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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL APPARATUS FOR USE IN THE
PRESENCE OF COMBUSTIBLE DUST —

Part 1-1: Electrical apparatus protected by enclosures and
surface temperature limitation — Specification for apparatus

FOREWORD

1) The |EC (International Electrotechnical Commission) is a worldwide organizatio mprising
all national electrotechnical committees (IEC National Committees). The 3 promote
interpational co-operation on all questions concerning standardization in ¢ elds. To
this lend and in addition to other activities, the IEC publishes Intepnatio ation is
entrysted to technical committees; any IEC National Committee/inte ith may
participate in this preparatory work. International, 4 liaising
with [the IEC also participate in this preparation. The IEC collabdrate nization
for [Standardization (ISO) in accordance with conditiong the two
orgahizations.

2) The |formal decisions or agreements of thg IEC on gible, an
interpational consensus of opinion on the dentation
from|all interested National Committees.

3) The Hocuments produced have the form of recox intermational use and are published in the form
of stpndards, technical reports or guides and'they are asgep the National Committees in that sensfe.

4) In ofder to promote internatignal unlflcauo ati ampiittees undertake to apply IEC Intefnational
Stanldards transparently to/the s ossible\in” their national and regional standards. Any
divefgence between the | P b clearly
indidated in the latter.

5) The |IEC provides no ma for any
equipment declargfi\to be

6) Attention is draw subject
of pdtent rights. Thé |B

Interndti > : dtus for

use in : s ble dust, of IEC technical committee 31: Electrical apparatus

for exp ares

This sg¢cond edition c itutes a

technig

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

FDIS Report on voting

31H/90/FDIS 31H/96/RVD

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

voting indicated in the above table.

A bilingual version of this standard may be issued at a later date.
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IEC 61241 consists of the following parts under the general title: Electrical apparatus for use in
the presence of combustible dust:

— Part 1: Electrical apparatus protected by enclosures and surface temperature limitation

— Part 2: Test methods
— Part 3: Classification of areas where combustible dusts are or may be present

— Part 4: Type of protection pressurization "p"1)

— Part 5: Intrinsically safe apparatus?)

@%
S

1) Under consideration.
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INTRODUCTION

Combustible dust can be ignited by electrical apparatus in several main ways:

« by surfaces of the apparatus that are above the minimum ignition temperature of the dust
concerned. The temperature at which a type of dust ignites is a function of the properties of
the dust, whether the dust is in a cloud or layer, the thickness of the layer and the geometry

of the heat source;

¢ by arcing or sparking of electrical parts such as switches, contacts, commutators, brushes,

or the 1tke;
« by discharge of an accumulated electrostatic charge;
« by radiated energy (for example electromagnetic radiation);

* by mechanical sparking or frictional sparking or heating assocjated\wi

In orddr to avoid ignition hazards it is necessary that

e thetemperature of surfaces, on which dust can be d
with a dust cloud, is kept below the temperature limi

contact

¢ any| electrical sparking parts, or parts having a\temperature gnition
temjperature of the dust
— |are contained in an enclosure
- ratures
capable of igniting combustible ¢
¢ any|other ignition source
The prptection specified intQis % Nl not provide the required level of safety unl¢ss the
electri¢al apparatus is|operate i i g _and is installed and maintained accorfing to
the relevant codes of ments, for example in respect of protection @gainst
over-clirrents, i 3 ¢t electrical faults. In particular, it is essentjial that
the seperity and ddration srnalNor external fault be limited to values that ¢an be
sustair :
Two different 8 g, A~and B, are specified in this standard. Both are interjded to

provide
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ELECTRICAL APPARATUS FOR USE IN THE
PRESENCE OF COMBUSTIBLE DUST —

Part 1-1: Electrical apparatus protected by enclosures and
surface temperature limitation — Specification for apparatus

constrdiction and testing of electrical apparatus.

NOTE —{IEC 61241-1-2 gives guidance on the selection, installation and maintena
within tHe scope of this standard may also be subject to additional requiremenpts_i
IEC 600[79-0.

The igpition protection is based on the limitation of the G
enclospre and other surfaces which could be in contact with du the restriction
ingress

The af
as combustible dust, whether simul

The pr|nciples of this s
hazard,

This sfandard d
for combustion, orto

This s
mines ace installations of such mines endangered by fire
and/or gndard does not take account of any risk due to an emis

flamm
This s S i de other types of protection and is only applicable to proteg
enclos rface temperature limitation.

999(E)

of dust

as well
tective

tection

ause a

bxygen

arts of
damp
sion of

tion by

2 Ndrmative references

The following normative documents contain provisions which, through reference in th

is text,

constitute provisions of this part of IEC 61241. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. However, parties to agreements

based on this part of IEC 61241 are encouraged to investigate the possibility of apply
most recent editions of the normative documents indicated below. For undated referenc
latest edition of the normative document referred to applies. Members of IEC and ISO m
registers of currently valid International Standards.

