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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
___________ 

 
ELECTRICAL APPARATUS FOR USE IN THE 

PRESENCE OF COMBUSTIBLE DUST – 
 

Part 0: General requirements 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

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 fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with 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 international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members 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 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications 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 subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61241-0 has been prepared by subcommittee 31H: Apparatus for 
use in the presence of combustible dust, of IEC technical committee 31: Electrical apparatus 
for explosive atmospheres. 

This first edition of IEC 61241-0, together with IEC 61241-1, cancels and replaces IEC 61241-1-1 
(1999) and constitutes a technical revision. 

This standard, and the other parts within this series, was developed to align protection 
methods associated with electrical apparatus for use in the presence of combustible dust and 
those similar protection methods associated with the IEC 60079 series of standards, where 
possible. 
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The text of this standard is based on the following documents:  

FDIS Report on voting 

31H/173/FDIS 31H/178/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. 

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

IEC 61241 consists of the following parts under the general title: Electrical apparatus for use 
in the presence of combustible dust: 

Part 0:  General requirements 
Part 1:  Protection by enclosures ‘tD’ 
Part 2: Type of protection ‘pD’ 
Part 10:  Classification of areas where combustible dusts are or may be present 
Part 11:  Protection by intrinsic safety ‘iD’ 1 
Part 14:  Selection and installation  
Part 17:  Inspection and maintenance of electrical installations in hazardous areas (other 

than mines) 2 
Part 18:  Protection by encapsulation ‘mD’  
Part 20 3:  Test methods 
Part 20-1:  Methods for determining the minimum ignition temperatures of dust 
Part 20-2:  Method for determining the electrical resistivity of dust in layers  
Part 20-3:  Method for determining minimum ignition energy of dust/air mixtures 
 
NOTE All references in this standard to the IEC 61241 series follows the proposed re-numbering of the dust 
standards agreed by SC31H and TC31. It may be necessary to alter these numbers if the relevant standards are 
not yet published. 

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

• reconfirmed; 
• withdrawn; 
• replaced by a revised edition, or 
• amended. 

The contents of the corrigendum of November 2005 have been included in this copy. 

 

————————— 
1 To be published. 

2 To be published. 

3 Under consideration. 
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INTRODUCTION 

Many dusts that are generated, processed, handled and stored, are combustible. When 
ignited they can burn rapidly and with considerable explosive force if mixed with air in the 
appropriate proportions. It is often necessary to use electrical apparatus in locations where 
such combustible materials are present, and suitable precautions must therefore be taken to 
ensure that all such apparatus is adequately protected so as to reduce the likelihood of 
ignition of the external explosive atmosphere. In electrical apparatus, potential ignition 
sources include electrical arcs and sparks, hot surfaces and frictional sparks. 

Areas where dust, flyings and fibres in air occur in dangerous quantities are classified as 
hazardous and are divided into three zones according to the level of risk. 

Generally, electrical safety is ensured by the implementation of one of two considerations, i.e. 
that electrical apparatus be located where reasonably practicable outside hazardous areas, 
and that electrical apparatus be designed, installed and maintained in accordance with 
measures recommended for the area in which the apparatus is located. 

Combustible dust can be ignited by electrical apparatus in several 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 like; 

– by discharge of an accumulated electrostatic charge; 
– by radiated energy (e.g. electromagnetic radiation); 
– by mechanical sparking or frictional sparking or heating associated with the apparatus. 

In order to avoid ignition hazards it is necessary that 

– the temperature of surfaces, on which dust can be deposited, or which would be in contact 
with a dust cloud, is kept below the temperature limitation specified in this standard; 

– any electrical sparking parts, or parts having a temperature above the temperature limit 
specified in IEC 61241-14 

• are contained in an enclosure which adequately prevents the ingress of dust, or 

• the energy of electrical circuits is limited so as to avoid arcs, sparks or temperatures 
capable to ignite combustible dust; 

– any other ignition sources are avoided. 

Compliance with this standard will only provide the required level of safety if the electrical 
apparatus is operated within its rating and is installed and maintained according to the 
relevant codes of practice or requirements, for example in respect of protection against over-
currents, internal short-circuits, and other electrical faults. In particular, it is essential that the 
severity and duration of an internal or external fault be limited to values that can be sustained 
by the electrical apparatus without damage. 
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Several techniques are available for the explosion protection of electrical apparatus in 
hazardous areas. This standard describes the safety features of these types of explosion-
protection techniques and specifies the installation procedures to be adopted. It is most 
important that the correct selection and installation procedures be followed to ensure the safe 
use of electrical apparatus in hazardous areas.  
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ELECTRICAL APPARATUS FOR USE IN THE 
PRESENCE OF COMBUSTIBLE DUST – 

 
Part 0: General requirements 

 
 
 

1 Scope  

This part of IEC 61241 specifies general requirements for the design, construction, testing 
and marking of electrical apparatus protected by any recognized safeguard technique for use 
in areas where combustible dust may be present in quantities that could lead to a fire or 
explosion hazard.   

