

interested IEC National Committees.

3) IEC Publications have the form of recommendations for interpational use and are accepted by IEC Natjonal
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
ublications is accurate, IEC cannot be held responsible \for the way in which they are used or for| any

isinterpretation by any end user.

4) Im order to promote international uniformity, IEC National Committees undertake to apply |IEC Publications
tlansparently to the maximum extent possible in_their national and regional publications. Any diverggence
between any IEC Publication and the correspondingtnational or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation ¢f*conformity. Independent certification bodies provide confofmity
assessment services and, in some areasy access to IEC marks of conformity. IEC is not responsible fof any
services carried out by independent certification bodies.

6)
7)

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

o liability shall attach to IEC orlits directors, employees, servants or agents including individual experty and
embers of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
ekpenses arising out of \the publication, use of, or reliance upon, this IEC Publication or any other| IEC
ublications.

8) Attention is drawn tojthe Normative references cited in this publication. Use of the referenced publicatiops is

indispensable for\the correct application of this publication.

9) Attention is_drawn to the possibility that some of the elements of this IEC Publication may be the subjgct of

pptent rights.)IEC shall not be held responsible for identifying any or all such patent rights.

Intefnational Standard IEC 60079-7 has been prepared by IEC Technical Committee|31:
Equjpment for explosive atmospheres.

This fifth edition cancels and replaces the fourth edition published in 2006, and constitutes a
technical revision.

The requirements for Type of Protection “nA” have been relocated from IEC 60079-15. To
assist the user of this document, the significant changes with respect to the previous edition
are shown below in two separate tables, one showing the changes from IEC 60079-7, Edition
4 (2006) for “e” to IEC 60079-7, Edition 5 (2014) for “eb”; and the other showing the changes
from IEC 60079-15, Edition 4 (2010) for “nA” to IEC 60079-7, Edition 5 (2014) for “ec”.
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The significance of the changes between IEC Standard, IEC 60079-7, Edition 5 (2014) (for

—9-

“‘eb”) and IEC 60079-7, Edition 4 (2006) (for “e”) are as listed below:

Table 16

for “e” to “eb” Type
Explanation of the significance of the changes Clause Minor and Extension Major
editorial technical
changes changes
Scope 1 X
Clarification of applicability
Notes_added to address shart circuits and short-term
thefmal excursions
Clafification of resistance heating definitions 3.13 X
Addition of terminal insulation material tests 4.2.2.4 C1
Soldered Connections 4.2.2.5 Cc2
4.2.3.3
Siljer-Soldered connections 4.2.3.3
Clafification of “duplicated” contacts 4.2.3.4a)
External plug and socket connections for field wiring 4.2.4
corlnection of batteries
Clarification of conditions for the determination of 4.8.1 X
makimum surface temperature Table 3
Makimum temperatures for insulated windings Table 4 X
Degrees of protection provided by enclosures 4.10.1 X C3
Clafification of applicability 5+2.1 X
Minimum air gap for motors 5.2.6 X
Deyices for limiting winding temperature protection 5.2.8.2 X
5.2.8.3
Perqmanent magnet motors 5.2.9 X
6.2.4
9.3.4c)
Added Tungsten-Halogen lamp 5.3.2.2 X
5.3.2.3
5.3.24
Added spacings for< 10 W lamps 5.3.3
Pefmission ‘added for re-lamping outside of hazardous | 5.3.5.2.2
arep
Addedwbayonet lamps 5.3.5.4.2 X
Added contact requirements for bayonet lamps 5.3.56.5 X
Renaming of “Type” of cells and batteries 5.6.2
Clarification of approaches for general purpose 5.7
junctions boxes 6.9
Annex E
Clarified temperature monitoring and control 5.8
Clarification of testing of battery powered luminaires 6.3.1
Clarification of impact tests 6.3.2.2 X
Added abnormal tests for discharge lamps 6.3.4.1 C4
Added T5 8W 6.3.4.3 X
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for “e” to “eb” Type
Explanation of the significance of the changes Clause Minor and Extension Major
editorial technical
changes changes
To maintain T4 temperature class, cathode power or 6.3.4.3 C5
bient t t duced
ambient temperature reduce Table 16
Clarification of routine tests for terminal boxes 7.1 X
Marking of “e” replaced by “eb” 9.1 See “Information about the background
of Changes”
EX I~ OTTTPOTIETIU STICIOSUTES J.L O
Highlight essential documentation for rotating 10 X
elegtrical machines
Termperature tests Annex A X

The| significance of the changes between IEC Standard, IEC 60079-7, Edition 5 (2015)|(for
ec”) and IEC 60079-15, Edition 4 (2010) (for “nA”) are as listed below:
for “nA” to “ec” Type
Explanation of the significance of the changes Clause Minor and Extension Major
editorial technical
changes changds
Scqpe 1 X
Clafification of applicability
Nofes added to address short circuits and short-term
thefmal excursions
Clal'ification of resistance heating definitions 313 X
Soldered Connections 4.2.2.5 Cc7
4.2.3.3
Siljer-Soldered connections 4.2.3.3
Evgluation of pluggable connections 4.2.3.5a)
External plug and socket connections for field wiring 4.2.4
corjnection
Mirfimum separation distances for encapsulated or 4.3 X
solid insulation replaced by requirements for solid
insyilating materials 4.4
4.5
Table 2
Altgrnativezseparation distances for equipment under | 4.3 X
corftrolled environments
4.4
Thermal stability of solid insulating materials 4.6 C8
Clarification of conditions for the determination of 4.8.1 X
maximum surface temperature
Table 3
Maximum temperatures for insulated windings Table 4 X
Clarification of applicability 5.2.1 X
Permanent magnet motors 5.2.9 X
6.2.4
9.3.4c)
Clarified applicability to handlights and caplights 5.3 X



https://iecnorm.com/api/?name=76130a117999c5f7e508ae7616524253

IEC 60079-7:2015 © IEC 2015 -1 -
for “nA” to “ec” Type
Explanation of the significance of the changes Clause Minor and Extension Major
editorial technical
changes changes
Addition of permitted light sources 5.3.2 X
Annex J
Added spacings for < 10 W & 100-200 W lamps 5.3.4
Added LED as a light source 5.3.2.5 X
0
Clal'ified internal sapcings for LED packages 0 X
Added spacings for < 10 V lamps 5.3.5.3.2 X
ClaFification of temperature testing 5.3.7
Remaming of “Type” of cells and batteries 5.6.1
Clafification of approaches for general purpose 5.7
jungtions boxes 6.8
Annex E
Clarified temperature monitoring and control 5.8
Clal'ification of permitted fuses 5.9.1
CIaLification of testing of battery powered luminaires 6.3.1
Addition of end-of-life tests 6.3.4.3.2 C9
Table)16
Die]ectric tests based on industrial standards 741 X
Clafification of routine tests for terminal boxes 7.1 X
Mafking of “nA” is replaced by “ec” 9.1 See “Information about the backgrotind
of Changes”
Ex Component enclosures 9.2 C10
Highlight essential documentation for rotating 10 X
elegtrical machines
Termperature tests Annex A X
Altgrnative separation distances Annex H A1

NOT
Stan

Expllanations;

A)

Min

Definitions

E  The technical(changes referred to include the significance of technical changes in the revised
Hard, but they do\not form an exhaustive list of all modifications from the previous version.

EC

or 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.

Extension

addition of technical options

These are changes which add new or modify existing technical requirements, in a way that
new options are given, but without increasing requirements for equipment that was fully
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compliant with the previous standard. Therefore, these will not have to be considered for
products in conformity with the preceding edition.

Major technical changes addition of technical requirements

increase of technical requirements

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

proged-retaaseBrbetow-

NOTE These changes represent current technological knowledge. However, these changes should notynormally

havelan influence on equipment already placed on the market.

B) [Information about the background of ‘Changes

Marking:

Former marking of “nA” has been replaced by marking “ec”. Even)if the other technical
aspects on the product are unchanged and comply with the“revised requirements, a
change in the marking will be required.
Former marking of “e” has been replaced by marking ‘eb’} . Even if the other technical
aspects on the product are unchanged and complysWith the revised requirements, a
change in the marking will be required.

A1 | The text of Annex H for Alternative separation’distances for Level of Protection [‘ec”
equipment under controlled environments has’ been reorganized and clarified from
Clause 13 of IEC 60079-15, Ed 4; to_facilitate consistent application of |the
requirements. The title has been revised«o)femove “low power” as power is not releyent
for insulation coordination in accordance with IEC 60664-1. Although a clarification, it is
recognized that some existing equipmient may not meet the clarified requirement.

C1 | The terminal insulating materialssare now subjected to the same tests as rail-mounted
terminals as a failure of the matérial presents the same hazard.

C2 | Although a clarification, it is.recognized that some existing equipment will not meet| the
clarified requirement. The- requirements for soldered connections were revised to
specify that mechanicaksupport of the connection was required in addition to the solder.
It is not a requirement that the connection function electrically in the absence of|the
solder.

C3 | Ingress proteetion requirements for Group | increased from P20 to IP23 for consistgncy
with the remainder of the document.

C4 | Added abnormal tests for discharge lamps.

C5 | Based-on further research, maintaining temperature class T4, under conditions of ¢nd-
of¢life, requires either the cathode power or the ambient temperature be reduced.

C6 | "\Requirements for Ex Component “e” enclosures introduced based on those for Ex
Component “d” enclosures. Even if the other technical aspects on the product are
unchanged and comply with the revised requirements, a change in the marking will be
required.

C7 Although a clarification, it is recognized that some existing equipment may not meet the
clarified requirement. The requirements for soldered connections were revised to
specify that mechanical support of the connection was required in addition to the solder.
It is not a requirement that the connection function electrically in the absence of the
solder.

C8 Requirements added for the use of solid insulating materials within the limits of their
thermal stability.

C9 Based on further research, requirements for T5 lamps added.
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C10 Requirements for Ex Component “e” enclosures introduced based on those for Ex
Component “d” enclosures. Even if the other technical aspects on the product are
unchanged and comply with the revised requirements, a change in the marking will be
required.

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

FDIS Report on voting
31/1182/FDIS 31/1194/RVD

Fulllinformation on the voting for the approval of this standard can be found in the report on
votipg indicated in the above table.

Thiq publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A ligt of all parts of IEC 60079 series, under the general title Explosive atmospheres, can be
found on the IEC website.

The| committee has decided that the contents of this publication willyremain unchanged ntil
the |stability date indicated on the IEC web site under "http://ivebstore.iec.ch” in the ¢ata
relajed to the specific publication. At this date, the publication will be
e feconfirmed,

e withdrawn,

o feplaced by a revised edition, or

. rmended.

A bilingual version of this publication may be\issued at a later date.
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EXPLOSIVE ATMOSPHERES -

Part 7: Equipment protection
by increased safety "e"

1 Scope

Thig part of IEC 60079 specifies the requirements for the design, construction, testingland
marking of electrical equipment and Ex Components with type of protection increased sgfety

e” intended for use in explosive gas atmospheres.

w_ "

Elegtrical equipment and Ex Components of type of protection increased safety “e” are either:

a) Level of Protection “eb” (EPL “Mb” or “Gb”); or
b) Level of Protection “ec” (EPL “Gc¢”)

Level of Protection “eb” applies to equipment or Ex Componentsyincluding their connectipns,
congdluctors, windings, lamps, and batteries; but not including_semiconductors or electrojytic
capaqcitors.

NOTE 1 The use of electronic components, such as semiconductoers or electrolytic capacitors, is excluded |from
Leve] of Protection “eb” as expected malfunctions could result in excessive temperatures or arcs and sparks |f the
interpal separation distances were not applied. It is not genefally’practical to maintain those separation distances
and maintain the function of the electronic component.

Level of Protection “ec” applies to equipmentor Ex Components, including their connectipns,
congluctors, windings, lamps, and battéries; and also including semiconductors [and
eledtrolytic capacitors.

NOTE 2 The use of electronic components, such as semiconductors or electrolytic capacitors, is permitt¢d in
Leve] of Protection “ec” as these are evaluated under both normal conditions and regular expected occurrences,
and pre not likely to result in excessive temperatures or arcs and sparks. As the requirements for separption
distahces are not applied to the internal construction, commercially available electronic components are gengrally
suitaple if the external separation distances comply.

The|requirements of this\standard apply to both Levels of Protection unless otherwise stat¢d.

For|Level of Pratection “eb”, this standard applies to electrical equipment where the rated
voltage does not exceed 11 kV r.m.s., a.c. or d.c.

For|Levellof Protection “ec”, this standard applies to electrical equipment where the rated
voltgge’ dees not exceed 15 kV r.m.s., a.c. or d.c.

NOTE 3 Short circuit currents flowing through increased safety connections of mains circuits are not considered
to create a significant risk of ignition of an explosive gas atmosphere due to movement of connections as a result
of mechanical stresses created by the short circuit current. Normal industrial standards require that the effects of
short time high currents on the security of connections be considered. The presence of the explosive gas
atmosphere does not adversely affect the security of the connection.

NOTE 4 Any short term thermal excursions that occur as a result of electrical current excursions above normal
rated currents, such as those that occur during the starting of motors, are not considered to create a significant risk
of ignition of an explosive gas atmosphere due to the relatively short duration of the event and the convection that
occurs during the event.

NOTE 5 High-voltage connections and associated wiring (above 1 kV) can be susceptible to increased partial
discharge activity that could be a source of ignition. Increased spacings to earthed surfaces or other connections
and provision of suitable high-voltage stress relief for the terminations are typically provided.
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This standard supplements and modifies the general requirements of IEC 60079-0. Where a
requirement of this standard conflicts with a requirement of IEC 60079-0, the requirement of
this standard takes precedence.

2 Normative references

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

IEC|60034-1, Rotating electrical machines — Part 1: Rating and performance

IEC|60044-6, Instrument transformers — Part 6. Requirements for protectiver current trans-
formers for transient performance

IEC|60061-1, Lamp caps and holders together with gauges_  for the control| of
intefchangeability and safety. Part 1: Lamp caps

IEC|60061-2, Lamp caps and holders together with gauges for the control| of
intefchangeability and safety — Part 2: Lampholders

IEC|60064, Tungsten filament lamps for domestic and (sSimilar general lighting purposg¢s —
Performance requirements

IEC|60068-2-6, Environmental testing — Part 2-6:\Fests — Test Fc: Vibration (sinusoidal)

IEC|60068-2-27:2008, Environmental testing”— Part 2-27: Tests — Test Ea and guidahce:
Shock

IEC|60068-2-42, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide tes} for
contacts and connections

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

IEC|60079-1, Explosivesatmospheres — Part 1: Equipment protection by flameproof enclostires
"d"

=

IEC|60079-11/Explosive atmospheres — Part 11: Equipment protection by intrinsic safety '

IEC|60079~30-1, Explosive atmospheres — Part 30-1: Electrical resistance trace heating —
Geneftaland testing requirements

IEC 60085, Electrical insulation — Thermal evaluation and designation

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

IEC 60216-1, Electrical insulating materials — Thermal endurance properties — Part 1: Ageing
procedures and evaluation of test results

IEC 60216-2, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria
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IEC 60228, Conductors of insulated cables
IEC 60238, Edison screw lampholders

IEC 60317-3:2004, Specifications for particular types of winding wires — Part 3: Polyester
enamelled round copper wire, class 155
IEC 60317-3:2004/AMD1:2010

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

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

IEC|60317-46, Specifications for particular types of winding wires — Part’'46: Aronatic
polyimide enamelled round copper wire, class 240

IEC|60400, Lampholders for tubular fluorescent lamps and starterholders

IEC|60432-1, Incandescent lamps — Safety specifications — Part(1: Tungsten filament lajnps
for domestic and similar general lighting purposes

IEC|60432-2, Incandescent lamps — Safety specificationsy~ Part 2: Tungsten halogen lamps
for domestic and similar general lighting purposes

IEC|60432-3, Incandescent lamps — Safety specifications — Part 3: Tungsten halogen lainps
(non-vehicle)

IEC|60529, Degrees of protection provided“by enclosures (IP Code)
IEC|60598-1, Luminaires — Part 1: General requirements and tests

IEC|60664-1, Insulation coordination for equipment within low-voltage systems — Pant 1:
Principles, requirements and tésts

IEC|60947-1, Low-voltage switchgear and controlgear — Part 1: General rules

IEC|60947-7-1,_Low-voltage switchgear and controlgear — Part 7-1: Ancillary equipmept —
Terminal blocksfor copper conductors

IEC|60947-7-2, Low-voltage switchgear and controlgear — Part 7-2: Ancillary equipmept —
Prolective conductor terminal blocks for copper conductors

IEC 60947-7-4, Low-voltage switchgear and controlgear — Part 7-4: Ancillary equipment
PCB terminal blocks for copper conductors

IEC 60998-2-4, Connecting devices for low-voltage circuits for household and similar
purposes — Part 2-4: Particular requirements for twist-on connecting devices

IEC 60999-1, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 1: General requirements and particular
requirements for clamping units for conductors from 0,2 mmZ2 up to 35 mm?Z (included)

IEC 60999-2, Connecting devices — Electrical copper conductors — Safety requirements for
screw-type and screwless-type clamping units — Part 2: Particular requirements for clamping
units for conductors above 35 mm?2 up to 300 mm?Z (included)
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61184, Bayonet lampholders
61195, Double-capped fluorescent lamps — Safety specifications

61347-1, Lamp controlgear — Part 1: General and safety requirements

IEC 61347-2-3, Lamp control gear — Part 2-3: Particular requirements for a.c. and/or d.c.
supplied electronic control gear for fluorescent lamps

IEC 62035, Discharge lamps (excluding fluorescent lamps) — Safety specifications
ISO|2859-1, Sampling procedures for inspection by attributes — Part 1. Sampling csche
indgxed by acceptance quality limit (AQL) for lot-by-lot inspection

ISO|527-2, Plastics — Determination of tensile properties — Part 2: Test conditions
modlding and extrusion plastics

ISO|178, Plastics — Determination of flexural properties

3 |Terms and definitions

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

NOTE For the definitions of any other terms, particularly those of a more general nature, please ref
IEC $0050-426 or other appropriate parts of IEC 60050, International Electrotechnical Vocabulary.

31

cellland battery types

3.1

sealed cell

celllwhich remains closed and does’ not release either gas or liquid when operated within
limi§s specified by the manufacturer

Note|1 to entry: A sealed cell is often equipped with a safety device to protect against a dangerously high int
presgure and is designed to_operate during its life in its original sealed state.

Note|2 to entry: A sealed-Cell was formerly known as a Type 1 cell in IEC 60079-15.

3.1.2

valye-regulated cell or battery

secpndarycell or battery which is closed under normal conditions but which has
arrgngement which allows the escape of gas if the internal pressure exceeds a
detgrmined value

mes

for

as

br to

the

ernal

an
pre-

Note

Note

1 to entry: The cell cannot normally receive an addition to the electrolyte.

2 to entry: A valve-regulated cell or battery was formerly known as a Type 2 cell in IEC 60079-15.

3.1.3

vented cell or battery
secondary cell or battery having a cover provided with an opening through which products of
electrolysis and evaporation are allowed to escape freely from the cell or battery to the
atmosphere

Note

1 to entry: A vented cell or battery was formerly known as a Type 3 cell in IEC 60079-15.
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3.2

duty type (motor)

continuous, short-time or periodic duty, comprising one or more loads remaining constant for
the duration specified, or a non-periodic duty in which generally load and speed vary within
the permissible operating range

Note 1 to entry: These include duty types S1 to S10, as defined in IEC 60034-1.

3.3

ferrule
metal tube crimped over stranded wire to secure it within a terminal usually with electrical
insUlation protecting any exposed portion of the wire not completely inside the terminal po$

—

3.4
fuse
device that by the fusing of one or more of its specially designed and)proportigned
components intended to melt under the action of current exceeding some definite value fpr a
defipite period of time, opens the circuit in which it is inserted by breaking~the current when
this|exceeds a given value for a sufficient time

3.5
incleased safety ”e”
typg of protection applied to electrical equipment or Ex Lomponents in which additipnal
megdsures are applied so as to give increased security against the possibility of exceskive
temperatures and against the occurrence of arcs and spatks

3.6
initjal starting current
I
highest r.m.s. value of current drawn by an.alc. motor when at rest or by an a.c. magnet with
its grmature clamped in the position of maximum air gap when supplied at rated voltage |and
rated frequency

Note|1 to entry: Transient phenomena aré‘ignored.

3.7

Light Emitting Diode

LEI{

solig state device embodying a p-n junction, emitting optical radiation when excited by an

eledtric current

3.8
LEQ module
lighi{ souree»having no cap, incorporating one or more LED package(s) on a printed cifcuit
boafd,.and possibly including one or more of the following: electrical, optical, mechanical, Jand
thermalcomponents, interfaces, and controlgear

3.9

LED package

single electrical component encapsulating principally one or more LEDs, possibly with optical
elements and thermal, mechanical, and electrical interfaces

Note 1 to entry: The component does not include the control unit of the controlgear, does not include a cap, and
is not connected directly to the supply voltage.

Note 2 to entry: An LED package is a discrete component and part of the LED module or LED lamp.

3.10

normal service

<machines>continuous operation at the nameplate rating (or set of ratings) generally including
starting conditions
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Note 1 to entry: Normal service for Level of Protection “ec” motors of duty types S1 or S2 does not include
starting.

3.1

rated dynamic current

Idyn

peak value of the current, the dynamic effect of which the electrical equipment can sustain
without damage

3.12

rated short-time thermal current
Itn It
r.m.s. value of the current required to heat up the conductor within 1 s from the tempetature
reaghed in rated service at the maximum ambient temperature to a temperature not €xceedling
the |imiting temperature

3.13
resistance-heating applications

3.131

resistance-heating
utilization of electric resistance-heating devices, units and any associated controls (other {han
elegtrical trace heating systems)

Note|1 to entry: Electric trace heating systems are addressed by IEC 60079-30-1.

3.13.2

resistance-heating device
partl of a resistance heating unit consisting of ®ene or more heating resistors, typigally
composed of metallic conductors or an electrically conductive material suitably insulated [and
protected

Note|1 to entry: An example of a resistance heating device covered by this standard is an anti-condensption
heater.

3.13.3

resistance-heating unit
equ|pment consisting of an-assembly of one or more resistance heating devices associated
with[ any safety devices necessary to ensure that the limiting temperature is not exceeded

Note|1 to entry: It is not'intended that the safety devices necessary to ensure that the limiting temperature ip not
excepded should havé Type of Protection “e” or any type of protection when they are located outsidg the
hazafdous area.

3.13.4
workpiece
objgct to which a resistance-heating device or resistance-heating unit is applied

3.13.5

temperature self-limiting characteristic

characteristic whereby the thermal output of a resistance-heating device at its rated voltage
decreases as the temperature of its surroundings increases until the device reaches a
temperature at which its thermal output is reduced to a value at which there is no further rise
in temperature

Note 1 to entry: The temperature of the surface of the element is then effectively that of its surroundings.

3.13.6

stabilized design

design where the temperature of the resistance-heating device or resistance-heating unit will,
by design and use, stabilize below the limiting temperature, under the most unfavourable
conditions, without the need for a safety device to limit the temperature
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3.14

short-circuit current

Isc . . . . . . .
maximum r.m.s. value of the short-circuit current to which the equipment may be subjected in
service

Note 1 to entry: This maximum value is recorded in the documentation prepared according to IEC 60079-0.

3.15

solid insulation

elec

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

Note|1 to entry: Insulators fabricated from two or more pieces of electrical insulating material, which_are “s¢lidly
bonded together can be considered as solid. The term solid insulation describes the final form and not,necesgarily
the fprm in which they are initially applied. For windings of electrical machines, the process of using varnish|as a
means of consolidating and insulating the winding is considered to result in solid insulation, irrespective of hoy the
varnish is applied.

3.16

stanting current ratio

IAlIN

ratio between initial starting current /5 and rated current Iy

3.17

stafior winding

statlonary winding in an electric machine, either for rotaryor linear motion

3.18

time

g

timg, in seconds, taken for an a.c. rotor or @tator winding, when carrying the initial stafting
current Ip, to be heated up to the limiting ‘temperature from the temperature reached in rated

sery

3.19

ice at the maximum ambient temperature (see Figure A.1)

trace heater

dev
typi
suit
Note

3.2(

ce designed for the purpose of producing heat on the principle of electrical resistance
Cally composed of one'or more metallic conductors or an electrically conductive mat
hbly electrically insulated and protected

1 to entry: For additional information on trace heaters, see IEC 60079-30-1.

terminal

poin
circ

t of interconnection of an electric circuit element, a circuit, or a network with other ele
it elements, electric circuits or networks

and
prial

ctric

3.21

safety device
device intended for use inside or outside explosive atmospheres but required for, or
contributing to, the safe functioning of equipment and protective systems with respect to the
risks of explosion

Note 1 to entry: TC31 has initiated a project to consider the development of an IEC standard based on

EN 5

0495 which would provide requirements for these safety devices.

