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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of IEC is to promote intern
operation on all questions concerning standardization in the electrical and electronic fields. To this e
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IE€ Publication(s)”).
paration is entrusted to technical committees; any IEC National Committee interested in the subject dea
y participate in this preparatory work. International, governmental and non-goyeramental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with{the' International Organizat
ndardization (ISO) in accordance with conditions determined by agreemeént between the two organizat

e formal decisions or agreements of IEC on technical matters expressi(as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr]
brested IEC National Committees.

L Publications have the form of recommendations for international use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are/made to ensure that the technical content
blications is accurate, |IEC cannot be held responsible for the way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their'national and regional publications. Any divergence b
IEC Publication and the corresponding national*or regional publication shall be clearly indicated in the|

S

itself does not provide any attestation: gf,conformity. Independent certification bodies provide con
essment services and, in some areas.~access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

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

mbers of its technical committees and IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawngto~the Normative references cited in this publication. Use of the referenced publicat
ispensable forithe correct application of this publication.

ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
hts. IEC 'shall not be held responsible for identifying any or all such patent rights.

0695<11-11 has been prepared by IEC technical committee 89: Fire hazard testing.
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It has the status of a basic safety publication in accordance with IEC Guide 104 and
ISO/IEC Guide 51.

The text of this International Standard is based on the following documents:

CDV Report on voting
89/1482/CDV 89/1507/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

This international standard is to be used in conjunction with IEC 60695-11-4.

A list of all the parts in the IEC 60695 series, under the general title Fire hazard testing, can be
found on the IEC website.
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1 consists of the following parts-

1-2:

1-3:
1-4:
1-5:

1-10:
1-11:

1-20:
1-30:
1-40:

ommittee has decided that the contents_of;this document will remain unchanged un
ity date indicated on the IEC website<under webstore.iec.ch in the data related t
specific document. At this date, the document will be

confirmed,

thdrawn,

placed by a revised edjtion, or

Test flames — 1 kW nominal pre-mixed flame — Apparatus, confirmatory
arrangement and guidance

Test flames — 500 W flames — Apparatus and confirmational testiméethods
Test flames — 50 W flame — Apparatus and confirmational test method

Test flames — Needle-flame test method — Apparatls, confirmatory
arrangement and guidance

Test flames — 50 W horizontal and vertical flame testmethods

Test flames — Determination of the characteristic heat flux for ignition from
contacting flame source

Test flames — 500 W flame test methods
Test flames — History and developmentfrom 1979 to 1999
Test flames — Confirmatory tests — Guidance

test

test

non-

il the
o the

IMP
that
of it

ORTANT <.The "colour inside" logo on the cover page of this document indicates
it contains colours which are considered to be useful for the correct understang
s contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

2021

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, to acceptable levels, the
potential risks of fire even in the event of foreseeable abnormal 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 sources.

Cons

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

- tr
e

- tr

This
used

contdcting flame source or heat source under controlled laboratory conditions whi
chargcterized by quantitative heat input (heat flux) to the'materials. Results of this test m

used

derations of this nature are dealt with in an overall fire hazard assessment

ing to prevent ignition caused by an electrically energised component part and, i

nternational standard is to be used to measure and describe the properties of mat
for electrotechnical products and sub-assemblies in response to heat from a

g the

n the

ent of ignition, to confine any resulting fire within the bounds of the enclosure of the
electrotechnical product.

y/ing to minimise flame spread beyond the product’s enclosure andto minimise the hgrmful
effects of fire effluents including heat, smoke and toxic or corrasive combustion prodycts.

erials
non-
ch is
by be

as elements of a fire risk assessment which takes'‘into account all of the factors whigh are

pertinent to an assessment of the fire hazard of a particular end use. A test specimen cuf from

an end-product or sub-assembly can be tested by this test method.

This
does

not purport to address all of thes;safety problems associated with its use. It i

nternational standard may involve hazardous materials, operations, and equipmgnt. It

5 the

respgnsibility of the user to establish appropriate safety and health practices and determine the

appli
Test

and |

This
mate

flamg source~CHFI| characterizes ignition behaviour in terms of incident heat flux. Thi

meth

flamg source or heat source exists close to, but does not contact with, these items. An ex4
is a datdle flame near an electrotechnical product.