This standard is supplemented or modified by the following parts of IEC 61241 concerning 
specific types of protection:  

– Part 1: Protection by enclosures ‘tD’ 
– Part 2: Protection by pressurization ‘pD’ (under consideration) 
– Part 11: Intrinsically safe apparatus ‘iD’ 
– Part 18: Protection by encapsulation ‘mD’ 

NOTE IEC 61241-14 gives guidance on the selection and installation of the apparatus. Apparatus within the 
scope of this standard may also be subjected to additional requirements in other standards – for example, 
IEC 60079-0. 

The application of electrical apparatus in atmospheres which may contain explosive gas as 
well as combustible dust, whether simultaneously or separately, requires additional protective 
measures. 

This standard does not specify requirements for safety, other than those directly related to the 
explosion risk. 

Where the apparatus has to meet other environmental conditions, for example, protection 
against ingress of water and resistance to corrosion, additional methods of protection may be 
necessary. The method used is not to adversely affect the integrity of the enclosure. 

This standard does not apply to dusts of explosives that do not require atmospheric oxygen 
for combustion, or to pyrophoric substances. 

This standard is not applicable to electrical apparatus intended for use in underground parts 
of mines as well as those parts of surface installations of such mines endangered by fire 
damp and/or combustible dust.  

This standard does not take account of any risk due to an emission of flammable or toxic gas 
from the dust. 
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2 Normative references 

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

IEC 60034-5:2000, Rotating electrical machines – Part 5: Degrees of protection provided by 
the integral design of rotating electrical machines (IP code ) − Classification 

IEC 60079-0:2004, Electrical apparatus for explosive gas atmospheres – Part 0: General 
requirements 

IEC 60079-7:2001, Electrical apparatus for explosive gas atmospheres – Part 7: Increased 
safety 'e' 

IEC 60079-11:1999, Electrical apparatus for explosive gas atmospheres – Part 11: Intrinsic 
safety 'i' 

IEC 60086-1:2000, Primary batteries – Part 1: General 

IEC 60095 (all parts), Lead-acid starter batteries  

IEC 60192:2001, Low-pressure sodium vapour lamps – Performance specifications 

IEC 60216-1:2001, Electrical insulating materials – Properties of thermal endurance – Part 1: 
Ageing procedures and evaluation of test results 

IEC 60216-2:1990, Guide for the determination of thermal endurance properties of electrical 
insulating materials – Part 2: Choice of test criteria 

IEC 60243-1:1998, Electrical strength of insulating materials – Test methods – Part 1: Tests 
at power frequencies  

IEC  60285:1993, Alkaline secondary cells and batteries – Sealed nickel-cadmium cylindrical 
rechargeable single cells 4 

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code) 

IEC 60623:2001, Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Vented nickel-cadmium prismatic rechargeable single cells 

IEC 60662:1980, High-pressure sodium vapour lamps 

IEC 60947-3:1999, Low-voltage switchgear and controlgear – Part 3: Switches, disconnectors, 
switch-disconnectors and fuse-combination units 

IEC 61056 (all parts), General purpose lead-acid batteries (valve-regulated types) 

————————— 
4 Cancelled and replaced by IEC 61951-1 (2003).  
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IEC 61150:1992, Alkaline secondary cells and batteries – Sealed nickel-cadmium rechargeable 
monobloc batteries in button cell design 

IEC 61241-1:⎯,  Electrical apparatus for use in the presence of combustible dust – Part 1: 
Protection by enclosures “tD”  

IEC 61241-14:⎯, Electrical apparatus for use in the presence of combustible dust – Part 14: 
Selection and installation  

ISO 48:1994, Rubber, vulcanized or thermoplastic – Determination of hardness (hardness 
between 10 IRHD and 100 IRHD)  

ISO 178:2001, Plastics – Determination of flexural properties 

ISO 179 (all parts), Plastics – Determination of Charpy impact properties  

ISO 262:1998, ISO general-purpose metric screw threads – Selected sizes for screws, bolts 
and nuts 

ISO 273:1979, Fasteners – Clearance holes for bolts and screws  
ISO 286-2:1988, ISO system of limits and fits – Part 2: Tables of standard tolerance grades 
and limit deviations for holes and shafts  