3.22
transportable
capable of being moved from one location to another, generally by using vehicles
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4

4.1

Constructional requirements

Level of Protection

Electrical equipment with Type of Protection increased safety “e” shall be one of the following:

Level of Protection “eb” (EPL “Mb” or “Gb”); or
Level of Protection “ec” (EPL “Gc”).

The requirements of this clause apply, unless otherwise stated in Clause 5, to all electrical

equ oment and Ex Components with Tvne of Protection ‘e
L L J T

4.2

4.2 General

“n

Electrical connections

Elegtrical connections intended to be terminated internal to the equipmentyenclosures|are

sub

jivided into those for field-wiring, 4.2.2, and for factory wiring, 4.2.3/\and into permanent

typds and reconnectable/rewireable types for convenience in detailing the appropiiate

requyirements.

External earthing and equipotential bonding connections shall"comply with the requirements

for fleld wiring connections, 4.2.2.

Each type shall, as applicable:

a)
b)
c)
d)
e)
f)
g)

h)

be constructed in such a way that the conddgtors cannot slip out from their intended
ocation during tightening of a screw or after insertion;

brovide a means to avoid loosening of thesconnection in service;

be such that contact is assured without’”damage to the conductors such that would im[pair
{he ability of the conductors to fulfiltheir function, even if multi-stranded conductors|are
ised in connections intended for difect clamping of a single conductor;

brovide a positive compression.force to assure contact pressure in service;

be constructed in such a.way that the contact they assure is not appreciably impaired by
{emperature changes occurring in normal service;

except as permittediby the earth continuity test of IEC 60079-0, provide contact pressure
{hat does not depend on the structural integrity of insulating materials;

hot be specified_to accommodate more than one individual conductor in a clamping point
inless specificdlly designed and assessed for doing so;

f intended- for stranded conductors, employ a means to protect the conductors [and
istribute"the contact pressure evenly. The method of applying contact pressure shall be
capable, on installation, of reliably forming the stranded conductor into an effectively dolid
Ehape that does not subsequently change in service. Alternatively, the method of applying
the contact pressure should be such that It Is designed to accommodate any setilement of
the strands in service;

for screw connections, have a torque value specified by the manufacturer;

for screwless connections intended for class 5 and/or class 6 fine-stranded conductors
according to IEC 60228, the fine-stranded conductor shall be equipped with a ferrule or
the termination shall have a method to open the clamping mechanism so that the
conductors are not damaged during the installation of the conductor.

NOTE 1 The use of aluminium wire can cause difficulties by compromising critical creepage and clearance
distances when anti-oxidant materials are applied. The connection of aluminium wire to terminals is typically by the

use

of suitable bi-metallic connection devices providing a copper connection to the terminal.

NOTE 2 Special precautions against vibration and mechanical shock are often applied to reduce the risk of

loos

ening.
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NOTE 3 Electrolytic corrosion where ferrous materials are used can occur. Guidance on limitation of corrosion
based on the limitation of electrochemical potential between dissimilar metals can be found in IEC TR 60943.

NOTE 4 The limiting temperature of the insulation of terminal blocks and accessories will usually be based on the
limiting temperature of the insulation in accordance with item a) of 4.8.2 but the limiting temperature allocated to
the terminal when used in equipment will also depend on the maximum cable insulation temperature rating of the
cable which is to be connected.

4.2.2 Field wiring connections
4.2.2.1 General

Terminals for field wiring shall be dimensioned to allow the effective connection of conductors
of ¢ross-section equal to at least that required for the rated current of the electrical
equ|pment.

Conlnections shall be located in a position so that when required to be inspected in serjice
they are reasonably accessible.

The|lnumber, size, and type of conductors that can be safely connected shall be specified in
the documentation prepared in accordance with IEC 60079-0.

NOTE 1 The 'type of conductor' includes features such as conductor material and“stranding.

NOTE 2 Some types of cables, such as those used to conform to EME _requirements, include multiple earfhing
conductors. Facilities might be required for the termination of more earthihg conductors than would normally be
expefted. In these cases, it is important that the user and the manufacturer coordinate the termination facilities to
be pfovided.

4.2.p.2 Connections made using terminals conforming to IEC 60947-7-1, IEC 6094f-7-
2, |IEC 60947-7-4, IEC 60999-1, or IEC:60999-2

Such terminals are intended for the connéction of copper conductors with the insulgtion
Iocally removed and without the addition ofiintermediate parts other than those replicating| the
form of a bare conductor, such as a ferrule.

Terminals in Level of Protection {eb” shall be subject to the terminal insulation material tests
of 6{10.

Terinals shall be capable‘of being fixed in their mountings.

For|terminals in Level)of Protection “eb”, the temperature rise of the conductor bar shall| not
exce¢ed 40 K at .a\test current of 110 % of rated current according to the method of|the
temperature-rise-test of IEC 60947-7-1.

NOTE 1 Thisytest relates to the absolute maximum current rating of the terminal when tested without| any
enclgsure( For practical purposes, when terminals are used in multiples within enclosures, it will be necessqry to
estalbplish,-reduced current ratings according to the particular circumstances. See 5.8, 6.8 and Annex E.

Terminals for connecting conductors of rated cross-section not exceeding 35 mm2 (2 AWG)
shall also be suitable for the effective connection of conductors at least two ISO wire sizes
smaller, in accordance with Annex F, if not otherwise specified in the certificate.

NOTE 2 Subclause 4.2.2.2 is primarily intended to give requirements for terminals as Ex Components.
4.2.2.3 Integral field wiring connection facilities

Integral field wiring connection facilities shall meet the requirements of 4.2.2.2, as applicable.

NOTE 1 The connection facilities for equipment or Ex Components employing other types of protection, such as
flameproof enclosure “d”, permit installation using increased safety “e” as the connection method.

NOTE 2 The 40 K rise referred to in 4.2.2.2 is only for the Ex Component evaluation of terminals and is not
determined in the actual application of the terminal, where a rise of more than 40 K may be observed.
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4.2.2.4 Connections designed to be used with cable lugs and similar devices

Such connections shall be fixed in their mountings.
Terminals shall meet the requirements of 4.2.2.1.

Terminals in Level of Protection “eb” shall be subject to the terminal insulation material tests
of 6.10.

A means of securing the cable or conductors to prevent rotation or movement shall be
proyided—toavoideither fTooSemgor COMmpTonTiSiNg Creepage and clearance. Attermatively,
the tertificate number shall include the “X” suffix in accordance with the marking requirements
of IEC 60079-0 and the Specific Conditions of Use listed on the certificate shall-dstail| the
proVyisions for securing the cable or conductors to avoid compromising creepage |and
clegrance, and the provisions to avoid loosening of the connections. If the, option to |use
marking instead of the “X” suffix is employed in accordance with IEC 60079-0; this marking
may appear on either the exterior or the interior of the connection compartment.

NOTE Conductors of greater than 35 mm?

clearfance.

can provide sufficient rigidity to avoidicempromising creepagel and

4.2..5 Connections using permanent arrangements

Thepe connections are typically individual conductors (flying”leads) that are intended tq be
terminated during installation using appropriate connection methods, see 4.2.1. Either a
megns of fixing the completed connections to a suitable location is to be provided or|the
completed connections are to be provided with imeans of reliably insulating them to|the
reqyirements of this standard.

If the method of connection is by soldering, @ method of providing mechanical support of| the
completed connection, in addition to the solder, shall be provided. The mechanical suppoft of
the fonnection shall not be permitted to-fely solely on the solder.

NOTE The intent of the mechanical support is to avoid mechanical stresses being transferred to the elecjrical
connkction.

4.2.8 Factory connections
4.2.3.1 General

Facfory connections shall be either fixed in a specific location or be provided with meanjs of
megqting the creepage and clearance requirements of this standard.

Any|of the-cannection methods suitable for use as field wiring connections may be used fpr a
factpry eonnection, except in this case, the terminal insulation material tests of 6.10 need| not
be qonrducted for either Level of Protection “eb” or “ec”.

NOTE The requirements for the thermal stability of the insulating material are given in 4.6.
4.2.3.2 Twist-on connectors for Level of Protection “ec”

In additional to the connection methods suitable for field wiring connections, twist-on
connecting devices meeting the requirements of IEC 60998-2-4 may also be used for factory
connections in Level of Protection “ec”.

4.2.3.3 Permanent connections
Permanent connections shall only be made by:

a) crimping;

b) brazing;
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c) welding;

d) soldering, with mechanical support of the completed connection, in addition to the solder,
provided; or

e) In Level of Protection “ec”, printed circuit board mounted components, including surface-
mount and through-hole mount components, without additional mechanical support

NOTE The process commonly referred to as 'silver soldering' is considered 'brazing'.
4.2.3.4 Pluggable connections for Level of Protection “eb”

These connections are designed to be readily connected or disconnected during assembly,
maintenance, or repair.

NOTE 1 These connections are not intended to be connected or disconnected when an explosive atmosphgre is
preségnt.

NOTE 2 Typical examples are plug-in components, and card edge connectors.
Pluggable connections in Level of Protection “eb” shall provide the following:

a) pach connection shall employ at least two areas of contact where\the loss of one areja of
contact does not compromise the effectiveness of the other;

n interlock to prevent separation when energized or shall-be marked in accordance with

b) Ethe factory connection can remain energized when sepdrated, it shall be provided with
em a) of Table 19. For small items, adjacent marking.¢an be provided; and

c) Connection secureness of either

» each connection or group of connections shall*be provided with a mechanical retaiping
device, which, excluding internal friction) provides a force resisting separation df at
least 30 N with the force applied gradually near the centre of the component. Whefe a
group of individual connections is méchanically linked and the separable component
weighs more than 0,25 kg or carries more than 10 conductors, special considergtion
shall be given to the security of the connection; or
NOTE 3 It is the intent that the effectiveness of the mechanical retention for Level of Protection “ep” be

evaluated by test due to the incréased risk of ignition due to separation of contacts in equipment of| EPL
Gb.

»  for a connecting component relying on friction to remain in place and not attached in
any way outside of\the connection points, the separating force in Newtons shal|] be
greater than 200, times the weight (in kg) of the component, with the force applied
gradually nearythe centre of the component. In this case, a mechanical retaiping
device is not required.

4.2.83.5 Pluggable connections for Level of Protection “ec”

Thepe connections are designed to be readily connected or disconnected during assenibly,
maintenance, or repair.

NOTE 1 These connections are not intended to be connected or disconnected when an explosive atmosphere is
present.

NOTE 2 Typical examples are connectors, plug-in components, and card edge connectors.

Sockets of pluggable connection for Level of Protection “ec”, which in normal operation do not
have a plug inserted and which are intended to be used only for maintenance and repairing,
are evaluated without the mating part inserted.

Pluggable connections in Level of Protection “ec” shall provide connection secureness using
either of the following:

a) Each connection or group of connections shall be provided with a mechanical retaining
device, excluding internal friction, or shall provide a force resisting separation of at least
15 N with the separating force applied gradually near the centre of the component. Where
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a group of individual connections is mechanically linked and the separable component
weighs more than 0,25 kg or carries more than 10 conductors, special consideration shall
be given to the security of the connection.

A means to evaluate the effectiveness of the mechanical retention is by the 15 N test
described herein.

b) For a connecting component relying on friction to remain in place and not attached in any
way outside of the connection points, the separating force in Newtons shall be greater
than 100 times the weight (in kg) of the component, with the force applied gradually near
the centre of the component. In this case, a mechanical retaining device is not required.

4.2.8-6—Ptugygabtetermimat-bridgingconmmections

Thepe connections are intended to be made one-time only and not connected or disconneg¢ted
during maintenance or repair. For Level of Protection “eb”, a terminal bridging connector ghall
have a separating force in Newtons that is greater than 200 times the weight (in kg) of| the
terminal bridging connector. The force shall be applied gradually near the'-centre of|the
terminal bridging connector.

For|Level of Protection “ec”, a terminal bridging connector shall have’a separating forcg in
Newtons that is greater than 100 times the weight (in kg) of the terminal bridging connegtor.
The|force shall be applied gradually near the centre of the terminakbridging connector.

4.2.4 External plug and socket connections for field wirting connection

Plug and socket connections, where the flange plug ©r socket forms part of the wall of| the
enclosure, and the mating plug or socket is intended)to be inserted externally, shall comply
with[ the supplementary requirements of this sub-clause. The connections of the mdting
portjon, if provided un-terminated, are considered-\field wiring.

Plugs and sockets for field wiring connections either:

o Between one piece of electrical equipment and another piece of electrical equipment| (by
eans of a cable assembly involving plugs & sockets on both ends or a plug & sockef on
bne end and un-terminated cable on the other), or

o Between the fixed installation and a piece of electrical equipment (by means of a cable
hssembly involving a socket on the equipment end and un-terminated cable on the f|xed
nstallation end),

shall comply with item a), b) or ¢) as follows:

a) they shall belinterlocked mechanically or electrically, or otherwise designed so that they
cannot bé/separated when the contacts are energized and the contacts cannoff be
energized/when plug and socket are separated;

b) {he equipment marked with the CONNECT / DISCONNECT marking as required by item a)
bf.94, and for Level of Protection “ec”, fixed together; for Level of Protection “eb”, fjxed
ogetner by means of special 1asteners.

c) Where they cannot be de-energized before connection or disconnection according to b)
above because they are connected to a battery, the marking shall state the separation
warning required by item j) of 9.4.

Provision shall be made for the fixed part of a plug and socket connector to maintain the
degree of protection of the enclosure on which it is mounted, even when the movable part has
been removed. If the degree of protection is effectively reduced by accumulation of dust or
water, provision shall also be made for maintaining an appropriate degree of ingress
protection for the plug and/or socket.
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4.3 Clearances

Clearances between bare conductive parts at different potentials shall be as given in Table 2
with a minimum value for field wiring connections of 3 mm for Level of Protection “eb” or
1,5 mm for Level of Protection “ec”. Alternatively, for Level of Protection “ec”, clearances for
other than field wiring connections shall be permitted to conform to the values given in
Annex H.

Spacings at wiring terminals shall be evaluated with and without the conductor to determine
the minimum clearance under worst case conditions. Conductor arrangement shall be as
specified by the manufacturer.

NOTE 1 The conductor arrangement by the manufacturer includes conductor sizes, conductor, stripping
dimensions, conductor ferrule usage, maximum screw torque, etc.

NOTE 2 A wiring terminal supplied with the conductor clamping arrangement fully open can/present the Worst
case|condition for spacings.

Clearances shall be determined as a function of the working voltage. Where'the equipment is
intepded for more than one rated voltage or for a range of rated voltages, the value of working
voltage to be used shall be based on the highest value of rated veltage. In determining|the
clearances, examples 1 to 11 (inclusive) in Figure 1 illustrate the\features to be taken |into
account and the appropriate clearances.

Unlgss otherwise required in this standard, the enhancediclearance distances for equipment
of Uevel of Protection “ec” only apply to mains circuitsi.and between isolated circuits. [The
enhpnced clearance distances do not apply to printed-wiring board mounted components.

4.4| Creepage distances

4.4.1 The required values of creepage distance are dependent on the working voltage,| the
resigtance to tracking of the electrical insulating material and its surface profile.

Spacings at wiring terminals shall be\evaluated with and without the conductor to determine
the minimum creepage.

Table 1 gives the grouping of electrical insulating materials according to the compardtive
tracking index (CTI) determined in accordance with IEC 60112. Inorganic insulating materjals,
for pxample glass and_ceramics, do not track and need not therefore be subjected to|the
detgrmination of the CT1. They are conventionally classified in material group I.

The| grouping diven in Table 1 is applied to insulating parts without ribs or grooves. If there
are fibs or grooves in accordance with 4.4.3, the minimum permissible creepage distanceg for
working voltages up to 1 100 V shall be based on the next highest material group, for example
matgerial group | instead of material group Il.

NOTET The material groups are 1dentical with those given in IEC 60664-71.

Transient overvoltages are to be ignored as they do not normally influence tracking
phenomena. However, temporary and functional overvoltages may have to be considered,
depending upon the duration and frequency of occurrence.

Unless otherwise required in this standard, the enhanced creepage distances for equipment
of Level of Protection “ec” only apply to mains circuits and between isolated circuits. The
enhanced creepage distances do not apply to printed wiring board mounted components.

NOTE 2 See |IEC 60664-1 for additional information.
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Table 1 — Tracking resistance of insulating materials

Material group Comparative tracking index (CTI)

I 600 < CTI

I 400 < CTl < 600

Illa 175 < CTl < 400

I11b 100 < CTl <175

4.4,
give
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of th

Profection “ec”, creepage distances for other than field wiring connections shall be perm
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bnform to the values given in Annex H.

B In determining the creepage distance, Figure 1 illustrates the’'features to be tg
account and the appropriate creepage distance. The value of dimension 'X' is 2,5 mm
b| of Protection “eb” and 1,5 mm for Level of Protection “ec”.

effects of ribs and grooves may be taken into account, provided that:

For Level of Protection “eb”:

+ ribs on the surface are at least 2,5 mm high/and of a thickness appropriate to

mechanical strength of the material with aiminimum value of 1,0 mm;

+ grooves on the surface are at least 2;5°'mm deep and at least 2,5 mm wide. If

associated clearance is less than 3.mm, the minimum groove width may be reduce
1,5 mm.

For Level of Protection “ec”:

+ ribs on the surface are atcleast 1,5 mm high and of a thickness appropriate to

mechanical strength of the material with a minimum value of 0,4 mm;

+ grooves on the surfaceare at least 1,5 mm deep and at least 1,5 mm wide.

lections above or depressions below the surface are considered as being either rib

grogves, irrespective-ofitheir geometric form.

Conistructions using cement (see IEC 60079-0) are considered to be solid parts.

NOT

F  The examples in Figure 1 are identical with those given in IEC 60664-1.

R Creepage distances between bare conductive parts at different potentials shallvb¢ as
n in Table 2, with a minimum value for field wiring connections of 3 mm forCkevegl of
ection “eb” or 1,5 mm for Level of Protection “ec”, and shall be determined as & fundtion
e rated voltage specified by the manufacturer of the equipment. Alternatively;for Level of
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Table 2 - Minimum Creepage distances, clearances and separations

(se\‘leo;t:gg b) Minimum creepage distance Mi"imus':p‘:faa;i'z:‘s:es and
Ui m.s- a.C. OF rnm mm -
d.c. Material group Clearance Distance
v I T lla b c;':t‘:z;d
“eb” “ec” | “eb” | “ec” | “eb” | “ec” | “eb” | “ec” | “eb” “ec” “ec”
<10 (see c) 1,6 1 1,6 1 1,6 1 - 1 1,6 0,4 0,3
12 5 16 1058 16 1.05 16 105 = 1.05 16 04 03
<16 1,6 1.1 1,6 1.1 1,6 1,1 - 1,1 1,6 0,8 0.3
<20 1,6 1,2 1,6 1,2 1,6 1,2 - 1,2 1,6 0,8 0,3
<25 1,7 1,25 1,7 1,25 1,7 1,25 - 1,25 1,7 0,8 0,3
<32 1,8 1,3 1,8 1,3 1,8 1,3 - 1,3 1,8 0,8 0,3
<40 1,9 1,4 2,4 1,6 3,0 1,8 - 1,8 1,9 0,8 0,6
<50 2,1 1,5 2,6 1,7 3,4 1,9 - 1,9 2,1 0,8 0,6
<63 2,1 1,6 2,6 1,8 3,4 2 - 2 2,1 0,8 0,6
<80 2,2 1,7 2,8 1,9 3,6 2,1 - 2.1 2,2 0,8 0,8
<100 2,4 1,8 3,0 2 3,8 2,2 - 2,2 2,4 0,8 0,8
<125 2,5 1,9 3,2 2,1 4,0 2,4 - 2,4 2,5 1 0,4
< 160 3,2 2 4,0 2,2 5,0 2,5 = 2,5 3,2 1,5 1,1
<200 4,0 2,5 5,0 2,8 6,3 3,2 - 3,2 4,0 2 1,7
< 250 5,0 3,2 6,3 3,6 8,0 4 - 4 5,0 2,5 1,7
<320 6,3 4 8,0 4,5 10,0 5 - 5 6,0 3 2,4
<400 8,0 5 10,0 5,6 12,5 6,3 - 6,3 6,0 4 2,4
< 500 10 6,3 12,5 7,1 16 8 - 8 8,0 5 2,4
<630 12 8 16 9 20 10 - 10 10 55 2,9
< 800 16 10 20 AN 25 12,5 - - 12 7 4
{1000 20 11 25 11 32 13 - - 14 8 5,4
11250 22 12 26 12 32 15 - - 18 10 -
K 1600 23 13 27 13 32 17 - - 20 12 -
12000 25 14 28 14 32 20 - - 23 14 -
42 500 32 18 36 18 40 25 - - 29 18 -
13200 40 22 45 22 50 32 - - 36 22 -
44 000 50 28 56 28 63 40 - - 44 28 -
45000 63 36 71 36 80 50 - - 50 36 -
1 6 300 80 45 90 45 100 63 - - 60 45 -
4 8,000 100 56 110 56 125 80 - - 80 56 -
<10:000 125 71 140 71 160 100 - - 100 70 -
<12 500 - 90 - 90 - 125 - - - 89
<13 640 - 98 - 98 - 138 - - - 97 -

a When determining the required values for creepage and clearance, 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 accommodated by the 1,1 factor.

b The creepage distance and clearance values shown already take into account a maximum supply voltage

tolerance of £10 %. Therefore it is not necessary to further consider supply voltage fluctuations when
determining which voltage value from the Table to use.

¢ At 10 V and below, the value of CTI is not relevant and materials not meeting the requirement for material
group llIb may be acceptable.

d The distances under coating shown are permitted for printed wiring boards in Level of Protection “ec” as
described in 4.5.
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Example 1

<X

Condition: Path under consideration incl

less than X mm

udes a

parallel-
or converging-sided groove of any depth with a width

IEC

directly across the groove as shown.

Rule: Creepage distance and clearance are measured

1 clearance

2 creepage distance

Example 2

>X

IEC

Condifion: Path under consideration includes a parallel- Rule: Clearance”is the 'line of sight' distance. Cre
sided groove of any depth 4 equal to or more than X mm.  path follows the contour of the groove.
————— 1 clearance 2 creepage distance
Example\3
=X
T
e =
ittt
S
G
IEC
Condifion: Path under consideration includes a V-shaped Rule: Clearance is the 'line of sight' distance. Cre
groové¢ with a width greatep-than X mm. path follows the contour of the groove but 'short ¢

1 clearance

the bottom of the groove by X mm link.

2 creepage distance

Epage

epage
rcuits'
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Example 4

IEC

Condifion: Path under consideration includes a rib. Rule: Clearance is the shortest direct air path{over the
top of the rib. Creepage path follows the contour |of the
rib.

————— 1 clearance 2 creepage distance
Example 5
<X <X
IEC

Condifion: Path under consideration includes an, ‘'Rule: Creepage and clearance path is the 'line off sight'

uncenjented joint with groove less than X mm widewon” distance shown.

each gide.

————— 1 clearfance 2 creepage distance
Example 6
‘iﬂ ri,
IEC
Condition: Path under consideration includes an Rule: Clearance is the 'line of sight' distance. Creepage

uncemented joint with grooves equal to or more than

X mm wide on each side.

1 clearance

path follows the contour of the grooves.

2 creepage distance
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Example 7

<X

IEC

Condi
uncen
X mm
more

Condi
is less

ion: Path under consideration includes an
ented joint with a groove on one side less than
wide and the groove on the other side equal to or
han X mm wide.

Rule: Clearance and creepage paths are-as _shown.

— — — — — 1 clearance 2 creepage distance
Example 8
7 ~
7 ~N
e ~N
7 N

ion: Creepage distance through uncemented joint
than creepage distance over barrier.

1 clearance

IEC

Rule: Clearance is the shortest direct air path ov|
top of the barrier.

2 creepage distance

Example 9

er the

o
o
<
0001
e
e
ot

2555
55505

L

525
255

1 clearance

25
$
525
525

IEC

Gap between head of screw and wall of recess wide

enough to be taken into account.

2 creepage distance
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Example 10

| IEC
Gap between head\of” screw and wall of receds too
narrow to be takef’into account.

Measurement of*creepage distance is from screw fo wall
when the distance is equal to X mm.

