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INTRODUCTION

Please find attached the Activity Report from the Convenor of ExTAG WG9. Ex ‘s’ requirements. ExTAG Members are asked to give consideration to the acceptance of IECEx ExTAG/WG9/01A, attached as Annex A of this report, as an Operational Document during the Denver Meeting.

Michel Brenon

ExTAG Secretary

ExTAG WG9 – Ex ‘s’ requirements
Report from Xu Jianping, WG9 Convenor

Terms of Reference

To develop a common set of requirements that enables IECEx ExTRs and CoCs to be issued under the category of Ex ‘s’ special protection
WG9 Members

Marc Gillaux, LCIE
Ron Sinclair, BASEEFA

David Stubbings, Sira
David Walker, ITACS

Jun Wang, CQST

Jianping Xu, NEPSI – Convenor

Report on Progress

Working Group 9 was formed as a result of discussions held during the 2005 Buxton ExTAG meeting.

In April 2007, with the contributions from the former Convener Mr Marc Gillaux of LCIE and Mr David Walker of ITACS, the first document IECEx ExTAG/WG9/01 was available for circulation to ExTAG WG9 members.

In June 2007, the first document IECExTAG/WG9/01 was revised as IECEx ExTAG/WG9/01A according to the first round feedback from WG9 members. The detailed comments are available at the  ExTAG WG9 website.
In consideration of the generally positive input received in the second round circulation within WG9, WG9 considers with small modification this document now can be presented as an operational document for further circulation to all the ExTAG members. Therefore, ExTAG is requested to consider this issue during the 2007 Denver ExTAG meeting, and to provide feedback to the WG.

Xu Jianping
Convenor, ExTAG WG9
Annex A
	ExTAG WG9


	Convenor : Prof. Xu Jianping
xujianping@nepsi.org.cn
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Equipment for gas and dust explosive atmospheres
Special protection “s”
1
SCOPE

This Document specifies requirements relating to the design, construction, testing and marking of electrical apparatus or parts thereof which can be shown by test or assessment to be suitable for use in explosive gas or dust atmospheres.

It is applicable to Group I, Group II and Group III as defined in IEC 60079-0.

It is applicable to apparatus intended for Zone 0, Zone 1, or Zone 2 or Zone 20, Zone 21, Zone 22 as defined in IEC 60079-10. The apparatus shall be designed tested according to the Zone for which it is intended.

This Document supplements the general requirements in IEC 60079-0 and the requirements of the standardized types of protection, in accordance with the IEC 60079 series.

This Document shall not be used for apparatus or any parts of apparatus that could be designed and tested to one or more existing explosion-protection techniques as described in IEC 60079 series. This Document shall not be considered as a last resort in the event that apparatus fails compliance to the 60079 series.

NOTE: This may mean that modification of the design will be necessary to meet the requirements of the established techniques. 

The manufacturer shall demonstrate that the apparatus cannot be designed to one or a combination of existing techniques.

A testing station may vary one or more of the requirements and tests specified herein provided that it is satisfied that the apparatus complies with alternative requirements or test procedures which are acceptable on the basis that they provide an equivalent or improved level of safety. Additional tests may be required by the testing station.

Apparatus complying with this Document and operating within the operational parameters specified by the manufacturer ensures a level of protection commensurate with the Zone of hazard of the intended application.
2
    NORMATIVE REFERENCES

The references below are referred to in this Document:

	IEC
	

	61508 
	Parts 1 to 7: Functional safety of electrical/electronic/ programmable electronic safety-related systems

	IEC 61511
	Functional safety—Safety instrumented systems for the process industry sector

	62061
	Safety of machinery—Functional safety of safety-related electrical, electronic and programmable electronic control systems

	60079
	Electrical apparatus for explosive gas atmospheres

	60079-0
	Part 0: General requirements (Edition 5/FDIS)

	60079-1: 2003
	Part 1: Flameproof enclosures “d”

	60079-10
	Part 10: Classification of hazardous areas

	60079-11
	Part 11: Intrinsic safety “i”(document 31G/159/FDIS)

	60079-15
	Part 15: Construction, test and marking of type of protection, “n” electrical apparatus

	60079-26(Int) 
	Part 26: Construction, test and marking of Group II, Zone 0 electrical apparatus 

	62013 
	Caplights for use in mines susceptible to firedamp

	62013-1
	Part 1: General requirements—Construction and testing in relation to the risk of explosion

	IEC
	

	60300
	Dependability management

	60300-3-9
	Part 3-9: Application guide – Section 9: Risk analysis of technological systems

	BS EN
	

	1127-1
	Explosive atmospheres  Explosion prevention and protection  Basic concepts and methodology 

	EN 13463-1
	Non electrical equipment - Part 1: Basic method and requirements

	50050:2001
	Electrical apparatus for potentially explosive atmospheres - Electrostatic hand-held spraying equipment

	94/9/EC
	ATEX Directive – Equipment and protective system intended for use in potentially explosive atmospheres


3
TERMS AND DEFINITIONS

For the purposes of this document, the terms and definitions given in IEC 60079-0 and the following apply.
3.1
Special protection (type of protection “s”)

A concept which has been adopted to permit the assessment and testing of those types of electrical apparatus or parts thereof, which, for technical, operational or functional reasons, do not comply with the constructional or other requirements specified for apparatus with established types of protection, but which nevertheless can be shown, where necessary by assessment and test, to be suitable for use in prescribed Zones.