IEC 60034-5:1991, Rotating electrical machines — Part 5: Classification of degr
protection provided by enclosures of rotating electrical machines (IP code)

ing the
es, the
aintain

ees of

IEC 60050(426):1990, International Electrotechnical Vocabulary (IEV) — Chapter 426: Electrical

apparatus for explosive atmospheres
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IEC 60079-0:1998, Electrical apparatus for explosive gas atmospheres — Part 0: General

requirements

IEC 60079-7:1990, Electrical apparatus for explosive gas atmospheres — Part 7: Increased

safety "e"

IEC 60079-11:1991, Electrical apparatus for explosive gas atmospheres — Part 11: Intrinsic

nin
l

safety

IEC 60093:1980, Methods of test for volume resistivity and surface resistivity of solid electrical

insulating materials

IEC 601192:1973, Low-pressure sodium vapour lamps

IEC 60243-1:1998, Electrical strength of insulating materials — Test
power |frequencies

IEC 6(

insulatfi
results

IEC 6(
insulatfi

IEC 60529:1989, Degrees of protection
IEC 60662:1980, High-pressure sodiu

IEC 60947-3:1990, Low-vQltage $
switchidisconnectors a

IEC 61241-1-2:199X, E
Part 1: Electrical ap

IEC 61
Test m

IEC 61
Classiti

apparatus for use in the presence of combustible dust —
e combustible dusts are or may be present

ISO 178: ics, — Determination of flexural properties

ests at

ectrical
of test

ectrical

ectors,

dust —
ance

Part 2:
f dust

Part 3:

ISO 537.4all parts), Plastics — Determination of tensile properties

ISO 4225:1994, Air quality — General aspects — Vocabulary

3 Definitions

For the purpose of this part of IEC 61241, the following definitions apply:

3.1
dust

small solid particles in the atmosphere which settle out under their own weight, but which may

remain suspended in air for some time (includes dust and grit as defined in ISO 4225)
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3.2
combustible dust

dust, fibres or flyings that can burn or glow in air and could form explosive mixtures with air at

atmospheric pressure and normal temperatures

3.3
conductive dust
dust fibres or flyings with electrical resistivity equal to or less than 10° Om

3.4

explosjpre—dustatmosphere
mixturé with air, under atmospheric conditions, of flammable substances i
fibres in which, after ignition, combustion spreads throughout the uncons

[IEV 426-02-04]
3.5
minimym ignition temperature of a dust layer

lowest| temperature of a hot surface at which ignitig
thickngss on this hot surface

[see 3§13 of IEC 61241-2-1, modified]

3.6
minimym ignition temperature of a dust/clo

lowest|temperature of the h ; ich ignition occurs in a dust d

[see 3]5 of IEC 61241-P

3.7

dust ig

all relfvant meagUre ifi is standard (for example, dust ingress protecti
surfac i i gd to electrical apparatus to avoid ignition of a dug
or cloud

3.8

dust-tight en

enclospre capabte preventing the ingress of all observable dust particles

3.9

dust or

ecified

loud in

bn and
5t layer

dust-protected enclosure

enclosure in which the ingress of dust is not totally prevented but does not enter in sufficient
guantity to interfere with the safe operation of the equipment. Dust should not accumulate in a

position within the enclosure where it is liable to cause an ignition hazard

3.10
maximum surface temperature

highest temperature which is attained by any part of the surface of electrical apparatus when

tested under the defined dust-free or blanket conditions

NOTE — This temperature is attained under the test condition. Increasing the layer thickness can increase this

temperature due to the thermal insulation properties of dust.
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3.11
maximum permissible surface temperature

highest temperature a surface of electrical apparatus is allowed to reach in practical service to
avoid ignition. The maximum permissible surface temperature will depend upon the type of
dust, whether as a cloud or layer, if a layer, its thickness, and the application of a safety factor

[see IEC 61241-1-2, clause 6]

3.12
zones
see 2.10 of IEC 61241-3

3.13
zone 20
see 2.11 of IEC 61241-3

3.14
zone 21
see 2.12 of IEC 61241-3

3.15
zone 2P
see 2.13 of IEC 61241-3

4 Construction

4.1 FEJectrical apparatus for use in pa
the redquirements of this sta

NOTE —|If the electrical appara us has
handlind, humidity effects, ambi
specifieql to the manufacture

4.2 Enclosures §

necesgary

RDE-ENERGIZING, DELAY X MINUTES BEFORE OPENING”

“X” beil g the value in minutes of the rlnlay rnnluirnd

ly with

e rough
hould be

e time

e to a

bw the

Alternatively the apparatus may be marked with the warning:

“DO NOT OPEN WHEN AN EXPLOSIVE DUST ATMOSPHERE IS PRESENT”.

4.3 Where the apparatus has to meet other environmental conditions, for example, protection
against ingress of water and resistance to corrosion, the method of protection used shall not

adversely affect the integrity of the enclosure.
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5 Enclosure materials

5.1 Non-metallic enclosures and non-metallic parts of enclosures

The following requirements apply to non-metallic enclosures and non-metallic parts of
enclosures on which the type of protection depends. In addition, the requirements of 20.4.7
apply to enclosures for use in zone 20 or 21.

5.1.1 Documents submitted to the manufacturer shall specify both the material and the
manufacturing process of the enclosure or part of the enclosure.

5.1.2 [The specification for plastic materials shall include

a) the|name of the manufacturer;

b) thel exact and complete reference of the material including its fillers
and any other additives if used;

c) the[possible surface treatments, such as varnishes, etc.;

d) the|temperature index “TI” corresponding to the 20 000 i i urance
graph without loss of flexural strength exceedh S v in accordance
with IEC 60216-1 and IEC 60216-2 and based o i openyy in accordang¢e with
ISQ 178. If the material does not break in this.te f posure’ to the heat, the index
shgll be based on the tensile strength_i . be 1.

The dgta by which these characteristics r.

5.1.3 |The testing station is not re ith its

specifitation.

5.1.4 |Thermal enduraf

5.1.4.1 Plastic ri 000 h

point gf at least 28 or the

part off the enclosye gture in
servicqg.

