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FIRE HAZARD TESTING -

Part 1-14: Guidance on the different levels of power and energy related to
the probability of ignition and fire in low voltage electrotechnical products
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘comprjising
all national electrotechnical committees (IEC National Committees). The object of IEC yis to promote
international co-operation on all questions concerning standardization in the electrical and electronic field$. To
this end and in addition to other activities, IEC publishes International Standards, Techpical Specificatjons,
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, referred to as [“IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National_Committee intergsted

the subject dealt with may participate in this preparatory work. International;~governmental and [non-
gpovernmental organizations liaising with the IEC also participate in this preparation:=“IEC collaborates clpsely
ith the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatjonal
cpnsensus of opinion on the relevant subjects since each technical,committee has representation frofn all
interested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Nafjonal
ommittees in that sense. While all reasonable efforts are mdade to ensure that the technical content of IEC
ublications is accurate, IEC cannot be held responsible¢forsthe way in which they are used or forl any
isinterpretation by any end user.

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

C itself does not provide any attestation oficonformity. Independent certification bodies provide confofmity
assessment services and, in some areas;, @ccess to IEC marks of conformity. IEC is not responsible fof any
services carried out by independent certification bodies.

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

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

ttention is drawn {0 the Normative references cited in this publication. Use of the referenced publicatiops is
indispensable forthe-correct application of this publication.

ttention is dfawn to the possibility that some of the elements of this IEC Publication may be the subjgct of
patent rightsy\IEC shall not be held responsible for identifying any or all such patent rights.

The| mdintask of IEC technical committees is to prepare International Standards| In
exceptional circumstances, a technical committee may propose the publication of a technical

H+H F'H [
SpeUII oadlruIrT witTeoTl

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 60695-1-14, which is a technical specification, has been prepared by IEC technical
committee 89: Fire hazard testing.


https://iecnorm.com/api/?name=04661da40281ced542ab0ec5c2f81b78

-4 - IEC TS 60695-1-14:2017© IEC 2017

It has the status of a basic safety publication in accordance with IEC Guide 104 and
ISO/IEC Guide 51.

The

text of this technical specification is based on the following documents:
Enquiry draft Report on voting
89/1334/DTS 89/1363/RVDTS

Full information on the voting for the approval of this technical specification can be found in

the 'nlr_\nrf an \/nfing indicated in the above table

This

This

A lis

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

publication is to be used in conjunction with IEC 60695-1-10 and IEC 60695=1-11.

t of all the parts in the IEC 60695 series, under the general title Fire hazard testing,

be fpund on the IEC website.

Parf

Part

Part

Parf

Part

Parf

Part

Part

Parf

In th

1 consists of the following parts:
1-10: Guidance for assessing the fire hazard of electrotechnical products —
General guidelines

1-11: Guidance for assessing the fire hazard of electrotechnical products —
Fire hazard assessment

1-12: Guidance for assessing the fire hazard of electrotechnical products —
Fire safety engineering

1-14: Guidance on the different levels, of')power and energy related to the probability

ignition and fire in low voltage electrotechnical products (this document)

1-20: Guidance for assessing the/fire hazard of electrotechnical products — Ignitabilif

General guidance

1-21: Guidance for assessing the fire hazard of electrotechnical products — Ignitabilif

Summary and relevance of test methods

1-30: Guidance for asséssing the fire hazard of electrotechnical products — Preselecii

testing process — General guidelines

1-40: Guidance for assessing the fire hazard of electrotechnical products — Insulating

liquids
is standafds-the following print types or formats are used:

equirements proper and normative annexes: in roman type;

conipliance statements and test specifications: italic type;

can

— notes/explanatory matter: in smaller roman type;

— normative conditions within tables: in smaller roman type;

— terms defined in Clause 3: bold type.
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The committee has decided that the contents of this publication will remain unchanged until
the stability 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

e transformed into an International standard,

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be usefull for the corrgct
understanding of its contents. Users should therefore print_this document using a
cojour printer.
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INTRODUCTION

In the design of any electrotechnical product the risk of fire and the potential hazards
associated with fire need to be considered. In this respect the objective of component, circuit
and equipment design, as well as the choice of materials, is to reduce the risk of fire to a
tolerable level even in the event of reasonably foreseeable (mis)use, malfunction or failure.

IEC 60695-1-10, IEC 60695-1-11 and IEC 60695-1-12 provide guidance on how this is to be
accomplished.