NOTES: 

1 - 
The concept permits flexibility on the part of test laboratories in their approach to applications for certification or assessment of apparatus, the use of which would otherwise not be permitted in hazardous areas on account of non-compliance with the requirements of standards for recognized or established types of protection. This applies not only to current types of apparatus, but also allows flexibility of approach to new design and innovatory ideas, the development of which might otherwise be hindered.

2 -
This type of protection is denoted by “s”. The design, assessment and test requirements are those described in this Document.
3.2
Equipment protection level (EPL)

Level of protection assigned to equipment based on its likelihood of becoming a source of ignition and distinguishing the differences between explosive gas atmospheres, explosive dust atmospheres, and the explosive atmospheres in mines susceptible to firedamp.

NOTE: The Equipment Protection Level may optionally be employed as part of a complete risk assessment of an installation, see IEC 60079-14.

4                EQUIPMENT GROUPING
Electrical equipment for explosive atmospheres is divided into the following Groups:

4.1
Equipment-group I
Electrical equipment of Group I is intended for use in mines susceptible to firedamp.

NOTE: The types of protection for Group I take into account the ignition of both firedamp and coal dust along with enhanced physical protection for equipment used underground.

Electrical equipment intended for mines where the atmosphere, in addition to firedamp, may contain significant proportions of other flammable gases (i.e. other than methane), shall be constructed and tested in accordance with the requirements relating to Group I and also to the subdivision of Group II corresponding to the other significant flammable gases. This electrical equipment shall then be marked appropriately (for example, “Ex ds I/IIB T3” or “Ex ds I/II (NH3)”).

4.2
Equipment-group II
Electrical equipment of Group II is intended for use in places with an explosive gas atmosphere other than mines susceptible to firedamp.

Electrical equipment of Group II is subdivided according to the nature of the explosive gas atmosphere for which it is intended.

Group II subdivisions:

- IIA, a typical gas is propane

- IIB, a typical gas is ethylene

- IIC, a typical gas is hydrogen

NOTE 1: This subdivision is based on the maximum experimental safe gap (MESG) or the minimum ignition current ratio (MICR) of the explosive gas atmosphere in which the equipment may be installed.(see I IEC 60079-12 and IEC 60079-20).

NOTE 2: Equipment marked IIB is suitable for applications requiring Group IIA equipment. Similarly, equipment marked IIC is suitable for applications requiring Group IIA or Group IIB equipment.
4.3
Equipment-group III
Electrical equipment of Group III is intended for use in places with an explosive dust atmosphere other than mines susceptible to firedamp.

Electrical equipment of Group III is subdivided according to the nature of the explosive dust atmosphere for which it is intended.

Group III subdivisions:

- IIIA, Combustible flyings

- IIIB, Non-conductive dust

- IIIC, Conductive dust

NOTE: Equipment marked IIIB is suitable for applications requiring Group IIIA equipment. Similarly, equipment marked IIIC is suitable for applications requiring Group IIIA or Group IIIB equipment.

5                CLASSIFICATION OF EQUIPMENT-GROUPS INTO EQUIPMENT PROTECTION LEVELS (EPLs)
5.1
Classification of equipment-group I
5.1.1
EPL Ma
Equipment for installation in a coalmine, having a “very high” level of protection, which has sufficient security that it is unlikely to become an ignition source, even when left energised in the presence of an outbreak of gas.

NOTE:  Typically communications circuits and gas detection equipment will be constructed to meet the Ma requirements - for example an Ex ia telephone circuit

5.1.2
EPL Mb
Equipment for installation in a coal mine, having a “high” level of protection, which has sufficient security that it is unlikely to become a source of ignition in the time span between there being an outbreak of gas and the equipment being de-energised.

NOTE: Typically all the coal winning equipment will be constructed to meet the Mb requirements - for example Ex d motors and switchgear.

5.2
Classification of equipment-group II
5.2.1
EPL Ga
Equipment for explosive gas atmospheres, having a “very high” level of protection, which is not a source of ignition in normal operation, expected malfunction or when subject to rare malfunction. Such equipment will have a form of protection which will remain effective even in the presence of two potential faults (for example, intrinsic safety, category ia), or will have two independent means of protection.

NOTE: An example of two independent means of protection is where Ex e and Ex d are acting independently of each other.
5.2.2
EPL Gb
Equipment for explosive gas atmospheres, having a “high” level of protection, which is not a source of ignition in normal operation or when subject to faults that may be expected, though not necessarily on a regular basis.

NOTE: The majority of the standard protection concepts bring equipment within this equipment protection level.

5.2.3
EPL Gc
Equipment for explosive gas atmospheres, having an “enhanced” level of protection, which is not a source of ignition in normal operation and which may have some additional protection to ensure that it remains inactive as an ignition source in the case of regular expected occurrences (for example failure of a lamp).

NOTE: Typically this will be Ex n equipment.

5.3
Classification of equipment-group III
5.3.1
EPL Da
Equipment for combustible dust atmospheres, having a “very high” level of protection, which is not a source of ignition in normal operation or when subject to rare faults.

5.3.2
EPL Db
Equipment for combustible dust atmospheres, having a “high” level of protection, which is not a source of ignition in normal operation or when subject to faults that may be expected, though not necessarily on a regular basis.

5.3.3
EPL Dc
Equipment for combustible dust atmospheres, having an “enhanced” level of protection, which is not a source of ignition in normal operation and which may have some additional protection to ensure that it remains inactive as an ignition source in the case of regular expected occurrences.

