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European foreword

This document (EN 15967:2022) has been prepared by Technical Committee CEN/TC 305 “Potentially
explosive atmospheres - Explosion prevention and protection”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by July 2022, and conflicting national standards shall be
withdrawn at the latest by July 2022.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 15967:2011.
Significant technical differences between the editions can be found in Annex G.

This document has been prepared under a Standardization Request given to CEN by the European
Commission and the European Free Trade Association, and supports essential requirements of EU
Directive(s) / Regulation(s).

For relationship with EU Directive(s) / Regulation(s), see informative Annex ZA and ZB, which are
integral parts of this document.

Any feedback and questions on this documentshould beydirected to the users’ national standards body.
A complete listing of these bodies can be found on'the CENwebsite.

According to the CEN-CENELEC Internal’ Regulations,’thel national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
[taly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain,~Sweden, Switzerland, Turkey and the United
Kingdom.
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Introduction

This document describes test methods for the determination of:

— the explosion pressure and the maximum explosion pressure;

— the rate of explosion pressure rise and the maximum rate of explosion pressure rise of a quiescent
flammable gas/air/inert mixture at ambient temperature and pressure.

Maximum explosion pressure and maximum rate of explosion pressure rise are used for designing
explosion protection measures, such as explosion pressure resistant or explosion pressure shock

resistant apparatus, explosion venting and explosion suppression. These characteristics are particularly
influenced by:

— the size and shape of the vessel;

— the type and energy of the ignition source;
— the temperature and pressure;

— the level of turbulence.

It is therefore necessary to standardize the ‘conditionsiatwhich the maximum explosion pressure and the
maximum rate of explosion pressure rise-are determined:
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1 Scope

This document specifies a test method that is designed to measure the explosion pressure and the
maximum explosion pressure, the rate of explosion pressure rise and the maximum rate of explosion
pressure rise of a quiescent flammable gas/air/inert mixture in closed volume at ambient temperature
and pressure. In this document, the term “gas” includes vapours but not mists. Detonation and
decomposition phenomena are not considered in this document.

The pressures and rates of pressure rise measured by the procedures specified in this document are not
applicable to flameproof enclosures, i.e. enclosures intended to withstand an internal explosion and not
to transmit it to an external explosive atmosphere, or any other closed volume where the internal
geometry can result in pressure piling. Even in an enclosure of relatively simple geometry the disposition
of the internal components can lead to rates of pressure rise significantly higher than those measured
using this document. This document does not apply to the design and testing of flameproof enclosures in
conformity with ENISO 80079-37 (for non-electrical equipment) and EN 60079-1 (for electrical
equipment).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

EN 13237:2012, Potentially explosive-atmospheres--*Terms and definitions for equipment and protective
systems intended for use in potentially explosive-atmospheres

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 13237:2012 and the following
apply.
ISO and IEC maintain terminelogical, databases forcuselinstandardization-atthefollowing addresses:

e ISO Online browsing platform: available at https://www!iso.org/obp
e [EC Electropedia: available at https://www.electropedia.org/

3.1

explosion pressure

Pex

highest pressure occurring in a closed vessel during the explosion of a specific mixture of flammable
substances with air or air and inert gases determined under specified test conditions

Note 1 to entry: p, isexpressed as absolute pressure with gases and vapours in this standard and as overpressure
with dusts in EN 14034.

3.2
maximum explosion pressure

pmax
maximum value of explosion pressure measured in the tests for explosion pressure when the content of
the flammable substances in the mixture is varied

Note 1toentry: p . is expressed as absolute pressure with gases and vapours in this standard and as

overpressure with dusts in EN 14034.
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3.3
rate of explosion pressure rise

(dp / dt)

highest value of the slope (first derivative) of the pressure-time curve (smoothed if necessary), measured
in a closed vessel during the explosion of a specific mixture of flammable substances with air or air and
inert substances determined under specified test conditions

ex

34
maximum rate of explosion pressure rise
(dp / dt)

maximum value of the explosion pressure rise per unit time measured in the tests when the content of
the flammable substances in the mixture is varied

max

Note 1 to entry: Forthe purpose of this document, all pressures are expressed in kPa and rate of explosion pressure
rises are expressed in MPa/s.

3.5

scatter

modulus of the difference between the individual measured value and the mean of the three measured
values;

3.6
relative scatter
Scatter divided by the mean of the three measuredvalues

4 Test method
4.1 Principle

An explosive test mixture'is ignited by a'definedignition source'whichis'positioned in the centre of a test
vessel. By means of a pressure 'measuring system-the’ pressure-time curve that develops following the
ignition of the test mixture is recorded.

From the pressure- time curve the highest rate of explosion pressure rise (dp / dt) is calculated, and
ex
the highest pressure p_  is determined.