T Nu

tability of regulatory limitations(prior to use.

S50 4589-2 [4].

is the first test-method to determine the characteristic heat flux for ignition (CH
ials used forielectrotechnical products, sub-assemblies or parts from a non-contg

bd simulates the fire behaviour of materials used for electrotechnical products wh

methods to determine~flammability by contact of flame have been developed and
standardized already, such.as’|IEC 60695-11-5 [1], IEC 60695-11-10 [2], IEC 60695-11-

0 [3]

1) of
cting
5 test
ere a
mple

mbers in square brackets refer to the bibliography.
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FIRE HAZARD TESTING -

Part 11-11: Test flames —
Determination of the characteristic heat flux
for ignition from a non-contacting flame source

1 Scope

This

this t

This

This

stand

One

2 Normative references

The f

For

amerjdments) applies.

st method.

basic safety publication is intended for use by technicalxcommittees in the preparat

Iindated references, the\latest edition of the referenced document (including

bart of IEC 60695 describes a test method used to determine the characteristic.hedt flux
for ignition (CHFI) from a non-contacting flame source for materials used in electroteclnical
products, sub-assemblies or their parts. It provides a relationship between ignition tim

incident heat flux. A test specimen cut from an end-product or sub-assembly, canh be test

and
bd by

bart of IEC 60695 can be used in the fire hazard assessment andfire safety engindering
procdgdures described in IEC 60695-1-10, IEC 60695-1-11 and IEC(60695-1-12.

on of

ards in accordance with the principles laid down in IEC Guide 104 and ISO/IEC Guide 51.

bf the responsibilities of a technical committee~is, wherever applicable, to make use of
basic| safety publications in the preparation of its publications. The requirements, test me
or teq

hods

t conditions of this basic safety publicationwwill not apply unless specifically referred| to or
included in the relevant publications.

bllowing documents are referredto in the text in such a way that some or all of their cdntent
consfitutes requirements of this document. For dated references, only the edition cited ap

plies.
any

IEC §0695-1-10, Fire‘hazard testing — Part 1-10: Guidance for assessing the fire hazgrd of

elect

otechnical products — General guidelines

IEC q40695-1{11, Fire hazard testing — Part 1-11: Guidance for assessing the fire hazgrd of

elect

IEC 60695-1-12 _Fire hazard testing = Part 1-12: Guidance far assessing the fire haz4d

otechnieal products — Fire hazard assessment

rd of

electrotechnical products — Fire safety engineering

IEC 60695-4, Fire hazard testing — Part 4: Terminology concerning fire tests for electrotechnical
products

IEC 60695-11-4, Fire hazard testing — Part 11-4: Test flames — 50 W flame — Apparatus and
confirmational test method

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

ISO/I

EC Guide 51, Safety aspects — Guidelines for their inclusion in standards
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ISO 13943:2017, Fire safety — Vocabulary
ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO/TS 14934-4, Fire tests — Calibration of heat flux meters — Part 4: Guidance on the use of
heat flux meters in fire tests

3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1SO 13943:2017 and
IEC §0695-4, some of which are reproduced below for the user’s convenience, as well gs the
following apply.

ISO and IEC maintain terminological databases for use in standardization at ‘the follpwing
addrgsses:

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

¢ 130 Online browsing platform: available at http://www.iso.org/obp

3.1
average ignition time, :(ig
arithmetic mean of three ignition times measured at a given-heat flux

3.2
characteristic heat flux for ignition
CHFI )

maximum incident heat flux which is a multiple.6f 5 kW/m2 and at which lig is greater than 120 s

3.3
draught-free environment
spac¢ in which the results of experiments are not significantly affected by the local air spged

Note 1| to entry: A quantitative example is a space in which a wax candle flame remains essentially undisfurbed.
Quantitative examples are small-scale fire tests in which a maximum air speed of 0,1 m/s or 0,2 m/s is somptimes
specified

[SOURCE ISO 13943:2017, 3.83]

3.4
heat flux
amoynt of_thermal energy emitted, transmitted or received per unit area and per unit of time

Note 1l to\entry: the typical unit is W/m?