6
GENERAL PRINCIPLES RELATING TO THE DESIGN AND CONSTRUCTION OF EQUIPMENT AND PROTECTIVE SYSTEMS 

6.1 
Integrated explosion safety 

Equipment and protective systems intended for use in potentially explosive atmospheres must be designed from the point of view of integrated explosion safety. In this connection, the manufacturer must take measures:

· above all, if possible, to prevent the formation of explosive atmospheres which may be produced or released by equipment and by protective systems themselves,
· to prevent the ignition of explosive atmospheres, taking into account the nature of every electrical and non-electrical source of ignition,
· should an explosion nevertheless occur which could directly or indirectly endanger persons and, as the case may be, animals, property or the environment, to halt it immediately and/or to limit the range of explosion flames and explosion pressures to a sufficient level of safety.

Equipment and protective systems must be designed and manufactured after due analysis of possible operating faults in order as far as possible to preclude dangerous situations. Any misuse which can reasonably be anticipated must be taken into account.


Special checking and maintenance conditions Equipment and protective systems subject to special checking and maintenance conditions must be designed and constructed with such conditions in mind.


Surrounding area conditions Equipment and protective systems must be so designed and constructed as to be capable of coping with actual or foreseeable surrounding area conditions.

6.2
Ignition hazard assessment

An explosive/combustible air atmosphere can be ignited by a hot surface, electrical spark or frictional heating.

The equipment or system under consideration shall be subject to a suitable fault analysis to determine the failure modes which could occur and which could result in an ignition, or production of a hot surface. 
NOTE: a “fault” may be an electrical or a mechanical fault.

For each failure mode, the probability of failure to an unsafe condition shall be determined using conventional techniques.

The manufacturer shall provide a fault analysis report. The fault analysis shall consider any potential failure of the properties of the apparatus on which explosion-protection depends.

The fault analysis shall specifically address the potential failure modes of all methods, techniques and devices used to ensure safety.

Where equipment uses external sensing devices for ensuring safety, then the circuits shall have multiple redundancies as required for the zone classification and be fail-safe.

The fault analysis may be qualitative, semi-quantitative or quantitative.

 Appropriate methodology for determining the independent layers of explosion-protection may be found in IEC 61508, IEC 61511, IEC 60300-3-9, IEC 62061, EN 13463-1 or AS 4024.1.

The fault analysis report shall be provided to the test station.

The fault assessment shall be carried out taking in consideration the safety requirements detailed in clause 7.
The test station shall take into account the potential failure modes of the apparatus when applying faults during testing. These shall include any additional failure modes identified by the test station.

A fault hazard assessment shall be carried out to identify the ignition mechanisms and ignition sources caused by the specific working principle of the apparatus. 

The failure modes and probabilities shall be considered during testing and assessment and determination of Zone of application. The manufacturer shall provide an ignition hazard assessment to assist the test laboratory.

The fault assessment provides guidance for determination of the type of fault to be applied.
The various levels of protection of equipment must be capable of functioning in conformity with the operational parameters established by the manufacturer to that level of protection. See Table 1.

Table 1 – Description of risk of ignition protection provided
	Protection afforded
	Equipment protection level (EPL)
	Performance of protection
	Conditions of operation

	
	Group
	
	

	Very high
	Ma
	Two independent means of protection or safe even when two faults occur independently of each other 
	Equipment remains functioning when explosive atmosphere present 

	
	Group I
	
	

	Very high
	Ga
	Two independent means of protection or safe even when two faults occur independently of each other
	Equipment remains functioning in zones 0, 1 and 2 

	
	Group II
	
	

	Very high
	Da
	Two independent means of protection or safe even when two faults occur independently of each other 
	Equipment remains functioning in zones 20, 21 and 22 

	
	Group III
	
	

	High
	Mb
	Suitable for normal operation and severe operating conditions 
	Equipment de-energized when explosive atmosphere present 

	
	Group I
	
	

	High
	Gb
	Suitable for normal operation and frequently occurring disturbances or equipment where faults are normally taken into account 
	Equipment remains functioning in zones 1 and 2 

	
	Group II
	
	

	High
	Db
	Suitable for normal operation and frequently occurring disturbances or equipment where faults are normally taken into account 
	Equipment remains functioning in zones 21 and 22 

	
	Group III
	
	

	Enhanced
	Gc
	Suitable for normal operation 
	Equipment remains functioning in zone 2 

	
	Group II
	
	

	Enhanced
	Dc
	Suitable for normal operation 
	Equipment remains functioning in zone 22 

	
	Group III
	
	


7
COMMON REQUIREMENTS RELATING TO THE DESIGN AND CONSTRUCTION OF EQUIPMENT AND PROTECTIVE SYSTEMS 

NOTES:
1. The apparatus and protective systems shall meet the requirements of IEC 60079-0 wherever possible. Where the method of protection is based on an established technique, then the apparatus shall also comply with the part of the IEC 60079 series applicable to that technique. 
2. Any exclusion from these requirements shall be agreed between the manufacturer and test station, and shall be documented.
7.1 
Selection of materials

 
The materials used for the construction of equipment and protective systems must not trigger off an explosion, taking into account foreseeable operational stresses.


Within the limits of the operating conditions laid down by the manufacturer, it must not be possible for a reaction to take place between the materials used and the constituents of the potentially explosive atmosphere, which could impair explosion protection.

 
Materials must be so selected that predictable changes in their characteristics and their compatibility in combination with other materials will not lead to a reduction in the protection afforded; in particular, due account must be taken of the material's corrosion and wear resistance, electrical conductivity, impact strength, ageing resistance and the effects of temperature variations.