————— 1 clearance 2 creepage distance
Exampleni
d C D
| X

&

1

St I = R
o o S S S S05e
TS
ST

IEC

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

C’ conductive part interposed in the insulatind path
between the conductors

————— 1 clearance 2 creepage distance

Figure 1 — Determination of creepage distances and clearances

4.5 Printed wiring boards with conformal coating, Level of Protection “ec”

For Level of Protection of “ec”, the reduced distances under coating shown in Table 2 are
permitted for printed wiring boards with a working voltage not greater than 1 100 V. If applied,
the coating shall have the effect of sealing the conductive parts and the insulating material in
question against ingress of moisture. It shall adhere to the conductive parts and the insulating
material. If the conformal coating is applied by spraying then two separate coats are to be
applied. Other methods of application need only one coat, for example dip coating, brushing,
vacuum impregnating, but the intention is to achieve an effective, lasting, unbroken seal. A
solder mask alone is not considered as a conformal coating, but may be accepted as one of
the two coats when an additional coat is applied, provided the solder mask is not damaged
during soldering.
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NOTE It is not the intent of 4.5 to increase the requirements for conformal coatings beyond those of general
industrial equipment.

4.6 Solid electrical insulating materials
NOTE There are no specified distances through solid insulation in this standard, as the specified distances for

normal industrial equipment, the requirements for the thermal stability of the insulating material, and dielectric tests
are considered to provide the required level of safety for the applicable EPL.

4.6.1 Specification

The specification for insulating material relied upon for compliance with requirements in this
standatd-shallinclude-the Fnlln\uing-

a) the name or registered trademark of the material manufacturer;
b) the identification of the material;
c) the possible surface treatments, such as varnishes, etc.;

d) long-term thermal stability of the material (such as the Tl per IEEC;60216, RTI|per
ANSI/UL 746B, or other rating systems establishing long term continuous operdting
emperature, e.g. 20 000 hour, ratings of the material),

e) when applicable, the comparative tracking index (CTI) determined in accordance pwith
EC 60112;

f) when the insulating material is part of the external enclosure, the temperature indey TI,
corresponding to the 20 000 h point on the thermal endurance graph without los$ of
flexural strength exceeding 50 %, determined in @ccordance with IEC 60216-1 [and
EC 60216-2 and based on the flexing property in.accordance with ISO 178. If the mategrial
joes not break in this test before exposure to the’ heat, the index shall be based on|the
ensile strength in accordance with 1SO 527~2"with test bars of Type 1A or 1B. A4 an
alternative to the TI, the relative thermal index (RTI — mechanical) may be determined in
hccordance with ANSI/UL 746B.

The| specification of the solid insulating.material does not apply to interconnecting wiring or
printed wiring board mounted compongnts.

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

4.6.p Long-term thermabl’stability
The|long-term thermalstability rating of the materials shall be:

h) for Level of Protection “eb”, at least 20 K above the maximum service temperature, [and
at least-80:°C,

b) for Level of Protection “ec”, at least the maximum service temperature, or for insulated
windings, see 4.8.3 and Table 4.

The| long-term thermal stability rating of the materials do not apply to printed wiring bgard
mounted components.

Insulating parts made of plastics or laminates, where the original surface is removed during
manufacture, shall be coated with an insulating varnish having at least the same grading
according to CTI as the original surface. This requirement does not apply to materials where
these actions have not affected the grading according to CTIl or where the specified creepage
distance is provided by other parts not subjected to these actions.
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4.7 Windings
4.7.1 General
The requirements of 4.7.2 to 4.7.5 apply to Level of Protection “eb” only. For Level of

Protection “ec”, there are no additional winding requirements beyond those of normal
industrial equipment.

4.7.2 Insulated conductors

Insulated conductors shall conform to either one of the following requirements:

a) [The conductors shall be covered with at least two layers of insulation, only one Jaygr of
Wwhich may be enamel; or

b) Enamelled round winding wires shall be in accordance with either:
+ grade 1 of IEC 60317-3, IEC 60317-8, IEC 60317-13, or IEC 60317-46.previded tha:

e when tested in accordance with Clause 13 of IEC 6031723, IEC 6031[7-8,
IEC 60317-13, or IEC 60317-46 there shall be no failure wjth the minimum values
of breakdown voltage listed for grade 2; and that

e when tested in accordance with Clause 14 of [EC 60317-3, IEC 6031[7-8,
IEC 60317-13, or IEC 60317-46 there shall be not more than six faults per 30 fn of
wire irrespective of diameter; or

+ grade 2 of IEC 60317-3, IEC 60317-8, IEC 60317-13, or IEC 60317-46; or
+ grade 3 of IEC 60317-3, IEC 60317-8, IEC 60347-13, or IEC 60317-46 .

NOT

It is not a requirement of this standard that conformity t0 the specification of the enamel grade be verifled.

4.7.8 Winding impregnation

Windings, after having been fastened or\wrapped, shall be dried to remove moisture before
impfregnation with a suitable substancéZ Except as limited herein, dipping, trickling or vacyuum
pregsure impregnation (VPI) is acceptable. Coating by painting or spraying is not recogn|zed
as impregnation.

The| impregnation shall b€ carried out in accordance with the specific instructions of|the
marjufacturer of the impregnating substance used and in such a way that the spaces between
the |conductors are filled as completely as possible and that good cohesion between|the
condluctors is achieved.

Thig does notrapply to fully insulated coils and conductors of windings if, prior to their fifting
into|the electrical equipment, the slot portions and end windings of these coils and condugtors
have been-impregnated, provided with filling material, or otherwise insulated in an equivglent
marjner,._and if, after assembly, they are no longer accessible for the stated insulgting
progedufres.

If impregnating substances containing evaporating solvents are used for dipping or trickling,
the dipping or trickling and drying processes shall be carried out at least twice.

4.7.4 Conductor dimensions

The minimum nominal conductor dimension of wires used for windings shall be 0,25 mm.

NOTE: The minimum dimension is the diameter of a round conductor or the smallest dimension of a rectangular
conductor.
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5 Sensing elements

Sensing elements of resistance temperature detectors (RTDs) are not considered to be
windings, but when applied to the windings of electrical machines, they shall be impregnated

ors

ealed with the windings by the manufacturer.

When RTD’s are applied in electrical machines with a rated voltage exceeding 1 kV, the RTD
and its connecting leads shall be located in or adjacent to an earthed area. A means of
satisfying this requirement is to locate the RTD between two winding layers, each of which is
bound by a conductive covering prior to insertion in the slots. The RTD connecting leads
could be routed adjacent to the core end immediately upon leaving the slot and routed to the

terminal box avoiding any winding connections.

4.8
4.8.

No
4.6.

progedure for the determination of Service Temperature in IEC 60079-0.

Temperature limitations

n General

P when tested under rated conditions. Determination shall be in, accordance with

5olid electrical insulating material shall attain a temperature in excess ‘of that defined by

the

Furghermore, no surface of any part of electrical equipment, including the surface of internal
parts to which the explosive gas atmosphere might have accéss) shall attain a temperaturne in
exce¢ss of the maximum surface temperature prescribed in\N[EC 60079-0 except for lamps in
luminaires for which the requirement is given in 5.3.7,2(The determination of the maximum
surface temperature specified in IEC 60079-0 shallconsider the additional overload or
malfunction conditions defined in Table 3 of ,his standard and considering the [test
configuration described by the applicable industrial standard.
Table 3 — Conditions for the determination of maximum surface temperature
Type of electrical equipment Overload or malfunction conditions
in addition to the conditions of IEC 60079-0
Level of Protection “eb” Level of Protection “ec”
Luminaires Per 5.3 Per 5.3
Electfical machines Per 5.2 None
Residtors None None
Term|nals None None
Electfomagnets Worst-case air-gap Worst-case air-gap
i . As specified by the applicable
Otheq equipfment As specified _by the ?F’F’"C?b'e standard for industrial equipmen{ as
standard for industrial equipment . i
normal operating conditions
4.8.2 Conductors

In determining the temperature of the conductors, both the self-heating of the conductors and

the

The

effect of heating by neighbouring parts shall be taken into account.

permissible temperature of conductors and other metal parts is further limited by:

a) reduction of mechanical strength;

b) unacceptable mechanical stress due to thermal expansion; and

c) damage to neighbouring electrical insulating parts.
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The maximum temperatures of insulated windings shall not exceed the values given in
Table 4 which take account of the thermal endurance of electrical insulating materials,
provided that the electrical equipment still complies with the requirements of 4.8.1.

Table 4 — Maximum temperatures for insulated windings

Thermal class according to IEC 60085
Method of (see b)
temperature
moeasiromon + 106 (A 120 () 120 (R A5 (E) 1Q:)(H)
TreaoaTreTreTE r A e\ r =7 ¥ 7 r
“ab” “ac” “ab” “gc” “ab” “ec” “ab” “gp” seb? “ac”
Maximum service
tempergture (°C)
under nprmal ;
operatign: ﬁmzsrﬁga;mg?e?r 95 105 | 110 | 120 | 120 | 130 | 130 4| 450 | 155|| 175
insulated single layer
winding
Resistance 90 100 105 115 110 120 130 145 155 165
Thermometer 80 | NNA | 95 | N/A | 1007 | NA | 115 | N/A | 135 || N/A
(See a)
Maximum service Embedded
tempergture (°C) sensor
under nprmal 95 105 110 120 120 125 135 150 160 170
operatign: Output> 5 MW or
5 MVA
other inpulated
Windings Embedded
sensor
>200 kW or 95 105 110 120 120 130 135 155 160 175
200 kVA <
Output < 5 MW
or 5 MVA
Maximum motor
winding|temperature
(°C) at ¢nd of time 7
or at tinje of switch off | Resistance 160 N/A 175 N/A 185 N/A 210 N/A 235 N/A
by embg¢dded
tempergdture sensor
(see c)
The serjsor may be inside{and/or outside the electrical equipment.
Electricpl faults in_insulated windings are excluded. The requirements of 4.7 and 4.8 are intended to rediice the
likelihogd of such/faults.
a  Mefpsurement by thermometer is permissible only when measurement by change of resistance is not possible. In this
conptext,"‘thermometer' has the same meaning as in IEC 60034-1 (for example, a bulb thermometer, or|a non-
impedded thermocouple or resistance temperature detector (RTD) applied to the points accessible to the usyal bulb

thermometer):

As an interim measure until values have been prescribed, the higher thermal classes of insulating material denoted
by figures in IEC 60085 are considered as subject to the limiting temperatures given for class 180 (H).

These values result from the summation of the effects of ambient temperature, the temperature rise of the winding
in rated service and the further increase of temperature during time 7. Where the motor winding is protected by
embedded sensors, the temperature is determined at the time the motor is switched off after the locked rotor.

4.9 Wiring internal to equipment

Wiring which might come into contact with a conductive part shall be mechanically protected,
secured, or routed to avoid insulation damage.
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4.10 Degrees of protection provided by enclosures

4.10.1 The degrees of protection as defined in tests of enclosures of IEC 60079-0 , as
applicable, shall be as prescribed in a), b), or c) unless otherwise specified in 4.10.2, 4.10.3,
or Clause 5. For Level of Protection “ec”, the tests of enclosures requirements of IEC 60079-0
are modified for the thermal endurance to heat preconditioning test to replace the 20 K above
the service temperature (T4 + 20 K) with 10 K above the service temperature (T + 10 K).

a) Enclosures containing bare conductive live parts shall provide at least the degree of
protection |IP54.

b) Enclosures containing only insulated conductive live parts as in 4.6 shall provide at least
he degree of protection IP44.

c) Enclosures for containing only insulated conductive live parts as in 4.6, can’provide a
feduced degree of protection of IP23 for Group |, or IP20 for Group I, if(solid forgign
bodies are prevented from falling vertically through any openings into the‘enclosure.|For
his equipment, the certificate number shall include the “X” suffix in accordance with|the
marking requirements of IEC 60079-0 and the Specific Conditions ,of Use listed on|the
Certificate shall detail the degree of protection provided by enclosure and proyide
juidance on the protection by location that is required. An eXample of an applicqtion
where this reduced degree of protection could be suitable is a clean environment.

For|Level of Protection “ec”, opening of the enclosure for, maintenenace purposes, is|not
congidered normal operation, and the opening times requirement of IEC 60079-0 does| not

appjy.

NOTE: The degree of protection requirements from general jndustrial standards are not applied directly fof the
evalyation of the explosion protection of Ex Equipment.

The|bars and rings of rotor cages are not considered to be bare live parts when determihing
the degree of protection.

4.10.2 The enclosure of electrical eqliipment may be provided with drain holes or ventildtion
opehings to prevent the accumulation of condensation. The requirements are dependent upon
the pquipment grouping as follows:

a) Equipment Group | — compliance with 4.10.1 is required.

b) Equipment Group Il« the inclusion of the drain holes or ventilation openings may reduce
he degree of protection provided by the enclosure according to 4.10.1, but shall nof be
pelow P44 for item a) of 4.10.1 or IP24 for item b) of 4.10.1.

When the presgnce of drain holes or ventilation openings reduces the degree of protedtion
belqw the requirements of 4.10.1, the details of the drain holes or ventilation openings,
incliding position and dimensions, shall be stated by the manufacturer and included in|the
desg¢riptive documents in accordance with IEC 60079-0. For equipment with drain holes [and
ventilation openings that reduce the degree of protection, the certificate number shall include
the "X™~sUTffiX In accordance with the marking requirements ol IEC 6007/9-0 and ihe Specific
Conditions of Use listed on the certificate shall detail the reduced degree(s) of protection
provided by enclosure and note that environmental dust may enter the enclosure and
compromise the electrical creepage and clearance.

4.10.3 When there are circuits or apparatus with Type of Protection “” where live
maintenance has been permitted by the instructions, in accordance with IEC 60079-11 within
the enclosure, either:

a) the covers of the enclosure permitting access to energized non-intrinsically-safe circuits or
apparatus shall have a label per item b) of Table 19; or

b) all bare live parts not protected by the Type of Protection “i” shall have a separate internal
cover providing at least the degree of protection IP30 when the enclosure of the
equipment is open.
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In addition, the internal cover shall have a label per item c) of Table 19 or other wording
that would otherwise be required by IEC 60079-0 to be on the cover of the enclosure of
the equipment.

The cover of the enclosure of the equipment shall have a label per item d) of Table 19.

NOTE The purpose of the internal cover, when fitted, is to provide a minimum acceptable degree of protection
against the access to energized non-intrinsically-safe circuits when the enclosure is opened for short periods to
permit live maintenance of intrinsically-safe circuits. The cover is not intended to provide protection from electrical
shock.

4.11 Fasteners

For|Group | electrical equipment containing bare live parts, special fasteners in accerdgnce
with| IEC 60079-0 shall be used.

5 |Supplementary requirements for specific electrical equipment

5.1 General

Thepe requirements supplement those of Clause 4 of this standard.which are applicable glso,
unlgss otherwise stated, to the specific electrical equipment considered in 5.2 to 5.9 and galso
to the other electrical equipment considered in 5.10.

Thepe requirements apply to both Levels of Protection “eb%and “ec”, unless otherwise noted.

5.2 Electrical machines
5.2.11 General

The| requirements in this clause apply to(rotating electrical machines within the scopg of
IEC|60034-1.

For|other rotating devices, for example servo motors, the requirements of this standard
inclyiding those of this clause, shall-apply where they are appropriate.

For|non-rotating machines, for example linear motors, the requirements of this standard
incliiding those of this clause, shall apply where they are appropriate.

NOTE 1 The requirements’/of this standard for Level of Protection “ec” assume that the occurrence of an explgsive
gas ptmosphere and a-motor start sequence do not occur simultaneously, and Level of Protection “ec” i§ not
genefrally suitable«in™Mhose cases where these two conditions do occur simultaneously. Motors of Levgel of
Protgction “ec” with-an elevated risk of rotor sparking, see 5.2.7, are not intended to be used where the probapbility
of ar] explosivé gas release cannot be totally disassociated with the start sequence as an independent event{ The
oil sgal systems of centrifugal compressors are known to produce such releases during starting.

NOTE.2/ 'Normal' operating conditions for electrical machines for Level of Protection “ec” are assumed to be fated
full-lQad. steady conditions, Starting (acceleration) of rotating electrical machines is excluded as part of 'nofmal’
operation for Level of Protection “ec” under duty S1, S2, S6, or S9. Due to the potential for more frequent starts of
motors with duty S3, S4, S5, S7, S8, or S10, the requirements for rotor sparking address the risk of rotor sparking
during starting as a 'normal’ condition. The definitions of duty S1 to S10 are in IEC 60034-1.

NOTE 3 Motors (such as cooling fans and disc drive motors) with all of the following characteristics, are outside
of the scope of IEC 60034-1;

— a brushless motor with a power rating less than 100 W (as defined in IEC 60950)
— operating at Extra Low Voltage levels (not more than 42,4 V peak or 60 V d.c. as defined in IEC 60950)

— used in Level of Protection “ec” electronic equipment.

For those motors, the requirements of this standard, excluding Clause 5, would be applied where they are
appropriate. Additional information on separation distances is given in Annex A.

NOTE 4 Additional guidance on temperature testing of electrical machines is given in Annex A.
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5.2.2 Degrees of protection provided by electrical machines, Level of Protection “eb”

The requirements of 4.10 apply.

5.2.3 Degrees of protection provided by electrical machines, Level of Protection “ec”

The requirements of 4.10 apply, except that terminal boxes attached to electrical machines
operating at voltages up to 1 kV, may be opened to the interior of the machine, only when the
degree of protection of the electrical machine is at least IP44. Covers and entries of the
terminal box shall provide at least degree of protection IP54.

NOTE For test purposes, the interface of the terminal box to the electrical machine enclosure can be simu|ated
with B blanking plate replacing the electrical machine enclosure. The normal seal or gasket is used in the interface.
For the IP5X dust test, the volume to be used for the extraction calculations is the free internal volume\of only the
term{nal box.

5.2. Connection facilities for external conductors

The| connection facilities of electrical machines shall conform to4.2.2. The seryice
temperature of terminal box cover gaskets and seals, the cable branching point temperatltjre,
and|the entry point temperature shall be considered to be equal to the maximum temperafure
detgrmined in the air space of the terminal box during normal load~temperature testing of| the
eleqtrical machine. See A.2. If there is a gasket or seal betweén the terminal box and|the
madhine frame, the maximum service temperature of that gasket/or seal shall be determingd.

NOTE 1 The use of the internal air space temperature to represent*the service temperature of terminall box
gaskpts and seals, the cable branching point temperature, and the entry point temperature reflects the nqrmal
pracfice of testing machines without prior knowledge of the actual*glands and cables to be used for installgtion.
The |production of heat from the electrical machine connections is generally insignificant with respect tq the
prodyiction of heat from the machine windings and core.

NOTE 2 Due to the size of cables and glands employed with large rotating electrical machines, a 'gland plate
assembly' is often applied to allow the cable and glands-to be removed from the terminal box as an assembly,|thus

avoiding damage to the terminal box, damage to the.cable sealing, damage to the cable gland, or subjecting the
cablg to stresses liable to damage the cable insulation or the conductors.

5.2.p Internal fans

Intefnal fans shall conform to“the requirements for clearances and materials specified for
extgrnal fans in IEC 60079-0:

5.2.p Minimum air«gap

An air gap shall be_specified in the documentation prepared in accordance with IEC 60079-0.
Thiq shall be sufficient to avoid contact between stator and rotor and compliance shall be
denfonstrated\by one of the following means:

a) measurement of the air gap of the test sample;

b) fpalCulation of the minimum air gap;

NOTE 1 It is acknowledged that, with assemblies, all parts will not exist at the worst case dimensions
simultaneously. A statistical treatment of the tolerances, such as 'RMS', might need to be applied to demonstrate
adequate minimum radial air gap.

NOTE 2 It is not a requirement of this standard that the manufacturer’s gap calculations be verified. Also, it is not
a requirement of this standard that the gap be verified by measurement.

NOTE 3 Constructions a) and b) are commonly applied to machines employing either a radial flux path or an axial
flux path.

NOTE 4 When applied to linear motors, the “air gap” often include anti-frictional slides used to avoid contact.

c¢) machines employing a radial flux path may have a radial air gap construction in
accordance with the following equation:

Minimum radial air gap, in mm:
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{0,15 + M[o,zs + ﬂﬂ rb (1)
780 1000

where

D is the rotor diameter, in mm, which in the formula for the minimum radial air gap is

subject to a minimum value of 75 mm and a maximum value of 750 mm;

n is the maximum rated speed in r/min and is subject to a minimum value of 1 000;

has the value given by the following formula and is subject to a minimum value of 1,

NOT
be s
havir

D
n
b
r=8

wher

or aq

5.2.

5.2.

In addition to the requirements.of 5.2.2, 5.2.3, 5.2.4, 5.2.5 and 5.2.6, the requirements of

e core length
1,75 x rotor diameter, D

nmm

b has the value of 1,0 for machines with rolling bearings or 1,5 for machines.Wwith g
bearings.

EF 5 The minimum radial air gap is not directly proportional to the supply frequency or number of poles ag
ben from the example of a 2-pole or 4-pole motor with rolling bearings designed fora 50 Hz/60 Hz supply
g a rotor with a diameter of 60 mm and a core length of 80 mm.

s then taken as 75, the minimum value;

s 3 600, the maximum value;

s 1,0;

D/(1,75 x 60), i.e. approximately 0,76 and therefore taken as 1,0

the minimum radial air gap becomes:

0,15+75-50 0‘25_'_0,75><3600 1.0x10
780

1 000

proximately 0,25 mm.

7 Rotating electrical machines>with cage rotors

7.1 General

sub¢lause apply to rotating) ‘electrical machines with cage rotors, including synchror
madhines with 'cage rotor' starting or damping windings.

NOT 52 Synchronous machines include permanent magnet machines with 'cage rotor' starting or damping wind
see $.2.9.

5.2.7.2 Rotor cages

5.2..2.1 Rotor cages built from bars connected to end rings

Thelbars of cage rotors shall fit tightly in the slots and the jninte between bars and sh

0:

(2)

lain

can
and

(3)

this
ous

ngs,

ort-

circuiting rings shall be brazed or welded and compatible materials shall be used to enable
high quality joints to be made.

5.2.7.2.2 Cast rotor cages

Cast rotor cages shall be made by pressure die-casting or centrifugal casting, equivalent
techniques, or otherwise fit tightly in the slots.

The bars and rings of cage rotors are not considered to be bare conductive parts in applying

4.4,

4.10, 5.2.2, and 5.2.3.
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5.2.7.3 Assessment for possible air gap sparking

Rotating electrical machines shall be assessed for possible air gap sparking as follows. For
Level of Protection “ec” this assessment shall only be required for machines with a rated
output exceeding 100 kW with duty types S3, S4, S5, S7, S8, or S10. If the total sum of the
factors determined by Table 5 is greater than 6, one of the following additional protective
measures shall be applied:

a)
b)

The machine or a representative sample shall be tested in accordance with 6.2.3.2.

The machine design shall allow special measures to be applied during starting, to ensure

that its enclosure does not contain an explosive gas atmosphere at the time of startin

.In

NOT
(for

Protd
confi
coor

NOT
of o

restgrting can be excluded. These special applications are carefully coordinated between the manufacturer an

user

NOT
For
coor

this case, the certificate number shall include the “X” suffix in accordance with
marking requirements of IEC 60079-0 and the Specific Conditions of Use listed“on
certificate shall detail the special measures to be applied.

The starting current of the machine is required to be limited to 300 % of rated-current
When external current limiting is required, the certificate number shall_include the
suffix in accordance with the marking requirements of IEC 60079-0-and the Spe
Conditions of Use listed on the certificate shall detail that the motor is suitable only
reduced voltage starting which limits the starting current to 300 %, 6fythe rated current

E 1 Special measures include pre-start ventilation to remove any ignitable (@ccumulation of flammable g
example by applying the purging, but not pressurization aspects of IEC)60079-2 in respect of Lev
ction “pzc”) or the application of fixed gas detection (see IEC 60079-29,2) inside the machine enclosu|
rm that the machine is free of ignitable concentrations of flammable gases. Other methods are carg
inated between the manufacturer and the user.

berating conditions away from torsional resonance of the‘\complete drive train and where out-of-p

E 3 Operation of a motor with a converter to provide the current limitation is generally an acceptable soll
bther reduced voltage starting methods, the wmetor and the reduced-voltage starter need to be carg
inated.

the
the

Iy-
cific
for

ases
Bl of
re to
efully

E 2 For motors driving high inertia loads or intended to be auto re-started, these tests are only representative

hase
il the

tion.
bfully
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Table 5 — Potential air gap sparking risk assessment
for cage rotor ignition risk factors

Characteristic Value Factor
Uninsulated bar fabricated rotor cage 3
Rotor cage construction Open slot cast rotor cage > 200 kW per pole 2
Open slot cast rotor cage < 200 kW per pole 1
Closed slot cast rotor cage 0
Insulated bar rotor cage 0
2-pole 2
Numper of poles 4-pole to 8-pole 1
> 8-pole 0
> 500 kW per pole 2
Rated output > 200 kW to 500 kW per pole 1
< 200 kW per pole 0
Yes: L <200 mm (see a) 2
Radipl cooling ducts in rotor Yes: L 2200 mm (see a) 1
No 0
Yes: > 200 kW per pole 2
Rotof or stator skew Yes: < 200 kW per pole 0
No 0
Non-compliant (see b) 2
Rotof overhang parts
Compliant (see b) 0
>200 °C 2
Limifing temperature 135 °C < 1200 °C 1
<135°C 0
a8 |L is the length of end packet of core. Experimental tests have shown that sparking occurs predominantly in
ducts near the ends of the core.
b Rotor overhang parts should be designed to eliminate intermittent contact and to operate within|the
temperature classification. Compliance with this ruling gives a factor of 0, otherwise it is 2.
5.2.B Limiting temperature
5.2.8.1 Limiting temperature of rotor
For [rotating*electrical machines with cage rotors, including synchronous machines with 'dage
rotof' starting or damping windings, the limiting temperature of the rotor shall not exqgeed
300|°€+for uninsulated rotor cage constructions or the temperature limitation determined by

4.8 for insulated rotor cage constructions. For Level of Protection “eb” motors of duty types S1
to S10 and Level of Protection “ec” motors of duty types S3, S4, S5, S7, S8, or S10, the
limiting temperature of the rotor shall not be exceeded, even under starting conditions.