[SOURCE ISO 13943:2017, 3.201]

3.5
ignition
initiation of combustion which results in a sustained flaming combustion for at least 5 s

Note 1 to entry: The term “ignition” in French has a very different meaning [state of body combustion].

3.6
incident heat flux
heat flux received by the surface of a test specimen

[SOURCE: ISO 13943:2017, 3.226]
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4 Principle of the test

The incident heat flux, Q, is measured using the apparatus described in 5.3 and 5.4. The
incident heat flux is controlled by the distance, D, between the top of the burner tube and the
lower surface of the test specimen and by the flow rate of fuel gas to the burner (See Annex A).
The time required to ignite the test specimen is measured as a function of the incident heat flux.
The tests are performed at different levels of incident heat flux until the maximum heat flux, at

which the average ignition time ¢, is greater than 120 s, is obtained. This maximum heat flux
is defined as the characteristic heat flux for ignition (CHFI). The incident heat flux values at
which the tests are carried out are chosen within the range of 30 kW/mZ2 to 75 kW/mZ2 and shall

be in ngrql mnlfiplnc of 5 K\M/m?2

5 Apparatus

5.1 Test arrangement

The grrangement of the apparatus and the position of the test specimen‘@nd burner are shown
in Figure 1. The test specimen and masking board shall be mounted;horizontally. The burner
tube ghall be mounted vertically. The centre of the test specimen, thé burner tube, the sensor
of the heat flux meter and the conical hole in the masking board-shall all be aligned vertically.
The gensor of the heat flux meter shall be placed horizontally 6 mm above the upper surfgce of
the masking board with its sensing surface facing down, i.e. the'sensing surface of the hegt flux
meter is placed in the horizontal plane where the lower surface of the test specimen is placed.
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Dimensions in millimetres

4 Plane view

215 =1

Side view

Key

DN O oA WN

Test specimen

Test specimen support

Masking board

Conical hole (diameter at the top side 15 mm)
Burner tube and test flame (inner diameter 9,5 mm)
Burner support (adjustable vertically)

Mirror

IEC

Distance between the top of the burner tube and the lower surface of the test specimen

Figure 1 — Arrangement and position of test specimen and burner
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5.2

Burner and test flame

The burner shall conform to IEC 60695-11-4. The flame size and the gas flow rate will differ
from that specified in IEC 60695-11-4 in order to obtain the heat flux necessary for the test. The
test flame used for each test shall be kept unchanged throughout the test. The fuel gas shall
be methane gas having a purity of 98 % or greater.

5.3

Heat flux meter

The heat flux meter shall be of a water-cooled thermopile type (see ISO/TS 14934-4) which

deter

Wher
centr
filter

NOTE
the ca

NOTE

100 kV
interng

5.4

The
or be

NOTE

5.5

The heat flux meter mounting board shajlibe approximately 75 mm x 75 mm x 12 mm V

centr
flux n
heat
deter

NOTE
(850 +

mines the incident heat flux, Q, applied to the test specimen.

incident heat flux measurements are made, the heat flux meter shall be placed\i
e of a heat flux meter mounting board, and the heat flux meter shall not have.anhy o
n-line with the sensor.

1 The incident heat flux measurement is of critical importance to the test results. 1ISO~4934-3 [5] pH
ibration method for the heat flux meter.

2 A heat flux meter of Schmidt-Boelter type with a thermopile, which has a measurement range o

/m? and a target diameter of approximately 12,5 mm, has been found to bé $titable for the purpose
tional standard.

Data acquisition system

oltmeter for measuring the output of the heat flux meter shall have a resolution of 0
fter for the maximum output range.

The usual output level of the heat flux meter is severahtens of millivolts.

Heat flux meter mounting board

blly located hole whose diameteryis’slightly larger than the outside diameter of the
neter. The board shall be made from a heat-resistant non-combustible rigid board
lux meter mounting board is,used, together with the heat flux meter (see Figure 2), f
mination of incident heat flix, QO (see 8.1).