7.2 
Design and construction

Equipment and protective systems must be designed and constructed with due regard to technological knowledge of explosion protection so that they can be safely operated throughout their foreseeable lifetime.

 
Components to be incorporated into or used as replacements in equipment and protective systems must be so designed and constructed that they function safely for their intended purpose of explosion protection when they are installed in accordance with the manufacturer's instructions.

7.2.1 
Enclosed structures and prevention of leaks


Equipment which may release flammable gases or dusts must wherever possible employ enclosed structures only. If equipment contains openings or non-tight joints, these must as far as possible be designed in such a way that developing gases or dusts cannot give rise to explosive atmospheres outside the equipment. Points where materials are introduced or drawn off must, as far as possible, be designed and equipped so as to limit escapes of flammable materials during filling or draining.

7.2.2 
Dust deposits


Equipment and protective systems which are intended to be used in areas exposed to dust must be so designed that deposit dust on their surfaces is not ignited. In general, dust deposits must be limited where possible. Equipment and protective systems must be easily cleanable. The surface temperatures of equipment parts must be kept well below the glow temperature of the deposit dust. The thickness of deposit dust must be taken into consideration and, if appropriate, means must be taken to limit the temperature in order to prevent a heat build up.

7.2.3 
Additional means of protection


Equipment and protective systems, which may be exposed to certain types of external, stresses must be equipped, where necessary, with additional means of protection. Equipment must withstand relevant stresses, without adverse effect on explosion protection.

7.2.4 
Safe opening


If equipment and protective systems are in a housing or a locked container forming part of the explosion protection itself, it must be possible to open such housing or container only with a special tool or by means of appropriate protection measures.


Protection against other hazards Equipment and protective systems must be so designed and manufactured as to:

(a) 
avoid physical injury or other harm which might be caused by direct or indirect contact;

(b) 
assure that surface temperatures of accessible parts or radiation which would cause a danger, are not produced;
(c) 
eliminate non-electrical dangers which are revealed by experience;

(d) 
assure that foreseeable conditions of overload shall not give rise to dangerous situations.

7.2.5 
Overloading of equipment


Dangerous overloading of equipment must be prevented at the design stage by means of integrated measurement, regulation and control devices, such as over-current cut-off switches, temperature limiters, differential pressure switches, flowmeters, time-lag relays, overspeed monitors and/or similar types of monitoring devices.

7.2.6 
Flameproof enclosure systems


If parts which can ignite an explosive atmosphere are placed in an enclosure, measures must be taken to ensure that the enclosure withstands the pressure developed during an internal explosion of an explosive mixture and prevents the transmission of the explosion to the explosive atmosphere surrounding the enclosure.

7.2.7 
Connection of conductors and cables
Conductors, cables and connectors shall be protected in accordance with the requirements for the Zone. 

7.3 
Potential ignition sources

7.3.1 
Hazards arising from different ignition sources


Potential ignition sources such as sparks, flames, electric arcs, high surface temperatures, acoustic energy, optical radiation, electromagnetic waves and other ignition sources must not occur.

7.3.2 
Hazards arising from static electricity


Electrostatic charges capable of resulting in dangerous discharges must be prevented by means of appropriate measures.

7.3.3 
Hazards arising from stray electric and leakage currents


Stray electric and leakage currents in conductive equipment parts which could result in, for example, the occurrence of dangerous corrosion, overheating of surfaces or sparks capable of provoking an ignition must be prevented.

7.3.4 
Hazards arising from overheating


Overheating caused by friction or impacts occurring, for example, between materials and parts in contact with each other while rotating or through the intrusion of foreign bodies must, as far as possible, be prevented at the design stage.

7.3.5 
Hazards arising from pressure compensation operations


Equipment and protective systems must be so designed or fitted with integrated measuring, control and regulation devices that pressure compensations arising from them do not generate shock waves or compressions which may cause ignition.

7.4 
Hazards arising from external effects

7.4.1 
Equipment and protective systems must be so designed and constructed as to be capable of performing their intended function in full safety, even in changing environmental conditions and in the presence of extraneous voltages, humidity, vibrations, contamination and other external effects, taking into account the limits of the operating conditions established by the manufacturer.

7.4.2 
Equipment parts used must be appropriate to the intended mechanical and thermal stresses and capable of withstanding attack by existing or foreseeable aggressive substances.

7.5 
Requirements in respect of safety-related devices

7.5.1 
Safety devices must function independently of any measurement or control devices required for operation.
As far as possible, failure of a safety device must be detected sufficiently rapidly by appropriate technical means to ensure that there is only very little likelihood that dangerous situations will occur.
For electrical circuits the fail-safe principle is to be applied in general. Safety-related switching must in general directly actuate the relevant control devices without intermediate software command.

7.5.2 
In the event of a safety device failure, equipment and/or protective systems shall, wherever possible, be secured.

7.5.3 
Emergency stop controls of safety devices must, as far as possible, be fitted with restart lockouts. A new start command may take effect on normal operation only after the restart lockouts have been intentionally reset.

7.6
Control and display units


Where control and display units are used, they must be designed in accordance with ergonomic principles in order to achieve the highest possible level of operating safety with regard to the risk of explosion.

7.6.1 
Requirements in respect of devices with a measuring function for explosion protection

In so far as they relate to equipment used in explosive atmospheres, devices with a measuring function must be designed and constructed so that they can cope with foreseeable operating requirements and special conditions of use.