NOTE 1 Parts such as retaining rings, balance disks, centring rings, fans or air shrouds located in the leakage
flux path, unless insulated or non-magnetic, often exceed the limiting temperature of the rotor during starting
conditions

NOTE 2 The temperature of permanent magnet rotors are not expected to exceed the maximum temperature
rating of the magnets as demagnetization of the magnets could occur, potentially changing the heating of the
machine.

NOTE 3 Synchronous machines include permanent magnet machines with 'cage rotor' starting or damping
windings, see 5.2.9.
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5.2.8.2 Limiting temperature by current-dependent safety device

For rotating machines of Level of Protection “eb” intended for line starting protected by a
current-dependent safety device to protect against exceeding the limiting temperature, the
starting current ratio /p/Iy and the time ¢ shall be determined in accordance with 6.2.1 and
marked in accordance with 9.1.

The length of time ¢ shall be such that, when the machine is stalled, it can be disconnected
by the current-dependent safety device before time g has elapsed. In general, this is possible
if the minimum values for ¢g given in Figure 2 as a function of the starting current ratio Ia/Iy
are exceeded. Values of time 7z below the values in Figure 2 are permissible only if a suitable
current-dependent safety device is used for the machine and it is shown to be effectivg by
test| The current-dependent safety devices shall be specified by marking on the machinge in
accordance with item g) of 9.1.
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Figure2 — Minimum values of the time 7 (in seconds) of motors
in relation to the starting current ratio I,/Iy

In np casé,

a) ghall’the value of time ¢ be less than 5 s when using a current-dependent safety device,

b) shall the value of the starting current ratio /,//y exceed 10.

NOTE 1 Information on the thermal protection of Level of Protection “eb” cage motors by overload protective
devices is given in Annex C.

NOTE 2 Thermal protection of Level of Protection “ec” machines during expected malfunctions is provided by the
general industrial requirements and no additional safety devices are necessary to maintain the explosion
protection.

5.2.8.3 Limiting temperature by temperature and other sensors

Even for rotating machines of Level of Protection “eb” intended for use with winding
temperature sensors associated with safety devices to protect against exceeding the limiting
temperatures, the starting current ratio /a/In shall be determined and marked in accordance
with 9.1. Time ¢g is not required to be determined and marked.
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For polyphase machines, there shall be a minimum of one sensor per phase.

Winding temperature sensors associated with safety devices shall be considered adequate for
the thermal protection of the machine if the requirements of 4.8 are satisfied even with the
rotor locked, other than duty types S1, S2, S6, or S9 in Level of Protection “ec”. The
requirements for associated safety devices shall be specified by marking on the machine in
accordance with item g) of 9.1.

In no case shall the value of the starting current ratio /5/Iy be more than 10.

A cpnverter may serve as the saiety deviCe In conjunction with the winding temperature
sensors. See 5.2.8.4.

Speed sensors, impedance relays, rate-of-rise sensors, etc. along with assoCiated sdfety
devices may also be used to limit the rotor temperature.

NOTE 1 For machines that are rotor limited, it is not generally practical to limit the rotor temperature by thg use
of stator winding temperature sensors alone. Additional considerations such as differept rates of rise and selertion
of the tripping point of the sensor might be relevant.

NOTE 2 Thermal protection of Level of Protection “ec” machines during expected malfunctions is provided by the
general industrial requirements and no additional safety devices are, fiegessary to maintain the explgsion
protgction.

5.2.8.4 Operation with a converter or a non-sinusoidal supply
5.2.8.41 General

To prove that the limiting temperature (5.2.8).'is not exceeded throughout the operatipnal
speed range, two methods may be used: a type test or verification by calculation.

5.2.8.4.2 Type test with a converter

Madhines intended to be operated with a converter shall be tested with the specified conve@rter
or with a comparable converteriwith respect to the output voltage, output current, [and
switching frequency specifications to confirm that the machine limiting temperatures (5.2.8)
are jnot exceeded. The descriptive documentation for the machine shall include the necessary
pargmeters and conditions required for use with a converter.

a) |For Level of Protection “eb” machines of duty type S1 to S10, the test conditions ghall
include normal_operation at rated conditions, continuous overload, and starting.

b) |For Level.of-Protection “ec” machines of duty type S1, S2, S6, or S9; the test conditjons
shall ineglude normal operation at rated conditions.

c) |For Level of Protection “ec” machines of duty type S3, S4, S5, S7, S8, or S10, the [test
conditions shall include normal operation at rated conditions and starting.

NOTE Additional information on the operation of motors with a converter can be found in [EC TS 60034-25. Major
concerns include over-temperature, high frequency and over-voltage effects, bearing currents and requirements for
high frequency earthing. There are currently no IEC standards specifically dealing with the operation of permanent
magnet motors with a converter.

5.2.8.4.3 Alternative type verification by calculation

The limiting temperature is not to be exceeded under the following conditions. This may be
confirmed by calculation which shall be based on previously established representative test
data.

a) For Level of Protection “eb” machines of duty type S1 to S10, the conditions shall include
normal operation at rated conditions, continuous overload, and starting.

b) For Level of Protection “ec” machines of duty type S1, S2, S6, or S9; the conditions shall
include normal operation at rated conditions.
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c) For Level of Protection “ec” machines of duty type S3, S4, S5, S7, S8, or S10, the
conditions shall include normal operation at rated conditions and starting.

NOTE The temperature differential between stator and rotor of a machine operating with a non-sinusoidal supply,
or generating into a thyristor load, can vary greatly from the temperature differential that would occur on the same
machine operating with a sinusoidal supply, or generating into a linear load. Therefore the rotor temperature might
become the limiting feature of the machine, particularly in the case of rotor cage windings.

5.2.9 Machines with permanent magnet rotors

5.2.9.1 Construction

Magdnets shall be secured to the rotor. Securing shall be confirmed by the overspeed d¢est in
6.2.4. If the magnets are secured to the rotor solely by cement, the rotor shall be subjeeted to
therfmal endurance tests based on its service temperature prior to the overspeed) test.|For
Level of Protection “ec”, the tests of enclosures requirements of IEC 60079-0 aré modified for
the [thermal endurance to heat preconditioning test to replace the 20 K above' the serpice
temperature (T3 + 20 K) with 10 K above the service temperature (7 + 10 K).

Excgpt for machines in Level of Protection “ec”, duty types S1, S2, S6{.or S9 supplied dirgctly
fromp a 50 Hz or 60 Hz supply, the stator winding system shall be(protected with embedded
temperature sensors, one per phase.

Permanent magnet synchronous motors usually require a stafting winding for fixed frequgncy
sinusoidal supply starting. Stable operation of permanent magnet synchronous motors may
alsg require damping windings of some kind. For both-of‘these windings, the requirements of
5.2.)/.2 and 5.2.8.1 apply.

Perfnanent magnet motors will operate as a generator while coasting after power is remoyed.
For|motors of Level of Protection “eb”, where the voltage can be greater than the rated
voltage, creepage and clearance and the winding insulation system shall be suitable for|the
voltages that will result.

5.2.p.2 Operating from fixed frequency sinusoidal supply

The|requirements of 5.2.8 apply:

5.2.p.3 Operation with a converter

The|requirements of (5.2.8.4 apply.

5.2.10 Statorwinding insulation system

For|all staters with a rated voltage above 1 kV, the machine shall be fitted with anti-
cong@lensation heaters.

For Level of Protection “eb” machines, if the rated voltage exceeds 1 kV, type tests in
accordance with 6.2.3.1.2 and 6.2.3.1.3 shall be conducted.

For Level of Protection “ec” machines, if the rated voltages exceed those shown in Table 6 for
the applicable equipment groups, type tests of the stator winding insulation system shall be
conducted in accordance with 6.2.3.1.3.


https://iecnorm.com/api/?name=76130a117999c5f7e508ae7616524253

win
mat

5.2.

For

- 46 - IEC 60079-7:2015 © IEC 2

Table 6 — Stator insulation system tests of Level of Protection “ec” machines

Rated Voltage Equipment Group
> 1kV 1B or IIC
> 1 Kv HA

with random-wound stator

> 6,6 kV

with form-wound stator A

015

It isj1 recommended that partial discharges be minimized for all high-voltage windings.

ings with a rated voltage of 6,6 kV, or greater, the use of partial discharge suppres
brials is recommended.

11 Supplemental winding requirements Level of Protection “eb”

polyphase windings rated 200 V or higher, supplemental phase insulation (in additio

varnish) shall be provided between the phases of random windings.

The

minimum clearance between a stator winding overhang andithe enclosure shall no

less than 3 mm.

For
4.7.

For
resi

5.2.
5.2.
and
sea
5.2.

For

slidi
sha

NOT

5.2.

windings rated <1 000 V, the requirements for coil imjpregnation shall be either thos
B or those applying to windings rated >1 000 V.

windings rated >1 000 V, coils shall be from.a feorm-wound and VPI insulation system
n-rich insulation system.

2 Bearing seals and shaft seals
E2.1 Machines of Level of Protection “eb” shall conform to the requirements of 5.2.
requirements beyond those of‘normal industrial equipment.
12.2 Non-rubbing seals and labyrinths

rolling element bearings the minimum radial or axial clearance between the stationary

ng element (sleeve) bearings, this clearance shall be 0,1 mm. The minimum clears
| apply for all\possible positions of the shaft within the bearings.

rotarng parts of any hon-rubbing seal or labyrinth seal shall be not less than 0,05 mm.

E  The axial movement in a typical ball bearing is likely to be up to 10 times the radial movement.

12:3 Rubbing seals

For
sant

be

e of

2.2

5.2.12.3. Machines of Level of.Protection “ec” have no additional bearing seal and shaft

and
For
nce

Rubbing seals shall be either lubricated or made of material having a low coefficient of
friction, for example polytetrafluoroethylene (PTFE). In the former case, the design of the

bea

ring shall be such that a supply of lubricant to the seal is maintained.

Bearings with covers supplied as an integral part of the bearing by the bearing manufacturer

(tha

t is to say, 'sealed for life' bearings) are exempt from this requirement.

Rubbing seals shall be assessed in accordance with 4.8.

Rubbing seals which reduce their cross-section when ageing (for example felt sealing rings)
are considered to meet the requirements when the temperature is assessed to be within the
limits during new condition. Elastic seals which lift off during rotation (for example V rings) are
also considered to meet the requirements.
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NOTE At the present time, no suitable experimental test exists to demonstrate that a given type of bearing has a
very low risk of failing in service. It is therefore paramount that the manufacturer pays attention to good design,
construction, lubrication, cooling, monitoring and/or maintenance procedures, in an attempt to minimize the risk of
a potential ignition source arising from a rolling bearing failure.

5.2.13 Neutral point connections

In the case of neutral point connections which are not intended for use as an alternative
supply connection to the machine, the minimum creepage and clearance requirements shall
be determined according to the assumed voltage given in Table 7.

Table 7 — Assumed voltage of neutral points

voltage Assumed voltage of neutral
U a.c.,r.m.s or d.c. point
\Y \Y
<1000 U
1000 <U< 3200 1000
3200 <U< 6 300 3200
6300 <U< 10 000 6 300
10000 <UZ< 15 000 10 000
When determining the required values for creepage ,ahd)clearance, the
working voltage may be higher than the voltage in thé table by a factor
of 1,1.

In the case of neutral point connections within_the enclosure of the machine, the nedtral
conpection shall be fully insulated unless the ingress protection is IP44 or greater and|the
madhine is not intended to be connected to an earthed line supply.

5.3 Luminaires, hand lights, or caplights
5.3.1 General

The| supplemental requirements- given in 5.3 apply to all luminaires (fixed, portable| or
trangportable), hand lights, and’caplights (other than for Group 1); intended to be supplied by
maips (with or without galvanic isolation) or powered by batteries.

NOTE 1 Hand lights include battery-powered lights which are also referred to as torches or flashlights.

The| whole of théxlamp(s) shall be enclosed within the light transmitting cover as part of| the
luminaire.

For|luminaires with more than one field wiring entry, where the entries are to be used for
looding-thie supply and earthing conductors, those looping connections shall be provided.

Light sources mounted within other equipment shall conform to the relevant requirements of
this clause.

Luminaires with lampholders are intended to be resistant to vibration. The tests for bi-pin
luminaires, in Level of Protection “eb”, are given in this standard. For other luminaires, the
manufacturer shall provide a declaration confirming that the vibration tests for “rough service
luminaires” in IEC 60598-1 have been conducted with satisfactory results.

NOTE 2 The construction and testing requirements for Group | caplights are given in IEC 60079-35-1.

NOTE 3 Vibration tests of lampholders are conducted on complete luminaires as the results are dependent upon
the mounting arrangements of the lampholders.
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NOTE 4 The minimum spring forces for screw-type or bayonet-type lampholders provide a degree of protection
against vibration. See 5.3.5.5.

5.3.2 Light source
5.3.2.1 General

Lamps with internal ignitors can cause high-voltage transients which can damage ballasts or
electronic ignitors. Such lamps shall not be specified for use with luminaires having Level of
Protection “eb” or “ec”.

5.3.22—Lamps

Unlgss alternatively specified in 5.3.2.3, 5.3.2.4, or 5.3.2.5, the lamp specified for use-with the
luminaire shall be one of the following:

a) for Level of Protection “eb” or “ec”, fluorescent lamps of the cold starting type in
hccordance with IEC 60081 with single-pin caps (Fa6) in accordance with(lEC 60061-1

b) for Level of Protection “eb” or “ec”, tubular fluorescent bi-pin lamp$§\in accordance pwith
EC 60081 with G5 or G13 lamp caps in accordance with IEC 649495 with pins made of
brass. Lampholders and sockets shall conform to 5.3.5.3. Suchdamps shall be conne¢ted
n a circuit in which they start and run without preheating of-the cathodes; only T8, T10,
br T12 lamps shall be used. T5 lamps shall be permitted onty up to 8 watts.

c) for Level of Protection “ec”, tubular fluorescent bi-pin lamps in accordance with IEC 60081
with G5 or G13 lamp caps in accordance with IEC\61195 with pins made of brass.
Lampholders and sockets shall conform to 5.3.5.3, Such lamps may be connected |jn a
Circuit in which they start and run with preheating of the cathodes; only T5-type| HE
according IEC 60081 sheet 6520 (14 W), sheet 6530 (21 W), sheet 6640 (28 W), sheet
5650 (35 W), T8, T10, or T12 lamps shall be used.

d) For Level of Protection “eb” or “ec”,ctungsten filament lamps in accordance with
EC 60064 and IEC 60432-1.

e) For Level of Protection “eb”, a tungsten-halogen lamp in accordance with IEC 60432-2,
estricted to max. 100 W

f) For Level of Protection “ec”, astungsten-halogen lamp in accordance with IEC 60432-2

g) for Level of Protection “ecl,ya discharge lamp in accordance with IEC 62035.
NOTE It is not a requirement of this standard that conformity to the lamp type specification be verified.
5.3..3 Lamps forrated voltages not greater than 50 V

In afddition to those lamps permitted by 5.3.2.2, the following are also permitted:

— Tungsten-halogen lamps with additional outer bulb in accordance with IEC 60432-3 with
screwstampcap with minimum size of E14 in accordance with IEC 60061-1; or

— Tungsten-halogen lamps without additional outer bulb in accordance with IEC 60432-3|and

dth screw Is\mlr_\ cap with-minimum size of E10 in accordance with IEC 60061-1

5.3.2.4 Lamps for rated voltages not greater than 12 V
In addition to those lamps permitted by 5.3.2.2 or 5.3.2.3, the following are also permitted:
— Tungsten filament lamps with screw lamp cap with minimum size of E10 in accordance

with I[EC 60061-1;

— Tungsten filament lamps in accordance with IEC 60432-1 with bayonet lamp cap B15d /
BA15d in accordance with IEC 60061-1; or

— Tungsten-halogen lamps with additional outer bulb in accordance with IEC 60432-3 and
with bayonet lamp cap B15d / BA15d in accordance with IEC 60061-1.
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5.3.2.5 Light Emitting Diodes (LED)

LEDs and combination of LEDs such as LED packages and LED modules shall be permitted
for Level of Protection “ec”. The external electrical spacings shall comply with 0.

NOTE LEDs and combination of LEDs such as LED packages and LED modules are not currently a permitted light
source for Level of Protection “eb” as these semiconductor devices are not yet considered to be sufficiently defined
(with respect to the frequency and mode of failure) and therefore would require protection by another suitable type
of protection.

5.3.3 Minimum distance between lamp and protective cover

For [fluorescent tubes, the distance between the lamp and a protective cover shall be not |ess
than 5 mm unless the protective cover is a concentric cylindrical tube, in which case|the
minjmum distance is 2 mm.

For lother lamps, the distance between the lamp and the protective cover shall be hot less
tharn the value given in Table 8, according to the lamp wattage.

Table 8 — Minimum distance between lamp and protective cover

Lamp wattage, P Minimum distance
w mm
Level of Protection “eb” Level of protection “ec”
P<10 1 1
10 <P <60 3 3
60 < P <100 5 5
100 < P <200 10 7,5
200 < P <500 20 10
500 <P 30 20

5.3.E Electrical spacings
1

5.3.4. General

For|luminaires in Level of Protection “eb”, all electrical spacings shall conform to|the
reqyirements of 4.3 and 4.4, except for those of the lamp and the internal parts of the sqrew
or bpyonet lampholders at the contact with the lamp.

For luminaires in Level of Protection “ec”, with exception of the field wiring terminals for which
the |creepage and clearance of 4.3 and 4.4 apply, the creepage distance and cleargnce
reqyiréments of the relevant clause of IEC 60598 are not changed.

5.3.4.2 Creepage distances and clearances at peak values of pulse voltages greater

than 1,5 kV

Where circuits include ignitors that can subject lamps, lampholders and other components to
high-voltage impulses in excess of 1,5 kV peak, the relevant minimum creepage distances
and clearances shall conform to Table 9.
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Table 9 — Creepage distances and clearances at peak values
of pulse voltages greater than 1,5 kV

Peak pulse voltages V,,
kV kV kV kV
Part Above 1,5 Above 2,8 and Above 1,5 and | Above 2,8 and
and up to 2,8 up to 5,0 up to 2,8 up to 5,0
Creepage Clearances
mm mm

Lamp cap 4 4 6
InSidF pc\lto of :c\lllphu:dclo 'S} ) 4 'S}
Exterhal parts of lampholders 8 12 6 9
Othef built-in components@ that are 8 12 6 9
subjgct to the pulsed voltage of the ignitor

2 Unless the component itself is an encapsulated device or a sealed device.

5.3.4.3 Light Emitting Diodes (LEDs) for Level of Protection “ec”

Thelinternal electrical spacings through the insulating material of each LED package need| not
comply with Clause 4. However, the external electrical spacings shall comply with Clause 1

-+

wen
I

If type of protection “i” is employed for the driver circuitry to“pérmit reduced external electfical
spagings, the driver circuitry shall be evaluated as associated intrinsically safe apparatus [and
the pingle LEDs or LED array shall be evaluated as infrinsically safe apparatus in accordgnce
with| IEC 60079-11.

NOTE 1 There is a potential risk of ignition from %“Optical radiation. Further guidance can be found in
IEC $0079-28.

NOTE 2 Additional information is given in Annex_d.
5.3.p Lampholders and lamp caps
5.3.p.1 General

Lanmpholders, as far as @pplicable, shall conform to the safety and interchangeability
reqyirements of the relevantiindustrial standard.

Plagtics materials~used for Level of Protection “eb” lampholders shall conform to|the
requirements of 4.6:

Plagtics materials used for “ec” lampholders shall conform to the requirements of 4.6.2.

NOTE <{Normal operation does not include, for Level of Protection “ec”, the removal and insertion of lamps Wwhen
their|circdits are energized.

5.3.5.2 Screw lampholders and lamp caps
5.3.5.2.1 General

Where a screw-type lampholder is used, the centre contact of the lampholder shall be
connected directly or indirectly to the live terminal of the supply connection in the luminaire.

5.3.5.2.2 Screw lampholders and lamp caps in Level of Protection “eb”

Unless the removal or inserting is intended to be made only outside the hazardous area as
indicated by 9.4 i), screw lampholders together with the appropriate lamp caps shall conform
to the test requirements for non-transmission of an internal ignition of IEC 60079-1 for
Equipment Group | or Equipment Group Il, as appropriate, both when inserted and at the
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moment of making or breaking of the electrical contact, or the electrical contact between the
lampholder and the lamp cap shall be such that on insertion or removal of the lamp cap, the
making or breaking of the current occurs only in a separate enclosure complying with the
constructional and test requirements of Equipment Group | or Equipment Group Il of
IEC 60079-1, as appropriate.

Screw lampholders shall be designed to avoid self-loosening of the lamp after insertion. For
lamp caps other than E10, this shall be shown by meeting the mechanical test of 6.3.3.

At the moment of contact separation during unscrewing of the lamp, at least two complete
thre[do shat-be-engaged-

Scréw lampholders and lamp caps provided as part of a luminaire need not conferm to| the
reqyirements of 4.4.2 and 4.3 if they conform to the minimum requirements for.'Creegage
distances and clearances in Table 10.

NOTE The insulating material of the lamp cap typically conforms to material group | in Table1.

Table 10 — Creepage distances and clearances for screw lampholder and lamp cap

Voltage, U Creepagé-distance and clearance
\ mm
U<10 1
10 <U <63 2
63 < U <250 3

Whe¢n determining the required values for creepage and, clearance, the voltage value in the table may be
incrpased by a factor of 1,1 in order to recognize the range.of rated voltages in common use.

The|creepage distance and clearance values shown are based on a maximum supply voltage tolerance of £10] %.

At 1|0 V and below, the value of CTl is not relevantand materials not meeting the requirement for material group |
may be acceptable.

5.3.5.2.3 Screw lampholders for screw lamp caps in Level of Protection “ec”

Scr¢w lampholders specified,for use in the luminaire shall be one of the non-switched types
according to IEC 60238,

NOTE It is not a requirement of this standard that conformity to the lampholder type specification, according to
IEC $0238, be verified.

Scr¢w lampholders shall prevent self-loosening of the lamp after insertion. For lamp gaps
othgr than\E10, this shall be shown by meeting the mechanical test of 6.3.3. The spring
elements jused shall ensure a contact force of at least 10 N between lamp cap [and
lampholder. Screw lampholders and screw lamp caps provided as part of a luminaire need| not

contorm-to-thetreguirements—of 442 and-4-3-if thevconform-to-the—-minimum-reguirements for
| e T Y |

creepage distances and clearances in Table 10.

5.3.5.3 Lampholders for bi pin lamps
5.3.5.3.1 General

The maximum values for torque and/or force at each end of the lamp occurring when fitting or
removing the lamp in the luminaire shall be, for Level of Protection “eb” not more than 50 %
and for Level of Protection “ec” not more than 75 %, of the limit values for unused lamps that
may be applied to the pins of the lamp specified in IEC 61195.

The mechanical dimensions and the mounting conditions in the luminaire shall take into
account the mechanical values and the tolerances for the lamp specifications according to
IEC 60061-1 and IEC 61195.
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NOTE 1: It is not a requirement of this standard that conformity to the lamp specifications, according to
IEC 60061-1 and IEC 61195 be verified.

Bipin lampholders specified for use in the luminaire shall be G5 or G13 according to
IEC 60400.

NOTE 2: It is not a requirement of this standard that conformity to the lampholder type specification, according to
IEC 60400, be verified.