A calcium silicate board. of approximately 12 mm thickness having a dry density of approxi
50) kg/m?® has been found suitable for the heat flux meter mounting board.

1 2 3

| ]
%

n the
ptical

pvides

up to
of this

01 %

vith a
heat
The
br the

mately

Key

IEC

1 Heat flux meter mounting board

2 Heat flux meter

3 Cooling water pipe

a Approximately 12 mm

b Approximately 75 mm

Figure 2 — Heat flux meter mounting board
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5.6 Masking board

The masking board shall consist of three heat-resistant non-combustible rigid boards, each
having a dry density of (850 + 50) kg/m?3 and a thickness of (8 + 0,5) mm. The total thickness
of the three non-combustible boards shall be (24 £ 1,5) mm. One board is inserted between the
upper and lower boards and shall be made moveable. This moveable board works as a radiant
heat shield which protects the test specimen from the heat source before the commencement
of the test. There shall be a conically shaped opening at the centre of the masking board. The
diameter of the opening on the upper surface shall be (15 £ 1) mm and (57 £ 1) mm on the
lower surface. An illustration of the masking board and its operation is shown in Figure 3.

A de e " el . PR . 3 3 + : e ra VIRV V] | ~
NOTE A LAICIulTr sSmidic DUdru O e TeyYuIireu UcTisSity Tias a UICTTdl COTNMTUUCLUvIty OF'U, T4 VV-TTT ™\ dl £UU L,
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Masking board
Upper board
Mdveable board (Radiant heat shield)

A W N

Lower board

)

Pogition of the moveable masking board priorto a test

(o

Pogition of the moveable masking board(@uring a test

Figurec3'— Structure of the masking board

5.7 | Timing device

The tjming device shall_have a resolution of 0,5 s or better.

5.8 | Conditioning chamber

The donditiohing chamber shall have a capability of maintaining the temperature at (23 + 2) °C,
and the relative humidity within (50 £ 10) % (see ISO 291).

5.9 Test specimen support

The test specimen support shall maintain a distance of (6 £ 0,5) mm between the lower surface
of the test specimen and the upper surface of the masking board.

5.10 Burner support

The burner shall be located on a support which can adjust the position of the burner in the
vertical direction. The distance, D, between the top of the burner tube and the lower surface of
the test specimen shall be determined using a suitable measuring device which has a resolution
of 1 mm or better.
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5.11

Observation mirror

To observe the ignition behaviour of the test specimen, an observation mirror approximately
100 mm x 100 mm shall be positioned underneath the masking board (See Figure 1).

5.12

Flow controller

The fuel gas flow controller shall have a control range of between 100 ml/min and 200 mil/min,
and have a resolution of 5 ml/min or better.

5.13

Heat flux meter supporting device

In orq
supp

brting device as shown in Figure 4 shall be used.
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er to correctly place the heat flux meter at the measurement position, the heat flux ||neter

netres

Figure 4 — Heat flux meter supporting device

6 Test specimen

6.1

Dimensions of test specimen

The test specimen shall be a flat plate. Each test specimen shall be at least (77,5 £ 2,5) mm in
length and width and at the thickness under consideration. The preferred thicknesses for the
presentation of comparative data include (0,4 £ 0,05) mm, (0,75 £ 0,1) mm, (1,5 %+ 0,1) mm,
(3,0 £ 0,2) mm and (6,0 £ 0,4) mm.
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6.2 Testing ranges in formulations
6.2.1 General

The results of tests carried out on test specimen sets of different colour, thickness, density,
molecular mass, anisotropic type/direction, additives, fillers, and/or reinforcements can vary.

6.2.2 Density, melt flows and filler/reinforcement

Test specimens covering all combinations of minimum and maximum levels of density, melt
flows and filler/reinforcement content may be provided and considered representative of the
range_i i i | for
all test specimens representing the range, evaluation shall be limited to the materials wifh the
specific levels of density, melt flows and filler/reinforcement tested. In addition, test specimens
with fintermediate density, melt flows, and filler/reinforcement content shall be ‘testgéd to
determine the representative range for each CHFI determination. However, as_an‘alterngtive,
the |east favorable performance of the specific levels of density, , melt flows| and
filler/reinforcement tested may be considered representative of intermediate levels without
additional testing.