7.6.2 
Where necessary, it must be possible to check the reading accuracy and serviceability of devices with a measuring function.

7.6.3 
The design of devices with a measuring function must incorporate a safety factor which ensures that the alarm threshold lies far enough outside the explosion and/or ignition limits of the atmospheres to be registered, taking into account, in particular, the operating conditions of the installation and possible aberrations in the measuring system.

7.6.4 
Risks arising from software

In the design of software-controlled equipment, protective systems and safety devices, special account must be taken of the risks arising from faults in the programme. 
The safety function of software should be assessed and verified by a competent agency according to the series standards IEC 61508 and general principles as indicated in Clause 6.
7.7 
Integration of safety requirements relating to the system

7.7.1 
Manual override must be possible in order to shut down the equipment and protective systems incorporated within automatic processes which deviate from the intended operating conditions, provided that this does not compromise safety.

7.7.2 
When the emergency shutdown system is actuated, accumulated energy must be dispersed as quickly and as safely as possible or isolated so that it no longer constitutes a hazard. This does not apply to electrochemically-stored energy.

7.7.3 
Hazards arising from power failure


Where equipment and protective systems can give rise to a spread of additional risks in the event of a power failure, it must be possible to maintain them in a safe state of operation independently of the rest of the installation.

7.7.4 
Hazards arising from connections


Equipment and protective systems must be fitted with suitable cable and conduit entries. When equipment and protective systems are intended for use in combination with other equipment and protective systems, the interface must be safe.

7.7.5 
Placing of warning devices as parts of equipment



Where equipment or protective systems are fitted with detection or alarm devices for monitoring the occurrence of explosive atmospheres, the necessary instructions must be provided to enable them to be provided at the appropriate places.

8
SUPPLEMENTARY REQUIREMENTS IN RESPECT OF EQUIPMENT

8.1 
Requirements applicable to equipment Ma of equipment-group I

8.1.1 
Equipment must be so designed and constructed that sources of ignition do not become active, even in the event of rare incidents relating to equipment.


Equipment must be equipped with 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 ensured in the event of two faults occurring independently of


each other.


Where necessary, this equipment must be equipped with additional special means of protection. It must remain functional with an explosive atmosphere present.

8.1.2 
Where necessary, equipment must be so constructed that no dust can penetrate it.

8.1.3 
The surface temperatures of equipment parts must be kept clearly below the ignition temperature of the foreseeable air/dust mixtures in order to prevent the ignition of suspended dust.

8.1.4 
Equipment must be so designed that the opening of equipment parts which may be sources of ignition is possible only under non-active or intrinsically safe conditions. Where it is not possible to render equipment non-active, the manufacturer must affix a warning label to the opening part of the equipment.


If necessary, equipment must be fitted with appropriate additional interlocking systems.

8.2 
Requirements applicable to equipment Mb of equipment-group I

8.2.1 
Equipment must be equipped with means of protection ensuring that sources of ignition do not become active during normal operation, even under more severe operating conditions, in particular those arising from rough handling and changing environmental conditions. The equipment is intended to be de-energized in the event of an explosive atmosphere.

8.2.2 
Equipment must be so designed that the opening of equipment parts which may be sources of ignition is possible only under non-active conditions or via appropriate interlocking systems. Where it is not possible to render equipment non-active, the manufacturer must affix a warning label to the opening part of the equipment.

8.2.3 
The requirements regarding explosion hazards arising from dust applicable to category Ma must be applied.

8.3
Requirements applicable to equipment Ga of equipment-group II

8.3.1 
Equipment must be so designed and constructed that sources of ignition do not become active, even in event of rare incidents relating to equipment.


It must be equipped with 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 ensured in the event of two faults occurring independently of each other.

8.3.2 
For equipment with surfaces which may heat up, measures must be taken to ensure that the stated maximum surface temperatures are not exceeded even in the most unfavourable circumstances. Temperature rises caused by heat build-ups and chemical reactions must also be taken into account. 

8.3.3 
Equipment must be so designed that the opening of equipment parts which might be sources of ignition is possible only under non-active or intrinsically safe conditions. Where it is not possible to render equipment non-active, the manufacturer must affix a warning label to the opening part of the equipment.

If necessary, equipment must be fitted with appropriate additional interlocking systems.

8.4 
Requirements for applicable equipment Gb of equipment-group II

8.4.1 
Equipment must be so designed and constructed as to prevent ignition sources arising, even in the event of frequently occurring disturbances or equipment operating faults, which normally have to be taken into account.

8.4.2 
Equipment parts must be so designed and constructed that their stated surface temperatures are not exceeded, even in the case of risks arising from abnormal situations anticipated by the manufacturer.

8.4.3 
Equipment must be so designed that the opening of equipment parts which might be sources of ignition is possible only under non-active conditions or via appropriate interlocking systems.


Where it is not possible to render equipment non-active, the manufacturer must affix a warning label to the opening part of the equipment.
8.5 
Requirements applicable to equipment Gc of equipment-group II

8.5.1 
Equipment must be so designed and constructed as to prevent foreseeable ignition sources which can occur during normal operation.

8.5.2 
Surface temperatures must not exceed the stated maximum surface temperatures under intended operating conditions. Higher temperatures in exceptional circumstances may be allowed only if the manufacturer adopts special additional protective measures.

8.6 
Requirements applicable to equipment Da of equipment-group III
8.6.1 
Equipment must be so designed and constructed that ignition of air/dust mixtures does not occur even in the event of rare incidents relating to equipment.