5.3.5.3.2 Lampholders for bi-pin lamps in Level of Protection “eb”

Lampholders for bi-pin lamps shall conform to the following requirements when mounted in
the luminaire.

a) [The two pins on each lamp cap shall be connected in parallel, either awithin |the
ampholder, or directly adjacent within the luminaire wiring. The current-carrying” capgcity
pf each single pin connection shall be rated for the whole current of the lamp; to achleve
redundancy.

b) The electrical contact system for each lamp pin shall be independent of the presence of
he other pin.

c) The pins of the lamp shall be supported in a manner that minimizes distortion when they
are subject to contact side pressure.

d) The electrical contact between each pin of the lamp and thé lampholder shall be reliable
bven under corrosion and vibration conditions. The type‘tésts are given in 6.3.5 and 6.3.6.
5.3.5.3.3 Lampholders for bi-pin lamps in Level©f Protection “ec”

In gddition to the general industrial requirementsithey shall also be designed to make |[and
maiptain contact on the barrels of the lamp pins..Contact pressures shall be adequate and| the
ping of the lamp shall be supported to prevent distortion when they are subject to contact side
pregsure.

5.3.p.4 Other lampholders and lamp caps

5.3.p.4.1 Single pin lampholder and lamp caps in Level of Protection “eb”
The| enclosure formed by thélampholder and the lamp cap, both when inserted and at|the
moment of making or breaking of the electrical contact, shall conform to the test requirements

for [non-transmission of an internal ignition of IEC 60079-1 for Equipment Group | or
Equjpment Group Il, assappropriate.

Lampholders and.<lamp caps, which together after mounting provide a suitable typg of
protection are{also permitted

Lanmphofders for these tubular fluorescent lamps shall be type Fa6 of IEC 60061-2.

NOTE—it s Tot= Tequitementof this—stamdardtiratcomnformity to—thetamphotdertype—specificatiom, according to

IEC 60061-2, be verified.
5.3.5.4.2 Bayonet lamp holders

Bayonet lampholders specified for use in the luminaire shall be of the type according to
IEC 61184.

NOTE It is not a requirement of this standard that conformity to the lampholder type specification, according to
IEC 61184, be verified.

Bayonet lampholders shall incorporate spring contacts so designed that the springs are not
the principal means of carrying the current. The connecting wires and their insulation shall not
be subject to damage when the lamp is inserted or removed. The spring elements used shall
ensure a contact force of at least 10 N between lamp cap and lampholder.
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Bayonet lampholders in Level of Protection “eb” shall only be used for a rated voltage not
greater than 12 V and a rated current not greater than 4 A.

5.3.5.5 Requirements for electrical contact between the lampholder and lamp cap in
Level of Protection “eb”

The electrical contact to the lamp cap shall be:

a) in the case of screw caps:
— to the bottom contact of the lamp cap through resilient or spring contact elements with

aforce of at least 15 N when tested in accordance with 6 4 4 1 ; and

+ to the lamp cap through at least two threads or through one or more spring elements
with a minimum removal torque prescribed in Table 15 when tested in accordance with
6.4.4.2;

b) |n the case of cylindrical pin caps through spring elements having a contact force qf at
least 10 N;

c) |n the case of cylindrical plug-in caps, where the design shall not allow electrical sparking
in or external to the joint between the cap and holder, through spring elements having a
contact force of at least 10 N;

d) |n the case of caps where, on removal from the respective lampholder, the circujt is
interrupted in a separate flameproof enclosure (complying with IEC 60079-1) in sugh a
vay that the contact force exerted by the spring elements.on the caps is not less than| 7,5

N at the moment of circuit interruption;

e) |n the case of bayonet lampholders, the spring elefents used shall ensure a contact force
bf at least 10 N between lamp cap and lampholder

The|labove minimum values prescribed for theicontact force apply with the lamp fitted to|the
holder and ready for use.

5.3.p Auxiliaries for Luminaires inLevel of Protection “ec”
5.3.p.1 Glow-type starters

Gloy-type starters shall be ofcthe type in which the contacts are enclosed in a hermetigally
sealed envelope (for example, glass bottle inside a metal or plastic enclosure; the enclosure
doep not have to be hermetically sealed).

5.3..2 Electronic_starters and ignitors

Elegtronic starters' and ignitors shall have a starting pulse voltage not exceeding 5 kV Jand
shall be testéd in accordance with 6.3.9. Creepage and clearances shall meet |the
requiremenis-of Table 9. If the case is made of metal, it shall be bonded to the earth ternfinal
of the luminaire. Electronic starters and ignitors that are sealed, potted or moulded in a dase
shaTI additionally conform to the relevant requirements of Level of Protection "mc”.

Circuits which include ignitors that subject internal wiring to high-voltage impulses shall be
chosen so that the insulation is satisfactory for such impulses, shall meet the electric strength
test of 6.3.7.

5.3.6.3 Starter holders

Contacts shall be resilient and shall provide adequate contact pressure. Compliance shall be
checked by the test specified in 6.3.9.

5.3.6.4 Ballasts

Electromagnetic ballasts which are used with ignitors that have a working voltage above
1,5 kV shall not be of the type which can only be used with ignitors having a timed cut-out.
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Electromagnetic ballasts subjected to only the 30 day voltage impulse type test shall only be
used with timed cut-out ignitors.

If ignitors without timed cut-out are used, the 60 day voltage impulse test procedure based on
product standard shall be used.

When conducting the tests to determine maximum surface temperature, the malfunctions to
be considered are those defined as the “abnormal conditions” in the general industrial
standards for electronic ballasts.

IEC6 . s—certain-exemptions-toelectrical spacings-underconditions ch-are not
acceptable for Level of Protection “ec” without further protection. If those reduced electfical
spagings are employed, the ballast shall be protected by an internal over current devicg on
the gircuit board. However, the electrical spacings, within the ballast, on the supply‘side of the
over current device shall be in line with 4.3 and 4.4. The over current device,\iff employed,
shall have a rated voltage not less than that of the circuit and shall have a breaking cap4dcity
of af least 1,5 kA.

NOTE 1 The relevant industrial standard for electronic ballasts is IEC 61347-1.

NOTE 2 The rating of the fuse is normally selected based on the current of the(baHlast in normal operation, ut is
somgtimes increased due to inrush impulses or transients due to EMC protectiondévices.

5.3.F Surface temperatures
5.3.).1 Luminaires

Under both normal, and in case of Level of Protection’ “eb”, at expected malfunctions or in ¢ase
of Uevel of Protection “ec” at regular expected occurrences, the surface temperature of |any
intefnal part of the luminaire, or the external‘surface of the luminaire, shall not exceed|the
marked temperature class when tested in accordance with 6.3.4.

5.3.F.2 Lamp

Thelmaximum surface temperature~of the lamp may exceed the temperature class if the small
component exemptions of IEC 60079-0 are applied.

However, even for lamp surfdaces with an area greater than 1 000 mmZ2, the maximum surface
temperature normally permitted based on the auto-ignition temperature of the specific [gas
atmpsphere may be exceeded if the highest surface temperature of the lamp surface inside
the Juminaire is at least 50 K below the auto-ignition temperature of the specific explosive|gas
atmpsphere for which the luminaire is intended. This shall be determined by tests made in| the
mogt easily ignitable concentration of the specific explosive gas atmosphere. No ignitioh of
the |surrounding atmosphere shall occur. This dispensation is only valid for the spe ific
explosivesgas atmospheres indicated in the marking.

NOTE “\Measurements on existing luminaires employing lamps with convex glass outer envelopes have established
that the surface temperatures of the lamp at which ignition will occur inside the luminaires are considerably higher
than the auto-ignition temperatures shown in IEC 60079-20-1 for the same gas.

5.3.7.3 LEDs

As the photon emissions can affect thermocouple readings, care should be taken when
temperature measurements are made inside of the focused light emission region. Maximum
surface temperature determination shall be done using one of the following methods:

a) an indirect method, by measuring the solder point and then calculating the junction
temperature which is then used as the surface temperature of the LED;

b) thermocouple method involving [copper — constantan], no larger than 0.1 mm diameter,
adhered with a small drop of silicone adhesive in accordance with the adhesive
manufacturer’s instructions for application and curing;


https://iecnorm.com/api/?name=76130a117999c5f7e508ae7616524253

IEC 60079-7:2015 © IEC 2015 - 55—

c) thermocouple method involving shielded [iron — constantan] or [chromel — alumel]
thermocouples adhered with a small drop of silicone adhesive in accordance with the
adhesive manufacturer’s instructions for application and curing.

NOTE The effect of irradiation on thermocouples can result in temperature measurements that are higher than the
actual temperature of the surface being measured if the thermocouples are not shielded from the direct effect of
such irradiation.

5.3.7.4 Temperature of lamp caps for tungsten-filament and tungsten-halogen lamps

The temperature at the rim of the lamp cap and at the soldering point of the lamp cap shall
not exceed the limiting temperature. The limiting temperature is the lesser of 195 °C or the

valde specified in 4.8.

the
The
staljilized temperature of the ballast, lampholder, and the lamp itself shal’be less than|the
limifing temperature, or a cut-off device shall be used to switch off-the power before|the
limifing temperature is exceeded. Resetting of the cut-off device’\shall only be posgible
marjually (e.g. by switching off the power for resetting).

5.3.p Luminaires for tubular fluorescent bi-pin lamps
5.3.p.1 General

Luninaires for tubular fluorescent bi-pin lamps shal) ‘additionally conform to the following
requirements.

5.3.p.2 Maximum ambient temperature

The| maximum ambient temperature for\a luminaire with tubular fluorescent bi-pin lamps
employing electronic ballast shall not:exceed 60 °C.

NOTE This limitation is to achieve a specific temperature class even under the end-of-life conditions for the Igmp.

5.3.p.3 Temperature class

As the limiting temperature of a luminaire with tubular fluorescent bi-pin lamps employing an
eledtronic ballast willreXceed the temperatures appropriate for temperature classes T5 [and
T6, those temperature’classes shall not be permitted. See 6.3.4.3.

5.3.p.4 Disconnection device

If a| deyice” which automatically disconnects all poles of the lampholder is provided in
accordance with IEC 60079-0, it shall de-energize each lampholder when the protective cover
is rdamoved, When such a device is provided:

a) the device shall be specified as an isolator in accordance with IEC 60947-1 and
IEC 60664-1, overvoltage category lll, or the contact clearance in the neutral and/or the
supply lines shall be at least 2,5 mm each for a maximum supply voltage of 300 V (d.c. or
r.m.s.) to achieve the clearance of 2,5 mm, two separate clearances of at least 1,25 mm
each may be added together;

b) the contacts shall open upon removal of the protective cover of the luminaire;

c) the device and its operation shall not be capable of being readily defeated without the use
of a tool;

NOTE One solution might be IP2X protection according to IEC 60529 of the operating part of the device.
Another solution might be that the device can only be closed (after operating) by means of a tool.

d) the device shall be protected using a suitable type of protection.
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If a disconnection device is not provided, the luminaire shall be marked per item c) of
Table 19 to indicate that the luminaire is not to be opened when energized.

5.3.9.5 Starting voltage for Level of Protection “eb” lamps

If an enhanced voltage is used to initiate discharge within the lamp (for example from an

electronic starter/ignitor), the peak value of that voltage divided by V2 shall be used to
determine the r.m.s. value used in Table 2. The metal ring of the lamp tube shall be assumed
to be at the electrical potential of the pins.

If a[d€evice within the electronic ballast ensures that startng Impulses will be stopped arier a
maximum time period of 5 s and that a reset is only possible after switching off the supply of

the luminaire, then the factor V2 may be increased to 2,3.

5.3.p.6 Starting voltage for Level of Protection “ec” lamps

If ap enhanced voltage is used to initiate discharge within the lamp (for €xample from an
eledtronic starter/ignitor), the peak value of that voltage divided by, 2 shall be used to
detgrmine the r.m.s. value used in Table 2. The metal ring of the lamp.tube shall be assumed
to be at the electrical potential of the pins.

If a|device within the electronic ballast ensures that startinglimpulses will be stopped after a
maximum time period of 5 s and that a reset is only possible after switching off the supply of
the Juminaire, then the factor 2 may be increased to 3, As'the minimum the supply voltade is
to bp used.

5.3.10 Tests for resistance to impact

For|all luminaires intended for fixed installation, the tests for resistance to impact of
IEC|60079-0 apply.

For |[portable and transportable luminaires and handlights the tests for resistance to impact in
IEC|60079-0 are modified as showh)in 6.3.2.2.

5.4 Analog measuring instruments and instrument transformers
5.4.1 General

The| requirements( of” 5.4.2 through 5.4.7 apply to analog measuring instruments [and
instfument transformers in Level of Protection “eb”.

The|requirements of 5.4.7 apply to analog measuring instruments and instrument transformers
in Levelof\Protection “ec”.

5.4.2—timiting temperature

Analog measuring instruments and instrument transformers shall be able to withstand
continuously 1,2 times their rated current and/or their rated voltage, as appropriate, without
exceeding the limiting temperatures according to 4.8.

Terminals used in conjunction with measuring instruments and instrument transformers are
evaluated based on 1,1 times their rated current and are not permitted to exceed the limiting
temperature according to 4.8 at that current.

5.4.3 Short-circuit currents

Current transformers and the current-carrying parts of analog measuring instruments
(excluding voltage circuits) shall be able to withstand thermal and dynamic stresses resulting
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from currents equal to at least the values stated in Table 11 for the periods as indicated in 6.4

with

544 Short time thermal current

The
ther
sha

5.4.
Wh

transformers, the values of Iy, and /gy, need only~equal the current flowing in the sk
circtiited secondary windings of the current transfafmer with its primary windings carrying
currents Ity and /gy applicable to them.

5.4.

Ana

5.4.

If the secondary circuit of\ithe current transformer extends outside the equipment,
ficate number shall include the “X” suffix in accordance with the marking requirements of

cert
IEC
tog

If cyrrent transformers are fitted, under open-circuit secondary conditions they can be cap
of producing voltages which are significantly in excess of the voltage rating of the termi
employed in.the current transformer circuit. Dependent upon the circumstances of a partic

inst
ass

no reduction in their level of security against explosions.

Table 11 — Resistance to the effect of short-circuit currents

Current transformer and current-carrying parts
Current P
of analog measuring instruments
Ly, >1,1 x I, (see 3.14 and Note 2)
Lyyn >1,25x 2,5 (see Notes 1 and 2)

NOTE 1 25 ISC is the maximum peak value of the short-circuit current

NOTE 2 Factors 1,1 and 1,25 are safety factors. It follows that the r.m.s. value of the
permissible short-circuit current in service may not exceed 7,,/1,1 and its peak value
may not exceed Idyn/1,25.

temperature attained during the passage of a current equal toythe rated short-
mal current i, shall not exceed the limiting temperature specified in 4.8 and in no ¢
| it exceed 200 °C.

b Measuring instruments supplied by current transformers

re the current-carrying parts of analog measuring instruments are supplied by cur

Moving coils

0g measuring instruments with moying coils are not permitted.

7 External secondary circuits

60079-0 and the Specific Conditions of Use listed on the certificate shall detail the n
Llard against the secondary circuit becoming open-circuited in service.

bllation, it might be appropriate to take precautions to ensure that dangerous voltg
pciated with open-circuits cannot occur.
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For equipment having current transformers connected to matching transformers in the
switchgear (for example a differential protection system), consideration should be given to the

effe

5.5

ct at the equipment of any possible disconnection of either set of transformers.

Transformers other than instrument transformers

Transformers other than instrument transformers for which the requirements are given in 5.4
shall be tested in accordance with 6.5.
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5.6 Supplementary requirements for equipment incorporating cells and batteries
5.6.1 Type of cells and batteries
5.6.1.1 General

Cells and batteries are differentiated according to the construction and the likelihood of the
evolution of electrolytic gases (for example, hydrogen and/or oxygen). This standard places
restrictions on the use of cells and batteries according to their type, see Table 12.

Some cells and batteries are, by design, a specific type, i.e. sealed cells, valve-regulated
ceIII or batteries, or vented cells or batieries. For cells and batteries that are valve-regulated
by design, they may be able to be applied as if they were sealed in the end-applicatign if

abnprmal conditions that could cause venting are avoided.

NOTE 1 Examples of such abnormal conditions to consider include:

1) |Abnormal ambient conditions, including high ambient storage or use, and extreme low amibient charging.
2) |Abnormal charging conditions, including excessive charging or overcharging rate, and extended overcharging.
3) |Abnormal discharging conditions, including deep discharging.

4) |Abnormal battery/charger combinations due to incompatible charging issues;

For [cells and batteries that are vented by design, they cannot be,considered any other typ

U

NOTE 2 In general, Nickel-cadmium and Nickel metal hydride cells and batteries are not, by design, alwayg any
one $pecific type

NOTE 3 IEC 60079-0 includes standard atmospheric conditions‘\that may be exceeded unintentionally should|cells
or bdtteries, of any type, vent into a well-sealed enclosure resulting in an elevated pressure flammable mixture| with
elevgted oxygen content. This can occur when the volume ofithe battery or cell represents a high percentage df the
volume of the enclosure a situation commonly occurring ifh'equipment such as hand-held torches. A pressure felief
vent|is often used to maintain the internal pressure within the limits of the standard atmospheric conditions of
IEC $0079-0.

5.6.1.2 Sealed cells

Thi§ includes sealed primary cells and sealed secondary cells where the operdting
pargmeters are within the manufacturer’'s recommended limits and any required sdfety
devices are either part of the-equipment, or the requirements for them are defined in|the
equ|{pment documentation 'in) such a way as to give equivalent protection against abnofmal
conditions that could cause venting. The maximum capacity is 25 Ah.

Thepe types of cells or batteries constructed from these cells may be used in Levgl of
Profection “ec” €quipment without additional precautions. The maximum capacity is 25 AR for
either cells orlbatteries.

The|technical requirements and special precautions for Level of Protection “eb” are givepn in
5.6.p.and 5.6.4 and the verification and tests in 6.6.

5.6.1.3 Valve-regulated cells and batteries

When these valve-regulated cells are applied in Level of Protection “eb” equipment, the cell's
limits and control system shall be fully specified.

When the cell’'s recommended limits and the control system are not fully specified in
accordance with the cell requirements, they may be used in Level of Protection "ec”
equipment which does not contain parts which in normal operation produce arcs or sparks. It
is, however, acceptable to incorporate these cells or batteries in such equipment provided
that they are in a separate compartment in the equipment, vented directly to the atmosphere
external to the enclosure. When using these cells or batteries special precautions shall be
taken into account.
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The technical requirements and special precautions are given in 5.6.2, 5.6.2.11, and 5.6.4
and the verification and tests are given in 6.6.

5.6.1.4 Vented cells and batteries

These types of cells and batteries shall be designed to avoid accumulation of gas in the
compartments by venting them to the atmosphere external to the enclosure. The

compartments shall contain no other electrical parts employing Type of Protection “e”, except
those necessary to make the connections to the cells and batteries.
Thetechnical rnqniromnnfe and epnr\i:\l prnr\:\nfinnc are gi\/nn in506 ’), 562 11, and 6.4

and|the verification and tests are given in 6.6.

Table 12 — Types and use of cells and batteries

Permitted activity in hazardous area
Typje of cell or Capacity of cell Charging of Additional Remarks
pattery or battery Discharging |secondary cells| equipment in the
same compartment
sealed < 25 Ah Yes Yes Yes —
Yes Equipment with|Type
of Protection “q”, “i”
Only or “q” shall he
“g” located in a sefarate
) _— compartment pnd
valvle-regulated No restriction Yes Noa “m” with “e” their integral
connections connections shall not
“o” with “e” be in samg
0" with "e compartment af the
connections battery
vented No restriction Yes Noa No -

2 Fof charging in hazardous areas, special precautions are required.

5.6.R Requirements for cells_and batteries <25 Ah
5.6..1 Encapsulation (of)cells or batteries

Where cells or batteries\are subject to encapsulation, care shall be taken to ensure that|any
pregsure relief facilities are not obstructed. The vent size shall be sufficiently large to preyent
dangerous pressurization of the encapsulated assembly at the most onerous predictable
relepse rate fromithe battery. A minimum of one vent for each cell is required.

If the encapsulation of cells or batteries is used to maintain the type of protection,|the
encapsulation shall allow for possible expansion of the cells during charging.

NOTE 1 For the purpose of this standard, the terms 'encapsulate' and 'encapsulation' do not imply conformity with
IEC 60079-18.

NOTE 2 The physical characteristic of vents will depend upon the type and capacity of the battery arrangements.
The effects of ageing on battery capacity can affect the rate of gas evolution from the battery.

5.6.2.2 Use of secondary cells or batteries

Secondary cells or batteries shall not be used in equipment designed for primary cells or
batteries or vice versa unless the equipment is designed specifically for use with both.

5.6.2.3 Cell connection

Batteries for Level of Protection “eb” shall be made only of cells connected in series. Batteries
for Level of Protection “ec” shall be made of cells connected in series except for the specific
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case where two cells are permitted to be connected in parallel with no further cells connected
in series.

5.6.2.4 Discharge mode
5.6.2.4.1 General
5.6.2.4.1.1 Connecting cells in series

No more than three sealed cells or valve-regulated cells shall be connected in series, unless
precautions are taken to prevent reverse charging.

NOTE The actual capacity of a cell might be reduced with time. If this occurs, cells of higher actual capacity can
causk cells of lower capacity to reverse.

5.6..4.1.2 Deep discharge protection

If al|deep discharge protection is installed to prevent reverse charging of cells, the minifium
cut-pff voltage shall conform to the cell manufacturer's specification. For*Level of Protedtion
“eb’, the current in amperes from the battery after switching off theg\load shall be less fhan
0,1 po of the rated capacity in Ah.

NOTE Generally, a maximum of six cells can be protected by one deep,discharge protection circuit. If too fnany
cells|are connected in series, there might be no safe protection due to the tolerances of individual cell voltageg and
of the deep discharge protection circuit.

5.6.2.4.2 Discharge conditions for Level of Protection “eb”

Where a load current drawn from an Ex Component cell or battery can cause such damage to
the pattery as to invalidate the type of protection increased safety, the load or safety deyice
shall be specified by the manufacturer. Where the type of protection increased safety is| not
invdlidated, the load need not be specified or safety device provided.

NOTE 1 Specifying the permitted load is orily practical for an Ex Component battery as a battery supplied aq part
of equipment will need to be capable of supplying the connected load of the equipment without invalidating the|type
of prptection increased safety.

current permitted by the ‘maximum load specified by the manufacturer or by the protedtion
device shall be takensnto account, for example 1,7 x rating of the fuse, or at short-circyit if
neither load nor protection device is specified.

For |verification and tests ¢f the maximum surface temperature rating, the highest disch{Irge

The|safety devices required by this standard form safety related parts of a control system.|lt is
the responsibility of the manufacturer to assess that the safety integrity of the control sygtem
is consistent with the level of safety required by this standard.

NOTE 2 vSafety related parts meeting the requirements of category PL c of ISO 13849-1 would satisfy the aboje.

5.6.2.4.3 Discharge conditions for Level of Protection “ec”

Cells and batteries in discharge mode shall be used as specified by the cell or battery
manufacturer. For verification and test of the temperature rating, the highest discharge
current in normal operation shall be taken into account. If during discharging an excessive
load drawn from the cell or battery can cause damage to the cell or battery affecting the Level
of Protection “ec”, the maximum load or a safety device shall be specified.

5.6.2.5 Service temperature

The service temperature of the cell or battery shall not exceed the value specified by the
manufacturer.
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5.6.2.6 Creepage and clearance
5.6.2.6.1 Level of Protection “eb”

The electrical connections between cells and to batteries shall conform to 4.2 and shall be of
a type recommended by the manufacturer of the cell or battery.

The following clearance and creepage distances shall apply between the cell poles.

a) For an inherently safe single cell, that is where the short-circuit current and maximum
surface temperature are limited to a suitable value by its internal resistance, the
clearance and creepage distances between the cell poles may be ignored.

b) |For a single cell, with a maximum open-circuit voltage of 2 V or less, not forming-part [of a
battery, the clearance and creepage distances between the cell poles shall bé not |ess
than 0,5 mm.

c) |For batteries where the battery voltage does not exceed 10 V, and both-the cells |and
inter-cell connections are fixed, no additional creepage and clearance distances between
the cells are required. The creepage and clearance distances for the external terminals of
a battery shall be as given in Table 2.

d) |For all other batteries and for all cells having a voltage exceeding 2 V, the clearance [and
creepage distances shall be those appropriate for the voltagepas given in Table 2.

5.6.R.6.2 Level of Protection “ec”

Cregpage and clearance distances between the poles.ief a cell shall be in accordance with| the
relepyant industrial standards for cells and batteries;

5.6.R.7 Connections

The| electrical connections between cells_ and batteries shall conform to 4.2 and be of a {ype
recgmmended by the manufacturer of thé& cell or battery to ensure there is no excessive stress
to the cell or battery.

5.6.R.8 Replaceable battery packs

Cells or batteries shall be secgurely connected when assembled as a replaceable battery-pack.

NOTE This reduces the-ikelihood of faulty connections, connections of cells with different status of charge or
diffefent age.