Repeat measurements are made with stepwise variations in the content of flammable gas in the mixture.

a) The maximum explosion pressure p, . is determined as the maximum observed value of p_ .

b) The maximum rate of explosion pressure rise (dp / dt) is determined as the maximum observed
max

value of (dp / dt)

ex

4.2 Apparatus

4.2.1 General

The test apparatus consists of:

— atestvessel;

— equipment for preparing the test mixture;
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— anignition system,;

— apressure measuring system;

— atemperature measuring device;

— safety equipment.

4.2.2 Test Vessel

The test vessel shall be spherical or cylindrical. The internal volume of the test vessel shall be equal to or

greater than 0,005 m3. If a cylindrical vessel is used, the length to diameter ratio shall be equal to 1 + 0,05.

The test vessel and any equipment (valves, igniter, transducer, etc.) fitted on the vessel shall be designed
to withstand a maximum pressure of at least 2 000 kPa.

NOTE Guidance on the design of the test vessel can be found in EN 14460, EN 13445-3 and EN 13480-3.

The vessel shall be made of stainless steel or any material free of any catalytic effects and resistant to
corrosion from the initial gas mixture and the products of combustion.

The test vessel shall be fitted with sufficient ports to allow filling, evacuating and purging.

4.2.3 Equipment for preparing the test mixture

The test mixture can be prepared by a partial pressure method or mixing together flows of the component
substances. This can be done in the test vessel'or outside!

If the test mixture is prepared by a partial pressure method, the vessel used for the preparation of the
mixture shall be fitted with:

a) avacuum pump and a vacuum gauge;
b) pressure gauges;
c) ameans of achieving a uniform test mixture (e.g. a’stirrer).

If the test mixture is prepared by mixing flows, the necessary components are:

d) flow meters (mass or volume flow meters);
e) ameans of achieving a uniform test mixture (e.g. mixing chamber);
f) an evaporator if liquid samples are used (see Annex E for an example).

The equipment for preparing the test mixture shall be designed in such a way that the flammable gas
content in the test mixture is measured with a maximum uncertainty of measurement of + 10 % relative
for a flammable gas content up to a mole fraction of x(S) =5 % or = 0,5 % absolute for a flammable gas
content above a mole fraction of x(S) =5 %.

4.2.4 Ignition system

4.2.4.1 General

The igniter shall be positioned in the centre of the test vessel. Recommended ignition systems are
induction spark and fusing wire. The test report shall state which ignition source was used.

For some special mixtures it may be necessary to use a different ignition system in order to achieve
ignition of the mixture. If an alternative ignition source is used it shall be fully described in the test report.
[t is also recommended that specialist advice is sought on the interpretation of the results.
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4.2.4.2 Induction spark

A series of induction sparks between two electrodes is used as the ignition source.

Stainless steel is a suitable material for the electrodes. The electrodes shall be positioned at the centre of
the vessel. They shall be pointed rods with a maximum diameter of 4 mm. The angle of the tips shall be
(60 + 3) °. The distance between the tips shall be (5 + 0,1) mm. The electrodes shall be mounted in the
vessel so they are gas tight at the highest pressures generated during the test. The mounting shall be
resistant to heat and the test mixture, and provide adequate electrical insulation from the test vessel
body.

A high voltage transformer, with a root mean square voltage of 13 kV to 16 kV (AC) and a short circuit
current of 20 mA to 30 mA, shall be used for producing the ignition spark. The primary winding of the
high voltage transformer shall be connected to the mains via a timer set to the required discharge time.

The spark discharge time shall be adjusted to (0,2 £ 0,02) s. If a spark discharge time of 0,2 s does not
result in ignition of the test mixture, the test may be repeated with a spark discharge time of up to
(0,5+0,02)s.

NOTE The power of the spark depends on the gas mixture and its pressure. In air at atmospheric conditions
according to calorimetric and electric measurements such a source gives a spark with a power of approximately
10 W.

4.2.4.3 Fusing wire

This ignition device generates an electric arc by passing an electrical current along a length of straight
fusing wire connected between two metabrods:

The electrical power for melting the wire and generating the arcis supplied from an isolating transformer.
The ignition energy delivered by thejarc depends on theqdurationjof the arc and the power rating of the
isolating transformer. The energy delivered shall be in the range 10 to 20 ], as over this range of energies
there is no significant effect on the explosion pressure. This is achieved by limiting the power rating of
the isolating transformer to between-0,7 kVA'and’3,5:kVA‘and by the use of a phase control technique.
The latter is a chopping techmique.that allows conly“part ©f the AQ waveform from the transformer
secondary windings to energize the wire:

Brass or stainless steel are suitable materials for the rods. The rods shall be parallel to each other with a
separation distance of (5 * 1) mm. For the fusing wire a straight length of NiCr wire (diameter 0,05 mm
to 0,2 mm) shall be soldered to the tips of the metal rods. The rods shall be positioned in the test vessel
so the fusing wire is at the centre of the vessel. The electrodes shall be mounted in the vessel so they are
gas tight at the highest pressures generated during the test. The mounting shall be resistant to heat and
the test mixture, and provide adequate electrical insulation from the test vessel body.