It must be equipped with 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 ensured in the event of two faults occurring independently of each other.

8.6.2 
Where necessary, equipment must be so designed that dust can enter or escape from the equipment only at specifically designated points.


This requirement must also be met by cable entries and connecting pieces.

8.6.3 
The surface temperatures of equipment parts must be kept well below the ignition temperature of the foreseeable air/dust mixtures in order to prevent the ignition of suspended dust.

8.6.4 
With regard to the safe opening of equipment parts, requirement 8.3.3 applies.

8.7 
Requirements applicable to equipment Db of equipment-group III
8.7.1 
Equipment must be designed and constructed so that ignition of air/dust mixtures is prevented, even in the event of frequently occurring disturbances or equipment operating faults which normally have to be taken into account.

8.7.2 
With regard to surface temperatures, requirement 8.6.3 applies.

8.7.3 
With regard to protection against dust, requirement  8.6.2 applies.

8.7.4 
With regard to the safe opening of equipment parts, requirement 8.4.3 applies.

8.8 
Requirements applicable to equipment Dc of equipment-group III
8.8.1 
Equipment must be so designed and constructed that air/dust mixtures cannot be ignited by foreseeable ignition sources likely to exist during normal operation.

8.8.2 
With regard to surface temperatures, requirement 8.6.3 applies.

8.8.3 
Equipment, including cable entries and connecting pieces, must be so constructed that, taking into account the size of its particles, dust can neither develop explosive mixtures with air nor form dangerous accumulations inside the equipment.

9
SPECIAL PROTECTION TECHNIQUES
In the absence of detailed specifications for apparatus with special protection, it is not possible to provide a detailed description of the technique. 

More accurately there is no single technique, but rather a concept which may embrace an unspecified number of individual techniques which are not themselves adequately described by specifications for the established types of protection, and the measures which in some cases have been adopted to ensure safety.

The acceptance of any technique of special protection would be subject to the discretion of the testing station.

One approach may be to apply an existing technique with increased specification to allow use in a Zone of higher hazard. 

NOTES:

1 - 
A low volume Ex “d” enclosure with more rigorous explosion testing may allow a rating for Zone 0.

2 - 
A gas detection cell consisting of a low volume enclosure with a hot filament protected by a sintered disc complying with the requirements for Ex “d” and more rigorous explosion testing could be rated for Zone 0. 

Other techniques (i.e. not in the IEC 60079 series) that may be used would include hermetically sealed devices, sealed devices and inert gas enriched atmospheres.

NOTES:

1 - 
A reed switch with additional mechanical protection against impact and drop may comply with Ex “s” rated for Zone 1.

2 - A filament globe connected in an Ex “i” circuit with the glass envelope complying with the temperature class and mechanically protected from impact and drop, may comply with Ex “s” rated for Zone 1. For Zone 0, the filament globe must connected in an Ex “ia” circuit, and additionally protected for example by encapsulation. 

3 - Cap lights complying with IEC 62013-1 would normally comply with this Interim Standard for Group I Zone 0.

High voltage very low current devices (i.e. operating outside the limits of Ex “i”).

NOTES:

1 - 
An electrostatic spray gun with the high voltage generating circuit protected by Ex “m”, current limited in a fail-safe manner and energy limited by minimizing capacitance and specified connections and subject to additional testing may comply with Ex “s”.

2 - 
Refer to Clause 9.1 and 9.2 for requirements covering hermetically sealed devices and sealed devices, respectively.

Other innovative means of ensuring safety may be employed.

NOTE: A totally submerged pump relying on submersion in the liquid for exclusion of the hazardous atmosphere, with additional measures to disconnect power in a fail-safe manner on liquid falling below a predetermined level may comply with Ex “s”.

Cables forming an integral part of the apparatus and located within Zone 0 shall comply with the same level of protection required by this Interim Standard or IEC 60079-26, e.g. an Ex “e” cable additionally protected by a flameproof conduit.

9.1
Hermetically sealed devices

9.1.1
General

Hermetic sealing may be used for enclosing components which produce incendive sparks and arcs. 

NOTES:
1 - 
Hermetically sealed devices include reed switches and mercury switches enclosed in a glass envelope. 

2 - Such devices can be further protected e.g. by encapsulation or enclosure, which may make them suitable for Zone 1, or Zone 0

9.1.2
Constructional requirements 

Hermetically sealed devices shall be sealed by fusion, i.e. the application of heat between metals or between glass and metal to affect a seal. The device shall be sufficiently rugged to withstand normal handling and assembly operations without damage to the seal. 

9.2
Sealed devices

9.2.1
General

Sealed devices may be used only for enclosing components that do not produce sparks and arcs. Unless protected by other techniques, sealed devices are intended only for Zone 2 applications.

9.2.2
Constructional requirements 
Sealed devices shall comply with the requirements for sealed devices in IEC 60079-15.

The fastening method for sealed devices shall be such that the device cannot be opened in normal service. This requirement may be complied with by the use of fasteners which must be destroyed to gain access to the interior of the device, e.g. rivets.

9.3
Specially constructed low volume devices intended for Zone 0 

Very small volume enclosures intended to operate on a containment principle may be designed for a Zone 0 application provided that they comply with the relevant requirements of IEC 60079-1 and the following additional measures:

NOTE: Such enclosures may be used for gas measuring transducers.

(a) 
The total free volume in the enclosure shall not exceed 3mL. 

(b)
Construction joints shall be cemented or otherwise sealed to restrict entry of external atmosphere. 