6.2.3 Colour

Wher) evaluating a range of colours, uncoloured test specimens-and test specimens with the
highgst level of organic and inorganic pigment loading by weight are considered representative
of the colour range if the test results yield the same CHFI{ _When certain pigments are khown
to affect flammability characteristics, the test specimens{containing those pigments shal| also
be tested. Test specimens which shall be tested aredhose that
a) contain no colouring,

b) contain the highest level of organic pigments,

c) contain the highest level of inorganic pigments,

d) contain pigments which are known te-adversely affect flammability characteristics.
6.3 | Conditioning of test speciméns

Unlegs otherwise specified in-the relevant specification, the test specimen shall be conditjoned
for a |minimum of 24 h at (23 2) °C and at a relative humidity of (50 + 10) %. Once removed
from the conditioning chamber, the test specimens shall be tested within 1 h.

7 Testing conditions

All tept specimeéns shall be tested in a laboratory atmosphere in a draught free environment at
a tenperatyre of between 15 °C and 35 °C and at a relative humidity of 75 % or less.

8 Test procedure

8.1 Determination of incident heat flux calibration curve

The incident heat flux, O, which will be received by the surface of the test specimen, shall be
determined in terms of the distance, D, between the top of the burner and the lower surface of
the test specimen and the flow rate of the fuel gas supplied to the burner. For this purpose, an
incident heat flux calibration curve shall be determined by the following procedures.

a) Install the heat flux meter into a heat flux meter mounting board as shown in Figure 2.

b) Place the heat flux meter, which is placed in the centre of the heat flux meter mounting
board, in the test specimen position. The detailed method of placing the heat flux meter is
described in Annex D.

c) Place the burner (see 5.2) in position.
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d)

e)
f)

Measure the distance, d, between the top of the burner tube and the lower surface of the
masking board. The distance, D, between the top of the burner tube and the sensing surface
of the heat flux meter is determined by

D =d + 6 + thickness of the masking board in millimeter.

Place the radiation heat shield in the shielding position (see Figure 3, position a).

Turn on the fuel gas supply to the burner and ignite the gas. Adjust the flow rate.

NOTE For heat fluxes in the range 30 kW/m?2 to 60 kW/mZ2, a fuel gas flow of 105 cm®/min has been found to be
suitable. For heat fluxes in the range 55 kW/m? to 75 kW/m?, a fuel gas flow of 160 cm®/min has been found to be

suitable-

g)
h)

i)

ait for a period of at least 5 min to allow the burner to reach the equilibrium condition.

The radiant heat shield shall then be removed (see Figure 3, position b), and the output of
the heat flux meter shall be recorded for 2 min.

Perform this measurement at several different distances (D) between the ‘sensing syrface
of the heat flux meter and the top of the burner tube, so as to obtain a relationship of the
incident heat flux in the range of 30 kW/m2 to 75 kW/m2 and the distanhce, D, between the
s¢nsing surface of the heat flux meter and the top of the burner.

Plot a calibration curve of incident heat flux, O, as a function ,of the distance, D, and optain,
by interpolation, the distances which correspond to the heat fluxes of 30 kW/m2, 35 kW/m?2,
40 kW/m2, 45 kW/m2, 50 kW/m2, 55 kW/m2, 60 kW/m2, 65 kW/mZ2, 70 kW/mZ2, and 75 kN/m?
(see Annex A).

The temperature of cooling water for the heat flux meter.shall be maintained above the anbient
temperature in order to avoid water condensation on.the sensing surface (see ISO/TS 14934-4).

8.2

Determination of ignition time

The test shall be conducted under a seleeted incident heat flux value, in terms of the disthnce,
D, between the top of the burner and thé’lower surface of the test specimen and the gag flow

rate to the burner, obtained in accordance with 8.1.

For the purposes of this test method, ignition is defined in 3.5.

a)

b)

c)
d)
e)

f)

g)

h)

Agdjust the distance between the top of the burner and the lower surface of the test spegimen
axd adjust the gas_flow rate to the burner in order to obtain the selected incident hedt flux
value.