5.6.R.9 Replaceable battery pack connections

If cells and-batteries do not form an integral part of the equipment, precautions shall be tgken
to spfeguard against incorrect connection between cells or the battery with the equipment|and
charger/ Suitable precautions include polarized connectors, or those which are clearly marked
to indicate correct assembly. Provision shall also be made for safe interconnection of the
circuit.

5.6.2.10 Release of electrolyte
5.6.2.10.1 Level of Protection “eb”

If there is a risk of electrolyte being released from cells under normal or single malfunction
conditions, provision shall be made to prevent contamination of live parts. There is no need
for protection for sealed cells and batteries. Vented cells or valve-regulated cells or batteries
shall be enclosed in a separate compartment to avoid electrolyte which may be released from
the cell causing contamination to other parts of the equipment. Additionally, for these types of
cells or batteries, the creepage and clearance values inside the cell or battery compartment
needs to be at least 10 mm.


https://iecnorm.com/api/?name=76130a117999c5f7e508ae7616524253

- 62 - IEC 60079-7:2015 © IEC 2015

5.6.2.10.2 Level of Protection “ec”

If electrolyte can be released from cells as a normal occurrence, provision shall be made to
mitigate contamination of live parts. Sealed cells or valve-regulated cells do not need
additional protection.

5.6.2.11 Disconnection and transportation

If a battery in Level of Protection “eb” has to be disconnected in the hazardous area then it
shall be capable of being disconnected safely. Unless the live parts are protected to at least
IP30, the cells and batteries shall be marked as shown in item e) of Table 19 to warn that they
shall not be taken through the hazardous area.

5.6.p Requirements for valve-regulated or vented cells or batteries >25 Ah
5.6.5.1 Types of permissible batteries

Vented batteries shall be of the lead-acid, nickel-iron, nickel-metal shydrides or nigkel-
cadmium type. The capacity of vented batteries is not restricted. Forliquid filled monoploc
batteries, typically used for internal combustion engine starting or smallFstandby applicatipns,

the relevant clauses and design principles shall be applied but conhection arrangements [can
be gppropriate to the method of construction in a unit.

Thel|tests and verification are given in 6.6.

5.6..2 Battery containers
5.6.5.2.1 Internal surfaces

Intefnal surfaces shall not be adversely affected by the action of the electrolyte.

5.6.5.2.2 Mechanical requirements

Battery containers including covers, shall be designed so as to withstand mechanical stfess
anticipated when in use, includingsthat due to transportation and handling. In order to ach|eve
this| it may be necessary to incorporate partition walls in the containers.

5.6.5.2.3 Creepage.distances

5.6.5.2.3.1 Leyel of Protection “eb”

If ngcessary, battery containers shall be provided with insulating barriers. Partition walls may
be fccepted.@s insulating barriers, if suitably constructed. Insulating barriers shalll be
positionedse’ as to prevent the development of a nominal voltage exceeding 40 V in |any

ance in service will not be reduced. The height of the insulating barriers shall be
at les wo—-third he-height-ef-the—ee he-methed-rdieated—r—igure exarapte d 3,

shall not be used in the calculations of these creepage distances.

The creepage distance between the poles of adjacent cells and between these poles and the
battery container shall be at least 35 mm. Where nominal voltages between adjacent cells of
the battery exceed 24 V, these creepage distances shall be increased by at least 1 mm for
each 2 V in excess of 24 V.

5.6.3.2.3.2 Level of Protection “ec”

For battery containers that are metallic without an insulating barrier, the creepage distance
between the poles of adjacent cells and between these poles and the battery container shall
be at least 35 mm. For a non-metallic enclosure, the creepage distances shall conform to
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Table 2. Where nominal voltages between adjacent cells of the battery exceed 24 V, these
creepage distances shall be increased by at least 1 mm for every 2 V in excess of 24 V.

5.6.3.2.4 Cover

The cover of a battery container shall be fixed in such a way that any inadvertent opening or
displacement, while in normal operation, is avoided.

5.6.3.2.5 Cell assembly

The icant
displacement likely in service. The materials of terminal mountings and other built-in{items
(forlexample, packing and insulating barriers) shall be insulating, non-porous, and resistant to
the pction of the electrolyte.

5.6.3.2.6 Liquid extraction

The| extraction of liquid, which may have entered battery containers that do not have drain
holds, shall be possible without the removal of the cells.

5.6.5.2.7 Ventilation
The| battery container shall be provided with adequate veatilation. As an exception to|the
limi§s for degrees of protection given in 4.10 for protection.against the ingress of solid forgign

bod|es and water, a degree of protection of IP23 in accordance with IEC 60529 is suffigient
for @ battery container.

If a practical test for IPX3 according to IEC 60529.is carried out and if water enters the batftery
confainer, then the insulation resistance test as’ described in 6.6.2 may be used to judge a
harmful amount.

5.6.5.2.8 Plugs and sockets

In addition to the requirements in(JEC 60079-0, single-pole positive and negative plugs [and
sockets shall not be interchangeable.

5.6.5.2.9 Polarity marking

The|polarity of the battery connections and of plugs and sockets shall be marked clearly [in a
durgble manner.

5.6.3.2.10 _Qther equipment

Any| other:electrical equipment affixed to or incorporated in the battery container shal| be
suitable for the intended application.

5.6.3.2.11 Insulation resistance

New batteries, fully charged and ready for service, shall have an insulation resistance of at
least 1 MQ between the live parts and the battery container.

5.6.3.3 Cells
5.6.3.3.1 Lids

The cell lid shall be sealed to the cell container so as to prevent detachment of the cell lid and
leakage of the electrolyte.
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5.6.3.3.2 Support

The positive and negative plates shall be supported to restrict movement.

5.6.3.3.3 Electrolyte maintenance

Each cell requiring maintenance of the electrolyte level shall be provided with a means of
indicating that the electrolyte level lies between the minimum and maximum permissible
levels. Precautions shall be taken to avoid excessive corrosion of the plate lugs and the bus
bars when the electrolyte is at the minimum level.

5.6.5.3.4 Expansion space

In epch cell sufficient space shall be provided to prevent the cell overflowing due torexpangion
of the electrolyte and also for deposition of slurry where this is likely to occur. These spdces
shall be related to the anticipated life of the battery.

5.6.5.3.5 Filling and vent plugs

Fillihg and vent plugs shall be designed to prevent any ejection-of the electrolyte under
normal conditions of use. They shall be located in such a manner that they are easily
accegssible for maintenance.

5.6.5.3.6 Electrolyte seals

A se¢al shall be provided between each pole and the.lid of the cell to prevent leakage of| the
eledtrolyte.

5.6.5.4 Connections
5.6.5.4.1 Intercell connections

The| intercell connectors between cells’that can move relative to one another shall be non-
rigig. When non-rigid connections are'used, each end of the connection shall be:

a) Welded or soldered into the-terminal post; or
b) fprimped into a copper sleeve cast into the terminal post; or

c) primped into a copper termination screwed by a threaded fastening to an insert cast|into
he cell terminal post. The insert may be copper or other materials if the mechanical [and
hermal/electricalyproperties of the connection are found acceptable by the bushing torlque
est of IEC 60079-0, and by satisfying the requirements of this subclause. The thregded
joints shall_be secured against loosening.

between.the termination and the cell terminal post shall be at least equal to the conductor

In dases.b)> and c), the conductor shall be copper. In case c), the effective contact area
Irea

crogs*section. In calculating the effective contact area, no account shall be taken of the
of male and female threads in contact.

Although the word 'copper' is used in item c) above, copper alloyed with a small amount of
another metal (for example chromium or beryllium) is acceptable where it is necessary to
improve the mechanical properties of the connection (for example to prevent stripping of
screw threads in the copper insert). Where such alloys are used, it may be necessary to
increase the contact area of the inter-cell connection to counteract any decrease in electrical
conductivity caused by the other metal.
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5.6.3.4.2 Temperature assessment
5.6.3.4.2.1 Level of Protection “eb”

The connectors shall be able to carry the current required for the duty without exceeding the
limiting temperature (see 4.5, 4.8.1 and 4.8.2). Where the duty cannot be defined, the battery
shall be assessed at the discharge rate used by the battery manufacturer to determine the
battery capacity. Where double connectors are used, each single connector shall be capable
of carrying the total current without exceeding the limiting temperature.

5.6.3.4.2.2 Level of Protection “ec”

The|connectors and terminations shall be able to carry the current required for the applicdtion
withiout exceeding the temperature class. Where the application is not specified, the)baftery
shall be assessed at the 1 h discharge rate specified by the battery manufacturer;

5.6.5.4.3 Connector protection

All ¢onnectors exposed to attack by the electrolyte shall be suitably protected; for exaniple,
for Jead-acid batteries, non-insulated connectors of metals other than lead shall be lead
coafed. This does not apply to screw threads.

Livg parts shall have insulating protection to avoid accidental contact when the baftery
confainer cover is open.

5.6. Charging of cells and batteries
5.6.4.1 Charger specifications
5.6.4.1.1 Level of Protection “eb”

If the cells and batteries are intended.to be recharged in hazardous areas, the charging
circlits shall be fully specified as partiof the equipment. The charging system shall be quch
that| even with a single malfunction~in' the charging system, the charger voltage and curfent
do not exceed the limits specified.by the manufacturer. No additional requirements apply to
the pharging of valve-regulated:cells.

Chalrging is only permitted within the safety limits specified by the manufacturer.

If the transportation\of batteries or cells in or into hazardous areas while charging is|not
permitted by the.manufacturer, the product shall be marked with an “X” in accordance pwith
IEC|60079-0 and: the Specific Conditions of Use shall be shown on the Certificate. [The
equ|pment shall be marked as shown in item f) of Table 19 to warn that they shall nof be
chafged in-the hazardous area.

If thescharger is an integral part of the equipment and is not protected by a suitable type of
protection (intended only for use in a non-hazardous area) it will need to be de-energized and
protected from reverse current caused by the cell or battery. If a time is required, for a
charger that is not protected by a suitable type of protection, for the temperature of parts to
cool below the limiting temperature, the equipment shall be marked as shown in item e) of
Table 19 to warn that they shall not be transported into the hazardous area for ‘X’ minutes
after completion of charging.

Where there is another voltage source in the same enclosure, the battery and its associated
circuits shall be protected against charging by other than the circuit specifically designed to
do so. For example, this may be achieved by separating the battery and its associated circuits
from all other voltage source(s) inside the enclosure using the creepage and clearance
distances specified in Table 2 for the highest voltage encountered.
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5.6.4.1.2 Level of Protection “ec”

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.
The charging system shall be designed so that, in normal operation, the charge voltage and
current do not exceed the limits specified by the manufacturer based on the service
temperature range of the equipment.

5.6.4.2 Outgassing during charging of valve-regulated or vented cells or batteries

5.6.4.2.1 Level of Protection “eb”

For|the charging of valve-regulated cells, the maximum concentration of hydrogen.in'|the
battery container shall not exceed 2 % by volume while continuously measured)for | the
duration of the test described in 6.6.4 using the charging apparatus specified as;part of| the
equ|pment.

5.6.4.2.2 Level of Protection “ec”

The|charging system should not normally cause gassing. However, if'gassing does occur,| the
consgtruction of the battery container shall be such that the H, level in it shall not exdeed
2 %| VIV after 48 h. This shall be verified by the test of 6.7.4

NOTE These requirements do not apply to sealed cells which can be used/in Level of Protection “ec” withou} any
addiffonal protection, see 5.6.1.2.

5.7 | General purpose connection and junction hoxes

General purpose connection and junction boxes<shall be allocated a rating determined by| the
method in 6.7.4 to ensure that the limiting température of 4.8 is not exceeded in service.

The|rating (see Annex E) shall be expressed as either:

a) the rated maximum dissipated power; or

b) the set of values comprisingxfor each terminal size, the permissible number and sizp of

conductor and the maximum'eurrent.

()

Information on the use of_the rating in determining safe combinations of terminals |Jand
congluctor for particularwalues of current is given in Annex E.

5.8 | Resistance'heating equipment (other than trace heating systems)
5.8.1 Geneéral

Thig subclatise specifies supplementary requirements for the resistance heating devices [and
resistance heating units (other than trace heating systems) defined in 3.13. It does not apply
to induction heating, skin effect heating, dielectric heating or to any other heating system
which involves passing current through a liquid, an enclosure or pipework. The requirements
for the type tests are given in Clause 6.

NOTE 1 The requirements for trace heating systems are given in IEC 60079-30-1.

NOTE 2 Additional measures for increased safety have been applied to resistance heating by the required
temperature limit device, sealed containment, residual current detection (30 mA to 100 mA) with an acceptable
grounded housing or an insulation monitoring system, and thermal stability tests of the insulation system.

5.8.2 Heating resistors

Heating resistors are not considered to be windings and 4.7 does not apply.
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The non-metallic material requirements of IEC 60079-0 do not apply to the electrical
insulating materials of heating resistors.

NOTE For parts of a heating system which are not the heating resistor itself, 4.5 applies
5.8.3 Temperature coefficient

The heating resistor shall have a positive temperature coefficient. The manufacturer shall
specify the value of the resistance at 20 °C and its tolerance.

5.8.4 __ Insulating material

Thel| insulating materials used in a resistance heating device shall be tested in accordgnce
with[ 6.9.

5.8.p Cold-start current

The| cold start current of the resistance heating device when tested in accofdance with §.9.5
shall not exceed the manufacturer's declared value by more than 10 %_at any time after| the
first|10 s of energization.

5.8.p Electrical safety device
5.8.p.1 General

The|function of this protection, which is additional to the overcurrent protection, is to limit| the
heating effect and possible arcing due to abnormal garth fault and earth leakage currents. [The
marjufacturer shall specify a safety device for use Wwith each resistance heating device or tnit.
Unlgss the resistance heating device or unit is.intended to be mechanically protected by the
marjner in which it is incorporated in electrical 'equipment, (for example an anti-condensdtion
heater in an electric machine), the safety device shall comply with 5.8.6.2.

5.8.p.2 Method of protection
5.8.p.2.1 General

The|method of protection will.depend on the type of system earthing (see IEC 60364-5-5% for
defipitions).

5.8.p.2.2 TT and TN systems

A residual current operated safety device with a rated residual operating current|not
exceeding 100/mA is intended to be used at the time of installation.

NOTE 1 (Preference is be given to protective devices with a rated residual operating current of 30 mA.|This
protdctive ‘device should have a maximum break time not exceeding 100 ms at the rated residual operating curfent.

NOTE 2 Typically, this system will disconnect all non-grounded phases at a residual operating current of 30 mA or
higher.

NOTE 3 Additional information on residual current operated protective devices is given in IEC 61008-1.
5.8.6.2.3 IT system

An insulation monitoring device is intended to be installed at the time of installation to
disconnect the supply whenever the insulation resistance is not greater than 50 Q/V of rated
voltage.

5.8.7 Electrically conductive covering

When an electrically conductive covering ensures the function of the protective device
foreseen in 5.8.6, it shall extend over the whole of the surface of the insulating sheath and
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consist of an evenly distributed conductive layer with a coverage of at least 70 % of the
insulating surface. The electrical resistance of the conductive covering shall be sufficient to
ensure operation of the protective device foreseen in 5.8.6.

5.8.8 Exclusion of explosive atmosphere

The electrical insulation shall ensure that the heating resistors cannot be in contact with the
explosive atmosphere, unless the surface temperature is below the temperature class.

NOTE Beaded insulation would not satisfy this requirement.

For|the determination of the temperature class of a resistance heating device in Leygl of
Profection “eb”, any additional thermal insulation intended to be installed shall not normally be
congidered as excluding access of the explosive gas atmosphere.

5.8.p Conductor cross-section

The| cross-section of the conductors for connections to the resistance heating device shall be
at lgast 1 mm2 for mechanical reasons.

5.8.10 Limiting temperature

The| resistance heating device or unit shall be prevented-—from exceeding the limi{ting
temperature when energized.

Thig shall be ensured by one of the following means;
a) p stabilized design using the temperature <self-limiting characteristic of the resistgnce
heating device;

b) B stabilized design of a heating system-(under specified conditions of use);
c) p safety device according to 5.8.11 .

For|b) and c), the temperature of a resistance heating device is dependent on |the
relalionships between various parameters:

— its heat output;

— the temperature of its surroundings: gas, liquid, workpiece;
— the heat transfer~characteristics between the resistance heating device and| its

surroundings.

The|necessaryydata regarding these relationships shall be provided by the manufacturer inf the
docuimentation prepared in accordance with [IEC 60079-0.

NOTE _orb) and c), the temperature of a resistance heating device is dependent on the relationships betyveen
various, parameters which can include, but is not limited to:

— ambient temperature range
— inlet and outlet temperature of the medium or temperature of the workpiece

— medium to be heated, with its physical properties (thermal conductivity, specific heat capacity, kinematic
viscosity, Prandtl number, relative density)

— temperature class
— heat output

— heat flux, dependent on the physical properties of the medium, its flow velocity, the supply voltage and the
permissible surface temperature

— geometry of the heating unit (arrangement of the individual heating elements, angle of incidence, heat transfer)
5.8.11 Safety device

The protection offered by a safety device shall be achieved by sensing:
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a) the temperature of the resistance heating device or, if appropriate, of its immediate
surroundings;

b) the temperature of the resistance heating device or the surrounding temperature; and one
or more other parameters.

NOTE 1 Examples of such parameters include:

— in the case of liquids, a covering of the heating device of at least 50 mm can be ensured by means of a level
monitor (dry run protection); or

— in the case of flowing media such as gas and air, the minimum throughput can be ensured by means of a flow
monitor, or

or_the heating of workpiece he heat tran an ixin he heatin i with
guxiliary agents (heat-conducting cement

when the resistance heating unit is supplied with a safety device that ish\intended td be
conpected to other devices, functioning together as a safety system, the selection [and
intefconnection information of the associated equipment shall be detailed in the Spegific
Con(ditions of Use. Where additional information is necessary for the Sglection and installgtion
of gquipment functioning as part of the safety system, the details.shall be included in|the
Instfuctions.

A rgset shall only be possible by hand after the previously.déefined process conditions Have
returned, except when the information from the safety device is continuously monitored. In| the
evept of failure of the sensor, the heating device shall be de-energized before the lim{ting
temperature is reached. Resetting or replacement ef\a@ manually re-armed safety device ghall
be possible only with the aid of a tool.

The| adjustment of the safety devices shall b&;locked and sealed and shall not be capable of
beirlg subsequently altered when in service,

NOTE 2 Thermal fuses are intended to be replaced only by parts specified by the manufacturer.

The|safety device shall operate under the abnormal conditions and shall be additional to |[and
fundtionally independent of any regulating device which may be necessary for operatipnal
reagons under the normal ¢onditions.

For [Level of Protectioni®eb”, the safety device shall de-energize the resistance heating deyice
or upit either directly‘or indirectly.

For [Level of Rfotection “ec”, the safety device shall:

— (le-energize the resistance heating device or unit either directly or indirectly; or

— provide an output for an alarm intended to be located in a constantly attended location.

5.9 Supplementary requirements for fuses
5.9.1 General

Fuses are permitted to be used in Level of Protection “ec”. Only non-renewable types, applied
within their ratings, are permitted as they are not considered to open in normal operation and
become an arcing part.

NOTE 1 A non-renewable fuse is a fuse without a replaceable fuse element.

NOTE 2 For equipment in Level of Protection “eb” requiring a fuse for short circuit or thermal protection, the fuse
is located outside the hazardous area or is protected by another type of protection suitable for EPL Gb. Level of
Protection “eb” is only suitable for the connections to the fuse.
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5.9.2 Temperature class of equipment

The maximum surface temperature of the equipment shall consider each fuse mounted in the
equipment based on the normal current of the fuse in the specific application. The maximum
surface temperature for the fuse shall be measured:

— for un-filled fuses, on the fuse element;

— forfilled fuses on the surface of the fuse cartridge.

5.9.3 Fuse mounting

Fus
Fus

ES shall be mounted In enclosed holders or spring holders or shall be soldered n_pl
b-to-fuse holder connections shall be in accordance with 4.2.3.5.

5.9.4 Fuse enclosures

Enc
repl
give

osures containing fuses shall be interlocked so that the fuses can onlyybe remove
hced with the supply disconnected. Alternatively, the enclosure shall ‘Carry the war
n in item h) of Table 19.

5.9.p Replacement fuse identification

Unlgss the fuses are of a non-interchangeable type, provision_shall be made for the cor

typs
5.1(

Eled
reqy

The
requ
detd

and value for replacement fuses to be marked adjacent\to’the fuse holders.

Other electrical equipment

trical equipment not completely defined in 5.2%o 5.9 shall conform to the constructi
irements in Clause 4 and the principles of the'supplementary requirements in Clause 4

certificate number shall include the “X” suffix in accordance with the mar
irements of IEC 60079-0 and the Specific Conditions of Use listed on the certificate g
il:
he concept, method and unique’aspects applicable to the equipment;

nstallation instructions ingluding full connection details.

ace.

1 or
hing

rect

bnal
b.

King
hall

The|documentation required by IEC 60079-0 shall include a full description of how the intent
of this clause is satisfieg.

NOTE 1 This subclausé is intended to provide opportunities for the incorporation of new technology.| The
manyifacturer is expected to conduct an analysis of potential faults of the equipment to ensure the required dgqgree
of sqfety during.operation over the foreseeable life. This is normally based on equivalence to those increpsed
degrees of safety achieved over normal industrial equipment as specified in this standard.

NOTE 2- NEC 60079-33, Explosive atmospheres — Part 33: Special protection “s” provides normative requirenjents
that ¢gan<beé applied to these types of equipment. It is anticipated that IEC 60079-33 will replace the requirements of
5.10 a0 :.:-IU IIIUthUd Uf UVG:Uat;UII f\.ll th;e typc Uf c\.‘u;'.IIIIUIIt. ll"\ \JUIt;f;\JGt;UII MTULT OO ;Q Uullvllt:y ulldUl dUVU:U'J ent
by IECEXx.

6 Type verifications and type tests

6.1 Dielectric strength

Dielectric strength shall be verified by test:

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

b)

maintained for at least 1 min without dielectric breakdown occurring.

if no such test requirement exists, at the test voltage according to 1), 2) or 3) below, and
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1)

2)

3)

For electrical equipment and Ex Components with rated voltages not exceeding 90 V
peak or in which working voltages not exceeding 90 V peak are present: 500 V r.m.s.

%,

For resistance heating devices and resistance heating units to which additional
requirements of 5.8 apply: (1 000 + 2U,,) V r.m.s. +g %, where U, is the rated voltage.

For other electrical equipment and Ex Components, where working voltages exceeding
90 V peak are present: (1 000 + 2U) V r.m.s. +g % or 1500 V r.m.s. *g %, whichever

is greater, where U is the working voltage.

D.C| test voltages are permitted as an alternative to the specified a.c. test voltage and-§

be
spe

70 % of the specified a.c., r.m.s. test voltage for insulated windings, or 140,'% of
Cified a.c., r.m.s. test voltage for situations where air or creepage distance is

insulating medium.

For
sep

equipment or Ex Components with galvanically isolated parts, the test' shall be app
brately, at the appropriate voltage, to each part.

Dielectric tests are not required when:

he equipment contains only Ex Components, with\.connections complying
EC 60079-7;

here is no factory installed interconnecting wiring; and

all creepage and clearance dimensions are rigidly controlled by the mounting of the
Components.

NOTE A typical example is a terminal box

6.2
6.2.

Rotating electrical machines

( Determination of starting cuffent ratio 75/ Iy and the time 7¢

Whg¢re machines with cage rotorstare to be subjected to tests with their rotors locked in o
to determine the starting current ratio 7a/ Iy and the time tg, the methods of test o
calqulation shall be in accordance with Annex A.

Alternatively, where jtSiss'not practical to make tests on a machine, calculated figures for

tem

berature rise in-rated service and stalled conditions along with time /z may be determi

It is| preferred that‘the calculation method be used only to supplement the test method.

the

6.2.

Pro

bibliography-for references concerning the calculation of locked-rotor temperature.

R Mounting of machine for test

ided that the test conditions are equivalent to the service conditions, rotating elect

hall
the
the

lied

with

Ex

rder
r of

the
hed
See

ical

machines may be tested with the axis only in the horizontal position, even if they are intended
for use with it in other positions.

6.2.3 Additional tests for machines

6.2.3.1 Stator winding insulation system

6.2.3.1.1 Test samples

The tests shall be carried out on one of the following test samples:

a)
b)
c)

one complete stator;
one stator with machine enclosure;

one machine; or
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d) a partially wound stator.

In all cases, the test sample shall be in 'as new' condition and shall be representative of a
complete stator with, where appropriate, corona shield, stress grading, packing and bracing,
impregnation and conductive parts such as the stator core. All exposed conductive parts shall
be earthed.

Typical stator connection cables arrangements shall be tested either on one complete stator
or in a representative model. Particular care shall be taken with the spacing of the cables,
both from each other and from adjacent conductive parts. All such exposed conductive parts
shall be earthed. There shall be no interconnections between the phase windings.