Fires involving electrotechnical products can be initiated from external non-electrical sour
Conjsiderations of this nature are dealt with in an overall fire hazard assessment.

The|aim of the IEC 60695 series of standards is to save lives and property by reducing
number of fires or reducing the consequences of the fire. This can be accomplished by tr

to:

brevent ignition caused by an electrically energised component parthand, in the ever
gnition, to confine any resulting fire within the bounds of~the enclosure of
blectrotechnical product;

minimise flame spread beyond the product’s enclosure and-to minimise the harmful eff
pf fire effluents including heat, smoke, and toxic or corrosive’combustion products.

Thig technical specification provides guidance to ProductCommittees on the power levels
amqunts of energy that are likely to cause ignitionand fire. It also provides guidanc
Proguct Committees on the fire hazard safeguards that might be necessary to prg

aga

nst the probability of ignition.

The| probability of fire is highly dependent on the specific fire scenario within
eledtrotechnical product itself. Therefore,“product committees are ultimately responsiblg

dec

ding what fire hazard safeguards are appropriate for their products.

Thi§ document was created due.to6 a need (IEC technical committee 66) for guidance
eledtrical energy levels in relation to ignition and fire. The preparation of this TS is base

bas

bd on electrical energy 441 levels developed by TC 108, responsible for safety of au

vidgo and ICT equipment.

Ces.

—
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ying
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and
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tect
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il on
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FIRE HAZARD TESTING -

Part 1-14: Guidance on the different levels of power and energy related to
the probability of ignition and fire in low voltage electrotechnical products

1

Scope

Thig
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The
con
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any

IEC
eled

IEC
eled

part of IEC 60695, which is a technical specification, provides guidance about thg le
ower and energy that could cause ignition and fire in a low voltage electratechr

nt be used, based on the electrical energy that could be dissipated as heat.

document deals with products used in normal atmospheres commonly available in
e and does not deal with special locations such as those in explosive’ atmospheres.

idual applications.

basic safety publication is intended for use by technical,committees in the preparatio
dards in accordance with the principles laid \down in [EC Guide 104
IEC Guide 51.

of the responsibilities of a technical committee“is, wherever applicable, to make us
c safety publications in the preparation of ‘its publications. The requirements,

hods or test conditions of this basic safety. publication will not apply unless specifig
rred to or included in the relevant publications.

Normative references

ent constitutes requirements of this document. For dated references, only the ed
il applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies:

60695-1-10, Fire~hazard testing - Part 1-10: Guidance for assessing the fire hazar
trotechnical products - General guidelines

60695-0-11, Fire hazard testing - Part 1-11: Guidance for assessing the fire hazar
trotechrtical products - Fire hazard assessment

IEC

vels
ical

uct. It can be used by Product Committees to determine what fire hazard, safegugrds

the
It is

hded as guidance to IEC committees, and is intended be usgdowith respect to their

n of
and

e of
test
ally

following documents are refeffed to in the text in such a way that some or all of their

tion
ding

d of

d of

606905.4-201°2 Eira hazard fnofing DPort 4- anminnlng.y r\r\nr\nrning fire tosts
- o—=——H HaLeH-G—1 HH F—Ht—4—-HHHHO+ + A ++ £ t

for

electrotechnical products

IEC 62368-1:2014, Audio/video, information and communication technology equipment - Part

1:S

afety requirements

IEC GUIDE 104, The preparation of safety publications and the use of basic safety
publications and group safety publications

ISO/IEC Guide 51, Safety aspects — Guidelines for their inclusion in standards

ISO

13943:2008, Fire safety — Vocabulary
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60695-4:2012 and
ISO 13943:2008 (some of which are reproduced below) and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e [SO Online browsing platform: available at http://www.iso.org/obp

3.1
fire|hazard
phydical object or condition with a potential for an undesirable consequence from fire

[SOURCE: ISO 13943:2008, 4.112]

3.2
fire|hazard safeguard
part] or system or instruction specifically provided to reduce thé-likelihood of ignitiom or
sprgad of fire

Note[1 to entry: A fire hazard safeguard is often also called a protection method.

Note|2 to entry: Examples include current limiters, distances to ©r from ignition sources, materials with flame
retarfgant properties.