Ignite the burner and control the fuel gas flow rate. Wait for a period of at least 5 nin to
allow the bdrher conditions to reach equilibrium.

Place thé.radiation heat shield in the closed position (see Figure 3, position a).

Place'the test specimen in the test specimen position (see Figure 1).
Pul-aside—the—radiant-heat-shieldte—the—open :

the—open
simultaneously start the timing device.

oSl

posi —positien—b) and

ion—L(
oA

Observe the test specimen and note if phenomena such as deformation, cracking and
melting occur.

If the test specimen ignites within 120 s, observe the flaming combustion for at least 5 s,
record the time to ignition (tig) and return the radiation shield to the closed position (see

Figure 3, position a). The test can be stopped if sustained and continuous combustion has
been observed for at least 5 s.

If the test specimen does not ignite within 120 s, record the failure to ignite, and return the
radiation shield to the closed position (see Figure 3, position a).

Repeat d) to h) above two more times with a new test specimen each time and under the
same test conditions.

Calculate and record t,& the arithmetic mean of the three ignition times.
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If a dripping occurs before igniting, the test is invalid. This is because drips will affect the burner
and change the nature of the flame.

8.3 Repetition of the test at different heat flux values

The incident heat flux shall be chosen within the range from 30 kW/m2 to 75 kW/mZ2 and shall
be an integral multiple of 5 kW/mZ2.

The tests shall be carried out until the highest incident heat flux value at which ¢, is greater
than 120 s is determined.

NOTE| It might be efficient to start the test at a incident heat flux which is in the middle of the range from30. kW/m?2
to 75 KW/m?2, for example 50 kW/mZ2,

9 Hvaluation of test results

9.1 | Average ignition time 7,

Calcylate the average ignition time z_ig for each incident heat flux value used in the tests. YWhen
ignitipn and non-ignition occurs in the three tests, the average shall not be calculated. When all

three|specimens do not ignite for 120 s, record " lig is greater thap 120 s".

9.2 | Report format for CHFI

The CHFI shall be reported in the following manner.

When three test specimens of thickness X mm(do not ignite after 120 s exposure, and thg heat
flux A is the maximum integral multiple of 5 kW/m?2 at which this occurs, then this inciden{ heat
flux shall be determined as the CHFI, and-reported in the following format:

CHFI: H kW/m2 / X mm

for example, for a test specimen of 3,0 mm thickness and the maximum heat flux, at which tl&
is grgater than 120 s, is.50. kW/m2:

CHFI: 50 kW/mZ2 / 3,0 mm

If thel three ‘test specimens do not ignite at the heat flux value of 75 kW/m2, CHFI shall be
reporfed as;

CHFI: >75 kW/m?2 / thickness

If 4, is less than 120 s at 30 kW/m2, the CHFI shall be reported as:

CHFI: <30 kW/m?2 / thickness

Examples for supporting tools for the purpose of calculations and reporting can be found in
Annex B (Figure B.1, Figure B.2 and Figure B.3, and Table B.1).
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Analysis on CHFI (optional)

The inverse of the measured ignition time 1/tig can be plotted against the incident heat flux, O,
as shown in Clause C.4. By linearly regressing the data on which 1/1; is plotted against incident

heat flux at which t;, is obtained, it is possible to predict the ignition time in any incident heat
flux. It is also possible to predict the maximum incident heat flux at which the sample does not

ignite

, by obtaining the incident heat flux where 1/ ;, = 0 (infinite ignition time).

10 Precision data

Precigion data for this test method were collected in a preliminary inter-laboratory drial

resul

Figurp C.2, Figure C.3, Figure C.4, Figure C.5 and Figure C.6).

11 7

The test report shall include the following information:

a) ajreference to this international standard;

b) the type, description and dimensions of the test specimen’(see Clause 6)

c) the method of preparation of the test specimen (see Clause 6);

d) conditioning, if any, of the test specimens (see 6,3);

e) phenomena, if any, other than ignition sugh ‘as deformation, cracking and m
(gee 8.2 f));

f) fdr each incident heat flux value note the iig values (see Clause 9); and

g) th

s of these tests are summarised in Annex C (including in Table C.1 and~Fkigure

est report

e CHFI value according to 9.2.