5.1.4.2 plastic

materigl

5.1.5 [Electrg i i use in

zone 20 or,2%;

5.1.5.1L_The fnlln\l\ling rnqllirnmnnfe :\pply nnl\]/ to pl::e'rir‘ enclosures,to plnefin parts of

enclosures and to other exposed plastic parts of electrical apparatus for

« non-fixed electrical apparatus;
- fixed apparatus with plastic parts that are likely to be rubbed or cleaned on site.
5.1.5.2 Enclosures of plastic material with surface area projected in any direction of more

than 100 cm? shall be so designed that under normal conditions of use, maintenance and
cleaning, danger of ignition due to electrostatic charges is avoided.
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5.1.5.3 This can be achieved by the use of plastic material having one or more of the
following characteristics:

« Insulation resistance <10° Q (resistance against electrostatic discharge to earth through or
across the surface of insulation, measured according to the method described in IEC 60093
with an effective area of the circular electrode of 20 cm )

¢ Breakdown voltage <4 kV (measured across the thickness of the insulating material
according to the method described in IEC 60243-1).

¢ Thickness =8 mm of the external insulation on metal parts. (External plastic layers of 8 mm
and greater on metal parts such as measurement probes or S|m|Iar components make

pr payaully brast Luoullalgco ullllr\Cl_y to-ocetr—WHen CV(J.IUCU.IIIU the—mt re-thiekmness of
the| insulation to be used or specified, it is necessary to allow for any ¢ under
nofmal usage.)
5.1.5.4 If, however, the danger of ignition cannot be avoided in 9 label
shall indicate the safety measures to be applied in service.
NOTE - When selecting electrical insulating materials, attention should bg~paid\to insulation
resistanfe to avoid problems arising from touching exposed plastic partg that
5.2 HEnclosures containing light metals
5.2.1 [Materials used in the construction of en ised in
explos|ve dust atmospheres shall not nesium
and tit@anium.
5.2.2 |Threaded holes in enclosures fg bpened
in serice for adjustment, inspection ahd o in the
material of the enclosure for the
enclospre.
6 Fgsteners
6.1 P rd type of protection or used to prevent acgess to
uninsu being released or removed only with the aid of p tool.
6.2 T ers which secure covers intended to be opened in seryice for
adjust operational reasons may only be tapped into the plgstic or
light mle when he thread form is compatible with the plastic or light metal material
of the en
7 Interlocking devices

Interlocking devices used to maintain a type of protection shall be so constructed that their
effectiveness cannot readily be defeated by the use, for example, of a screwdriver or pliers.

8 Bushings

8.1 Bushings in enclosures used as connection facilities, and which may be subjected to a
torque while the connection or disconnection is being made, shall be mounted in such a way

that all

parts are secured against turning.

8.2 Bushings in enclosures for use in zone 20 or 21 shall comply with the relevant torque test
as specified in 20.4.4.
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9 Materials used for cementing

9.1 The manufacturer’s documents submitted according to 20.2 of this standard shall testify
that for the intended operating conditions, the materials used for cementing, and on which
safety depends, have a thermal stability adequate for the minimum and maximum temperatures
to which they will be subjected, within the rating of the electrical apparatus.

9.2 The thermal stability is considered adequate if the limiting values for the material are
below or equal to the lowest working temperature and at least 20 K above the maximum
temperature in service.

NOTE —[If the cementing has to wiinstand adverse Service condiions, appropriaie measd
between user and manufacturer.

Should_bqg agreed

9.3 The testing station is not required to verify the characteristic iments

mentioned in 9.1.

10 Connection facilities and terminal compartments

10.1 Electrical apparatus which is intended for con i circuits shall {nclude
connegtion facilities, except if the electrical i etured with a| cable
permanently connected to it. All i permanently connected
unterntinated cables shall be marked wit the need for apprppriate
connegtion of the free end of the cabl

10.2 [rerminal compartments and th
condugtors can be readily connected.

gir access.0f ngs shall be dimensioned so that the

10.3 of the
condug any, of
the speacmc standﬁd

11 C [ ¢

11.1 o6t ili e connection of an earthing or equipotential bonding conductor
shall b i S| » b other
connegti

11.2 xternal
connedgti nection

facility|shall_be electfically in contact with the facility required in 11.1. The external conpection
facility|is.not required for electrical apparatus which is designed to be moved when eng¢rgized
and is supplied by a cable incorporating an earthing or equipotential bonding conductor.

NOTE - The expression “electrically in contact” does not necessarily involve the use of a conductor.

11.3 Neither an internal nor external earthing or bonding connection facility is required for
electrical apparatus for which earthing (or bonding) is not required, such as electrical
apparatus having double or reinforced insulation, or for which supplementary earthing is not
necessary.

11.4 Earthing or equipotential bonding connection facilities shall allow for the effective
connection of at least one conductor with a cross-sectional area as shown in table 1.
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Table 1 — Minimum cross-sectional areas of protective conductors

Cross-sectional area of phase conductors of Minimum cross-sectional area of the
the installation corresponding protective conductor
S Sp
mm? mm?
S<16 S
16 <S <35 16
S>35 0,5S

11.5
side of

11.6 ([Connection facilities shall effectively be protected again
designed so that the conductors are secured against loosenin

contac

11.7
of insu

11.8

containi

metal i

n addition to meeting this requirement, earthing or bonding conne cilitiesyon {
electrical apparatus shall provide for effective connection of a co i

hat the

hanges

ing light

12 Cable and conduit ¢

12.1 [The manufacture 2, the
entries intended fgru ximum
numbelr permitte

12.2 [able and coxd & be constructed and fixed so that they do not alter the
specific characgteristics © e—of protection of the electrical apparatus on which they are
mountg¢d. This the whole range of cable dimensions specified by the
manufactyrer\of the eg as suitable for use with those entries.