3.3
ignition

DERRECATED: sustained ignition
(general) initiation of combustion

[SOURCE: ISO 13943:2008, 4.187]

3.4
low|voltage equipment
set pf electrical devices or‘electrical equipment necessary to perform a specific task such as
gengration, transmission, distribution, utilisation of electric energy and with a supply or output
voltage not exceeding~1000 V for alternating current and 1 500 V for direct current

Note|1 to entry: Examples of low voltage equipment are electric power generator, electrical switchgear| and
contjolgear assemblies, electrical wiring systems, air conditioning units.

[SOURCEIEC Guide 116:2010, 3.1]

3.5
permamentty commected—equipment
equipment that can only be electrically connected to or disconnected from the mains by the
use of a tool

[SOURCE: IEC 62368-1:2014, 3.3.3.4]

3.6

pluggable equipment type A

equipment that is intended for connection to the mains via a non-industrial plug and socket-
outlet or via a non-industrial appliance coupler, or both

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC TR 60083 and
IEC 60320-1.

[SOURCE: IEC 62368-1:2014, 3.3.3.5]


http://www.iso.org/obp
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pluggable equipment type B
equipment that is intended for connection to the mains via an industrial plug and socket-outlet

orv

ia an industrial appliance coupler, or both

Note 1 to entry: Examples are plugs and socket-outlets covered by standards such as IEC 60309-1.

[SO

3.8

URCE: IEC 62368-1:2014, 3.3.3.6]

potential ignition source

locqtion where efectricat energy can cause tgnittom ... . |

[SO

4

If a
toh

An
an

incliiding current, voltage drop, and the materials involved. In spite of the very

tem
mat

or dan be difficult to ignite. However, fuels with a<high surface-area-to-mass ratio, may

ignifed when in contact with the arc.
In the case of resistive heating, the thermal energy, E, produced by in a direct current ci
is given by:
E=Pxt=IxVxt
whefre

For

ther) R°< 24 watts and £ = 120 joules.

In a

P is the power (energy per unit time)

I is the curfent passing through the resistance

URCE: IEC 62368-1:2014, 3.3.9.1]

Electrical energy as a cause of ignition

fault occurs, the energy used in a low voltage electrotechnical product may be conve
eat. This could be due to arcing or due to resistive heating.

brc is a high-temperature luminous electric discharge across“a gap. Temperatures w
arc can be in the range of several thousand degrees_depending on circumstar

peratures in an arc path, arcs may not be effective ignition sources for many
brials. In most cases, the arcing is so brief and localized that solid fuels cannot be ign

is the time

i
I is the-voltage drop across the resistance

example if V' =12volts and [=2amp, and the current flows for 5 seco

rted

thin
ces
high
fuel
ited

be

cuit

nds,

n alternating current circuit:

E=Paygxt=Ine x Vipg X cosOx t

where

P

avg Is the average power over one complete a.c. cycle

I is the root mean square current passing through the resistance

V.ns is the root mean square voltage drop across the resistance

6 is the phase difference between current and voltage

(2)

(1)
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The thermal energy produced will cause a temperature rise in the resistive material and in its
surroundings. The magnitude of the temperature rise will depend on many variables. The
most important being:

— the mass of the affected material,

— the specific heat capacity of the affected material,

— the magnitude of any heat losses, and

— the geometry of the affected material.

Some of the variables will be temperature dependent and therefore the calculation of the

temperature rise for a given energy input will be complex and requires the use of; finite
element analysis.

The|temperature rise may be sufficient to cause decomposition of the affected material,| but
the pxtent of decomposition will depend on the chemical nature of the affected material. Iff the
affepted material is not exposed to air, the initial decomposition will be anaérobic pyrolysis
whi¢h will probably generate gases such that internal pressure will cause)mechanical rupture
whig¢h, in turn, will probably expose the material to air. If the temperature is high enojigh,
oxidative decomposition will be sufficiently rapid to cause ignition.

NOTE General guidance on ignitability is given in IEC 60695-1-20.

The| complexities involved in the prediction of the temperature rise and the subseqlient
decpmposition process are such that empirical values of the electrical power and energy Have
beeh adopted by various product committees for the definition of different levels of safety.

5 |[Empirical safety values of electrical power and energy

5.1 Different levels of power and elecfrical energy sources

The| risk of an electrotechnical circuit to cause ignition is depending on the pqwer
consumption and duration.

A fife will only start if a certain amount of electrical energy is available so as to raise|the
temperature to such a levelthat it can cause ignition. The purpose of this document is to give
guidance on how product committees may classify electrical energy sources in relatiopn to
power levels and durations.