ISO 527 (all parts), Plastics – Determination of tensile properties 

ISO 965 (all parts), ISO general-purpose metric screw threads – Tolerances  

ISO 1818:1975, Vulcanized rubbers of low hardness (10 to 35 IRHD) − Determination of 
hardness 5 

ISO 4014:1999, Hexagon head bolts – Product grades A and B  

ISO 4017:1999, Hexagon head screws – Product grades A and B  

ISO 4026:2003, Hexagon socket set screws with flat point  

ISO 4027:2003, Hexagon socket set screws with cone point  

ISO 4028:2003, Hexagon socket set screws with dog point  

ISO 4029:2003, Hexagon socket set screws with cup point  

ISO 4032:1999, Hexagon nuts, style 1 – Product grades A and B  

ISO 4762:1997, Hexagon socket head cap screws  

ISO 4892 (all parts), Plastics – Methods of exposure to laboratory light sources  

————————— 
5 Withdrawn standard. 
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3 Terms and definitions 

For the purposes of this document, the following definitions apply. 

3.1  
dust 
small solid particles including fibres and flyings 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) 

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 103 Ω⋅m 

3.4  
explosive dust atmosphere 
mixture with air, under atmospheric conditions, of flammable substances in the form of dust, 
fibres or flyings in which, after ignition, combustion spreads throughout the unconsumed 
mixture 

[IEV 426-02-04, modified] 

3.5  
minimum ignition temperature of a dust layer 
lowest temperature of a hot surface at which ignition occurs in a dust layer of specified 
thickness on this hot surface 

[3.3 of IEC 61241-2-1] 

3.6  
minimum ignition temperature of a dust cloud 
lowest temperature of the hot inner wall of a furnace at which ignition occurs in a dust cloud in 
air contained therein 

[3.5 of IEC 61241-2-1, modified] 

3.7  
electrical apparatus 
items applied as a whole or in part for the utilization of electrical energy 

NOTE These include, amongst others, items for the generation, transmission, distribution, storage, measurement, 
regulation, conversion and consumption of electrical energy and items for telecommunications. 

3.8  
rating 
set of rated values and operating conditions 
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3.9  
enclosure 
all the walls, doors, covers, cable entries, rods, spindles, shafts, etc. which contribute to the 
type of protection of and/or the degree of protection (IP) of the electrical apparatus 

3.10  
dust-tight enclosure 
enclosure capable of preventing the ingress of all observable dust particles 

3.11  
dust-protected enclosure 
enclosure in which the ingress of dust is not totally prevented but does not enter in sufficient 
quantity to interfere with the safe operation of the equipment 

NOTE Dust should not accumulate in a position within the enclosure where it is liable to cause an ignition hazard. 

3.12  
type of protection 
specific measures applied to electrical apparatus to avoid ignition of a surrounding explosive 
atmosphere by such apparatus  

3.13  
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 dust layer conditions at the specified maximum ambient 
temperature 

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. 

3.14  
maximum permissible surface temperature 
highest temperature a surface of electrical apparatus is allowed to reach in practical service 
to avoid ignition 

NOTE 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 61241-14, Clause 6). 

3.15  
zones 
areas classified for explosive dust atmospheres are divided into zones based upon the 
frequency and duration of the occurrence of explosive dust/air atmospheres 

3.16  
Zone 20 
place in which an explosive atmosphere in the form of a cloud of combustible dust in air is 
present continuously, or for long periods or frequently 

3.17  
Zone 21 
place in which an explosive atmosphere in the form of a cloud of combustible dust in air is 
likely to occur, occasionally,  in normal operation 
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3.18  
Zone 22 
place in which an explosive atmosphere in the form of a cloud of combustible dust in air is not 
likely to occur in normal operation but, if it does occur, will persist for a short period only 

3.19  
cable entry 
device permitting the introduction of one or more electric and/or fibre optics cables into an 
electrical apparatus so as to maintain the relevant type of protection 

3.20  
conduit entry 
means of introducing a conduit into an electrical apparatus so as to maintain the relevant type 
of protection 

3.21  
compression element 
element of a cable entry acting on the sealing ring to enable the latter to fulfil its function 

3.22  
clamping device 
element of a cable entry for preventing tension or torsion in the cable from being transmitted 
to the connections 

3.23  
sealing ring 
ring used in a cable or conduit entry to ensure the sealing between the entry and the cable or 
conduit 

3.24  
terminal compartment 
separate compartment or part of a main enclosure, communicating, or not, with the main 
enclosure, and containing connection facilities 

3.25  
connection facilities 
terminals screws and other parts, used for the electrical connection of conductors of external 
circuits 

3.26  
bushing 
insulating device carrying one or more conductors through an internal or external wall of an 
enclosure 