12.3 [abl if€ntries may form an integral part of the apparatus, i.e. ong major
element or part¥qQrmsan inseparable part of the enclosure of the apparatus. In such casgs, the
entrieg shall be tes and certified with the apparatus.

NOTE —|Cahle and conduit entries, which are separate from, but installed with the apparatus, are usually tefted and
certified separatety fromm the apparatus but may be testedand certifiedtogether with the apparatus if the apparatus

manufacturer so requests.

12.4 Where the design of a cable entry is such that twisting of the cable can be transmitted to
the connections, then an anti-rotation device shall be fitted.

12.5 Entry by conduit or cable entries shall be either by screwing into threaded holes or by
locking in plain holes

e int

he wall of the enclosure; or

- in an adaptor plate designed to be fitted in or on the walls of the enclosure; or

« in a suitable stopping box, integral with or attached to the wall of the enclosure.
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12.6 Blanking elements intended to close openings in the walls of electrical apparatus when
they are not fitted with cable or conduit entries, shall, together with the enclosure wall of the
apparatus, satisfy the requirements of the specific type of protection concerned. The means
provided for this shall be such that the blanking element can be removed only with the aid of a
tool.

12.7 When the temperature under rated conditions, including any manufacturer’s installation
requirements, is higher than 70 °C at the cable or conduit entry point, or 80 °C at the branching
point of the conductors, the outside of the electrical apparatus shall be marked as a guide for
the selection by the user of the cable or of the wiring in the conduit, in order to ensure that the
rated temperature of the cable is not exceeded (see figure 1).

IEC 790/99

Cable entry body
4 Clamping ring with curved rim
Cable

lllustration of entry points and branching points

13 Supplementaryrequirements for electrical apparatus for practice B
fgr.use in zone 20 or 21

13.1 Joints

13.1.1 Plain joints (see figure 2) shall have a minimum contact width from inside to outside of
the enclosure and a maximum allowable clearance between the surfaces as shown in table 2.
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Table 2 — Plain joints

Minimum contact width of the plain joint (mm), W

5 22

Maximum allowable clearance between the surfaces of the joint (mm), G 0,05 0,22

NOTE — For widths of joints between 5 mm and 22 mm the maximum clearance may be increased by 0,01 mm for
each millimetre increase in joint width greater than 5 mm.

13.1.2| Spigotted joints (see figure 3) which ha

ametrica
ted

int shall have a maximum allowable clearance,

which |is less than 1,2 m
table 2. The radial sectio
G, as shown for plain joint

igot

N

0.D.

L, and radial, W, paths neither of
afances as shown for plain jgints in

]

v,

e,

G

—

IEC 792/99

Figure 3 — Spigotted joints
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13.1.3 For gasketed joints (see figure 4) requirements are given in table 3.

IEC  793(99

Figure 4 — Gasketed joints

Table 3 — Gasketed jof

Maximyim opening dimension (mm), O A\ j A,

915

A

915

Minimgm required effective width of gasketeW(mW / ( \ R 3

4,8

9,5

NOTE |- For maximum opening dimensions between 305 mm\and 915 mm, the
effectiye width of the gasketed joint shall be ingreased 0,003 m ach
millimdtre increase in the maximum opening digiension greateg'\thar 305 mm.

13.2 OQperating rods, spi

13.2.1| Equipment mg
DIP B30 or DIP B21”

running contact @

13.2.2| If running’co
table 4 and table 5@

13.2.3

, the equipment shall meet the design de
0.4.3 without the running contact seals installed.

“Dust ignition protected apparatu
20.4.3 of this standard shall not dep

s type
end on

ails of

itting power at rotational speeds of 100 r/min or mote (see

figure b) shal mee ents for the length of path from the inside to the outsidg of the

enclosprge

Running contact seal

le—L
™ IEC  794/99

Figure 5 — Power shafts for speeds of 100 r/min. or more
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Table 4 — Power shafts for speeds of 100 r/min or more

Minimum length of path for power shafts (mm), L 12,5 38,5

Maximum allowable diametrical clearance (mm), D, — D1 0,26 0,57

NOTE 1 — For lengths of path for power shafts between 12,5 mm and 38,5 mm the maximum diametrical clearance
may be increased by 0,012 mm for each millimetre increase in the length of path greater than 12,5 mm.

NOTE 2 — The minimum length of path may include both the inner and outer lips of the bearing housing.

13.2.4 Operating rods, spindles or shafts having rotary motion of less than 100 r/min or axial
motion, shall have e|ther a threaded Jomt with three full threads engagmg or have a minimum
length ;

Table 5 — Power shafts for speeds of less than 100 r/ “
Minimym length of path for operating rods, spindles or shafts (mm), L /\ \ \ 1}5\ \)5,5
Maximyim allowable diametrical clearance (mm), D> — D1 g,21

NOTE |- For lengths of path for operating rods, spindles or shafts betwéen arm 255 mm, the mgximum
diametfical clearance may be increased by 0,006 mm for each millimetr eng fp t reat than 12,5 mm.

13.3 Clearance of bolts

iametrical clearance bgtween
the enclosure, DS-DH | of not
mm (see figure 6).

Bolts gassing through the enclosure wall skal
the unthreaded shank of the bolt, N, ahd th
more than 0,26 mm and a length of pat . of

IEC 795/99

Eigure 6 — Clearance of holts

14 Rotating electrical machines

14.1 External, shaft-driven cooling fans of rotating electrical machines shall be enclosed by a
fanhood which is not considered to be part of the enclosure of the electrical apparatus. Such
fans and fanhoods shall meet the following requirements.
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14.2 Ventilation openings for external fans

The degree of protection (IP) of ventilation openings for external fans of rotating electrical
machines shall be at least

« |P20 on the air inlet side,

« |P10 on the air outlet side,

according to IEC 60034-5.