The|classification . can be applied to any part, circuit or end product.

The|values (used in 5.2 to 5.5 are based on practical experiences based on power levels [and
durdtions<as shown in Figure 1. An alternative method making use of energy levels can be
found in-Figure 2. The power measuring method is indicated in the relevant product sdfety
starjdard.

5.2 Electrical power and energy source that is unlikely to cause ignition (Class 1)

A Class 1 electrical energy source is considered unlikely to have sufficient electrical energy to
cause ignition in electrotechnical circuits and components under most circumstances. As a
result, a Class 1 electrical energy source is considered to be a safe electrical energy level. In
general, no fire hazard safeguard is needed.

NOTE 1 Although ignition is unlikely to occur, this power level will be safe if there is an appropriate level of
thermal insulation.

The continuous available power (voltage multiplied by current) should be less than 15 W to
achieve a very low possibility of ignition. The value of 15 W has been used as the power
threshold for ignition in electronic components in many standards, including IEC 60065,
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IEC 60335-1 and IEC 60950-1. It has also routinely been demonstrated through limited power
fault testing in electronic circuits.

In order to address the ease of measurement, some IEC technical committees decided to
make the 15 W measurement 3 s after introduction of the simulated fault. Values as short as
100 ms and as high as 5 s were also considered. Quickly establishing a 15 W limit (less than
1 s) is not practical for test purposes and not considered important for typical fuel ignition in
low voltage equipment. It is recognized that it usually takes several seconds for plastic
materials to ignite when impinged directly by a small flame (IEC 60695 small scale material
testing methods).

The| question can be raised if an electrical energy can be classified as Class 1 witH an
unlimited amount of power during the first 3 s. It is unlikely in low voltage equipment ‘that a
circbit would be capable of delivering a huge amount of energy in the first 3 s, and be linfited
to almaximum of 15 W after 3 s. Therefore it was considered unnecessary to establish a |imit
for fhe first 3 s. As no duration is associated with this 15 W value, the energies involved|are
undgfined. It must be assumed that the heat loss rate is equivalent to 15 W./at a temperalture
belgw that which could cause ignition.

NOTE 2 Although ignition is considered unlikely to occur, these power levels could’be unsafe if there is a|high
level|of thermal insulation because if heat losses are low, the temperature could¢rise sufficiently to cause ignitjon.

NOTE 3 Further details of the rationale for the definition of Class 1 (PS1) are dgiven in IEC TR 62368-2.
5.3 | Electrical power and energy source that may cause ignition (Class 2)

A Class 2 electrical energy source is assumed to have“a level of power and electrical engrgy
that| has the possibility of ignition under certaifi/ circumstances and subsequently a [fire
hazprd safeguard should be employed. Propagation of the ignition beyond the initjally
ignifed component is limited by the low electricalFpower or energy contribution to the faultjand
subsequently by the employed fire hazard safeguard to control the resistance to ignition of
neafby combustible materials.

The| primary requirement is to limit the amount of electrical energy that is available to tHese
circyits to no more than 100 W«@P continuous power. This value includes both the pqwer
avallable for normal operationland the power available during any possible single fault
condition.

Thigd value has been used in IEC 60950-1 for a similar purpose, where ignition of intgrnal
components is possible*but fire enclosures are not required.

The| value of 100\W is also commonly used in some building or fire codes to identify where
low [power wirifig can be used outside of a fire enclosure.

The|valuel is also 2 times 50 W, which can be related to the amount of energy of a stangard
flaming-ignition sources (for example the IEC 60695-11-10 test flame) on which small stale
flammability classes are based. It is recognized that the conversion of electrical energy to
thermal energy is far less than 100 %, so this value is compatible with the fire hazard
safeguards prescribed for Class 2 electrical energy circuits, which are generally isolation and
materials of an applicable V-flammability class.

The 5 s measurement for Class 2 electrical energy sources ensures the available electrical
energy limits are both limited and practical for the purposes of measurement. The value is
also used in the IEC 60950 series as referenced above.

As for Class 1 energy sources, the question can be raised if an electrical energy can be
classified as Class 2 with an unlimited amount of power during the first seconds. It is unlikely
in low voltage equipment that a circuit would be capable of delivering a huge amount of
energy in the first 5 s, and be limited to a maximum of 100 W after 5 s. Therefore it was
considered unnecessary to establish a limit for the first 5 seconds. As no duration is
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associated with this 100 W value, the energies involved are undefined. It must be assumed
that the heat loss rate is equivalent to 100 W at a temperature below that which could cause
ignition.