(c) 
Where external atmosphere is admitted to or expelled from the enclosure by design, the opening shall be protected by a flame arresting device. Such devices shall comply with Appendix B of IEC 60079-1:2003, and any joint shall comply with the following requirements of IEC 60079-1:2003 for -
(i)  non-threaded joints with Clauses 5.1, 5.2.1, 5.2.2 and 5.2.3 as applicable; and

(ii) cemented joints with Clause 6.3.

(d) 
The maximum power of internal parts shall be as provided in Clause 5.3.3 of IEC 60079-0(Ed.5/FDIS) for both Group I and Group II. Where the maximum ambient temperature is 80°C or less, the maximum available power of internal parts shall be limited to 3.0 W for Group I, or 1.0 W for Group II.


Care should be taken in the selection of materials to be used adjacent to components that could exhibit excessive temperatures (e.g. components that could dissipate power greater than the power ratings as indicated above under the defined fault conditions). 


The materials should be carefully selected to prevent the secondary ignition of the explosive gas atmosphere by for example, heating or burning of the printed circuit boards, coatings or component packaging.

(e) 
The apparatus shall be subject to the testing requirements in Clause 10.2.1 and 10.2.2 of this Document for a containment device.

9.4
High voltage low current circuits

This clause is applicable where circuits have been designed with high voltages, low currents and low capacitance. The combination of these voltages, currents and capacitance, including stray capacitance due to the presence of cables, shall be considered. The circuits shall be subjected to the testing requirements of Clause 10.2.2. 

9.5
Other innovative means of ensuring safety

Where additional control circuits are used to provide safety, for example, by detecting for the presence of explosive concentrations of gas and causing withdrawal of power, it shall be ensured that adequate redundancy for safety is provided. The redundant circuits shall be independent from each other, and a fault analysis report, as provided in Appendix A, shall be documented.

10
TESTS

10.1
General

All apparatus shall be submitted to a type test in order to verify that it complies with the requirements of the preceding clauses and with other relevant Standards. In addition to experimental tests, the type test shall include an examination of the design of the apparatus based on drawings, calculations and description of the apparatus and any associated apparatus.

The apparatus shall be submitted to the relevant tests specified in IEC 60079-0. 

For the types of apparatus listed in Clauses 10.2.1 and 10.2.2 the tests have been formalized. For other apparatus some modification of the test procedure may be required, but the general principles shall be followed.

For all apparatus that depend on energy limitation and/or containment, the following tests shall apply.

10.2
Tests for apparatus employing containment and/or energy limitation

10.2.1
Apparatus employing containment

The enclosure used to contain parts which can ignite an explosive atmosphere shall be tested to show that the internal ignition is prevented from being transmitted to the explosive atmosphere surrounding the enclosure. The enclosure shall be fitted with a sparking device incapable of significantly raising the temperature. Ignition in the enclosure shall be verified by some means. At least 100 tests should be made. The mixture within the enclosure and if necessary in the explosion chamber shall be renewed for each test. 

The gas mixture shall be as provided in Table 2 and faults as provided in Clause 6.2.

Table 2  Gas mixture for ignition test

	Apparatus group
	Hydrogen,  %v/v
	Oxygen, %v/v
	Nitrogen 


	I
	19.0 (0.5
	9.0 (1.0
	Balance

	IIA
	19.0 (0.5
	9.0 (1.0
	Balance

	IIB
	25.0 (0.6
	13.0 (1.0
	Balance

	IIC
	40.0 (1.0
	20.0 (1.0
	Balance

	NOTE: These mixtures are derived from AS 2275.1 (1979). These are more severe than the mixtures specified in IEC 60079-1 and IEC 60079-11.


The enclosure is considered satisfactory if the mixture in the explosive atmosphere surrounding the enclosure does not ignite in any of the tests.

For gas detection instruments using sintered discs, see test method in Appendix A.

NOTE:  This is essentially the flame transmission test specified in IEC 60079-1 but with a more easily ignitable gas mixture and with many more repetitions.

10.2.2        Apparatus employing energy limitation

The testing shall be in accordance with the spark tests described in IEC 60079-11. In addition, where the test apparatus is not practical due to its inherent limitations, additional test jigs may need to be devised. For example, where a static field consisting of a high voltage but extremely low current is being generated, the test jig may consist of two electrodes causing a discharge within an enclosure containing the test gas. This test shall be done for a minimum time period of 30 minutes.

NOTE: A test method for electrostatic spray guns for liquid paints is given in Clause 5.2 of EN 50050:2001. This may be used for guidance for testing this general type of high voltage device, provided that other principles of this document are also borne in mind. The gas mixtures for the test may be derived from IEC 60079-11 5th Edition Table 7 for Zone 1, and Table 8 for Zone 0.

10.3
Temperature classification test

The temperature classification tests shall be performed as described in IEC 60079-0, with the application of the faults applied in accordance with Clause 7.

11
MARKING

Requirements specified in 28.3 and 29 IEC 60079-0 (31/635 CDV) apply with the exception of the mode of protection in 29.3 point i which are replaced by “s” special protection applicable for equipment intended to be used in gas or dust explosive atmosphere.

When special protection “s” is used in conjunction with other modes of protection the marking shall be:

Ex ds IIB T4

Ex ias IIC T5

Ex nAs T3

……
When necessary, the Ex marking should include equipment protection level(s) according to IEC 60079-0.
12 
    INSTRUCTIONS
The manufacturer shall prepare documents that give a full and correct specification of the explosion safety aspects of the electrical equipment and protective system.
The documentation shall include instructions, providing the following particulars as a minimum:

· a recapitulation of the information with which the electrical equipment is marked, except for the serial number (see Clause 11), together with any appropriate additional information to facilitate maintenance (for example, address of the importer, repairer, etc.);

· instructions for safety, i.e.