6.2.3.1.2 Impulse ignition test for Level of Protection “eb” stator insulation systems

Insylation systems and connecting cables shall be tested in an explosive testymixturg as
shown in Table 13. They shall be subjected to 10 voltage impulses of not l€ss than three
timgs peak phase to earth voltage and with a voltage rise time between 0,2rus and 0,9 ps,
and|with a time to half value which is at least 20 us. The impulse voltage shall be applied
between one phase and earth with the other phases earthed, and repeated for each phase|

NOTE 1 This is a non-standard waveform but it is believed that it is necessary-toJuse as short a rise time ag can
pracfically be achieved to initiate discharge with a sufficient length to contain ‘enough energy for ignition. This is
basefd on the results of experiments conducted by Physikalisch-Technische-Buridesanstalt (PTB), in Germany.

NOTE 2 This test is representative of wye (star) connected machines, with the supply midpoint earthed or felta
connected machines with the virtual midpoint near system earth. Other supply connections would need to b¢ the
subjgct of discussions between the manufacturer and the user to determine suitable insulation system tests.

No ignition of the explosive test mixture shall occur:

6.2.3.1.3 Steady state ignition test for Levels of Protection “eb” and “ec” stator
insulation systems

Insylation systems and connection cables shall be tested in an explosive test mixturg as
shoyn in Table 13 with a sinusoidal voltage of at least 1,5 times the rated r.m.s. line volfage
for at least 3 min. The maximumxrate of voltage rise shall be 0,5 kV/s. The voltage shall be
applied between one phase and-earth with the other phases earthed, and repeated for gach
phage.

No ignition of the explesive test mixture shall occur.

Table 13 — Explosion test mixtures

Equipment Group Test mixture in air
VIV
Ic (21 £ 5) % hydrogen
1B (7,8 £ 1) % ethylene
A (5,25 + 0,5) % propane

6.2.3.2 Cage rotor

6.2.3.2.1 The test shall be carried out using a machine which has a stator and rotor that are
representative of a finished machine in terms of the stator core and windings, and the rotor
core and cage. This shall include ducts, centring rings, rings under the end rings and balance
discs, where appropriate.

6.2.3.2.2 The rotor cage shall be subject to an ageing process comprising a minimum of five
locked rotor tests. The maximum temperature of the cage shall cycle between the maximum
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design temperature and less than 70 °C. The applied voltage shall be not less than 50 % of
the rated voltage.

6.2.3.2.3 After the ageing process of 6.3.3.2.2, the machine shall be filled with, or immersed
in, an explosive test mixture as shown in Table 13. Motors shall be subjected to 10 direct-on-
line uncoupled starts or 10 locked rotor tests. These tests shall have a duration of at least 1 s.

No ignition of the explosive test mixture shall occur.

6.2.3.2.4 During the tests, the terminal voltage shall not fall below 90 % of the rated voltage.
The[concentration of the explosive test mixture shall be confirmed after each test.

6.2.4 Overspeed test of cemented magnets

Prior to the overspeed test, the rotor of a permanent magnet machine using cement to se¢ure
the magnets shall be subjected to thermal endurance tests, in accordance with IEC 60079-0,
bas¢d on the service temperature of the rotor.

In gll cases, the rotor shall be rotated at 1,2 times the maximum-rated speed for at lgast
2 m|nutes. The overspeed test shall be considered satisfactory if there is no visual
displacement of the rotor magnets and no contact between the rotor and the stator.

Alternatively if testing of the actual equipment is not practical, to confirm the securing of
cemented magnets, the thermal endurance and “overspeed” testing with cemented magnets
can|be conducted on a representative model taking-into consideration the forces that weuld
occlir in the actual permanent magnet rotor, includifng-overspeed.

For the thermal endurance tests, it is not recommended that the magnets be magnetized.

Externally driving the rotor for the overspged test is permitted.

NOTE Additional information on conducting overspeed tests can be found in IEC 60034-1.
6.3 Luminaires
6.3 Battery operated‘luminaires

If thie luminaire is supplied by cells or batteries, all tests shall commence with a fully chalfged
battery.

6.3.R Impact-and drop tests
6.3.2.1 General

The| tanip filament need not remain intact after the impact or drop tests, conducted in
accordance with TEC 60079-0, but the oufer bulb shall remain intact.

6.3.2.2 Tests for resistance to impact (portable and transportable luminaires and
handlights)

For portable and transportable luminaires and handlights, the applicability of the tests for
resistance to impact in IEC 60079-0 are modified as shown in Table 14.
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Table 14 — Tests for resistance to impact

015

Portable and transportable luminaires and handlights Drop height +0‘Oq with 1 +070q

mass
m

kg

Guard having maximum individual openings up to 2 500 mm?, 0,7

Light-transmitting parts protected by a protruding rim with a minimum
height of 2 mm without guard and light transmitting part less than or 0,4
equal to 5 000 mm?

Lig
tha

ht-transmitting parts without guard and light transmitting part greater

<P
-«

h 5 000 mm?

Lig
25

ht-transmitting parts with guard having individual openings up to 0.2
DO mm?; (tested without guard) ’

NO|

TE A guard for light-transmitting parts having individual openings up to 2 500 mm? reduces,thetisk of

imgact, but does not prevent impact.

6.3.
6.3.

The

For
spe
as

thro
for

lam
IEC

6.3.

For
spe
as

3 Mechanical tests for screw lampholders other than E10
3.1 Testing the force on the bottom contact of the lamp/lampholder

5e insertion and withdrawal tests do not have to be carried.out with E10 lampholders.

type E14, E27 and E40 lampholders, a test lampScap in accordance with the dimens
Cified in IEC 60238 shall be fully inserted into the\lampholder, applying an insertion tof
pbrescribed in Table 15. The test lamp capsshall then be partly withdrawn by rota
Lgh at least 15°. The force on the bottom contact of the lamp shall be not less than 1
L evel of Protection “eb” or 10 N for Levebof Protection “ec”. For type E13, E26, and
bholders, the test shall be performed based on the dimensional requirementg
60238, modified for differences betwgen related lamp caps given in IEC 60061-2.

3.2 Testing the minimum removal torque of the lamp/lampholder

type E14, E27 and E40 lampholders, a test lamp cap in accordance with the dimens
cified in IEC 60238 shall"be fully inserted into the lampholder, applying an insertion tof
brescribed in Table 157 For type E13, E26, and E39 lampholders, the test shal

performed based on the dimensional requirements of IEC 60238, modified for differer
between related lamp ¢aps given in IEC 60061-2.

The

test lamp~cap shall then be partly withdrawn by rotating through at least 15° and

torque thensrequired to remove the cap shall be not less than the minimum removal tor
pregcribed-in-Table 15.

ons
que
ting
5N
E39

of

ons
que

ces

the
que

Table 15 — Insertion torque and minimum removal torque

Lamp cap size Insertion torque Minimum removal torque
Nm Nm

“eb” “ec” “eb” “ec”

E14/E13 1,0£0,1 1,0+ 0,1 0,3 0,3

E27 / E26 1,5+0,1 1,6+0,1 0,5 0,5

E40 / E39 3,0+0,1 2,25+£0,1 1,0 0,75

NOTE Where vibration is severe, special mounting is typically provided for the luminaires.
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6.3.4 Abnormal operation of luminaires
6.3.4.1 Abnormal operations of ballasts for discharge lamps
6.3.4.1.1 Level of Protection “eb”, rectification test

The ballast is supplied at rated voltage with the lamp replaced by a test circuit consisting of a
diode and a resistor, in parallel. By varying the resistance, the test circuit current is adjusted
to a value at least equal to twice the normal lamp current. The supply voltage is then
increased to not less than 110 % of rating without changing the test circuit. When
temperatures have stabilized, the temperatures shall not have exceeded the temperature
class-

With the diode and resistor in circuit, the ballast is then supplied at rated voltage-and when
temperatures have stabilized, the limiting temperature shall not be exceeded.

NOTE 1 A diode rated 600 V / 100 A is typically used.
NOTE 2 A variable resistor, 0 to 200 ohms, with a rating at least half the lamp wattage is typically used.

NOTE 3 Although such lamps are not permitted to be used in luminaires of Levekof Protection “eb” or “ec’|, the
baIIaEt itself is permitted to be protected by Level of Protection “eb” or “ec”.

6.3.4.1.2 Level of Protection “ec”

The|temperatures determined during the tests shall not exéeed the limiting temperature.

The|temperatures shall not exceed the values giveriin'the thermal test (abnormal operafion)
of IEC 60598-1 under conditions representing abnarmal service conditions (where applic@ble
but jhot representing a defect in the luminaire ormisuse) using a test voltage as specified in
IEC|60079-0.

For [windings, the maximum winding temperatures permitted by IEC 60598-1 shall be redyced
by 40 K.

The| temperature of windings  containing thermal protective devices may exceed these
temperatures by up to 15 K ferC15 min, prior to operation of the protective device.

6.3.4.2 Abnormal operation of luminaires with tubular fluorescent lamps
6.3.4.2.1 Level-of Protection “eb”
6.3.4.2.1.1 Rectification test

The|luminaire’is supplied at a voltage of not less than 110 % of its rated voltage and a djode
is then('introduced in series with the lamp. When temperatures have stabilized, |the
temperature shall not have exceeded the temperature class.

With the diode in circuit, the luminaire is then supplied at rated voltage and when
temperatures have stabilized, the limiting temperature shall not be exceeded.

It may be necessary to introduce the diode into the lamp circuit after the arc is initiated.

6.3.4.2.1.2 Inoperative lamp test

The luminaire is supplied at a voltage of not less than 110 % of its rated voltage and lamps
are removed as necessary to cover all possible combinations and, when temperatures have
stabilized, the limiting temperature shall not be exceeded.
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4.2.2 Level of Protection “ec”

There are no additional type test requirements beyond those of the relevant industrial
standard, IEC 60598-1.

6.3.
6.3.

4.3 Power dissipation of cathodes of lamps supplied by electronic ballasts

4.3.1 Luminaires in Level of Protection “eb”

The asymmetric pulse test and the asymmetric power dissipation test in accordance with
Annex G shall be conducted. The maximum cathode power observed during the test shall not

exce¢ed the values given in lTable To.

The
lum

6.3.

The

tests shall be conducted at the minimum and maximum ambient temperature’ of

the

naire.
3.2 Luminaires in Level of Protection “ec”
asymmetric pulse test and the asymmetric power dissipation testyshall be conductefd in

accordance with IEC 61347-2-3.
The| maximum cathode power observed during the test shall not“exceed the values giveh in
Table 16.
The| tests shall be conducted at the minimum and /maximum ambient temperature of|the
luminaire.
NOTE The relevent industrial standard for electronic ballasts*is IEC 61347-2-3.
Table 16 — Power dissipation of cathodes of lamps supplied by electronic ballastg
lamp type Level of protection ambient temperature maximum
. N, temperature for class cathode power
eb ec the luminaire
°C w
T8 /M10/T12 Permitted Permitted <40 T4 10
T8 /M10/T12 Permitted Permitted <60 T4 8
T8 /110/T12 Rermitted Permitted <60 T3 10
T5 (§ W) Permitted Permitted <40 T4 4
T5 (4 W) Permitted Permitted <60 T3 4
T5-HE (8 W tol35 W) Excluded Permitted <60 T4 5
6 3 114 33

lamp caps to lampholders

The connections shall be tested in accordance with IEC 60068-2-42 for a period of 21 days

with

the contacts fully assembled.

After the test, the contact resistance shall not have increased by more than 50 % of the initial

valu

e.

Representative lamp cap pins shall be made of brass with a minimum 0,8 um finish, and
chemically brightened.
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6.3.6 Vibration test for Level of Protection “eb” for luminaires with bi-pin lamps

The Iluminaires shall be submitted to a vibration endurance test in accordance with
IEC 60068-2-6.

A complete sample of the luminaire is mounted by its normal fixings to a rigid test fixture, and
exposed to frequencies between 1 Hz and 100 Hz.

Between 1 Hz and 9 Hz, the amplitude shall be not less than 1,5 mm; between 9 Hz and
100 Hz, the test unit shall be subjected to an acceleration of not less than 0,5 g.

The| frequency sweep rate shall be 1 octave per minute with an endurance exposurg¢ of
20 gycles in each of the orthogonal planes.

After the exposure, there shall be no visible mechanical damage on all parts of-the luminaire.
Furjhermore, current shall be passed through the lamp contacts, in series using a d.c. supply
as ghown in Figure 3. If the lampholder contacts are mechanically asymmetrical, the test ghall
be repeated with the active contacts reversed.

4
6
L J 5 @
IEC
Key
1 lampholder 4 oscilloscope
2 lamp 5 24Vd.c.
3 connection 6 resistor

Figure 3 — Arrangement for the luminaire vibration test

A special test lamp is prepared by disrupting the cathodes using a high current and a
lightweight connection made across the lamp.
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The current during the test shall be the rated r.m.s. value for the lamp.

During the test, no evidence of current interruption or significant change in contact voltage
shall be observed.

6.3.7 Test for wiring of luminaires subject to high-voltage impulses from ignitors

The test voltage at a nominal frequency of 50 Hz or 60 Hz is applied for not less than 1 min
between the conductor and a metal foil of width of at least 25 mm wrapped around the
external surfaces of the test sample insulation but not nearer than 25 mm to the bare

conductors—The-test sample-isatleast 500 mm-longa
g )

The|voltage is to be not less than 3 kV r.m.s. in circuits using ignitors marked with-2,8 k\{, or
not [ess than 5 kV r.m.s. in circuits using ignitors marked 5,0 kV.

No flashover or breakdown shall occur during the test.

6.3.B Tests for electronic starters for tubular fluorescent lamps @and for ignitors in
Level of Protection “ec” for discharge lamps

6.3.B.1 General
Ignifors and electronic starters are categorized according tosthe following features:
a) the peak pulse voltage (Vpk) generated at the lamp-does not exceed 1,5 kV, 2,8 kY or

b,0 kV;
b) the ignitor is or is not fitted with a cut-out.device to inhibit repeated starting attempts
Ehould the associated lamp either fail to start or fail during operation;
c) the ignitor does or does not cause the~peak pulse voltage to be applied to the ballast
vinding.

6.3.B.2 Cut-out device test

Where an electronic starter or ignitor is fitted with a cut-out device, three individual units ghall
be fested at air temperature$Jof (—25 ) °C, (25 ') °C and a temperature that is|the

maxXimum service temperature +(10f§) K (unless operating temperature limits are expligitly
stated otherwise). Compliance shall be checked as follows:

a) For starters for\tubular fluorescent lamps, the test sample shall consist of the full luminfaire
Circuit with the lamps replaced by resistors to simulate the cathodes. The test sample is
bnergized on ten successive occasions with at least 15 s between starting attempts. [The
cut-outsdevice shall operate within 10 s to prevent further lamp starting attempts.

b) For ighitors for discharge lamps, the test sample shall consist of the full luminaire cifcuit
with-the lamps removed. The test sample is energized on ten successive occasions with at
east 15 s between starting attempts. The cut-out device shall operate within 725 % of the
rated time shown on the ignitor.

If all three individual units comply with the requirements, the starter or ignitor shall be
classified as "with cut-out device". If any of the three individual units fail to comply, the starter
or ignitor shall be classified as "without cut-out device" and subsequent tests shall be carried
out on samples with the cutout device isolated or removed so as to render the device
inoperative and the ignitor deemed unsuitable for use where the ignitor stresses the ballast
winding.

6.3.8.3 Life test (failed lamp)
6.3.8.3.1 Ignitor thermal endurance test

A further three individual ignitors shall pass the following thermal endurance test.


https://iecnorm.com/api/?name=76130a117999c5f7e508ae7616524253

IEC

a)

b)

6.3.

Three samples of the starter holder are placed in a heating cabinet in which the amb

tem

Aftefr a total of not less than) 72 h, the starter holders are removed from the heating caQ

and
dev

The

6.4

The
of

.B.3.2 Evaluation criteria
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Ignitors without a cut-out device

1) Place the ignitors in a draught-free oven or enclosure and raise the ambient

temperature to not less than 60 °C.

2) Energize at the maximum rated operating voltage, at highest operating frequency (or
lowest if this produces the highest temperature rise within the ignitor) in a circuit

simulating the failed lamp condition.
3) Leave the ignitor in a stable state for not less than 60 days.

4) De-energize, remove the ignitor from the oven or enclosure and cool to room

temperature.

gnitors with a cut-out device

1) Place the ignitors in a draught-free oven or enclosure and raise the(Camb
temperature to not less than 60 °C.

D) Energize at the maximum stated operating voltage, at the highest operating frequg
(or lowest if this produces highest temperature rise within ignitor), in a ci
simulating the failed lamp condition for a nominal 30 min on 30 min off cycle.

B) Continue the test until 500, 30 min on / 30 min off, cycles are complete.

1) De-energize, remove the ignitor from the oven or enclesure and cool to r
temperature.

electronic starter/ignitor shall be examined and shall €ither:

h “safe” condition, or likely to generate an ignition hazard, or

have failed to a "safe" condition without passing through an incendive mode and wit
exhibiting any other mechanical or electrical defect.

D Test for starter holders for luminaires in Level of Protection “ec”

perature is maintained at (85 +2) °C.

allowed to cool foreat-least 24 h. The contact pressure is then measured by means
ce made accordingifo the dimension of the gauge detailed in IEC 60400.

contact forcershall be not less than 5 N.

Measuring instruments and instrument transformers

temperature rise of current transformers with their secondary windings short-circuited

ient

ncy
cuit

pom

exhibit no mechanical or electrical defect likelytowrender the unit inoperative in other than

nout

ient

inet
of a

and

for

approximately 1 s may be established by calculation or test. In making these calculations, the
temperature coefficient of resistance shall be taken into account but heat losses shall be
ignored.

The

dynamic strength of current-carrying parts shall be verified by testing. Cur

rent

transformers shall be subjected to the test with their secondary windings short-circuited. The
duration of the dynamic test shall be at least 0,01 s with a primary current peak value not less
than 74, for at least one peak.

The duration of the thermal test shall be at least 1 s with an r.m.s. value of primary current not
less than Ii,.

The

dynamic test may be combined with the thermal test provided that:
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a) the first major peak current of the test is not less than the dynamic current (/4yn); and
b) the test is made at a current 7 for a time ¢ so that (/2¢) is not numerically less than (/in)?2
and provided ¢ has a value between 0,5 s and 5 s.

An inter-turn overvoltage test shall be carried out on current transformers by the method given
in IEC 60044-6 but with an r.m.s. value of primary current equal to 1,2 times the rated value
of primary current.

6.5 Transformers other than instrument transformers

The fnmnnrnhlrn rise of transfaormers shall he detarmined h\l test while—connected—to the

spegified Ioad Any integral or fully-specified protective device shaII be in circuit.

Addjtionally, if the specified load does not form part of the equipment for which.complignce
with| this standard is claimed, the transformer shall be tested under the most_adverse |oad
condlitions, including short-circuit of secondary windings. Any integral or “fully-specified
protective device shall be in circuit.

6.6 | Verification and tests for cells and batteries of Level of Protection “eb”
6.6.[1 General

Thepge type tests are applied to secondary batteries with rated’capacity >25 Ah

6.6.R Insulation resistance
Test conditions are as follows:

a) the measuring voltage of the ohmmeter shall*be at least 100 V;

b) gll connections between the battery and the external circuits and, where fitted, the baftery
container shall be disconnected;

c) the cells shall be filled with electrolyte up to the maximum permissible level.

The|insulation resistance is considered satisfactory if the measured value is equal to at least
1 M.

6.6.B Mechanical shock test
6.6.B.1 General

Batferies whichtare subject to mechanical shocks in normal service shall be submitted to|this
test| Other /batteries are not to be submitted to this test but the certificate number dhall
incllide the *X” suffix in accordance with the marking requirements of IEC 60079-0 and|the
Sperific(Conditions of Use listed on the certificate shall detail this restriction.

The test shall be carried out only on samples of cells and their connections. Where cells of
similar construction are foreseen in a range of capacities, it is not necessary to test every
capacity but only a sufficient number of them to allow assessment of the behaviour of the
complete range.

6.6.3.2 Test conditions

A test shall be carried out on each sample, comprising at least 2 x 2 new and fully-charged
cells complete with intercell connectors, installed in a suitable container. Each sample shall
be in ready-for-use condition.

Each sample shall be mounted in its normal operating attitude and by its normal means of
attachment, either directly or by means of a rigid fixture, to the mounting surface of the shock
machine. The mounting shall satisfy the requirements of 4.3 of IEC 60068-2-27:2008.
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The shock machine shall generate a half-sine pulse as shown in Figure 2 of IEC 60068-2-
27:2008. The velocity change tolerance, transverse motion and measuring system shall
satisfy the requirements of 4.1.2, 4.1.3 and 4.2 respectively of IEC 60068-2-27:2008. The
peak acceleration value shall be 5 g, as defined in Table 1 of IEC 60068-2-27:2008.

6.6.3.3 Test procedure

The

test procedure for each sample shall be as follows:

a) the capacity of each sample is determined;

b)

constant riicr\hargn current at the 5 h rate flows rhlring the anf;

c)

d)
6.6

The

15 independent shocks are applied to each sample as follows:

+ three successive shocks in the vertically upwards direction,

+ three successive shocks in each direction along two perpendicular_axes in

horizontal plane. These axes are chosen so as to reveal possible weaknesses;
hfter recharging, the capacity is again determined.

.B.4 Acceptance criteria

following three conditions shall be satisfied for each sample:

ho abrupt change in voltage during the test,
ho visible damage or deformation,
no reduction in capacity of more than 5 %.

6.6.4 Test for ventilation of Level of Protection “eb” battery container

The
the
hyd

The
follg

NOT

purpose of the test is the determination,of the maximum hydrogen concentration w
battery container and the adequate dimensioning of its ventilation openings. For
ogen is released within the battery cantainer.

flow rate of hydrogen to be released in the battery container shall be determined by
wing formula:

Hydrogen (m3/h) = number of cells x capacity (Ah) x 5 x 10-6

E The formula is valid when pure hydrogen is used. When impure hydrogen is used, the flow rate is typ

increfased to compensatefor the impurity of the hydrogen.

On€
preg

a)

of thefellowing methods may be used. The test shall be carried out at atmosph
sure inxan area free from appreciable draughts.

Méthod 1

the

thin
his,

the

(4)

cally

eric

That part of the battery container which normally contains the cells shall be fitted with
closed boxes. The lids of the boxes shall be provided with filler and vent plugs identical in
form, number and location with those on the cells. The location of the boxes shall be such
that the natural ventilation normally existing between the cells is unchanged.

Into the space above the boxes, hydrogen shall be fed through the filler and vent plugs
with a constant flow corresponding to the type of construction of the cells and to their
capacity. The volume of hydrogen required shall be determined from the formula given.

The hydrogen shall be distributed equally amongst all the filler and vent plugs.
b) Method 2

The battery container shall be equipped with a battery made up of cells of the number,
type and capacity intended to be used in service.

The cells shall be new, fully charged and connected in series.
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An overcharging current shall be passed through the battery to produce hydrogen at a

constant flow corresponding to the number, size, type of construction and capacity of the
cells in the battery.
The volume of hydrogen to be released shall be determined by the formula given. The
overcharging current is determined by the following formula:
overcharging current = hydrogen 3 (5)
numberof cells x 0,44 x10™
where overcharging current is in amperes and hydrogen is in cubic meters per hour.
At the hnginning of the test the ambient temperature the temperature of the hsui'i'ery
container and the temperature of the cells or of the boxes simulating the cells shall[ not
jiffer from each other by more than 4 K. These temperatures shall be between 15 *C |[and
P5 °C.
The| test shall be continued until four consecutive measurements have shown that|the
increase in the hydrogen concentration does not exceed the mean of the foun measurements
by more than 5 %. If the hydrogen concentration decreases in the courseof measurement/|the
maximum measured value shall be considered.
The|time interval between consecutive measurements shall be ngtless than 30 min. If, in| the
cas¢ of continuous measurement, high concentration values are *measured for short peripds,
thede may be omitted if the period is less than 30 min.
The|lmeasurement of the hydrogen concentration shall.be-made at different positions bengath
the pover in order to locate and measure the highest«oncentration in the container.
The|l measurement shall be made approximatelyseentral to the upper surface of the cell§ (or
closed boxes) and the cover of the battery container and at a distance from the filler and yent
plugs.
The|test shall be carried out at least twice.
The|test is satisfactory if the hydrogen concentration thus determined does not exceed 2 %.
6.7 | Verification and tests for cells and batteries of Level of Protection “ec”
6.7.11 General
NOTE These type tests-apply to vented secondary batteries.
6.7.p Insulation resistance
The|requirements of 6.6.2 apply.
6.7.3 Mechanical shock test
The requirements of 6.6.3 apply.
6.7.4 Test for ventilation of Level of Protection “ec” battery container
To verify compliance with 5.6.4.2.2, a H, concentration of greater than 90 % V/V shall be
reduced to 2 % V/V in not more than 48 h by natural dissipation in still air at a constant

temperature.
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6.8 General purpose connection and junction boxes
6.8.1 General

The general purpose connection or junction box shall be fitted with a number of the 'worst
case' terminals that are wired using conductors of the maximum size specified for that
particular terminal. The length of conductor connected to each terminal and contained within
the enclosure shall be equal to the maximum internal dimension (three-dimensional diagonal)
of the enclosure. The wiring shall be arranged so that the test current is passed through each
terminal and its wiring in series. In order to represent the thermal effects of bunching of
conductors and also other effects of typical installations, the conductors shall be arranged in

groypsofsix,eachrwittratfengthoutside the box of atteast O 5

A cyrrent equal to the rated current of the terminal for the application shall be passed-thrqugh
the |series circuit. The temperature of the hottest part shall be measured whencsteady state
condlitions have been reached. To facilitate the substitution of alternative tefminal typeps in
accordance with Annex E, the temperature rise above local ambient (ihe. immedidtely
surrpunding the terminal inside the junction box) shall be determined, far the worst gase
terminal.