14.3 For vertical rotating machines for use in zone 20 or 21, foreign objects shall be
prevented from falling into the ventilation openings

14.4 (onstruction and mounting of the ventilating systems
Fans, fanhoods and ventilation screens shall be constructed so as

of the [resistance to impact test according to 20.4.2.1 and the
to 20.4.2.3.

14.5 [learances for the ventilating system for use in zone

In normal operation the clearances, taking into & igr erances, betwegn the
externgl fan and its hood, ventilation screens ang-their fag be at least 1/10( of the
maximum diameter of the fan, except tha a 2 exceed 5 mm and may be
reduced to 1 mm if the opposing parts 3 fo’have dimensional agcuracy

14.6 Materials for external fans and f

14.6.1| External fans, fanhood bi ., shall have an electrical indulation

14.6.2 The th paterials shall be considered adequate |[if the
manufacturer's specjfi werature of the material exceeds the mgximum
tempernature to whic \ EIRT 20 K.

14.6.3
manuf
of maJi

15 Syitchgea

Ehines,
ne6 %

15.1 PBwitchgear with contacts immersed in flammable dielectric is not permitted.

15.2 Disconnectors (which are not designed to be operated under the intended load) shall:

« be electrically or mechanically interlocked with a suitable load breaking device; or
» be marked at a place near the actuator of the disconnector, with the warning

“DO NOT OPERATE UNDER LOAD".

15.3 Where switchgear includes a disconnector, the latter shall disconnect all poles and shall be
designed so that the position of the disconnector contacts is visible, or their open position is
indicated in accordance with the requirements for the isolation function specified in IEC 60947-3.
Any interlock between such disconnector and the cover or door of the switchgear shall allow this
cover or door to be opened only when the separation of the disconnector contacts is effective.
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16 Fuses

Enclos

ures containing fuses shall

» be interlocked so that insertion or removal of replaceable elements can be carried out only
with the supply disconnected and so that the fuses cannot be energized until the enclosure
is correctly closed; or

- alternatively, the apparatus shall be marked with the warning

“DO NOT OPEN WHEN ENERGIZED".

17 PILJgs and sockets

17.1

a) be
sef
plu

b) be
apf

17.2
are co

17.3

exceed
followi
« the

« the
ext

« the

17.4
permitf

Plugs and sockets shall comply with either a) or b) below:

interlocked mechanically, or electrically, or otherwise d
arated when the contacts are energized and the cont
g and socket are separated; or

fixed together by means of special fasteners g
aratus marked with the warning:

“DO NOT SEPA

Plugs and socke exceeding 10 A and rated volta
ing either 250 ot comply with the requirements of 17.1 if
g conditi

not be
en the

nd the

be they

ge not
all the

to be

18 Lu

minaries

18.1 The source of light of luminaires shall be protected by a light-transmitting cover which may be
provided with an additional guard comprising a mesh of not greater than 50 mm squares. If mesh

sizes e

xceed 50 mm squares then the luminaire cover shall be considered as unguarded.

18.2 The light transmitting cover and, if provided, the guard, shall be capable of passing the
relevant tests according to 20.4.2.1.

18.3 The mounting of luminaires shall not depend on a single screw. A single eyebolt may be used
only if this is an integral part of the luminaire, for example by being cast or welded to the enclosure,

or, if th

readed, the eyebolt is locked by a separate means against loosening when twisted.
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18.4 Except in the case of intrinsically safe luminaries to IEC 60079-11, covers giving access
to the lampholder and other internal parts of luminaries shall either

a) be interlocked with a device which automatically disconnects all poles of the lampholder as
soon as the cover opening procedure begins; or

b) be marked with the warning:

“DO NOT OPEN WHEN ENERGIZED".

18.5 In the case of a) above, where it is intended that some parts other than the lampholder
will remain energized after operation of the disconnecting device, then in order to minimize the

risk of EXplosion, those energized parts shall be protected by

« cleprances and creepage distances between phases (poles) and rdance
with the requirements of IEC 60079-7; and

e an which
con tording
toallEC 60529; and

e m

18.6 low-pressure sodium lamps in

accord ' ple, in

accord

19 Caplights, caplamps a

19.1 [eakage of the

NOTE -+ The materigd&\ us ) ould be

chemicdlly resistan *@: eléctrolytd

19.2 bsures,

which ind the

connegti

20 Ve

20.1

20.1.1| <The type verifications and tests are intended to verify that a prototype or samplg of the

I H ! 4 IH rila 1o ! 4 H 4 £l 4 ol <l
e eCtI’IL,al appdratus CUTTTPIITS WILTT U1 TTITvalit TTYUITTTIICTIS UT TS stalriudaru.

20.1.2 Table 6 indicates the party, either testing station (third party) or manufacturer, respon-
sible for carrying out the test and the subclause to which the test refers.
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Table 6 — Electrical apparatus testing and responsibility