–  putting into service;

–  use;

–  assembling and dismantling;

–  maintenance, overhaul and repair;

–  installation;

–  adjustment;

· where necessary, training instructions;

· details which allow a decision to be made as to whether the equipment can be used safely in the intended area under the expected operating conditions;

· electrical and pressure parameters, maximum surface temperatures and other limit values;

· where applicable, specific conditions of use

· where applicable, any special conditions of use, including particulars of possible misuse which experience has shown might occur;

· where necessary, the essential characteristics of tools which may be fitted to the equipment;

· a list of the standards, including the issue date, with which the equipment is declared to comply. The certificate can be used to satisfy this requirement. 
· where it is necessary for the user to replace cells or batteries contained within an enclosure, the relevant parameters to allow correct replacement shall be included in the instructions, including either the manufacturer’s name and part number, or the electrochemical system, nominal voltage and rated capacity.

APPENDIX A

SINTERED HEAD TESTING

(Normative)

Where a sintered element in a flammable gas-detecting cell forms part of the explosion-protection, it shall be tested for non-transmission of flame to the requirements of this Interim Standard as given below.

The other requirements for the use of the flammable gas detecting cell e.g. connecting cables or connectors, required IP rating, performance, are not addressed here, and are described in other Standards.

A1   BRIEF INTRODUCTION

Flammable gas detecting cells are often available in a form where the cell contains two catalytic sensors that are constructed like “filaments” (one is a reference, while the other may be coated). These “filaments” are normally enclosed in a single cell containing a cavity for each filament. The gas to be detected diffuses into the cavity through a sintered material that is normally constructed as an integral part of the enclosure. In normal operation, the two sensors are powered by a fairly high continuous or pulsed current. The presence of flammable gas is detected by the difference in the resistance of the two sensors. This high current raises the temperature of the filament to the range of 400°C to 550°C, and hence it may become a potential source of ignition.

The sinter provides the porous material for diffusion of the gas, and also provides flamepaths necessary to provide sufficient protection to prevent an explosion within the cavity from propagating to the external environment. The enclosure material and the potting material applied towards the connections side of the “filaments” provides protection from all directions other than the sinter head.

This type of gas detecting cell is normally assessed as a flameproof type of protection Ex “d”, and the material of the cell, its structural strength to withstand impact and drop test, the “locking” in of the potting material and its cemented length, the porosity of the sinter element and its thickness, bubble test, need to comply completely with the requirements of the Ex “d” Document (IEC 60079-1).

The apparatus other than the detecting head is frequently certified as Exia. The temperature of the filament prevents the Ex “ia” certification from extending to the detecting head.
For use in a Zone 0 environment, additional tests need to be performed to show that the flame transmission will be contained with an additional safety factor sufficient for such use. Appendix B of AS 2275.1 provided the basis of such a test, where a mixture more incendive than the Group being assessed is applied, and non-transmission of the flame to the external mixture is ascertained 100 times.

A2    Flame transmission test

The following two test methods are practical examples of testing equipment containing sintered elements.

A2.1   Sintered element (see Figure A1)

A sample of sinter is obtained by machining off the part of the flammable gas detecting cell that contains the sinter. The sinter is fitted on the explosion chamber.

The explosion chamber shown in the figure is a special one containing two parts. Figure A2 shows a possible practical example made of clear polycarbonate. The upper part is separated from the lower part using the sinter head disc that has been machined off from the sample under test. The upper chamber contains two electrodes that are connected to a spark ignition source (a car ignition coil operated from a 12 V d.c. power supply provides a convenient source).

The effective volume of the upper chamber shall be kept to a minimum, but shall not be less than the volume of the original cell, and shall not exceed 25 cm3 free volumes.

NOTE: Larger volumes are not appropriate, since flammable gas detecting cells have small internal volumes. A large volume would result in an unnecessarily excessive temperature of the sinter during the test.

The gas to be used (see Table 2) is mixed and supplied to the upper and lower chambers, either by purging or suction, until it is established that the mixture available in both chambers is within the limits of Table 2. Generally flame arresters are used at the entry and exit of the explosion chamber to prevent ignition of gas in the connecting lines. 

The spark is applied, and shall be visible as an “orange” explosion in the upper chamber.

The objective of the test is that the gas in the lower chamber shall not ignite.

The above test is conducted 100 times. A visible explosion must occur in the upper chamber for every test, and no transmission of explosion to the lower chamber shall occur.

A2.2   Complete cells (see Figure A3)

This method can be modified for other gas-detecting cells with potential ignition sources protected by sinters where there is enough volume and sufficient dimensions to incorporate internal sparking contacts and to fit a window to verify the internal explosion. 

Where the cell is fitted for a flowing sample with inlet and outlet sinters an additional means shall be provided for introducing the gas and the inlet and outlet ports exposed to the surrounding atmosphere.

[image: image1.emf]
FIGURE  A1   BASIC SET-UP FOR SINTERED DISC NON-TRANSMISSION TESTING

[image: image2.emf]
FIGURE  A2   TEST FOR SINTERED DISC
[image: image3.emf]
FIGURE  A3   TEST FOR A COMPLETE CELL ASSEMBLE
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