To reduce the time required for replacing the fusing wire after a test, the rods may be mounted in a plug
that can be screwed into the test vessel wall.

The cross-section of the wires connecting the transformer to the rods shall be between 2,5 mm? and
7 mmZ2. The length of the wires shall be less than 5 m. The diameter of the rods shall be between 1,5 mm
and 5 mm.

If, for practical reasons, the diameter of the rods shall be less than 3 mm additional mechanical support
may be necessary.

4.2.5 Pressure measuring system

The pressure measuring system consists of:

a) apressure transducer;

1) The pressure transducer(s) shall be fitted in the test vessel, with the head flush with the internal
wall.
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2) The pressure transducer(s) shall be able to measure pressures up to 2000 kPa. Pressure
transducers of lower range may be used if lower explosion pressures are expected.

3) The pressure transducer(s) shall have a resonance frequency of at least 20 kHz.
b) an amplifier;
c) adatarecording system.

1) The data recording system shall have a resolution of at least 12 bit and either a sampling rate of
at least 20 kHz, or a sampling rate of at least 500/t samples per second.

2) t,, isthetime from ignition to the maximum explosion pressure (see Figure C.1 and Figure C.2).

The pressure measuring system shall have a bandwidth of at least 10 kHz.
To ensure reliability, two pressure measuring systems may be used.

The pressure measuring system shall have an accuracy such that the initial and explosion pressures are
measured to * 5 kPa or better.

The pressure measuring system shall have a time resolution of at least 0,1 ms.

4.2.6 Initial temperature measuring device

Any suitable thermocouple with appropriatepnecordingreguipment may be used to record this value.
Recording the initial temperature is necessary, because especially p, and p_ . are temperature

dependent.
4.2.7 Safety aspects

Ensure that all work is conducted within lecal'and'nationalregulations. Precautions shall be taken to
safeguard the health of personnel'conducting the“tests’ against the differenthazards that may occur
during the test e.g.:

a) to preventa leak of the mixture or waste gases outside the vessel, the gas tightness of the vessel shall
be checked;

b) topreventrupture of the test vessel, it shall be designed to withstand a maximum pressure of at least
2 000 kPa (see 4.2.2), as this can be assumed to be higher than the maximum explosion pressure
likely to be generated during a test;

c) if the test mixture is prepared in a separate vessel, this vessel and the connecting line shall be
designed to withstand the maximum explosion pressure;

d) if the test mixture is prepared by mixing together flows of the component substances, measures to
prevent a destructive flashback (which may lead to a deflagration or detonation) into the piping or

mixing devices shall be implemented;

e) to prevent injuries to the operator from flying fragments, all parts of the apparatus shall be
adequately shielded in case of explosion;

f) adequate ventilation shall be provided to prevent the accumulation of flammable materials leading
to the formation of an explosive atmosphere in the laboratory as a result of:

1) purging of the apparatus;

10
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2) exhaust from the vacuum pump; or
3) leaks from the apparatus;

g) mixtures formed during this test method will have very low ignition energies and very high explosion
pressures. Suitable precautions shall be taken to avoid ignition;

h) when analysing explosive mixtures it shall be ensured that the analysis device does not comprise an
effective ignition source where an ignition may propagate back into the apparatus;

i) all electrical connections shall be adequately insulated to prevent electrocution or shock to
personnel;

j) measures shall be taken prior to preparing the mixture to ensure that the substances can be mixed
without risk;

k) measures shall be taken to prevent hazards arising from the handling of toxic, flammable gases or
combustion products;

1) the handling of flammable liquids shall be carried out in such a manner that the risk of a fire is
minimized;

m) the handling of gas cylinders(shall be carried out in such@ manner that the risk of an explosion is
minimized;

n) inthe eventofignition system failure, the explosive mixture will still be present at the end of the test,
purge and dilute to rendérnon-flammable:

4.3 Preparation and preservation of test samples

The components of the test mixture shall fulfil the following requirements:

a) Air: the air shall be free of watér’and(oil (less thans100-ppmV,respectively). If synthetic air is used,
it shall be stated in the report.

b) Inert: the purity of the inert, or the mixture of inerts, shall be x(inert) = 99,8 % or better. If a mixture
of inerts is used, the composition of the mixture shall be stated in the test report.

c) Flammable gas: the flammable gas may be derived from:
1) asingle substance or a mixture of substances;
2) aprocess sample (of known or unknown composition).

When a single substance or a mixture of substances is used, the purity of each substance shall be
x(inert) =99,8 % or better. In the case of a mixture of substances or a process sample of known
composition, the precision of the composition shall be stated in the test report. In the case of a process
sample of unknown composition, the sample shall be defined as well as possible (e.g. process conditions,
lower explosion limit).

If the flammable gas is derived from a liquid containing more than one component, the gas phase
composition can differ from the composition of the liquid phase and when large quantities of the gas are
drawn off, the composition of both the liquid and gas phases can change with time. For these reasons, the
test sample shall be taken from the liquid phase.

11
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