The
CA1,

elting
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Annex A
(informative)

An example of the calibration curve of incident heat flux, Q,
versus the distance, D, between the top of the burner tube
and the lower surface of the test specimen

2021

A.1 Calibration curve
An efample of a calibration curve of Incident heat 1lux, (J, Versus ine distance, D, betwee
top of the burner tube and the lower surface of the test specimen is given in FigurerA.1
the calibration data used to plot this curve are given in Table A.1 and Table A.2.
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Figure A.1 — Calibration curve (example)
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Table A.1 — Calibration data (examples of actual measured data as shown in Figure A.1)

- 19—

0/ (kW/m?)
D/ mm Gas flow rate = Gas flow rate =
105 cm3/min 160 cm3/min
152,0 29,90 -
125,0 33,47 -
120,0 34,17 -
115,0 35,56 -
1650 36726 =
105,0 36,96 -
100,0 37,65 51,52
95,0 39,75 53,21
90,0 41,14 54,79
85,0 41,83 55,58
80,0 43,23 58,66
75,0 44,62 60,44
70,0 46,72 63,32
65,0 48,81 66,19
60,0 50,90 69,19
55,0 52,99 73,42
50,0 56,48 78,18
45,0 60,67 83,93

The temperature of cooling water was 40 °C.

Each measurement of heat flux was continued for 5 min.

Table A.2 — Calibration data (examples of interpolated values)

NOTE The interpolated values in Table A.2 were calculated from a least-squares regression analysis of the data in

Table A.1.

D/ mm
0 | (kWim?) Gas flow rate = Gas flow rate =
105 cm3/min 160 cm®/min

30 150,0 -

35 1171 -

40 92,7

45 75,0 -

50 62+ 1634

55 54,1 89,3

60 47,5 77,2

65 - 67,0

70 - 58,8

75 - 52,5

The temperature of cooling water was 40 °C.

Each measurement of heat flux was continued for 5 min.
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Annex B
(informative)

ignition times with various materials of 3 mm thickness

Examples of measurements

e PMMA-— pnlymp

e ABS - acrylonitr

e HJ|PS — high impact polystyrene

—
2
=

BN

50
40
30
20

10

thyl mnthar‘rylnfn

ile-butadiene-styrene copolymer

A

0 20 40 60 80 100

0 (KW/m?)
IEC

Figure.B.1 — Example of ignition times of PMMA

Table B.1 — Value of Figure B.1

0/ (kW/m?) lig1's
75 14,6
70 19,0
65 39,0
60 -
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Key
1 ABS 1
2 ABS?2
Figure B.2 - Ignition times for ABS. (example)
Table B.2 — Value of Figure B.2
t_- I's
0/ (kW/m?) i
ABS 1 ABS 2
75 14,6 10,6
70 17,7 13,3
65 21,7 28,6
60 31,6 -
55 -
c K
Hw'g)
50
40
30
20
10
0 o>
0 20 40 60 80 100

0 (KW/m?)

IEC

Figure B.3 — Ignition times for HIPS (example)
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0/ (kW/m?) tig s
75 18,5
70 25,1
65 36,9
60 -

- ¢ . oee—tt ¢ ‘ .
The gas flow rate used to obtain each heat flux was 160

cm3/min.

ample of individual test results is shown in Table B.4.

Table B.4 — Description example of tabulated test results

0 1 (kWim?) e £ D3
70 26, 24, 22 24
65 44, 50, 56 50
60 N, N, 116
55 N, N, N N

CHFI = 55 kW/m?

N = no ignition within 120 s

X = Inconclusive test results.

ed for
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Annex C
(informative)

Precision data

C.1 General

A preliminary inter-laboratory trial has been carried out in which replicate batches of four

materials (referred to below as material A, material B, material C and material D) were tested
at foyrlaboratories-in-accordance-with-this parf of IEC 60695

Sincg this preliminary inter-laboratory trial did not fully satisfy the condition for international
laboratory trials in 1SO 5725-2 [7] due to an insufficient number of participating ‘laboratpries,
repedtability and reproducibility were not obtained in accordance with ISO 5725-2:

Neveftheless, some analysis on the test data was conducted as follows.