3.27  
cell 
assembly of electrodes and electrolyte that constitutes the smallest electrical unit of a battery 

3.28  
primary cell or battery 
electrochemical system capable of producing electrical energy by chemical reaction 
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3.29  
secondary cell or battery 
electrically rechargeable electrochemical system capable of storing electrical energy and 
delivering it by chemical reaction 

3.30  
open cell or battery 
secondary cell, or battery, having a cover provided with an opening through which gaseous 
products may escape 

[IEC 486-01-18, modified] 

3.31  
sealed valve-regulated cell or battery 
cell or battery which is closed under normal conditions, but which has an arrangement which 
allows the escape of gas if the internal pressure exceeds a predetermined value 

NOTE The cell cannot normally receive an addition to the electrolyte.  

[IEV 486-01-20, modified] 

3.32  
sealed gas-tight cell or battery 
cell or battery which remains closed and does not release either gas or liquid when operated 
within the limits of charge or temperature specified by the manufacturer 

[IEV 486-01-21, modified] 

NOTE 1 Such cells and batteries may be equipped with a safety device to prevent dangerously high internal 
pressure. The cell or battery does not require addition to the electrolyte and is designed to operate during its life in 
its original sealed state. 

NOTE 2 The above definition is taken from EN 50020. It differs from IEV definitions 486-01-20 and IEV 486-01-21  
by virtue of the fact it applies to either a cell or battery. 

3.33  
battery 
assembly of two or more cells electrically connected to each other to increase the voltage or 
capacity 

NOTE Where the terms “cell” or “cells” are used, the text refers to individual single cells. Where the terms 
“battery” or “batteries” are used, the text refers to both cells and batteries. 

3.34  
capacity 
quantity of electricity or electric charge, which a fully charged battery can deliver under 
specified conditions 

3.35  
nominal voltage (of a cell or battery) 
voltage specified by the manufacturer 

3.36  
maximum open circuit voltage (of a cell or battery)  
voltage which is the maximum attainable voltage under normal conditions, that is, from either 
a new primary cell, or a secondary cell just after a full charge 

NOTE See Table 3 and Table 4 which show the maximum open circuit voltage for acceptable cells. 

Full document details: IEC 61241-0 2004

http://www.avadocuments.com/doc/iec-61241-0-2004
http://www.avadocuments.com/doc/iec-61241-0-2004


 – 18 – 61241-0 © IEC:2004 

3.37  
charging 
act of forcing current through a secondary cell or battery in the opposite direction to the 
normal flow to restore the energy stored originally 

3.38  
reverse charging 
act of forcing current through either a primary cell or secondary cell in the same direction as 
the normal flow 

NOTE For example, in an expired battery. 

3.39  
deep discharge 
event which reduces a cell voltage below that recommended by the cell or battery 
manufacturer 

3.40  
inherently safe (ihs) cell (or battery) 
primary cell or battery in which the short-circuit current and maximum surface temperature are 
limited to a safe value by its internal resistance 

3.41  
Ex component 
part of electrical apparatus for potentially explosive atmospheres, which is not intended to be 
used alone in such atmospheres and requires additional certification when incorporated into 
electrical apparatus or systems for use in potentially explosive atmospheres 

3.42  
"X" symbol 
symbol used as a suffix to a certificate reference to denote special conditions for safe use 

3.43  
"U" symbol 
symbol used as a suffix to a certificate reference to denote an Ex component 

NOTE The symbols "X" and "U" should not be used together. 

3.44  
certificate 
document confirming that the apparatus is in conformity with the requirements, the type tests 
and, where appropriate, the routine tests in the standard referred to therein 

NOTE 1 A certificate can relate to Ex apparatus or an Ex component. 

NOTE 2 A certificate may be produced by the manufacturer, the user, or a third party, for example, an IEC Ex 
Accepted Certification Body, a national certification body, or an authorized person. 
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4 Construction 

4.1 General 

Electrical apparatus for use in potentially explosive dust atmospheres shall comply with the 
requirements of this standard. 

NOTE If the electrical apparatus has to withstand particularly adverse service conditions (for example rough 
handling, humidity effects, ambient temperature variations, effects of chemical agents, corrosion), these should be 
specified to the manufacturer by the user and are not the responsibility of the testing station. 

4.2 Principles for design and testing of apparatus for use in Zone 20 

Apparatus for Zone 20 needs special consideration. 

The apparatus shall be designed to be capable of functioning in conformity with the 
operational parameters established by the manufacturer and ensuring a very high level of 
protection. 