NOTE The 'worst case' terminal is that which has been found to exhibit the highiest/temperature rise. Varying the
conductor size, conductor entry location, terminal location / geometry, and terminal size has been found to 3ffect
the rgsults.

6.8.R Maximum dissipated power method

If the limiting value of the maximum dissipated power/has to be determined for a partidular
temperature class, then it is necessary to vary theynumber of terminals and repeat the [test
unti| the limiting temperature is approached. The . rated maximum dissipated power (see item
a) of 5.7 and Annex E) shall be calculated using)the circuit resistance at 20 °C and the rated
current applied in the test.

NOTE The rated maximum dissipated power is“calculated using the 20 °C resistance value to facilitatg the
calcylation of permissible combinations of terminals, wiring and currents (see Annex E).

6.8.B Defined arrangement. method
As an alternative to specifying only the rated maximum dissipated power, it is possiblg to

spegify a set of values relating the junction box dimensions to the specific junction [box
attriputes. Additional infarmation is given in Annex E.

6.9 | Resistance heating equipment

6.9.1 The{ests shall be carried out on a sample or prototype of the resistance hedting
device.

6.9.2 The verification of the electrical insulation of the sample or prototype shall bg by
immersion of the relevant part in tap water at a temperature between 10 °C and 25 °C for
not less than 30 min and then subjecting the sample or prototype to the test in a) followed by
that in b):

a) Apply a voltage of (500 + 2U,) V r.m.s. +2 %, where U, is the rated voltage of the

equipment, for not less than 1 min, with the conductive covering foreseen in 5.8.7 entirely
exposed to the water. The voltage is applied between the heating conductor and the
conductive covering or, where there is no conductive covering, the water.

When there are two or more conductors electrically insulated from each other, the voltage
is applied between each pair of conductors and then between each conductor and the
conductive covering or the water. Connections between conductors, including those under
insulation, shall be broken if necessary, for example with parallel heating cable.
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b) Measure the insulation resistance with a d.c. source voltage (nominal) of 500 V. The
voltage is applied between the heating conductor and the metallic covering, or where there
is no metallic covering, the water. The sample or prototype shall have an insulation
resistance of at least 20 MQ.

6.9.3

The thermal stability of the insulating materials of the resistance heating device shall

be verified on a sample or prototype by conditioning it in air at a temperature at least 20 K
greater than the maximum operating temperature, but not less than 80 °C, for at least
672 hours and subsequently at a temperature between —25 °C and -30 °C for at least 24 h.
Compliance of the sample or prototype shall be verified by submitting it to the insulation
integrity test of items a) and b) of 6.9.2.

6.9.|4 The test for resistance to impact shall be carried out on two new samplés

prot
steq
risk
by 3

of t
cha

The

environment and a continuous record is made of the current flow obtained during the

min

6.9.
acc

6.1(

A s3
ther|
(bas
acc
size]
mai

clamping unit, the terminal assembly shall not separate from the terminal insulator, and

tern

NOT
devig

6.9.'f The test for the cold start current shall be carried out on threg_samples or prototy

ptypes with equipment similar to that specified by IEC 60079-0. A hemisphericalharde
| impact head shall be used with an impact energy according to the degree of"\mechar
as prescribed in that standard, unless the resistance heating device or unit:is prote
n enclosure complying with the requirements for enclosures in IEC 60079-0.

e resistance heating device attached either to a thermal mass or'to a heat sink in a
mber stabilized at the manufacturer's declared cold start temperature +2 K.

operating voltage shall be applied to the samples withiQut removing them from the

ite of energization.

prdance with Annex B.

Terminal insulating material tests

mple terminal shall be mounted as’intended in service and shall then be subjected to
mal endurance tests of IEC 60079-0. A copper conductor of the maximum rated
ed on the rated cross section«of the terminal) shall then be installed in each connectig
brdance with manufacturer’s-instructions. A pulling force corresponding to the condu
given in Table 17 shall”"be applied gradually to each conductor in sequence
htained at that value forat least 1 min. The conductor shall not become dislodged from

inal insulator shallynot crack.

E  Dislodging«efithe terminal from a mounting rail is not considered a failure. Additional terminals or sec
es are typically*added to the mounting rail to support the terminal and allow the test to be conducted.

b Or
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cold

cold
first

b Tests for specific forms of resistance heating devices or units shall be carried oyt in

the
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Table 17 — Value for pull-out tests

Size of conductor Size of conductor Pull-out force
ISO AWG
mm? N
0.5 20 20
0,75 18 30
1,0 17 35
1,5 16 40
2,5 14 50
4 12 80
6 10 80
10 8 90
16 6 100
25 4 135
35 2 190
50 0 236
70 00 285
95 000 351
120 250 kemil 427
150 300 kemil 427
185 350 kemil 503
240 500 kcmil 578
300 600 kemil 578
350 700 kemil 645
380 750 kemil 690
400 800 kemil 690
450 900 kemil 703
500 1 000 kemil 779
630 12250 kemil 966
750 17500 kemil 1175
890 1 750 kemil 1348
1.000 2 000 kemil 1522
NOTE 1 Values-derived from IEC 60999-1, IEC 60999-2 and
IEC 60947-1,
NOTE 2 \Annex F gives the comparison between AWG and metric
sizes,
7 |Routine verifications and routine tests
71 Dielectric tests
A dielectric strength test shall be carried out in accordance with 6.1. Alternatively, a test ghall
be E iad 1 2 4 I I I . ‘ 100

For Level of Protection “ec”, where there is a routine dielectric strength test in the relevant
industrial standard for the individual items of electrical equipment, this test is acceptable.

NOTE 1: In some cases, the actual test period might be significantly longer than 100 ms, as a sample with a large
distributed capacitance can take longer to reach the actual test voltage.

When the creepage and clearance dimensions are rigidly controlled by tooling in the
manufacturing process, the routine tests may be performed on a statistical basis in
accordance with ISO 2859-1 with an acceptance quality limit (AQL) of 0,04.

Routine dielectric tests are not required when:
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the equipment contains only Ex Components, with connections complying with

IEC 60079-7;
there is no factory installed interconnecting wiring; and

all creepage and clearance dimensions are rigidly controlled by the mounting of the Ex

Components

NOTE 2: A typical example is a terminal box

7.2
Co

1M

7.3

nce

Dielectric tests for batteries
trary to 7.1, the dielectric strength test for batteries shall be carried out in accorda
with| 6.6.2.
The| insulation resistance of a battery is considered satisfactory if the resistance’is at |
().
Inter-turn overvoltage tests

An inter-turn overvoltage test shall be carried out on current transformers by the method g

in IEC 60044-6, with an r.m.s. value of primary current equal to_the‘rated value of prin
current.

8 |Ex Component certificates

8.1 General

As t{he application of increased safety 'e' Ex Components can often affect temperature
and| creepage/clearance, Ex Component certificates shall include the necessary techr
infomation to allow the appropriate evaluation of the application of the Ex Componer
equ|pment.

8.2| Terminals

The| schedule of limitations onjan Ex Component certificate for terminals shall include
folldqwing, where applicable:

a)
b)

c)
d)

e)
f)

Hetails on how the use of qualified terminal jumper accessories can affect the cun
rating;

Hetails on how ,the use of qualified terminal accessories can affect creepage
Clearance;

Hetails on how different mounting options of terminals can affect creepage and clearan

Hetails—on specific mounting that may be required to provide the required tof
esistance;

past

ven
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rise
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and

que

vie and numher of caonductors ner clamnina unit:
P 1 Py 7

the limiting temperature of the insulation;

g) temperature rise when carrying 110 % rated current with specified conductor size(s), See

4.2.2.2;

h) resistance across the terminal with rated conductor cross-section (as determined by the

manufacturer).
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9 Marking and instructions

9.1 General marking

These requirements supplement and modify the marking and instruction requirements of

IEC 60079-0 which are applicable also to Type of Protection increased safety "e”. The Level
of Protection “eb” or “ec”, shall be shown as the Level of Protection.

Electrical equipment shall be additionally marked with the following:

a) rated voltage along with rated current or rated power. If multinle voltage current or pgwer
~J 7 ~J L L ~J 7 g

Fatings apply, and all of these ratings are not marked, then only the maximum ratings|are
required to be marked with the complete rating details shown on the certificate;

For equipment or Ex Components effectively operating at other than unity power fagtor,
both current and power ratings are marked.

b) for rotating electrical machines in Level of Protection “eb”, the starting“current ratio Ja/In
and time ¢g;

c) for measuring instruments with current-carrying parts and forceurrent transformers,|the
alue of short-circuit current Igc;

d) for luminaires, the technical data of the lamps to be used, jfor example, electrical rdting
hnd, if necessary, the dimensions;

e) for general purpose connection or junction boxes, the(rating expressed as either:
+ the rated maximum dissipated power, or

+ the set of values comprising for each terminal size, the permissible number and size of
conductor and the maximum current;

f) festrictions in use, for example use in cle@n environments only;

g) the characteristics of special protective devices where required, for example| for
emperature control or for arduousgstarting conditions, and special supply conditions] for
pxample for operation only with a~converter;

h) for batteries in accordance with™5.6:

ype of construction of cells;

humber of cells and nomihal voltage,

rated capacity withithe corresponding duration of discharge.

f the charger is not protected by a suitable type of protection, the equipment shall carry
he marking.per item f) of Table 19;

f the battery charger is not protected by a suitable type of protection and requirgs a
beriod_of-time to cool below the marked temperature class, the equipment shall carry|the
marking per item g) of Table 19;

i) f[or.Ex Component terminals:

— the conductor range,

— the rated voltage;

Where marking space is insufficient, this information may appear in the instructions.
As the Type of Protection “e” ratings can be different from the industrial ratings, such
ratings should be segregated to the extent possible.

j) for resistance heating devices and resistance heating units to which the additional
requirements of 5.8 apply, the operating temperature.
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9.2 Ex Component enclosures

The enclosure shall be marked in accordance with the requirements for marking of Ex
Components given in IEC 60079-0, but the marking shall be internal and need not be
permanent. The Ex marking string shall not be marked externally.

NOTE A typical Ex marking string for an Ex Component enclosure is Ex eb IIC Gb.

Only manufacturer’s name and enclosure identifier information (such as type or serial number)
may be marked external to the enclosure. This marking need not be permanent.

Thepe markings may be omitted if the Ex Component enclosure manufacturer is also intended
to He the holder of the equipment certificate, and indicated as such in the Ex Component
cert|ficate Schedule of Limitations.

9.3 | Instructions for use
9.3 Battery operated equipment

Instfuctions for use (instructions for maintenance), for display in the’battery charging stafion,
shall be supplied with each battery. These shall include all cinstructions necessary| for
charging, use and maintenance.

Thelinstructions for use shall include at least the followingcnformation:

a) the name of the manufacturer or supplier or his registered trade mark;
b) the manufacturer's type identification;

c) the number of cells and the nominal voltage.of-the battery;

d) the rated capacity with the correspondingcduration of discharge;

e) the charging instructions; and

f) Bny other conditions concerning the’ssafe operation of the battery, for example restrictlons
bn the lifting of the cover during' charging, the minimum time before closing the cover
because of the release of gas‘after termination of charging, the checking of the electrglyte
evel, the specifications forthe electrolyte and water for topping up, the mounting positjon.

9.3.p Terminals
Thelinstructions for use'shall include at least the following information:

a) pssigned torque values, if the manufacturer assigns a value of tightening torque;

b) pnless slitable markings are provided, the instructions shall indicate clearly |any
rearrangement or adjustment that is necessary to adapt to various sizes of conductors, if
he rearrangement or adjustment is not obvious;

c) |nstructions for proper installation of the conductor for terminal constructions where|the
WITiIng method Is not obvious,

d) conductor insulation stripping requirements.
9.3.3 Luminaires
The instructions for use shall include at least the following information.

a) For bi-pin luminaires, only lamps with brass pins shall be used when installing or replacing
lamps.
NOTE Commercially available lamps normally use brass pins.

b) For luminaires using screw-cap lamps, only lamps with insulating material of the lamp cap
complying with the requirements for material group | per IEC 60664-1 and with the
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minimum creepage and clearances shown in Table 18 shall be used when installing
replacing lamps.

Table 18 — Creepage distances and clearances for screw lamp caps

or

Voltage, U Creepage distance and clearance
\Y mm
U<10 1
10 <U <63 2
63 < U <250 3

incr

The

Wh¢n determining the required values for creepage and clearance, the voltage value in the table may be

pased by a factor of 1,1 in order to recognize the range of rated voltages in common use.

creepage distance and clearance values shown are based on a maximum supply voltage tolerance of £10| %.

At 10 V and below, the value of CTl is not relevant and materials not meeting the requirement for material group |
may be acceptable.

9.3.

Inst
inst

a)
b)
c)

d)

9.4

Where any of the following warning markings are required on the equipment, the tex

des
equ

B Machines

uctions for use shall include at least the following information:

Hetails for the routine maintenance and lubrication of bearings;
where applicable, details for the routine testing of-itisulated rotor bar insulation.
s normally supplied.

5eal requirements of 5.2.12.

Warning markings

valent text. Multiple warnings may be combined into one equivalent warning.

Table 19 — Text of warning markings

ructions for use (instructions for maintenance) shall be supplied with each machine. [The

For permanent magnet motors, the voltage that may be present at the motor termirjals,
when the supply is disconnected, when the motor is rotating. Open circuit vs. speed ¢ata

nformation on any maintenance required 'to ensure continued compliance with the rubbing

as

cribed in Table 19, follewing the word 'WARNING', may be replaced by technigally

Item Refetrence WARNING Marking
a) 4234 WARNING — DO NOT CONNECT OR DISCONNECT WHEN ENERGIZED
4.2.4

b) 4.10.3 a) WARNING — DO NOT OPEN WHEN NON-INTRINSICALLY SAFE CIRCUITS ARE
ENERGIZED

c) 4.10.3 b) WARNING — DO NOT OPEN WHEN ENERGIZED

d) 4.10.3 b) WARNING — NON-INTRINSICALLY SAFE CIRCUITS PROTECTED BY INTERNAL
IP30 COVER

e) 5.6.2.11 WARNING — DO NOT TRANSPORT THROUGH A HAZARDOUS AREA

f) 9.1 WARNING — DO NOT CHARGE IN A HAZARDOUS AREA

g) 9.1 WARNING — DO NOT TRANSPORT INTO A HAZARDOUS AREA FOR 'Y' MINUTES
AFTER DISCONNECTION OF CHARGER

h) 5.9.4 WARNING — DO NOT REMOVE OR REPLACE FUSE WHEN ENERGIZED

i) 5.3.5.2.2 WARNING — RELAMP ONLY IN A NON-HAZARDOUS AREA

4.2.4 WARNING — CONNECT OR DISCONNECT ONLY IN A NON-HAZARDOUS AREA
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10 Documentation

Documentation in accordance with IEC 60079-0 shall be prepared, including any additional
items specified in this standard.

Essential elements of the documentation for electrical machines include the following:

a) the degree of protection (IP Code) See 4.10;
b) the basis of compliance of rotating machines to IEC 60034, including the duty (see 5.2);

c)
Level of Protection “eb”; information where special measures are to be employed to
bnsure that the enclosure of a large rotating motor rated over 100 kW does not contaifp an
bxplosive gas atmosphere at the time of starting (see 5.2.7.3);

d) radial air gap (see 5.2.6).
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Annex A
(normative)

Temperature determination of electrical machines —
Methods of test and of calculation

A.1 General

Thelmaximum permissible surface temperature of the stator winding, rotor parts and angillary
eledtrical equipment or Ex Components in or on the machine shall be below the. limiting
temperature. These temperatures shall be measured, determined by extrapolation techniqpes,
or cplculated.

e For Level of Protection “eb” electrical machines, expected malfunctions shall be taken|into
account.

NOTE Expected malfunctions include standstill due to a mechanical overload or locked-rotor situation.

e For Level of Protection “ec” electrical machines with duty types.$1, S2, S6, or S9, pnly
emperatures at rated load shall be determined. For Level(of' Protection “ec” electfical
machines with other than duty types S1, S2, S6, or 89, the temperatures shall be
Hetermined during frequent starting or varying load conditions, as applicable, depengding
ipon the specific duty type.

e For Level of Protection “eb” or “ec” electrical maghines, intended to be operated with a
converter, temperatures shall be determined as/specified in 5.2.8.4.

The|determination of temperature employing the“calculation or extrapolation methods shall be
bas¢d on comparative temperature measurements on similar machines.

A.2| Determination of maximumservice temperatures

A.21 Rotor temperature — normal operation

The| temperature of the rotory with the machine operated under rated conditions, shall be
detgrmined directly after switching off the machine as specified in IEC 60034-1. A plot badk to
timg zero shall be usegd\ to determine the maximum rotor temperature. Alternative metHods
sucl as peak recording, temperature sensitive, paints or dots may be used to determine| the
maxXimum temperatune.

Althpugh, for-eage rotors, the temperature of the end rings and the rotor bars may be different
with| the center of the rotor core greater than the ring temperature, the difference between| the
varipus (ars and the ring is negligible when running at normal load condition, and only|the
end|ring temperature need be determined. A large machine may have access to the rings or

at tl« ahar aviancion far taminaratiira maaciramantc
CooT—CXATC T oTOTT o terp e raturcTreoosurerertos

A.2.2 Winding temperature — normal operation

The winding temperature shall be determined by the resistance method directly after switch
off of the machine. As the machine cools down quickly after switch off (the machine continues
to rotate and does not immediately stop), a plot back to time zero of winding resistance is
required using an exponential curve fit technique to determine the maximum temperature at
the time of shut down. For winding temperatures measured by embedded temperature
sensors, the stator winding temperature determination shall be made using the highest
temperature indicated by any embedded temperature sensor.

NOTE This requirement is in addition to those of IEC 60034-1. Although this provides the average temperature of
the winding conductors, it is considered to represent the maximum surface temperature on the surface of the
insulated winding.
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A.3 Determination of maximum surface temperatures

A.3.1 General

IEC 60079-0 specifies that the maximum surface temperature is to be determined with an
input voltage of 90 % to 110 % of the rated voltage that gives the maximum surface
temperature. Alternatively, in the case of electrical machines, the voltage may be based on
operation within "Zone A" according to IEC 60034-1 with typically £ 5 % of rated voltage (with
a corresponding marking of the specific conditions of use). The maximum surface temperature

nes

NOTE The suitability of insulating materials and of non-metallic parts of enclosures on which the tyge of
protgction depends is based on maximum service temperature which is determined at rated voltage, withqut a
voltage adjustment.

A.3)2 Locked rotor tests

A.3)2.1 Test conditions

The| motor shall be initially at rest, with the rotor and stator-stabilized to that of|the
surrpunding laboratory ambient temperature. With the rotor locked, rated voltage and rated
freqrency shall be applied. If the locked rotor test is carried\.out at reduced voltage dug to
limifations of the test laboratory, the temperature values ‘shall be determined according to
A.3P.2.

A.3]2.2 Optional testing at reduced voltage

The| measured value of current shall be increased-in proportion to the ratio of test voltage to
rated voltage, and the measured value of temperature shall be increased in proportion to| the
square of the ratio of those voltages. Saturation effects, if any, shall be taken into accdunt,
base¢d on an estimation of the saturation-effects by the manufacturer. The test shall be
performed at the highest available voltage at or below the rated voltage, not lower than 50 %
of the rated voltage.

A.3]2.3 Rotor temperature

The| temperature of the roter, with the machine operated under locked rotor conditions, ghall
be determined for Levehof-Protection “eb” machines to determine time 7 or confirm proteqtion
by émbedded temperature sensors as follows. The temperature rises in the rotor cage (bars
and|rings) shall be measured by temperature sensors having a time constant that is small
compared with the rate of rise of temperature. Due to the skin effect, the highest temperature
risep occur at'the upper edge of the bars. Therefore if thermocouples are used, they shall be
insdrted as(close as possible to the surface of the bars. The highest of the temperatlres
detgrmined-is the one to be used as the basis of the temperature class.

For lmoators of conventional dpcign with die cast rotors with g power of less than 500 kW, if
thermocouples are placed in just two rotor bars 90 electrical degrees apart then an increase
of 10 % on the higher measured temperature rise value will allow for any other rotor bar with a
high temperature. For other machines, a minimum of 3 rotor bars, distributed over 90
electrical degrees, should be instrumented, with at least three thermocouples per bar. On
each bar, thermocouples should be located in the centre, near the end, and at the endring.

NOTE The temperature rise of individual rotor bars will vary according to their position relative to the space
harmonics of the stator winding phase bands. This variation will be at least 20 % for motors with low spatial
harmonics but can be significantly greater.
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A.3.2.4 Determination of starting current I,

The stator current measured (5 ;3;3) s after switching on shall be considered to be the starting

current Ip_ If the optional reduced voltage testing in accordance with A.3.2.2 is employed, the
stator current shall be “corrected” as detailed therein.

A.3.2.5 Stator temperature

The average temperature rise of the stator, as determined from resistance measurements, is
taken as the temperature rise of the winding. A plot back to time zero of winding resistance is
reqyiTed USIgam exponentiat curve fittechnique to determine the mmaximunT temperature at
the [time of shut down. For machines protected by an embedded temperature sensor)|the
windling temperature determination shall be made after the embedded temperature sénsorfand
ass@ciated protective system has initiated switch off.

A.4| Optional calculation of maximum surface temperature

A.411 General

As an alternative to A.3, the temperature rises of the rotor and af-the stator winding, with| the
rotof locked, to determine time 7g may be calculated. The detgrmination by calculation of| the
rotof currents (used for the calculation of the rotor temperature) shall be based on mogels
preVyiously validated by actual test results. For the stator starting current see A.3.2.4.

A.4)2 Rotor temperature

When calculating the temperature of the rotor, the temperature rise shall be calculated from
the joule heating effect, taking account of the héat generated in the bars and rings as well as
of the thermal capacity of the cage. The influénce of skin effect on the heat distribution in|the
rotof bars shall be considered. Allowance, may be made for the heat transfer to the iron.

A.4[3 Stator temperature

The| rate of temperature rise with time, Ad/t, of the stator windings in the motor shall be
calgulated as follows:

%zaszxb (A1)

where
j Is the starting current density, in A/mm?2;

a s the ¢oefficientin ___ K (for copper, a = 0,006 5);
(A/mmz)2 s

b = 0,85 (a reduction factor which takes into account the heat dissipation from impregnated
windings).

A.5 Determination of 7¢ time
The time tg shall be determined as follows (see Figure A.1).

From the limiting temperature C, the maximum ambient temperature A (normally 40 °C) and
the temperature rise in rated service B are subtracted. From this difference BC, and the rate
of temperature rise during the locked rotor test (obtained by measurement or calculation), the
time g is determined.
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Separate calculations are made for the rotor and for the stator. The smaller of the two values
is taken as the time ¢ for the motor, for the appropriate temperature class.

C

din °C
vy)

Key

B 4

C i

A.6

Mot
(for

e

- _—
- P

t((Minh —— g f(2)in 8§ — =
IEC

ghest permissible ambient temperature 6 temperature
mperature in rated service 1 temperature risejin rated service

miting temperature (see 5.2.8 and 4.8) 2 temperature‘rise during locked rotor test

ime

Figure A.1 — Diagram illustrating the determination of time 7¢

Arduous starting conditions

brs designed for arduous starting (€onditions or provided with special protective dev
example, devices monitoring “the temperature of the windings) shall be testeq

conjunction with those protective ‘devices.

A7

Mot
test
ope

Motors operated with a converter

prs intended to_be)operated with a converter and any associated safety device shal
bd to determine_that the relevant limiting temperatures are not exceeded over the rang
rating conditions given by the combination of motor and converter.

ces
in

be
e of
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