C.2 | Heat flux versus distance at different gas flow rates

The ihcident heat flux to the specimen in terms of distance, D;between the burner top and the
lowen surface of the specimen was measured in the participating laboratories (laboratorieq a, b,
c andd) as shown in Figure C.1 and Figure C.2. "TS" in the figures means the value in Annex A.
Theseg figures show that relatively good agreement on _the test condition of incident hedt flux
was ¢btained among participating laboratories.

% A
¥ 65
q
60
55
50 =2
= b
45
o=yl C
40
= d
35
—@=— TS
30 T T T T T >
20 40 60 80 100 120
D (mm)

IEC

Key
a,b,candd participating laboratories

TS calibration curve with the value in Annex A

Figure C.1 — Incident heat flux calibration curve (gas flow rate 105 cm3/min)
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Figure C.2 — Incident heat flux calibration curve (gas flow rate 160 cm3/min)

Repeatability

ipating laboratories conducted thedésts under different conditions of incident heat f

obtained, reproducibility ameng the test laboratories could not be obtained. Tabl
nts the repeatability data.~\Relatively good repeatability (as indicated by the sta
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Table C.1 — Precision data of ignition time

Material A Material B Material C Material D
ol : o/ : o/ : ol :
(kW/m?) tig Isir/s (KW/m?) lig Isirls (kW/m?) tig Isirls (kW/m?) tig Isirls
. 62.1 36.8 | 1.5 61.9 52.3 | 3.3 61.9 34.0 i 1.9
Repeatability of
Laboratory 68.4 26.4 | 0.9 67.8 16.8 | 1.5 67.8 30.2 | 0.4 67.8 28.4 | 0.8
a
71.4 21.0 { 1.5 71.7 12.2 | 0.4 71.7 23.8 { 0.4 7.7 296 | 2.2
. 65.0 43.3 | 2.3 64.2 412 | 3.6 64.2 48.4 | 4.8 64.2 37.8 | 54
Repeatability of
Laheratory +6-6 I-3——42 672 +6-6——++ 672 34-8——0-5 672 28-4— 1.1
b
. 60.9 40.4 § 0.9 - - - 60.4 56.1 | 2.5 60.9 39.0 | 2.1
Repeatability of
Laloratory 67.1 27.4 i 1.1 65.7 27.8 | 2.6 66.0 33.6 | 0.5 671 32.0 | 1.6
c
70.2 25.0 | 0.7 69.2 14.8 | 0.8 69.7 26.2 | 0.8 70.2 29.2 [ 1.5
. 56.4 496 | 5.3 - - - - - - - - -
Repeatability of
Laloratory 61.1 33.4 1.5 - - - - - - - - -
d
63.8 26.2 | 0.8 - - - - - - - - -
Wherg
0 is the incident heat flux;
;l»g is the average of three ignition times (See 9.1); and
r is the repeatability limit as defined and used in ISO 57253[6] and 5725-2[7].
NOTE| The repeatability limit, r, as defined in ISO 5725-1 and used in ISO 5725-2, is the value less than o equal
to whi¢h the absolute difference between two test results obtained under repeatability conditions may be expected
to be with a probability of 95 %. It is a measure of-precision under the conditions where independent test resylts are
obtaingd with the same method on identical test\items in the same laboratory by the same operator using thg same
equipment within short intervals of time.
In order to obtain formal precision-data in accordance with ISO 5725-2, it will be necessary to
conduict a full set of inter-laboratory tests.
C.4 | Calculations and plots
The ipverse of the.measured ignition time 1/tig is plotted against the incident heat flux as shown
in Figure C.1,Figure C.2, Figure C.3, Figure C.4, Figure C.5 and Figure C.6. The data ¢f the
preliminary-intér-laboratory trial show that , and 1/1, can be obtained among laborator|es in
relatiyely'good agreement and, as shown in these figures, an approximately linear relationship

betwgen*1/¢t, and the incident heat flux can be obtained by this test method.
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