Apparatus in Zone 20 is intended for use in areas in which explosive atmospheres caused by 
air/dust mixtures are present continuously, for long periods or frequently. Apparatus in this 
zone shall ensure the requisite level of protection, even in the event of rare incidents relating 
to equipment, and is characterized by means of protection such that either 

− in the event of failure of one means of protection, at least an independent second means 
provides the requisite level of protection; or  

− the requisite level of protection is assured in the event of two faults occurring 
independently of each other. 

The special requirements for Zone 20 shall be investigated under simulated working 
conditions as stated by the manufacturer. 

NOTE 1 Apparatus for measurement and control techniques (e.g. instrumentation, sensors, controls) are typical 
applications under dust of excessive layers. 

NOTE 2 Power engineering apparatus (such as motors, luminaires, plugs and sockets) should, wherever 
practicable, be placed outside of such areas. 

4.3 Opening enclosures 

Enclosures for use in Zone 20 or 21 which can be opened more quickly than the time 
necessary 

– to allow incorporated capacitors, charged by a voltage of 200 V or more, to discharge to a 
value of residual energy of 0,2 mJ, or residual energy level of 0,4 mJ if the charging 
voltage is less than 200 V, or 

– to allow the cooling of enclosed hot components to a surface temperature below the 
temperature class of the electrical apparatus 

shall be marked with the following or equivalent warning: 

“AFTER DE-ENERGIZING, DELAY X MINUTES BEFORE OPENING” 

“X” being the value in minutes of the delay required. 
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Alternatively the apparatus may be marked with the warning: 

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

4.4 Environmental conditions 

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. 

5 Temperatures 

5.1 Maximum surface temperature 

For electrical apparatus, the maximum surface temperature shall be specified in relevant 
documentation according to 23.2. 

This maximum surface temperature shall be arranged and marked according to 29.2 g) and 
shall be either 

– defined by the actual maximum surface temperature, or, if appropriate, 
– restricted to the specific combustible dust for which it is intended. 

5.2 Maximum surface temperature with respect to dust layers above 50 mm 

In addition to the maximum surface temperature required in 5.1, the maximum surface 
temperature may be stated for a given depth of layer, TL, of dust surrounding all sides of the 
apparatus, unless otherwise specified in the documentation, and marked according to 29.2 h). 

5.3 Ambient temperature 

Electrical apparatus shall normally be designed for use in the ambient temperature range 
between –20 ºC and +40 ºC; in this case, no additional marking is necessary. 

When the electrical apparatus is designed for use in a different range of ambient 
temperatures, it is considered to be special; the ambient temperature range shall then be 
stated by the manufacturer and specified in the certificate; the marking shall then include 
either the symbol "Ta" or "Tamb" together with the special range of ambient temperatures or, if 
this is impracticable, the symbol "X" shall be placed after the certificate reference, according 
to 29.2 l) (see Table 1). 

Table 1 – Ambient temperatures in service and additional marking 

Electrical apparatus Ambient temperature in service Additional marking 

Normal Maximum: +40 ºC, Minimum: –20 ºC None 

Special Stated by the manufacturer and 
specified in the certificate  

Ta or Tamb with the special range, 
for example "–30 ºC ≤ Ta  ≤ +40 ºC" 

or the symbol "X" 
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6 Enclosure materials 

6.1 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 23.4.6 
apply to enclosures for use in Zone 20 or 21. 

6.1.1 Material specification 

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

6.1.2 Plastic materials 

The specification for plastic materials shall include 

a) the name of the manufacturer; 
b) the exact and complete reference of the material including its colour, percentage of 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 h point on the thermal endurance 

graph without loss of flexural strength exceeding 50 %, determined in accordance with 
IEC 60216-1 and IEC 60216-2 and based on the flexing property in accordance with 
ISO 178. If the material does not break in this test before exposure to the heat, the index 
shall be based on the tensile strength in accordance with ISO 527 with test bars of 
Type 1. 

The data by which these characteristics are defined shall be supplied by the apparatus 
manufacturer. 

6.1.3 Verification of compliance 

The testing station is not required to verify compliance of the material with its specification. 

6.1.4 Thermal endurance 

6.1.4.1 Temperature index 

For Zone 20 and 21 apparatus, the plastic materials shall have a temperature index “TI” 
corresponding to the 20 000 h point of at least 20 K greater than the temperature of the 
hottest point of the enclosure or the part of the enclosure (see 23.4.6.1), having regard to the 
maximum ambient temperature in service. 

For Zone 22 apparatus, the plastic materials shall have a temperature index TI corresponding 
to the 20 000 h point (see IEC 60216-1 and IEC 60216-2) or a continuous operating 
temperature (COT) of at least 10 K greater than the temperature of the hottest point of the 
enclosure having regard to the maximum ambient temperature in service according to data 
supplied by the apparatus manufacturer. 