In IEC 62368-1, it is assumed that with a Class 2 power source (PS2), ignition can occur
under some conditions, but there will be limited growth and spread of fire. Class 2 (PS2) is
defined as a power source that exceeds Class 1 (PS1) limits, but does not exceed 100 W
after 5s. It is assumed to have the possibility of ignition under certain circumstances and
therefore a fire hazard safeguard should be employed.

the felatively low power consumptlon and by the use of f|re hazard safeguards

The|fire hazard safeguards prescribed for Class 2 circuits are generally isolation and/or| the
use|of insulation materials that are resistant to ignition.

NOTE Further details of the rationale for the definition of Class 2 (PS2) are given in IEC TR'62368-2.
5.4 | Electrical power and energy source that is likely to cause ignition (Class 3)

A Class 3 electrical energy source is a circuit with an available power higher than 100 W [and
that| last for longer than 5s. The amount of electrical energy available makes it likely [that
ignition will occur in case a fault, such as a bad contact, oceurs:

For|most low voltage equipment, the available powert, is’limited by the building overcurrent
protective system to a maximum of about 4 kW.<{This power level was chosen to cover
equ|pment that is connected to a low power mains/ (less than 240 V x 16 A), common in| the
offige or home environment. Power consumption in a fault condition is likely to| be
congiderably in excess of the 100 W level discussed in 5.3. Such power consumptioh is
congidered to be a probable cause of ignition‘and, as a possible consequence of it, a fire,

Sonje standards distinguish between- two different Class 3 electrical energy levels. For most
prodqucts used in the home or the office place, the available power is limited by the building
overcurrent protective system to a'maximum of about 4 000 W.

The| power level of 4 000 W was chosen to provide a reasonable and practical separation of
proquct types to separate products that are connected to a low power mains (less fhan
240|V x 16 A), common\in the office place or the home. It is recognized that this is|not
repriesentative for typical fault currents, but is a convenient and representative separdtion
bas¢d on equipment connected to normal office and home mains circuits where experignce
with| fire hazard.safeguards against potential ignition sources is more common.

The| 4 000 W value can be calculated for individual circuits as the product of the mains
nonfinal( voltage and mains overcurrent device rating. This is not a normal enginedring
con entlon but rather the product of two numbers that should not exceed 4 000 All pluggble

type B and permanently connected equipment are conS|dered to be below thls steady state
value if the product of nominal mains voltage and the current rating of the installation
overcurrent protective device is less than 4 000.

As Class 3 electrical energy sources are likely to cause ignition and fire in case a fault
occurs, there should be a second fire hazard safeguard in place to prevent spread of fire.
This can be done by different fire hazard safeguard methods, such as providing a fire
enclosure or keeping a separation distance from the potential ignition source to other
nearby combustible materials.

In IEC 62368-1, it is assumed that with a Class 3 power source (PS3), ignition may occur
and fire will spread where combustible materials are available. A PS3 circuit has an available
power higher than 100 W that lasts for longer than 5 s. The amount of energy available will be
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500 J or more and this is assumed to make it likely that, in case a fault occurs — such as a

bad

contact — ignition will occur.

As these energy sources are likely to cause ignition and fire if a fault occurs, there should be
a fire hazard safeguard in place in addition to the use of insulation materials that are
resistant to ignition. This can be done in different ways, such as providing a fire enclosure or
keeping a separation distance between the potential ignition source and other nearby

com

bustible materials.

NOTE Further details of the rationale for the definition of Class 3 (PS3) are given in IEC TR 62368-2.

5.5

The

As dliscussed above, the amounts of energy that these power and time valugs represent
br unlimited or are not single-valued. A better system would be based on.defined amolnts
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Graphical overview of the classification

nergy. An example is shown in Figure 2 where the chosen energy ¥alues are 45 J
J to be in accordance with the 15 W / 3 s limit and the 100 W / 5 sdimit.

sidered to be unlikely (Class 1). The area denoted as “45°J < E < 500 J” represents
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values given can be represented diagrammatically in a power/time graph, see Figure 1.
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the

bn where ignition might occur (Class 2), and the area denoted as “E > 500 J” represents

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20

Time (s)

Figure 1 — lllustration of power/time limits related to fire and ignition
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