Test Subclause Apparatus for use in Apparatus for use in
zone 20 or 21 zone 22

Verification of documents 20.2 TSV MF? or TS

Compliance 20.3 TS MF or TS

Type tests 20.4

— General 20.4.1 TS MF or TS

— Mechanical tests 20.4.2

— Resiptance to impact 20.4.2.1 TS RAS ~

— Droq test 20.4.2.2 TS & \RAS

N

— Reqliired results 20.4.2.3 TS /\ \\RA\S\

— Degilee of protection 20.4.3 TS \ \b{F

— Torgue test for bushings 20.4.4 Tg\ \ &A 4

N

— Thernal tests 20.4.5 <\s\\ \ \ MF or TS

— Therfnal shock 20.4.6 \&\ \ N MForTs

— Non{metallic enclosure 20.4.7 ( m }’S\ ) N/A

Routing tests 21 (\\// [ NF \ MF

By

Resposibility < \{2< N K \MF)\/ MF

Modifi¢ation ‘: 23 \ \J’,S/ MF or TS

Clampjng of non-armoured cables ( ;.4\ \ TS MF or TS

Clampjng of armoured cables \ & \ TS MF or TS

Y Ts | = Testing station (third artN ~

2 MF [ = Manufacturer

%) RAY = relevant apparatis st r

) N/A| = Not app|g§e>

NOTE|- In the case pair elec ical\a%e::%tus affecting the dust ignition protection, the parts which have

been repaired should subjactedytone utirte verifications and tests which need not necessarily be made by

the mgnufacturer.
20.2 VYerification k@
20.2.1 rified that documents submitted by the manufacturer give a full and
correcl spe safety aspects of the electrical apparatus.
20.2.2| It shall also be verified that in the design of the electrical apparatus, the requirements
of this|standard and of the specific standards for the types of protection concerned have been
observed.

20.3 Compliance of prototype or sample with documents

It shall be verified that the prototype or sample of the electrical apparatus submitted for the

type te

sts complies with the manufacturer’s documents referred to above.
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20.4 Type tests
20.4.1 General

The prototype or sample shall be tested in accordance with the requirements for type tests of
this standard. However, the responsible party

+ may omit certain tests judged to be unnecessary. A record of all tests carried out and the
justification for those omitted shall be kept;

- shall not conduct the tests which have already been carried out on a DIP component.

For teg in the
laborafory of the testing statlon or, subject to agreement between the te i nd the
manufacturer, at the
manufacturer’'s works.

Each test shall be made in that configuration of the apparatu be the
most unfavourable.

20.4.2| Mechanical tests

20.4.2

In this| test the electrical apparatus }j i s g effel falling
vertically from a height (h). The heigh [ < ' e impact energy (E) which is
specified i i ioN t isalapparatus (h = E/10 where his
in met ited with an impact head in hardened
steel in

Before| each test, it is_nete f he i is im good
conditipn.

embled
ts) the
frame.

Normally, the re@w g
and repdy for use;*hoWe

test is made with

Tests ben the
manufacturer

For lig ut only
once ( parate

places|on each.sample.

The pqints jof impact shall be the places considered by the testing station to be the wgakest.
The electrical apparatus shall be mounted on a steel base so that the direction of the impact is
normal to the surface being tested if it is flat, or normal to the tangent to the surface at the
point of impact if it is not flat. The base shall have a mass of at least 20 kg or be rigidly fixed or
inserted in the floor (secured in concrete, for example).
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Table 7 — Tests of resistance to impact

Risk of mechanical danger Impact energy
High Low
1 Guards, protective covers, fanhoods, cable entries 7 4
2 Plastic enclosures 7 4
3 Light metal or cast metal enclosures 7 4
4  Enclosures of materials not included in 3 with wall thickness less 7 4
than 1 mm
5 Lidht-transmitting parts without guard 4 p
Light transmitting parts with guard (tested without guard) L
When nanical
dangef
Norm bre the
materi peratureg within
the sp rmed at the [lowest
tempe
When § c aterial,
includi ih ectrical machines, the test shall
be car i
20.4.2
In addition to being sub nce to Jmpact test according to 20.4.2.1, hgndheld
electrig ed on the person, ready for use, shall be
droppgd four tim rom horizontal concrete surface. The position of the
samplg for the d
For ap ut at a
tempe tion in
resist h case
the te
For ele which has enclosures or parts of enclosures made of plastic mjaterial,
the tegts shalhbe carrigd out at the lower ambient temperature according to 20.4.7.1.
20.4.23\Required results

The resistance to impact and drop tests shall not produce damage invalidating the type of
protection of the electrical apparatus.

Superficial damage, chipping to paint work, breakage of cooling fins or other similar parts of
the electrical apparatus, and small dents shall be ignored.

External fanhoods and ventilation screens shall resist the tests without displacement or
deformation causing rubbing by the moving parts.
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20.4.3 Tests for dust exclusion by enclosures
20.4.3.1 General

Depending on the environmental conditions likely to be encountered (such as area classi-
fication and conductivity of dust) two levels of dust exclusion efficiency have been adopted:
“dust-tight” and “dust-protected” enclosures.

NOTE — For the required degree of dust exclusion efficiency, see IEC 61241-1-2.

For the purpose of these tests, a non-combustible dust may be used. In making an assessment
for the acceptance of the apparatus following the tests, the effect of the presence of a

combu

The precautions that shall be taken where a combustible dust is used fg to the

discretjon of the testing authority or others concerned.

20.4.3J2 Dust-tight apparatus for practice A

Enclosjres shall satisfy the requirements for IP6X, as &8 i i cluding

rotating machines which shall be tested under conditions_c¢e 0edH0T al 5in

IEC 60034-5, acceptance conditions being those indicated fo afi i 0529.

20.4.3{3 Dust-protected apparatus for practice A

Enclosures shall satisfy the test and ffied in

IEC 60529, and IEC 60034-5 as regards

20.4.3/4 Dust-tight apparatus for practice

20.4.3}4.1 Heat cycling te

a) The¢ apparatus shall % 3 i it free
cirqulation of i 3 uitable
dugt and air xilidry equipment and introduced continuously into the
tesf chamber duk 1od. The particle size of the dust shall be suci that it
pagses throug sieve (approximately 0,15 mm mesh width) with
ap % P 4gh a No. 200 ASTM sieve (approximately 0,075 mm mesh
width).

b) For § , the apparatus shall be operated at rated load until maximum
te s axexreacked and then disconnected from the supply until it has copled to
ap inately: perature. The number of cycles of heating and cooling shall be at
leapt six antkshall Yast for a minimum of 30 h.