6.1.4.2 Endurance to heat and cold and light 

The endurance of the enclosures, or parts of the enclosures, of plastic material to heat, cold 
and light, shall be satisfactory (see 23.4.6.3, 23.4.6.4 and 23.4.6.5, respectively).  
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6.1.5 Electrostatic charges 

Electrostatic charges on enclosures, or parts of enclosures, of plastic material for use in Zone 
20 or 21 shall be limited by the following. 

6.1.5.1 Material characteristics 

Apparatus of plastic material shall be so designed that under normal conditions of use, danger 
of ignition due to propagating brush discharges is avoided. 

This can be achieved by using plastic, which is not backed with conductive material. If 
however the plastic is backed by conductive material it shall have one or more of the following 
characteristics: 

– surface resistivity ≤109 Ω tested according to 23.4.6.7;  

– 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 similar components make 
propagating brush discharges unlikely to occur. When evaluating the minimum thickness 
of the insulation to be used or specified it is necessary to allow for any expected wear 
under normal usage.) 

6.1.5.2 Limited capacitance or grounding 

Insulated conductive parts with a capacitance of more than 10 pF shall be avoided or 
electrostatically grounded. 

6.2 Enclosures containing light metals 

6.2.1 Composition 

Materials used in the construction of enclosures of electrical apparatus to be used in 
explosive dust atmospheres shall not contain, by weight, more that 7,5 % in total of 
magnesium and titanium. 

6.2.2 Threaded holes 

Threaded holes in enclosures for fasteners which secure covers intended to be opened in 
service for adjustment, inspection and other operational reasons may only be tapped in the 
material of the enclosure when the thread form is compatible with the material used for the 
enclosure. 

7 Fasteners 

7.1 Access to live parts 

Parts necessary to achieve a standard type of protection or used to prevent access to 
uninsulated live parts shall be capable of being released or removed only with the aid of a 
tool. 

7.2 Compatible material 

Fastening screws for enclosures of materials containing light metals may be made of light 
metal or plastics if the material of the fastener is compatible with that of the enclosure. 
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8 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. 

9 Bushings 

9.1 Prevention of turning 

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. 

9.2 Torque tests 

Bushings in enclosures for use in Zone 20 or 21 shall comply with the relevant torque test as 
specified in 23.4.4. 

10 Materials used for cementing 

10.1 Documentation 

The manufacturer’s documents submitted according to 23.2 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 shall be 
subjected, within the rating of the electrical apparatus. 

10.2 Thermal stability 

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 withstand adverse service conditions, appropriate measures should be agreed 
between user and manufacturer. 

10.3 Verification 

The testing station is not required to verify the characteristics listed in the documents 
mentioned in 10.1. 

11 Ex components 

11.1 General 

Ex components shall comply with the relevant requirements given in this standard and may be  

– an empty enclosure, 
– components or assemblies of components for use with apparatus complying with the 

requirements of one or more of the types of protection listed in Clause 1. 
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11.2 Mounting 

Ex components may be mounted 

a) completely within an apparatus enclosure (for example a terminal, ammeter, heater or 
indicator; a type 'mD' switch component or thermostat or a type 'iD' supply); or 

b) completely external to the apparatus enclosure (for example a type 'iD' sensor); or 
c) partly within and partly external to the apparatus enclosure (for example a type 'tD' push 

button switch, a limit switch or indicating lamp, an ammeter or a type 'iD' indicator). 

11.3 Internal mounting 

In the case of mounting that is completely within the enclosure, the only parts to be tested or 
assessed when used in an apparatus are those parts that cannot be tested and/or assessed 
as a separate component (for example test or assessment of surface temperature, creepage 
distance and clearance, when the component is mounted). 

11.4 External mounting 

In the case of mounting that is external to the enclosure, or partly within and partly external to 
the enclosure, the interface between the Ex component and the enclosure shall be tested or 
assessed for compliance with the relevant type of protection and for compliance with the 
mechanical tests according to 23.4.2. 

12 Connection facilities and terminal compartments 

12.1 Attached cables 

Electrical apparatus intended for connection to external circuits shall include connection 
facilities, except where the electrical apparatus is manufactured with a cable permanently 
connected to it. All apparatus constructed with permanently connected unterminated cables 
shall be marked with the symbol “X” to indicate the need for appropriate connection of the free 
end of the cable. 

12.2 Terminal access 

Terminal compartments and their access openings shall be dimensioned so that the 
conductors can be readily connected. 

12.3 Creepage and clearance 

Terminal compartments shall be so designed that after proper connection of the conductors, 
the creepage distances and the clearances comply with the requirements, if any, of the 
specific standard for the type of apparatus concerned. 

13 Connection facilities for earthing or bonding conductors 

13.1 Internal connection 

A connection facility for the connection of an earthing or equipotential bonding conductor shall 
be provided inside the terminal compartment of electrical apparatus and near the other 
connection facilities. 
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13.2 External connection 

Electrical apparatus with a metallic enclosure shall have an additional external connection 
facility for an earthing or equipotential bonding conductor. This external connection facility 
shall be electrically in contact with the facility required in 13.1. The external connection facility 
is not required for electrical apparatus which is designed to be moved when energized 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. 

13.3 Facility not required 

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. 

13.4 Effective connection 

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 2. 

Table 2 – Minimum cross-sectional areas of protective conductors 

Cross-sectional area of phase 
conductors of the installation, S 

mm2 

Minimum cross-sectional area of the 
corresponding protective conductor, Sp 

mm2 

S ≤ 16 S 

16 < S ≤ 35 16 

S > 35 0,5 S 

 
In addition to meeting this requirement, earthing or bonding connection facilities on the 
outside of electrical apparatus shall provide for effective connection of a conductor of at least 
4 mm2. 

13.5 Effective contact 

Connection facilities shall effectively be protected against corrosion. They shall also be 
designed so that the conductors are secured against loosening and twisting and so that the 
contact pressure is maintained. 

13.6 Environmental 

Contact pressure of electrical connections shall not be affected by dimensional changes of 
insulating materials in service, due to temperature or humidity, etc. 

13.7 Use of light metal 

Special precautions shall be taken if one of the parts in contact consists of a material 
containing light metal. One example of a means of connecting to a material containing light 
metal is to use an intermediate part made from steel. 
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14 Cable and conduit entries 

14.1 Intended use 

The manufacturer shall specify in the documents submitted according to 23.2 the entries 
intended for use with cable or conduit, their position on the apparatus and the maximum 
number permitted. 

14.2 Construction 

Cable and conduit entries shall be constructed and fixed so that they do not alter the specific 
characteristics of the type of protection of the electrical apparatus on which they are mounted. 
This shall apply to the whole range of cable dimensions specified by the manufacturer of the 
cable entries as suitable for use with those entries. 

14.3 Integral part of the apparatus 

Cable and conduit entries may form an integral part of the apparatus, i.e. one major element 
or part forms an inseparable part of the enclosure of the apparatus. In such cases the entries 
shall be tested and certified with the apparatus. 

NOTE Cable and conduit entries, which are separate from, but installed with the apparatus, are usually tested and 
certified separately from the apparatus but may be tested and certified together with the apparatus if the apparatus 
manufacturer so requests. 

14.4 Prevention of twisting 

Where the design of a cable entry is such that twisting of the cable can be transmitted to the 
connections, then means shall be provided to prevent such twisting. 

14.5 Method of attaching 

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

– in the wall of the enclosure, or 
– in an adaptor plate designed to be fitted in or on the walls of the enclosure, or 
– into a suitable stopping box, integral with or attached to the wall of the enclosure. 

14.6 Blanking elements 

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. 

14.7 Branching point temperatures 

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). 
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Figure 1 – Illustration of entry points and branching points 

15 Radiating equipment 

The energy levels of radiation generating equipment shall not exceed the values given below 
(see IEC 61241-14). 

15.1 Lasers and other continuous wave source 

15.1.1 Zone 20 and Zone 21 

Radiation-generating electrical equipment, if tested and permitted in accordance with this 
specification for Zone 20 or 21, may be used. Independently of this fact it shall be ensured 
that irradiation power or irradiation that may penetrate into or occur in Zone 20 or 21, even in 
the case of rare disturbances in the entire part of the radiation process proceeding in Zone 20 
or 21 and at any point in the radiation cross-section, shall not exceed the following values: 

– 5 mW/mm2 or 35 mW for continuous wave lasers and other continuous wave sources, and 

– 0,1 mJ/mm2 for pulse lasers or pulse light sources with pulse intervals of at least 5 s. 

Radiation sources with pulse intervals of less than 5 s are regarded as continuous light 
sources in this respect. 

15.1.2 Zone 22 

Equipment generating radiation may be used. The irradiation intensity or irradiation shall not 
exceed 10 mW/mm2 or 35 mW continuous and 0,5 mJ/mm2 for pulse in normal operation. 
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15.2 Ultrasonic sources 

For ultrasonic sources the power level shall not exceed a power density in the sound field of 
0,1 W/cm2 and a frequency of 10 MHz for continuous sources and 2 mJ/cm2 for pulse 
sources. The average power density shall not exceed 0,1 W/cm2. 