NOTE 1|- The maximum“temperature under load may be obtained by other means than running at rated Ipad. For

an enclgsuressuch as a junction box without any appreciable heating effect (for example a switch), the pffect of

Change in‘haraometric pressure may be simulated to prr\r{lmn the desired “hrnnrhing" offect

NOTE 2 — Heating the chamber to 40 °C and maintaining this temperature for approximately 1 h and subsequently
cooling the chamber to 20 °C and maintaining this temperature for 1 h has been found to be a satisfactory method
for simulating changes in barometric pressure.

When the required number of heating and cooling cycles has been completed, the equipment
for producing the dust-air atmosphere shall be shut off and the accumulated dust shall be
removed from the exterior surfaces of the enclosures by gently brushing, wiping or shaking,
with care being taken to avoid the introduction of additional dust into the enclosures.

Under no circumstances shall the dust be removed by an air blast or by vacuum cleaning.

The enclosure shall then be opened and carefully examined for the degree of dust penetration
if any.
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4.2 Acceptance criteria

No visible dust shall have entered the enclosure. Dust in joints shall not be considered a

failure.

20.4.3.

4.3 Verification of joints

The apparatus shall be checked for compliance with clause 13 of this standard with regard to
methods of making joints.

20.4.3.

5 Dust protected apparatus for practice B

Heat c

Proceqd
at leas|

ycling test

[ two and for a minimum period of 10 h.

Acceptiance criteria

No vis
failure

20.4.4

Bushin
discon

Neithe
subjec

T

ble dust shall have entered the enclosu

the stem in the bushing nor the b
ed to a torque of t lue gl t

hble 8 — Torque IM'

d as described in 20.4.3.4 except the number of cycles of hea

ey

re. Dus be consid

bydshing used for connection facilities

hall be

ered a

tion or

tem is

Diameter@ sté€m of the bushings Torque
(\K\&/\ Nim
(\ M4 ) 2,0
ANNAYL:N 32
NI I :
SR 0
N T

N M12 25

M16 50

M20 85

M24 130

NOTE - Torque values for sizes other than those specified above may be determined from a graph, plotted using
these values. In addition, the graph may be extrapolated to allow torque values to be determined for bushings
larger than those specified.
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20.4.5 Thermal tests
20.4.5.1 Temperature measurement

The thermal tests shall be made at the rating of the electrical apparatus at an ambient
temperature between 10 °C and 40 °C and with the most unfavourable voltage between 90 %
and 110 % of the rated voltage of the electrical apparatus, unless other IEC publications
prescribe other tolerances for equivalent industrial electrical apparatus.

The test shall be made under the most adverse conditions, including overloads and recognized
abnormal conditions that may be specified in an IEC standard giving specific requirements for
the elEcirical apparatus concerned. AdJVErse conditions may also arisg—Hom the_use of
electri¢al apparatus on inverter supplies, frequent starting, etc.

The mleasurement of the surface temperatures shall be made wi ppparatus

mountéd in its normal service position.

For elgctrical apparatus which can be normally used in different\position ture in
each position shall be determined and the highest tempe en  the
tempetature is determined for certain positions only thj e ifigd M prt and

the electrical apparatus shall be marked accordingly.

The measuring devices (thermometers hall be

selectgd and so arranged that they of the
electri¢al apparatus.

The firjal temperature is considered to hav c i brature
does njot exceed 2 K/h.

20.4.5]2 Temperature

Some apparatu@y s. For
example some tri not be
defeat¢d during the

20.4.5]3 Ambie

Electrical apparatys. for/use i e presence of combustible dust shall normally be desigped for

operatjoni
appargtus |
marked accardingly.

emperature range from -20 °C to +40 °C. Where the elgctrical
a temperature range which differs from this, the range shall be

20.4.54Apparatus for practice A

20.4.5.4.1 Dust-free test

This test shall be carried out in accordance with 20.4.5.1 through 20.4.5.3 without dust layers
on the enclosure.

20.4.5.4.2 Maximum surface temperature of the enclosure Ta

The maximum surface temperature is that measured in the tests of 20.4.5.1 and shall be
corrected to 40 °C ambient temperature.
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20.4.5.5 Apparatus for practice B
20.4.5.5.1 Dust blanket test

This test shall be carried out in accordance with 20.4.5.1 through 20.4.5.3 with the additional
requirement that the apparatus shall be covered with the maximum amount of dust that it can
retain. As an alternative, a 12,5 mm thick layer of dust paste may be put on top of the
apparatus (top 90° quadrant) to simulate the build-up conditions.

NOTE - The paste should consist of 45 % dust (e.g. wheat flour) and 55 % water by weight. The temperature value
should be measured after the paste has dried.

20.4.5[57 Maximum surface temperature of the enclosure s

The mlaximum surface temperature is that measured in the tests of hall be

correcled to 40 °C ambient temperature.

20.4.6| Thermal shock test

Glass parts of luminaries and windows of electrical apparat{
a thermal shock caused by a jet of water of about 1 mprdi
sprayed on them when they are at maximum service {£€

baking,
E5) °C

20.4.7

20.4.7

When,
and loyver ambient tempe

upper

- for|the upper ambignt reased

by pat least 10

« for|the lower
at least 5 K butva

ced by

20.4.7 g’of enclosures in plastic materials

These \ ) twvo samples which shall be submitted to the tests of thermal
endurg healt 0.4.7.3), thermal endurance to cold (see 20.4.7.4) and mechanical
tests ($ee0.4345)Nand finally to the tests specific to the type of protection concerned.