15.2.1 Zone 20 and Zone 21 

In Zone 20 or 21, ultrasonics sources shall not exceed a power density in the sound field of 
0,1 W/cm2 and a frequency of 10 MHz for continuous sources and 2 mJ/cm2 for pulse 
sources. The average power density shall not exceed 0,1 W/cm2. 

15.2.2 Zone 22 

In Zone 22 no special safety measures against ignition hazards due to the use of ultrasonics 
themselves are necessary, provided the power density in the sound field generated does not 
exceed 0,1 W/cm2 and an installed frequency of 10 MHz. 

16 Supplementary requirements for specific electrical apparatus –  
Rotating electrical machines 

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. 

16.1 Ventilation openings for external fans 

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

– IP20 on the air inlet side, 
– IP10 on the air outlet side, 

according to IEC 60034-5. 

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

16.2 Construction and mounting of the ventilating systems 

Fans, fanhoods and ventilation screens shall be constructed so as to meet the requirements 
of the resistance to impact test according to 23.4.2.1. 

16.3 Clearances for the ventilating system for use in Zone 20 or 21 

In normal operation the clearances, taking into account design tolerances, between the 
external fan and its hood, ventilation screens and their fasteners shall be at least one 
hundredth of the maximum diameter of the fan, except that the clearances need not exceed 
5 mm and may be reduced to 1 mm if the opposing parts are manufactured so as to have 
dimensional accuracy and stability. In no case shall the clearance be less than 1 mm. 
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16.4 Materials for external fans and fanhoods  

16.4.1 Electrostatic discharge 

External fans, fanhoods, ventilation screens, etc., shall have an electrical insulation resist-
ance measured according to 6.1.5.1 not exceeding 109 Ω. 

16.4.2 Thermal stability of plastic materials for use in Zones 20 and 21 

The thermal stability of plastic materials shall be considered adequate if the manufacturer’s 
specified operating temperature of the material exceeds the maximum temperature to which 
the material will be subjected in service (within the rating) by at least 20 K. 

16.4.3 Materials containing light metals for use in Zones 20 and 21 

The external fans, fanhoods and ventilation screens of rotating electrical machines 
manufactured from materials containing light metals shall not contain by weight more than 
7,5 % of magnesium. 

17 Switchgear 

17.1 Flammable dielectric 

Switchgear with contacts immersed in flammable dielectric is not permitted. 

17.2 Interlocking 

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”. 

17.3 Indication of open position 

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. 

17.4 Openings 

Doors and covers giving access to the interior of enclosures containing remotely operated 
circuits with switching contacts which can be made or broken by non-manual influences (such 
as electrical, mechanical, magnetic, electro-magnetic, electro-optical, pneumatic, hydraulic, 
acoustic or thermal) shall either 
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– be interlocked with a disconnector which prevents access to the interior unless it has been 
operated to disconnect unprotected internal circuits; or 

– the apparatus shall be marked with the warning: 

"DO NOT OPEN WHEN ENERGIZED". 

18 Fuses 

Enclosures containing fuses shall either 

– 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”. 

19 Plugs and sockets 

The requirements for plugs and sockets are not applicable for type of protection Ex iD. 

19.1 Plugs and sockets construction 

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

a) be interlocked mechanically, or electrically, or otherwise designed so that they cannot be 
separated when the contacts are energized and the contacts cannot be energized when 
the plug and socket are separated; or 

b) be fixed together by means of special fasteners that shall conform to the following: 
– the thread shall be coarse pitch in accordance with ISO 262, with a tolerance fit of 

6g/6H in accordance with ISO 965; 
– the head of the screw or nut shall be in accordance with ISO 4014, ISO 4017, 

ISO 4032 or ISO 4762, and in the case of hexagon socket set screws ISO 4026, 
ISO 4027, ISO 4028 or ISO 4029; 

– the holes of the electrical apparatus shall be threaded for a distance to accept a thread 
engagement, h, at least equal to the major diameter of the thread of the fastener (see 
Figures 2 and 3). 

The thread shall have a tolerance fit of 6H in accordance with ISO 965, and either  

1) the hole under the head of the associated fastener shall allow a clearance not greater 
than a medium tolerance fit of H13 in accordance with ISO 286-2 (see Figure 2 and 
ISO 273); or 

2) the hole under the head (or nut) of an associated reduced shank fastener shall be 
threaded to enable the fastener to be retained. The dimensions of the threaded hole 
shall be such that the surrounding surface in contact with the head of such a fastener 
shall be at least equal to that of a fastener without a reduced shank in a clearance 
hole (see Figure 3). 
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