20.4.7)3 Thermale rance to heat

Thermpl*ehdurance to heat is determined by submitting the enclosures or parts of enclosures
in plastic materials on which the integrity of the type of protection depends to continuous
storage for four weeks in an ambiance of (90 £ 5) % relative humidity and at a temperature of
(20 = 2) K above the maximum service temperature, but at least 80 °C.

In the case of a maximum service temperature above 75 °C, the period of four weeks specified
above shall be replaced by a period of two weeks at (95 £ 2) °C and (90 + 5) % relative
humidity followed by a period of two weeks at a temperature of (20 + 2) K higher than the
maximum service temperature.
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4 Thermal endurance to cold

999(E)

Thermal endurance to cold is determined by submitting the enclosures and parts of enclosures
in plastic materials on which the type of protection depends to storage for 24 h in an ambient
temperature corresponding to the minimum service temperature reduced according to 20.4.7.1.

20.4.7.

5 Mechanical tests

The mechanical tests specified in 20.4.2 shall be carried out on the enclosures and,
additionally, in the case of plastic enclosures, according to 20.4.7.2.

The fo

a) Tes

Thd
no
ass

The test shall first be made at the highest temperature

acq
b) Drg

Thd
shd

20.4.7

The rq
compri
paralle
has no

fowimg detaitedconditions shatt e obServed:

t for resistance to impact

b places of impact shall be on the external parts exposed to
-metallic material is protected by another enclosure, only
embly shall be subjected to the resistance to impact testg

ording to 20.4.7.1.
p test
b drop test for electrical apparatus which i

The te
isopro
materi
by bar
to 20.4

The di

During
voltags

The in

5t piece shé
yl alcoho

| of the test p

sure of
of the

rature,

piece
ch two
which

En with
pct the
buched
tording

due to

sulation resistance is the quotient of the direct voltage applied at the electrodes

to the

total ¢

rrent Tfowing petween them wnen the voltage nas been applied Tor 1L min.
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1072

1+£0,2
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25 100 £1 =25
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Dimensions in millimetres

Figure 7 — Test piece with painted el

21 Routine verifications and tests

The mpnufacturer shall make the routi
electri¢al apparatus produced complie
together with the prototype or sample.

22 Mpnufacturer’'s resporsibili

By mafking the electriga i 3 ith clause 26, the manufacturer attg
his owp responsibility that

« the| electrica
requirements o

« the : clause 21 have been successfully completed a
the) &S W gcification submitted to the testing station.

onstructed in accordance with the apq
in safety matters;

23 Verj i tests oh modified or repaired electrical apparatus

498/98

hat the
station

pSts on

licable

nd that

tion or
is re-

Modifiq sade on the electrical apparatus affecting the integrity of the type of proteg
the te e apparatus shall be permitted only if the modified apparatus
submitted to“a testing station.

NOTE —Lnthe e—of repairs—to 0 e

repaired should be subjected to
manufacturer.

24 Clamping tests of non-armoured and braided cables

24.1 Cable entries with clamping by the sealing ring

a—apparatus—atHe Re—A Be Brote —He—pa which—hdave been
new routine verifications and tests which need not necessarily be made by the

24.1.1 Clamping tests shall be carried out using for each type of cable entry, two sealing rings;
one equal to the smallest admissible size and the other equal to the greatest admissible size.

24.1.2 In the case of elastomeric sealing rings for circular cables, each ring is mounted on a
clean, dry, polished cylindrical mild steel mandrel equal to the smallest cable diameter

allowable in the ring and specified by the manufacturer of the cable entry.
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24.1.3 For non-circular cables, the ring shall be mounted on a sample of dry, clean cable of
dimensions equal to the size specified by the manufacturer of the cable entry.

24.1.4 In the case of metallic sealing rings, each ring is mounted on a sample of clean, dry
cable of a diameter equal to the smallest diameter allowable in the ring and specified by the
manufacturer of the cable entry.

24.1.5 The sealing ring with the mandrel or cable, as appropriate, is fitted into the cable entry.
A torque is then applied to the screws (in the case of a flanged compression element fitted with
screws) or to the nut (in the case of a screwed compression element) in order to obtain the
compression of the sealing ring and prevent slipping of the mandrel or cable when the force
applied to it is of a value, in Newtons, equal to

+ 20 |times the value in millimetres of the diameter of the mandrel @ e cable
entry is designed for round cable; or
+ 6 tjmes the value in millimetres of the perimeter of the cable ntry is

degigned for non-circular cable.

24.1.6| For test conditions and acceptance criteria, see 24

NOTE — to the tests or theyl may be
supplied

24.2

24.2.1 qual to
the sm

24.2.2| The filling compo s by the manufacturer of the cable epntry, is
filled imto the available space™and the e 3 jtted to the tests after the compound has
harderfed in accordancp ' tructions.

24.2.3| The filli > ippage of the cable when the force applied|to it is
of a vallue, in Ne

« 20
is d
o 6 ti
degi

e entry

entry is

24.2.4

24.3 Cable entries With clamping by means of a clamping device

24.3.1 —TFhe—ctamping—testshattbe—carried—outusing—foreach—typeofcabte;—entry—ctamping
devices of different permitted sizes.

24.3.2 Each device is mounted on a sample of clean, dry cable of a diameter allowable in the
device and specified by the manufacturer of the cable entry. For non-circular cables, the ring
shall be mounted on the sheath of a sample of dry cable of dimensions equal to the size
specified for use with the sealing ring.
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